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ABSTRACT 
 

The purpose of this study was to investigate pollution profiles of Awassa Textile Factory 

wastewater  and examine its ecological impact in terms of the effect on aquatic biota 

using macroinvertebrates as bioindicator downstream along Tikur Wuha River. The water 

quality parameters used to investigate pollution profiles of the wastewater were COD, 

BOD5, total nitrogen, phosphorus. sulphide, total dissolved solids, conductivity, total 

suspended solids and heavy metals (Chromium(Cr), Nickel (Ni), Lead (Pb,Cadmium 

(Cd), Zinc (Zn), Copper (Cu) and  Iron (Fe). The result showed that the pollution profiles 

for the downstream Tikur Wuha River were significant with COD and BOD5 

concentrations ranging from 590±128.4–2062.4±483.1mg/l, respectively. Total nitrogen 

and phosphorus varied from 21.2±1.6–42.2±1.8 and 1.79±0.5–3.98±1.0mg/l, espectively. 

Sulphide, total dissolved solids, conductivity; total suspended solids also varied from 

0.67±0.2–1.6±0.5, 608.3±140.5–1987.2±92 and 1067±249.1–548.3±163.9 mg/l, 

respectively. Whereas the concentration of total suspended solids,total Chromium(Cr), 

Nickel (Ni), Lead (Pb, Cadmium (Cd), Zinc (Zn), Copper (Cu) and Iron (Fe) were in the 

range of (254.7±1.8–1245±18.3mg/l), ( 0.03- 0.15±0.04 mg/l), ( 0.02 - 0.18±0.06 mg/l) ,  

(0.02 - 0.10±0.03 mg/l), (0.02 - 0.04 mg/l), (0.03- 0.08±0.01 mg/l) ,( 0.02 - 0.07 mg/l), 

(0.52±0.1 - 1.45±0.02 mg/l) , respectively. Similar emphasis was placed on determining 

the effects of the textile wastewater on aquatic biota (macroinvertebrates). A total of 

18,651 macroinvertebrate individuals belonging to 34 families were collected from 6 sites 

along Tikur Wuha River. Benthic metric  results indicated that the most impacted sites 

(S1 and S2) ranked last on all positive metrics, while the reference site (S6) ranked first on 

all positive twelve metrics. The progression of biological impairment among sites as 

compared to the reference site (S1) was the lower reach sites (Site 5, 4 and 3) obtained 

highly impaired scores on four metrics (%EPT, %Ephem., %Trico. and % Pleco.); and 

slightly impaired on other four metrics (%DT, SDI, HFBI and BMI); and the upper sites 

(S1 and 2) were assessed as severely impaired on all metrics. The most impacted sites (S1 

and S2) registered high values of negative indices and low values of positive indices 

indicating poorest water quality than the reference site.  
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Appendix 1.Analysis of variance (one sample T-test ) among all sites 

Parameters  Mean Std. Deviation Std. Error Mean t P-value  
95% CI  

Lower Upper 

PH 9.02 1.18 0.48 18.65 .000 7.77 10.26 

TDS 985.85 711.62 290.52 3.39 .019 239.05 1732.65 

EC 1749.22 1267.71 517.54 3.38 .020 418.84 3079.60 

S-2 0.84 0.59 0.24 3.49 .017 0.22 1.46 

BOD5 315.90 228.24 93.18 3.39 .019 76.38 555.42 

COD 1105.34 721.88 294.71 3.75 .013 347.77 1862.90 

NH3-N 2.69 1.67 0.68 3.95 .011 0.94 4.44 

NO3-N 9.24 5.26 2.15 4.31 .008 3.72 14.76 

PO43- 2.14 1.12 0.46 4.67 .005 0.96 3.32 

TN 29.62 13.81 5.64 5.25 .003 15.13 44.10 

SO42- 14.17 9.83 4.01 3.53 .017 3.86 24.48 

TSS 642.16 432.03 176.37 3.64 .015 188.77 1095.54 

Ni 0.06 0.06 0.03 2.36 .064 -0.01 0.13 

Pb 0.04 0.03 0.01 3.04 .029 0.01 0.07 

Cd 0.03 0.01 0.01 4.40 .007 0.01 0.04 

Zn 0.04 0.02 0.01 4.48 .007 0.02 0.07 

Fe 1.02 0.58 0.24 4.31 .008 0.41 1.63 

Cr 0.05 0.05 0.02 2.17 .083 -0.01 0.10 

Cu 0.03 0.02 0.01 3.23 .023 0.01 0.06 



%Taxa 

richness 
68.63 21.51 8.78 7.81 .001 46.05 91.20 

%Ephemerop

tera 
2.90 7.10 2.90 1.00 .362 -4.55 10.36 

%Trichoptera 2.33 5.71 2.33 1.00 .363 -3.66 8.33 

%Plecoptera 0.00 0.00 0.00 1.00 .363 0.00 0.00 

%EPT 5.24 12.82 5.23 1.00 .363 -8.21 18.69 

%Diperans 29.15 35.94 14.67 1.99 .104 -8.57 66.87 

%Blood red 

chironomid 
11.65 9.58 3.91 2.98 .031 1.59 21.71 

%Oligochaeta 1.17 2.86 1.17 1.01 .361 -1.82 4.17 

%Non-Insect 

Taxa 
1.50 3.53 1.44 1.04 .347 -2.21 5.20 

%Dominant 

taxa 
45.93 9.94 4.06 11.32 .000 35.51 56.36 

HFBI 5.71 1.83 0.75 7.65 .001 3.79 7.63 

ShannonDive

rsity Index 
1.84 0.35 0.14 12.76 .000 1.47 2.21 

BMI 63.33 22.41 9.15 6.92 .001 39.82 86.85 

N=6,df=5 

Bolded=Not 

significant at 

p<0.05 

       

 

 

 



Appendix 2 Pearson correlations between biological and physicochemical parameters 

 pH TDS S-2 EC BOD5 COD NH3 NO3 PO4 TN SO4 TSS Ni Pb Cd 

%Taxa 

richness 
-0.77 -0.88 -0.91 -0.89 -0.94 -0.88 -0.10 -0.52 -0.91 -0.44 -0.95 -0.83 -0.95 -0.99 -0.79 

 0.07 0.02 0.01 0.02 0.00 0.02 0.85 0.29 0.01 0.39 0.00 0.04 0.00 0.00 0.06 

%Ephemerop

tera 
-0.84 -0.62 -0.67 -0.62 -0.64 -0.71 -0.69 -0.64 -0.73 -0.62 -0.61 -0.49 -0.45 -0.46 -0.78 

 0.04 0.19 0.14 0.19 0.17 0.11 0.13 0.17 0.10 0.19 0.19 0.33 0.37 0.36 0.07 

%Trichoptera -0.84 -0.62 -0.67 -0.62 -0.64 -0.71 -0.69 -0.64 -0.73 -0.62 -0.61 -0.49 -0.45 -0.46 -0.78 

 0.04 0.19 0.14 0.19 0.17 0.11 0.13 0.17 0.10 0.19 0.20 0.33 0.37 0.36 0.07 

%Plecoptera -0.84 -0.62 -0.67 -0.62 -0.64 -0.71 -0.69 -0.64 -0.73 -0.62 -0.61 -0.49 -0.45 -0.46 -0.78 

 0.04 0.19 0.14 0.19 0.17 0.11 0.13 0.17 0.10 0.19 0.20 0.33 0.37 0.36 0.07 

%EPT -0.84 -0.62 -0.67 -0.62 -0.64 -0.71 -0.69 -0.64 -0.73 -0.62 -0.61 -0.49 -0.45 -0.46 -0.78 

 0.04 0.19 0.14 0.19 0.17 0.11 0.13 0.17 0.10 0.19 0.20 0.33 0.37 0.36 0.07 

%Diperans 0.65 0.82 0.82 0.83 0.88 0.79 0.02 0.46 0.85 0.40 0.89 0.79 0.95 0.98 0.68 

 0.16 0.04 0.04 0.04 0.02 0.06 0.98 0.35 0.03 0.44 0.02 0.06 0.00 0.00 0.14 

%Bloodred 

chironomid 
0.52 0.60 0.77 0.60 0.63 0.65 -0.24 0.02 0.50 -0.14 0.64 0.50 0.46 0.63 0.65 

 0.29 0.21 0.07 0.21 0.18 0.16 0.64 0.98 0.31 0.79 0.17 0.32 0.36 0.18 0.16 

%Oligochaeta 0.28 0.36 0.49 0.35 0.28 0.38 -0.05 -0.05 0.07 -0.23 0.29 0.30 0.00 0.15 0.50 

 0.59 0.49 0.33 0.49 0.59 0.45 0.92 0.92 0.90 0.66 0.57 0.56 0.99 0.78 0.31 

%Non-Insect 0.29 0.38 0.50 0.37 0.30 0.40 -0.05 -0.04 0.09 -0.22 0.31 0.32 0.02 0.17 0.51 



Taxa 

 0.57 0.46 0.31 0.47 0.57 0.43 0.92 0.93 0.87 0.67 0.55 0.54 0.98 0.75 0.30 

%Dominant 

taxa 
0.54 0.43 0.48 0.43 0.56 0.47 0.16 0.34 0.76 0.40 0.54 0.31 0.65 0.62 0.41 

 0.26 0.40 0.33 0.39 0.25 0.34 0.76 0.51 0.08 0.43 0.27 0.55 0.17 0.19 0.42 

HFBI 0.75 0.89 0.90 0.89 0.94 0.87 0.12 0.54 0.91 0.46 0.95 0.84 0.96 0.99 0.78 

 0.08 0.02 0.01 0.02 0.01 0.02 0.82 0.27 0.01 0.36 0.00 0.04 0.00 0.00 0.07 

ShannonDive

rsity Index 
-0.84 -0.77 -0.74 -0.77 -0.85 -0.80 -0.47 -0.75 -0.96 -0.76 -0.83 -0.70 -0.89 -0.84 -0.70 

 0.04 0.08 0.09 0.07 0.03 0.06 0.34 0.09 0.00 0.08 0.04 0.12 0.02 0.04 0.12 

BMI -0.90 -0.87 -0.96 -0.87 -0.91 -0.92 -0.34 -0.55 -0.90 -0.46 -0.90 -0.75 -0.76 -0.83 -0.94 

 0.01 0.02 0.00 0.02 0.01 0.01 0.51 0.26 0.01 0.36 0.01 0.08 0.08 0.04 0.01 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 



     PLATES: Showing the different study sites and some of the disturbances in Tikur Wuha River 
 

     
          a) Textile wastewater at the out let of Awassa Textile factory (with different colours) 

                   
 b)Textile factory waste water before it entered biological Lagoonds 

     
c)  Awassa Textile factory biological Lagoonds  



 

      
d) Site 1 the point where the raw waste from the biological lagoon of the textile factory  

                                                        joins the river 

 
   e)Site 1 the point where the raw waste from the biological lagoon of the textile factory  

joins the river 

                       
f)site 2 downstream, about 2Km from site 1 



 
                g)Site 3 downstream, about 2Km from S2 

        
              h)Site 4 the point on Tikur Wuha River immediately before river from  

                               Wondogenet dilute Tikurwuha River. 

 
i) Site5 the Point on Tikurwuha River immediately after river from Wondogenet dilute 

Tikurwuha River 
 



 
j) Wondogenet river (Reference) 

      
            k)Sampling Macroinvertabrates using Ekman and Scoope net Samplers 

               
           L) Collected macroinvertebrates using Ekman and Scoope net Samplers 



 
          m) Users washing clothes and bathing on Tikur wuha river 

 
n) Cattels watering  on  Tikue wuha river  

 
O) Local farmer compling about their cattels death due to the Awssa textile factory 

wastewater 
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1. INTRODUCTION 

 

Rapid population growth, urbanization and industrial development have been adversely 

degrading the environment. The major consequences of man’s activities on the environment 

are habitat degradation, water pollution, and the resultant deterioration of the aquatic 

ecosystem. Until recently, deterioration of water quality by pollution was not a serious 

problem because human populations were small, lived in scattered communities, and the 

quantity and complexity of wastes were much below the assimilative capacity of the 

environment. Hence, wastes dumped into rivers were subject to dilution and natural self 

purification (Mason, 1990).  

 

Holistically, pollution is any change that causes impairment to the integrity of a system. The 

inputs from human activity that change flow regime and habitat features as well as chemical  

effluent generated by the industries is one of the sources of pollution, and considered as the 

major issues in environmental protection (Derieg, 1999).Textile industries are major sources 

of these effluents, because of the nature of their operations that require high volume of water, 

consequently, they are considered as one of the largest water users and polluters (Yusuff and 

Sonibare, 2004).  

 

Textile wastewater contains high concentrations of inorganic and organic chemicals and is 

highly colored from the residual dyestuffs. The effluents contain a wide range of 

contaminants such as salts, enzymes, surfactants, oxidizing and reducing agents (Badania et 

al., 2005). The Majar pollutants of textile wastewater include high suspended solids (SS), 

chemical oxygen demand (COD), biological oxygen demand (BOD), heat, strong color, , 

basicity and other inorganic pollutants and nutrients (Zinabu Gebre-Mariam and Zerihun 

Desta, 2002; Shu et al., 2005). 

 

The textile industry is the largest manufacturing industry in Ethiopia. There are more than 

fourteen major state-owned and private textile and garment factories.  But most of them lack 

effluent treatment plants. Instead, they directly discharge untreated colored and toxic effluent 

into the nearby canals, rivers, lakes, and streams. All organic and inorganic chemicals in 



 2

water are   much higher than allowable limits and extremely harmful to aquatic flora and 

fauna and can reach human beings through food chains. This wastewater has serious negative 

impact not only on underground, surface water bodies and land in the surrounding area but 

also on the aquatic ecological system (Zinabu Gebre-Mariam and Zerihun Desta, 2002). 

 

The variety of raw materials, chemicals, processes and technological variations applied to the 

processes affect the type and quantity of wastewater and the applied purification technologies 

(Sapci, and Ustun, 2003). Consequently, characterization of textile effluents is of great 

importance for the treatment of effluents (Bisschops and Spanjers, 2003) and to assess their 

ecological impact on aquatic ecosystems.  

 

 

Although physical and chemical monitoring are widly utilized to assess the extent of 

pollution of water bodies, biological evaluation of surface waters provides a broader 

approach because degradation of sensitive ecosystem processes is more frequently identified.  

Biological information is used to evaluate stream impacts from point and non-point sources 

of pollution. Integrating this information with physical and chemical characterization 

provides an effective way for assessing sources of pollution and their capacity on the 

ecosystem (Weber, 1973). 

 

Biological monitoring may be the most appropriate means of detecting effects on the aquatic 

community (Barbour et al., 1996). A more comprehensive approach of biological assessment 

of water quality recently introduced  the  Benthic Macroinvertebrate Index (BMI) (Karr, 

1981). The BMI is found to be an important tool for assessing the biological integrity of 

aquatic resources along with information on physical and chemical conditions. 

 
Most of the studies conducted in Ethiopian rivers, clearly showed the relation between 

physico- chemical change and the status of biological communities along the lake shores and 

rivers Tesfaye Berhe (1988), Worku Legesse et al.(2004), Baye Sitotaw (2006) and Solomon 

Akalu (2006). However, these studies were focused on river systems where there are 

multitudes of factors (non-specific) that can influence the structure of benthic 
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macroinvertebrates. Moreover the particular impacts of point sources studies like industrial 

wastes were not assessed. Thus it is of paramount importance to evaluate the impact of 

industrial wastes particularly on water bodies using benthic macroinvertebrates as pollution 

indicators. In this study, the ecological impact of textile effluents on Tikur Wuha River was 

investigated using macroinvertebrates as biological indicator. 

 

General Objective  

 

To investigate pollution profiles of wastewater of Awassa textile factory and examine its 

ecological impact in terms of the effect on aquatic biota using macroinvertebrates as 

bioindicators.  

 

  Specific Objectives 

 

1.   To assess pollution profiles of Textile effluent using physico chemical parameters. 

 

2.  To examine the ecological impact of effluent on  aquatic biota a using macroinvertebrate 

as bioindicators. 

 

3.  To develop Benthic Macro invertebrate Index (BMI) and releat metrics with physico-

chemical parameters. 
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2. LITERATURE REVIEW 

 

2.1. The Nature of Textile Wastewater 

The textile industry plays an important role in the world economy as well as in our daily 

lives. At the same time, the industry consumes a large quantity of water and generate huge 

amount of wastewater (Shu et al., 2005). Specific water use varies from 60-400 l/kg of 

fabric, depending on the type of fabric (AEPA, 1998; PRG, 1998). Production is carried on 

different processes by using natural (wool and cotton) and synthetic (nylon, polyesters, 

polyethylene and rayon) raw materials (Georgiou et al., 2005). The variety of raw materials, 

chemicals, processes and also technological variations applied to the processes cause 

complex and dynamic effect of the wastewater (Sapci, and Ustun, 2003). 

 

The major source of pollutants in textile processing are primarily associated with the wet 

processes such as sizing, fabric preparation (desizing, scouring, bleaching, mercerizing), 

dyeing, printing and finishing (Yusuff and Sonibare, 2004). These processes involve treating 

grey or greige goods with chemical baths and often require additional washing, rinsing and 

drying steps. These processes are described in detail as follows and summarized in Table 1.  

 

Sizing: In sizing the warp threads are coated with size (either starch or synthetic) to facilitate 

weaving by giving the thread tensile strength and smoothness. The grey goods usually 

prepared contains about 10-15% of sizing materials. In this stage the wastewater contains 

high BOD, COD and wetting agents (Carliell, 1993; Mesfin Legesse and Tassisa Kaba, 

2004). 

Fabric preparation: Has several sub-activites as described (Mesfin Legesse and Tassisa Kaba,  

2004). 

 

Desizing: Due to the presence of physically removed un-reacted size (starch), un-reacted 

enzymatic desizers, and the water-soluble organic reaction-products of enzymatic desizer and 

sizing material (starch)  is very high in BOD, COD, TSS, and TDS. Generally the wastewater 

is acidic in nature, with high temperatures (Carliell, 1993; CPP, 2002; Mesfin Legesse and 

Tassisa Kaba, 2004; Yusuff and Sonibare, 2004). 



 5

Scouring:  Wastewater from scouring process generally contains sodium hydroxide and 

different kinds of anionic detergents. In addition it is usually high in BOD, COD, oil and 

grease, TDS and TSS. This wastewater is strongly alkaline, with high temperatures and has 

strong yellow-brown color (Carliell, 1993; CPP, 2002; Yusuff and Sonibare, 2004). 

 

Bleaching: Wastewater from this process generally contains hydrogen peroxide or sodium 

hypochlorite, sodium hydroxide and different kinds of anionic stabilizers and anionic 

detergents. It is low in BOD and COD, but high in TDS and alkaline in nature. The 

temperatures are high for peroxide bleaching and close to normal in case of hypochlorite 

bleaching (Carliell, 1993; CPP, 2002; Mesfin Legesse and Tassisa Kaba, 2004). 

    

  Mercerizing: This process is optional and is carried out only where the desired finished 

quality so demands (CPP, 2002). Wastewater from this process is comparatively low in 

COD, but high in TDS and TSS. The pH of wastewater can be as high as 13 (Carliell, 1993). 

 

Dyeing:Wastewater contains residuals of dyes and auxiliary chemicals. Generally it is high 

in temperature, BOD, COD, TDS and high level of color. Some of the dyes also contribute to 

the complexes of toxic metals, like chromium and copper. The quality and characteristics of 

the wastewater generated from dyeing processes depends upon the type of dye, fabric and the 

dyeing equipment and operational control (AEPA, 1998; CPP, 2002). 

 

Printing:Wastewater from this source contains dyes, pigments and auxiliary chemicals. 

Commonly used auxiliary chemicals include binders, thickeners, urea, sodium bicarbonate 

and ammonium hydroxide. The wastewater is generally high in COD and TDS, TSS, oil and 

grease, sulfates, and chromium. Wastewater pH is in the range of 8-11 (CPP, 2002). 

 

Finishing: Refers to any processes used to improve the quality of the fabric after dyeing 

(Carliell, 1993; Mesfin Legesse and Tassisa Kaba, 2004). Almost all the finishing processes 

consume extensive energy but their contribution towards wastewater generation is not 

significant (CPP, 2002). 
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Table 1. Effluent characteristics from textile industry Source: (PRG, 1998) 

Process Effluent composition Nature of the effluent 

Sizing Starch, waxes, carboxymethyl cellulose 

(CMC), polyvinyl alcohol (PVA), wetting 

agents 

High in BOD, COD 

Desizing Starch, CMC, PVA, fats, waxes, pectins High in BOD, COD, SS, dissolved 

solids (DS) 

Bleaching Sodium hypochlorite, Cl2, NaOH, H2O2, 

acids, Surfactants, NaSiO3, Sodium 

phosphate, short cotton fibre. 

High alkalinity, high SS 

Mercerizing Sodium hydroxide, cotton wax High pH, low BOD, high DS 

Dyeing Dyestuffs urea, reducing agents, oxidizing 

agents, Acetic acid, detergents, wetting 

agents. 

Strongly colored, high BOD, DS, 

low SS, heavy metals 

Printing Pastes, urea, starches, gums, oils, binders, 

acids, thickeners, cross-linkers, reducing 

agents, alkali. 

Highly colored, high BOD, oily 

appearance, SS slightly alkaline, 

low BOD 

 
 
Generally, textile  effluents are complex mixtures of chemicals, varying in composition over 

time and from factory to factory as well as on a temporal basis at individual factory. Wynne 

et al. (2001) noted that, textile effluents are highly colored and saline, contain non-

biodegradable compounds, and are high in Biological and Chemical Oxygen Demand (BOD, 

COD). They also have high concentrations of suspended solids, extreme pH and elevated 

temperatures (Zinabu Gebre-Mariam and Zerihun Desta, 2002; Shu et al., 2005). Moreover, 

dyeing process usually contributes chromium, copper, zinc and mercury to wastewater (EPA, 

1974; Benavides, 1992; Karen et al., 1994; Masud et al., 2001; Zinabu Gebre-Mariam and 

Zerihun Desta, 2002). And dye baths could have high level of colour, toxicity, surfactants, 

fibers and turbidity (AEPA, 1998).  
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2.2. Legislation for the control of discharge of  industrial effluents  in Ethiopia 

 

According to the Ministry of Trade and Industry, there are over three thousand industrial 

establishments in the country. They vary considerably in terms of process, technology, size, 

and nature of products, characteristics of the wastes discharged and the receiving 

environment (EPA, 2003). Equally among the industries, textile industry is the largest 

manufacturing industry in Ethiopia. There are more than fourteen major state-owned and 

private textile and garment factories. The industry represents 36% of the entire 

manufacturing industry (www.ethiom.se.).  

Environmental pollution derived from domestic and industrial activities is the main threat to 

the surface and groundwater qualities in Ethiopia (EPA, 2003). It is reported that the majority 

of industries in the country discharge their wastewaters into nearby water bodies and open 

land without any form of treatment (EPA, 2003). Likewise, in Ethiopia all of the textile 

factories have no effluent treatment plants. 

 

However, the survival of the ecosystem depends on the ability to manage wastes in an 

environmentally sound manner. This can only be achieved through establishment and 

enforcement of appropriate standards and guidelines set to ensure that one does not destroy 

the environment (EPA, 2003). This necessitates the formulation of regulations and standards 

for discharge limits of the effluents before they are released into the environment (GOE, 

2002). 

 

Baseline information on the characteristics of the wastewater and the receiving environment 

is therefore the means and the primary point for discharge standards. However, lack of 

decisive technical information for various pollutants including priority pollutants renders 

compliance and enforcement difficult at all levels. Moreover, the fate and the impact of these 

pollutants in the receiving environment need to be determined for the definition of reliable 

numerical criteria for safe limits.  Ideally, standards are set based on country specific baseline 

data and information, which are scanty in the present circumstances in Ethiopia (EPA, 2003). 

 



 8

Like any industry, textiles must adhere to several standards so that the environment will be 

preserved. Therefore, environmental quality standards are set with a goal of safeguarding 

public health and protecting the environment by indicating pollution limits. According to 

(EPA, 2003) the guideline standards of textile wastewater limit values for discharges to water 

bodies are summarized in Table 2. 

            Table 2: Textile wastewater limit Values for discharges to Water bodies 

Parameters Limit values (MPL)
pH 6-9 
Temperature (oC) 40 oC 
Total Dissolved Solids (TDS) 
(mg/l) 

80 

 Conductivity ( EC) 1000 µS/Cm (at 20 0C) 

Sulfide (S-2) 2 mg/l 

BOD5 at 200C 50 mg/ l>90% removal 

COD  150 mg/l >80% removal   

Ammonia (NH3-N) 30mg/l 

Nitrate (NO3) 
50 mg/l NO3 

Total phosphorus (as P) 10 (>80% removal)  

Total Nitrogen (as N) 40 mg/l >80% removal 

Sulfate (SO4) 
200 mg/l SO4 

Total Suspended solids 30 mg/l 

Nickel (as Ni) 2mg/l 

Chromium (as total Cr) 1mg/l 

Cadmium (as Cd) 1mg/l   

Lead (as Pb) 0.5mg/l 

Copper (Cu) 2mg/l 

Iron (Fe) 1.0 mg/l dissolved Fe 

Zinc (Zn) 5mg/l 

            
            Source (Ethiopia EPA, 2003) 
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Environmental standards and effluent regulations for textile industries need to cover all 

parameters with adverse effects on the environment specifying  numerical limits that are 

attainable by available treatment technologies, and involve a compliance monitoring system 

that is practical in technical and economical terms (UNEP, 1991). It may be easy to enact 

environmental standards with sets of limitation protocols with all conceivable pollutants in 

Ethiopia at present, but these rules and regulations will have no real value, at least in the 

short term, unless they can be enforced. Therefore compromise is needed for what can be 

achievable with resources and technologies available that call for a realistic and effective 

mechanism. 

 

2.3. Environmental impact of textile wastewater  

 

In pursuit of a better life, industrialization is growing day by day leaving behind the 

pollutants in the environment. Environmental pollution is an inevitable consequence of 

economic development and people’s desire to improve their quality of life (Kumar, 2000). 

Industries contribute to the pollution of the environment, especially in the absence of 

regulations that force manufacturers to reduce their hazardous impact. Moreover, accelerated 

water quality change due to industrial pollution is one of the major environmental concerns 

throughout the world. Industrial effluents and domestic sewage contribute large quantities of 

nutrients and toxic substances that have a number of adverse effects on the water bodies and 

the biota (Zinabu Gebre-Mariam and Zerihun Desta, 2002). 

 

Similarly, industrial and chemical pollution constitute the third major (land degradation and 

urban sanitation are first and second respectively) problem in Ethiopia and it is now one of 

the great environmental concerns in the country. The effects of industrial activities on the 

environment in the country are becoming evident through the pollution of water bodies and 

human habitat in the major cities, rivers and lakes (Derieg, 1999; Zinabu Gebre-Mariam and 

Zerihun Desta, 2002). Among these, textile processing activities are the major sources of 

huge amounts of effluents that have an immediate or long-term harmful effect on the 

environment and its biological diversity (Sapci, and Ustun, 2003). 
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Environmental problems of the textile industry are mainly caused by discharges of 

wastewater and they are one of the largest water users and polluters (Venceslau et al., 1994; 

Yusuff and Sonibare, 2004). Every process and operation within a textile processing has an 

environmental aspect that should be considered and for which environmental performance 

can potentially be improved (Yusuff and Sonibare, 2004). The nature of the processing exerts 

a strong influence on the potential impacts associated with textile manufacturing operations 

due to the different characteristics associated with these effluents (Karen and Michael, 1994; 

PRG, 1998).  

 

The discharge of highly colored untreated textile effluents can impair the aesthetic value of 

receiving waters. They have the potential to affect water transparency and gas solubility, 

which may in turn negatively affect aquatic biota (Banat et al., 1996; Kennedy et al., 1999). 

Even so, studies have shown that some dye groups, mainly azo dyes and their by-products 

(aromatic amines), can be carcinogenic and/or mutagenic (Rao and Datta, 1987; Yusuff and 

Sonibare, 2004). Dyes contributed to overall toxicity at all process stages. And they 

constitute a small fraction of total liquid effluent, but may contribute a high proportion of 

total contaminants (Yusuff and Sonibare, 2004). Villegas – Navarro et al. (2001) reported 

that, textile effluents are foxier in terms of LC50 (Lethal Concentration for 50% of the 

population) and exhibit very high toxicity with acute toxicity unit (ATU) levels between 22 

and 960. Moreover, textile effluents are also qualified as persistent, which entails that they 

are difficult to break in natural ecosystems, and tend to bioaccumulate in organisms. As a 

result, they can cause endocrine disruptions that severely affect aquatic organisms 

(www.petitcodiac.org) 

 

Since most of heavy metals are non-degradable into non-toxic end products, their 

concentrations must be reduced to acceptable levels before discharging them into the 

environment. Otherwise these could pose threats to public health and/or affect the quality of 

natural water bodies. The metals of most immediate concern are chromium, zinc, iron, 

mercury and lead (Masud et al., 2001). Several studies emphasized that the presence of 

chromium in the effluent of textile factory has a cumulative effect and the possibilities for 

entering into the food chain are high (Yusuff and Sonibare, 2004; Shu et al., 2005). 
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An estimated 90 % of wastewater in developing countries is still discharged directly into 

rivers and streams without any waste treatment or after retention period of some time in 

stabilization ponds (Shu et al., 2005). Likewise, in Ethiopia the textile factories have no 

effluent treatment plants. Therefore, their wastewaters are directly discharged into the nearby 

rivers, lakes, and streams. Most of these effluents have organic and inorganic chemicals, 

which are much higher than the allowable limits and extremely harmful to aquatic flora and 

fauna and through food chains to human beings (Zinabu Gebre-Mariam and Zerihun Desta, 

2002; Shu et al., 2005).  

 

Similarly, the effluent from  Awassa Textile Factory is routed by way of some treatment 

ponds (biological lagoons) that are expected to reduce the amount of chemical toxicity.The 

effluent from the ponds, which is assumed to be “treated effluent”, discharges into the Shallo 

swamp when the ponds fill up or through leakage. The swamp is the source of Tikur Wuha 

River, the only river that flows into Lake Awassa. The effluent released into the Tikur wuha 

eventually ends up in the closed lake (that has no surface outflow) (Zinabu Gebre-Mariam 

and Zerihun Desta, 2002). By the time the waste reaches the river, virtually all of its 

chemical, biological and physical characteristics are unchanged (Zinabu Gebre-Mariam and 

Zerihun Desta, 2002). The impact of this effluent upon the Tikur Wuha River can reverberate 

throughout Lake Awassa (Zinabu Gebre-Mariam and Zerihun Desta, 2002).  

 

There is already an observable change in the quality of Tikur Wuha River. This River crosses 

scattered semi-urban and rural villages. Residents of the area have long drunk the water, but 

this is no longer potable. It was also used for domestic animals ,washing clothes and for 

bathing purpose. When human and domestic animals drink the water, they get sick, lose 

weight,abort and the discharge has also affected irrigated agriculture near the river (Zerihun 

Desta, 1997). 
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2.4. The importance of benthic macroinvertebrates for biomonitoring 

 

Through much of the 20th century, efforts to track the health of water bodies have focused on 

the presence of chemical contaminants. The assumption was that chemically clean water was 

sufficient to protect river health. This assumption proved wrong (Karr, 2003) because the 

cumulative impacts of human actions go well beyond chemical contamination (Karr, 1995).  

 

In the last two decades, there has been an upsurge of interest to use biological quality 

elements such as phytoplankton, fish, and benthic flora and fauna as indicators of 

environmental quality in aquatic systems. This has resulted from the limitations associated 

with standard chemical monitoring schemes, improvements to and simplification of bio-

assessment methods and also due to the increased awareness of the benefits and relevance of 

biological data for assessing natural resource quality (Whiles et al., 2000).   

 

Studies showed that chemical evaluations failed to detect 50% of the damage to surface 

waters when compared with application of more comprehensive, sensitive and objective 

biological criteria (Davis et al., 1996; USEPA, 2005). Moreover, Karr and Chu (2000) 

asserted that living communities reflect watershed conditions better than any chemical or 

physical measure, as these measures respond to the entire range of biogeochemical factors in 

the environment. Thus, the use of ambient biological communities, assemblages and 

populations to protect, manage and even exploit water pollution has been developing for the 

past 150 years (Davis, 1995).  

 

Now, biological monitoring and assessment of aquatic systems is widely accepted as 

complementing more traditional methods of evaluating human impact based on the 

measurement of physical and chemical variables (Linke et al., 1999). When used in 

conjunction with chemical, physical and toxicological assessment tools, the ability to identify 

and quantify associated causes and sources are greatly enhanced (Karr, 1991; Yoder and 

Smith, 1999). 
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Biomonitoring is monitoring the state of the environment through the performance of living 

organisms. It depicts the impacts of pollution on organisms, and can potentially detect the 

long-term exposure of a site to environmentally harmful chemicals. In addition, they provide 

an overall picture of the impact of environmental factors that often cannot be detected by 

physiochemical variables (Davis, 1995; Barbour et al.,1996). The concept of using biological 

indicators to assess environmental condition originated with the famous work of Kolkwitz 

and Marsson (1908, 1909). They developed the idea of saprobity (the degree of pollution) in 

rivers as a measure of the degree of contamination by organic matter and the resulting 

decrease in dissolved oxygen. Since then, benthic macroinvertebrates as bioindicators have 

been used in many biomonitoring and bioassessment programs (Bode and Novak, 1995; 

Barbour et al., 1996; Fore et al., 1996). 

 

Benthic macroinvertebrates are stream-inhabiting organisms, easily viewed with the naked 

eye. They spend at least part of their lives, in or on the stream bottom and are retained by 

mesh sizes ≥200 to 500µm (Rosenberg and Resh, 1993). Since the invertebrates inhabit the 

stream bottom, any modification of the stream bed by pollutants, deposited sediment and 

water shed degradation; will most likely have a profound effect upon these benthic 

communities. This makes them attractive water quality study subjects, with advantages over 

other community members (Rosenberg and Resh, 1993). 

 

Different groups of macroinvertebrates have different tolerances to pollution, which means 

they can serve as useful indicators of water quality. They may live from several weeks to 

many years and directly depend on adequate habitat and water quality for survival. As a 

result, macroinvertebrates can indicate pollution impacts from various, cumulative or 

multiple sources. 

 

Southerland and Stribling (1995) reported that more than 85% of state water quality agencies 

in the United States used some form of multimetric biocriteria to monitor their aquatic 

resources. Ninety percent (90%) of those programs used benthic macroinvertebrates. Thus, 

measures of biological condition provide a critically needed tool for water pollution to detect 

and evaluate the aggregate impact of the stress (Barbour et al., 2000).   
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According to De Pauw and Hawkes (1993) and  Bode et al., (1996) some of the advantages 

of   benthic macroinvertebrates in biomonitoring and stream ecology studies are:  

1. They are large enough to be seen with the unaided eye, making them relatively easy    to   

identify and inexpensive to collect;  

 
2. They are relatively abundant; there is little danger of depleting sparse populations   

through sampling.   

 
3.  Small order streams often do not support fish but do support extensive macroinvertebrate 

communities. 

 
4.  As a group, macroinvertebrate communities are sensitive and respond to both natural and 

man-induced changes in their environment.  

 

5.   Taxa (family, genus or species) differ in their tolerance to pollutants; particular taxa make 

useful "indicators" of conditions. In other words, there is a large number of taxa, and 

different stresses produce different macroinvertebrate communities. 

 
 6.  Most of the species that make up the benthic community are more-or-less confined to a 

specific area and exhibit little movement out of the area, in contrast to zooplankton or 

fish whose distribution is greatly affected by currents and wave action. 

 
7.  Since benthic macroinvertebrates retain (bioaccumulate) toxic substances, chemical 

analysis of them will allow detection where levels are undetectable in the water resource. 

 
8.   Sampling of macroinvertebrates is easy, requires few people and minimal equipment, low 

cost and does not adversely affect other organisms. In Ohio, Yoder and Rankin (1995) 

indicated that costs (per evaluation) for ambient monitoring using benthic invertebrates 

are low (US $824) compared to chemical and physical water quality (US$ 1,653) and 

bioassays (US$ 3,573-$ 18,318). So, biological monitoring can provide an estimate of all 

deleterious influences on lotic habitats but it may be particularly useful in developing 

countries as it frequently has low cost and technical requirements (Thorne and Williams, 

1997). 
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On the contrary, Bode et al. (1996) explained the disadvantages of using macroinvertebrates 

as   bioindicators as follows  

1.    Benthic macroinvertebrates do not respond to all impacts; 

2.    Seasonal variations may prevent comparisons of samples taken in different    seasons;  

3.  Drifting may bring benthic macroinvertebrates into waters in which they would not        

normally occur 

4.   Certain groups are difficult to identify to the species level  

 

In this respect, biological monitoring using macroinvertebrates as indicator is considered as 

the most appropriate means of detecting impacts on rivers and lakes (Barbour et al., 1996).  

 

2.5. Benthic Macro invertebrate Indices (BMI) 

 

Many different indices have been used in the evaluation of benthic Macroinvertebrate 

communities in order to summarize information and assess pollution effects on aquatic 

organisms. Three basic types of indices (diversity, composition and biotic diversity) are 

mostly employed to assess rive health (Rosenberg and Resh, 1993). Some of the metric 

indices are discussed below. 

 

2.5.1. Family–level Richness (RICH) 

This metric is a diversity measure that evaluates the number of different families found in a 

sub sample. It reflects the health of the community as a measurement of the variety of 

families present. Generally this metric increases with increasing water quality, habitat 

diversity, and habitat suitability (Barbour et al., 1999). However, some pristine headwater 

streams may be naturally unproductive, supporting only a very limited number of taxa 

(Rosenberg and Resh, 1993).  
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2.5.2. Shannon Diversity Index (SDI) 

 

The SDI is a diversity index that combines taxa richness and community balance (evenness) 

to characterize species diversity in a community. The SDI requires a count of the total 

number of individuals and a total count of each of the taxa. The combination of abundance 

and richness in this index is designed to indicate the state of the macro invertebrate 

community (Rosenberg et al., 1993). A community has low SDI if only a few taxa are 

present, or if only a few taxa are abundant. In contrast, a community exhibits high diversity if 

many taxa are present and they occur in equal or nearly equal numbers. A high SDI suggests 

good benthic habitat and non-impacted water quality.  

 

2.5.3. Hilsenhoff Family-level Biotic Index (HFBI) 

 

This metric is a biotic index that is calculated by multiplying the number of individuals of 

each family by an assigned tolerance value, summing these products, and dividing by the 

total number of individuals. Assigned tolerance values range from 0 to 10 for families, and 

increase as water quality decreases (Hilsenhoff (1988). Although the HFBI may be 

applicable for toxic pollutants, it is based on organism tolerance to low dissolved oxygen 

levels and has only been evaluated for organic pollutants. On a 0-10 scale, tolerance values 

range from intolerant (0) to tolerant (10). Tolerance values are taken from Bode et al. (1996). 

High HFBI values are indicative of organic pollution, while low values are indicative of 

clean-water conditions. 

 

H- FBI = Σ (xi*ti)/ (n), 
                                         Where, 

xi = number of individuals within a taxo 
                                            ti = tolerance value of a taxon 
                                            n = total number of organisms in the sample. 
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2.5.4. % Ephemeroptera, Plecoptera, Trichoptera Index (%EPT) 

 

These metric tallies the proportion of individuals of Ephemeroptera (mayflies), Plecoptera 

(stoneflies), and Trichoptera (caddisflies) found in a sample. These orders are considered to 

be mostly clean-water organisms, and their presence generally is correlated with good water 

quality. However, habitat specific conditions (e.g.substrate, water temperature, flow velocity) 

and time of year during which sampling takes place can influence the relative abundance of 

EPT taxa and may result in low EPT richness values even if water quality is non-impacted 

(Rosenberg and Resh, 1993).  

 

2.5.5. % Chironomidae (%CHIR) 

 

Percent Chironomidae is diversity measurement investigating the percentage of Chironomids 

in a sample. Research has indicated that the percentage of Chironomids tends to increase 

with a decrease in water quality (Plafkin et al., 1989; Bode et al., 1996). Chironomids tend to 

become increasingly dominant in terms of percent taxonomic composition and relative 

abundance along a gradient of increasing enrichment for heavy metals concentration (Plafkin 

et al., 1989).  

 

2.5.6. % Dominant Taxa (%DT) 

 

This metric is a diversity index and a measure of community balance, or evenness of the 

distribution of individual families of the sample. %DT is the percent contribution of the most 

numerous family. High dominance values indicate unbalanced communities strongly 

dominated by one or more very numerous families (Bode et al., 1996). The index uses 

abundance of the numerically dominant family relative to the rest of the population as an 

indication of community balance. A community dominated by relatively few families would 

indicate environmental stress, and a high percent contribution by a single taxon indicates 

community imbalance (Plafkin et al., 1989). However, some unstressed habitats are also 

dominated by only a few taxa due to habitat, flow, and seasonal effects (Bode et al., 1996). 
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According to the EPA (1996 revision to the RBP), dominant taxa greater than 35% indicates 

poor water quality, between 25%-35% indicates fair water quality, and less than 25% 

indicates good water quality. 

 

2.6. Applications of macroinvertebrates for biomonitoring in tropical Africa  

 

In Ethiopia and to larger extent the whole of Africa, the use of macroinvertebrate for 

assessment and monitoring of stream conditions is still at its infant stage. However, rapid 

bioassessment of water quality in rivers has been used in a National Biomonitoring 

Programme in South Africa (Dallas, 1997). In East Africa, only few studies have attempted 

to describe the structure and composition of macroinvertebrates in lotic systems. For 

instance, in Kenya Mathooko (2002) in Naro-Moru River, Barnard and Biggs (1988) in the 

catchments streams of Lake Naivasha ,Kinyua and Pacini (1991) in Nairobi River, 

Tumiwesigye et al.,(2000) in Nyamweru River in Uganda studied the macroinvertebrate 

composition of the mentioned rivers. 

 

In Ethiopia, Harrison and Hynes (1988) were pioneers to study macroinvertebrate structures 

of highland streams. Tesfaye Berhe (1988), Worku Legesse et al.(2004), Baye Sitotaw 

(2006) and Solomon Akalu (2006) studied macroinvertebrate structures and composition of 

Greater Akake rivers in relation to pollution. Baye Sitotaw (2006) also assessed the structure 

of benthic macroinvertebrates in relation to land use types, pollution load and other 

environmental factors in Modjo, Kebena, Akaki, Chacha, Megecha, Wabe, Ghibe, Dabena 

and Sor rivers in Ethiopia. These studies clearly showed the relation between the physico- 

chemical change along the rivers and the change in species composition and abandance of 

macroinvertebrates. Also, they showed that natural as well as anthropogenic disturbances 

represent a considerable challenge to the survival of benthic organisms in the rivers under 

study. These studies also confirmed the importance of benthic macroinvertebrate community 

as tools to assess ecological quality in the river. 
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 3. MATERIALS AND METHODS 

   3.1. Study Area Description  
 
The study area is located 275 Km south of Addis Ababa; and has an elevation ranging from 

1692 to 1742 m a.s.l. It is characterized as sub- humid climate and has extended period of 

wet season from March to October ,in addition to the main rainy season taking place from 

July to September (Fig.1). The maximum amount of mean annual rainfall goes up to 1150 

mm.The study area has mean annual temperature of 19.50C with March and April (Fig.2) 

having the highest and November and December having the lowest Temprature (Nardos 

Tilahun, 2006). 

 
Fig.1 Mean Monthly precipitation of Awassa 

 
Fig.2 Mean monthly minimum, maximum and average temperature at Awassa (1988-2003). 
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Awassa Textile Factory was selected as the focus for this study where attemptes were made  

to determine impact of the effluents from the textile industry on Tikur Wuha River. It is the 

largest factory around Tikur Wuha River, and has a capacity of 24,288 spindles, 124 shuttle 

rapier looms and a finishing plant with a capacity to dye, print and finish 36.1 million square 

meters of fabric per annum. The factory is highly energy, chemical and water intensive. It 

discharges an average of 50 m3 of wastewater per hour, rising to 120 m3 at full capacity 

(Zerihun Desta, 1997). 

 

The effluent from the textile factory is routed to the Tikur-Wuha River which crosses 

scattered semi-urban and rural villages. Tikur Wuha River gets its name (which means black 

water) from the black humus-rich soil bed. The sampling sites were chosen to evaluate the 

environmental impact of industrial effluents on Tikur Wuha River. Thus, selection of sample 

sites along the Tikur Wuha river course was based on the potential exposure or proximity of 

the river to the textile industry. The sampling sites were designated as S1 to S6 located on the 

map as shown in (Fig. 3). The study area, lays between 1742 m a.s.l at sampling site Awassa 

textile factory where raw textile effluent samples were routinely collected to 1689 m a.s.l 

site5 (S5). The sites from S1 to S6 were used to study down stream pollution profile and the 

impact of the effluent on benthic macroinvertebrates. Site 6 (S6) is the reference site with an 

altitude of 1686 m a.s.l. It was selected as reference site to be used as benchmark to compare 

changes in other sites.  Reference site selection was based on minimally impacted physical 

habitat and best professional judgment.  The other five sites (S1 to S5) were selected on the 

basis of the degree of impact down stream as described below.  

 

Sites 1 and 2 (S1 and S2) are located in the upper part of the stream where the riparian 

vegetation is dominated by shrubs, grasses, Eucalyptus trees and Enset plantation. During the 

sampling periods, the water was highly turbid, with brown color and obnoxious odour. The 

bottom substrate was dominated with mud, silt and submerged grasses. These sites are 

located in relatively unpopulated areas, with scattered villages. People in the surrounding 

area use the water for washing their clothes and for animal watering.  
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In particular inhabitants around Site 2 use the water to irrigate vegetables. Site 3 (S3) is the 

site where there is extensive habitation as compared to the above two sites.  In this site, 

though the water has been used for animal watering, it was mainly of brown color, turbid and 

had unpleasant odour. The riparian vegetation is limited to bushes and grasses with intense 

cattle grazing. Site 4 (S4) was found near scattered habitation. The water was turbid with 

light brown color. And the bottom substrate was dominated with mud, sand, submerged and 

emerged grasses. In this site, the riparian zone consisted of shrubs, herbs and dense grasses 

with intense cattle grazing. Site 5 (S5) is characterized by scattered habitation and dominated 

by farming land. The water is light brown, less turbid and is not as offensive as the other 

sites. The water is used for irrigating vegetable farm, bathing and animal watering. There is 

also a riparian vegetation of eucalyptus trees and bottom substrate of mud, few litters, 

submerged and emerged grasses.The study area was mapped with geographic information 

system (GIS) using the data obtained by global positioning system GPS (GARMIN, Taiwan). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.3   Map showing study location and sampling sites along Tikur Wuha River      

              until it joins Lake Awassa (Not to scale). 
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           Table 3. Summary of the sampling points along Tikurwuha River  

 

Sites Altitude(m) Descriptions 

S1 1706 The point where the raw waste from the biological 

lagoon of the textile factory joins the river 

S2 1699 

 

Downstream, about 2km from S1 

S3 1692 

 

Downstream, about 2km meters from S2 

S4 1691 

 

Point on Tikur Wuha River immediately before river 

from Wondogenet dilute Tikurwuha river. 

S5 1689 Point on Tikur Wuha River immediately after river 

from Wondogenet dilute Tikur Wuha River. 

S6 1686 

 

Point river from Wondogenet joins Tikur Wuha 

River. This site is the reference site 

 
 
3.2. Sampling Method  
 
3.2.1. Physico-chemical Sampling  

The Study was carried out from November 2006 to March 2007. Samples of textile 

wastewater were taken from Awassa Textile Factory twice per month during the study 

period. Prior to sampling the1-L polyethylene bottles were cleaned by incubating them with 

10 % (v/v) nitric acid (Analytical, Merck) solution for 48 hours in a hot water bath and then 

washed and rinsed with distilled and de-ionized water. They were thoroughly rinsed with the 

wastewater from the sampling sites before sampling. 

 

The samples were collected directly from the factory outlet and from different sampling 

locations along Tikur Wuha River twice per month during the study period. Samples were 

transported to the Addis Ababa Environmental Protection Authority laboratory. Samples for 

heavy metal analyses were fixed by adding 2-3 drops of Nitric acid and stored at 40C. The 

samples were then analyzed for different parameters as described below. 
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3.2.2. Macroinvertebrate sampling 
 
Macroinvertebrate sampling were conducted bimonthly together with water sampling at 

specific sampling sites based on the Rapid Bioassessment Protocols for use in streams and 

wadeable rivers (Barbour et al., 1999). Stream sites were typically assessed at the reach 

scale, generally 100 m in length. There were uniform microhabitats (pools, muddy bottom 

and vegetated banks) in all sites i.e. the same kinds of niches were available for sampling 

within the 100 m reach and there were no riffles and other microhabitats. Scoop net and 

Ekman samplers were used to collect macroinvertebrates in pools and bottom substrate, 

respectively. Samples from pools and bottom substrate were pooled into single sample and 

preserved in 70% ethanol for later sorting and identification. Bank vegetation habitats were 

sampled qualitatively to try to collect as many specimens as possible within the 100m reach. 

To maintain the consistency of sampling effort, a sample was generally obtained within 25 

minutes at each site. 

 
 
3.3. Data analyses 
 
In this study, a detailed wastewater characterization was performed for selected parameters. 

Chemical oxygen demand (COD), Total nitrogen, NO3-N, NH3–N, Phosphate (PO4), 

Sulphide, Sulphate and TSS were measured using spectrophotometer (DR/2010 HACH, 

Loveland, USA) according to HACH instructions. Biological oxygen demand (BOD) was 

also measured according to the standard methods (APHA, 1998). The heavy metals, 

Chromium (as Cr Total), Copper (Cu), Zinc (Zn), Lead (Pb), Nickel (Ni), Iron (Fe) and 

Cadmium (Cd) were determined using atomic absorption Spectrophotometer (Buck Scientific 

Model 210 VGP, USA) according to standard methods (APHA, 1998). Total dissolved solids 

(TDS) and conductivity of the wastewaters were measured immediately at the site of 

sampling using conductivity meter (CO 150, USA). Temperature was measured with a hand-

held thermometer.  A portable pH meter (Model HI 9024 HANNA) was used to determine 

pH. 
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In the same way, macroinvertebrate samples were washed through a 500 µm sieve.  

Invertebrates were sorted in white trays, identified and counted using dissecting microscope. 

Taxonomic identification was made to family level using standard keys (Macan, 1979; 

Edington and Hildrew, 1981; Bouchard, 2004). 

 

3.3.1. Macroinvertebrate metrics selection and index development 

 

The detailed description of macroinvertebrate metric selection is given in Barbour, et al. 

(1999). Each metric is calculated from the sample data and then converted to a standardized 

score using scoring criteria. Scoring criteria are developed from examining relationships 

between individual metric scores and an indicator of impairment across a range of 

impairment levels, including undisturbed reference conditions. The standardized scores are 

then added to produce the final multimetric score of Benthic Macroinvertebrate Index (BMI) 

for each site. This metric combines several distinctive, stress-influenced community 

characteristics into a single aggregate value that can be used to compare the level of stress 

evidenced by communities from different stream localities.  

 

Twelve metrics as shown in Table 9 and 10 were used to calculate the final Benthic Macro 

invertebrate Index (BMI). The range of numbers that might be observed for each of these 

characteristics is divided into 3 sub-ranges representing values expected from least stressed 

("reference" sites), intermediate, and most stressed communities. Then, depending on the 

range into which a specific characteristic at a particular site falls, it is assigned a score of 5, 

3, or 1, respectively (Table 9).  The BMI value is the sum of these character scores, 

generating a maximal (reference) score of 60 (12 characters each with a maximal score of 5) 

and a minimal value (most stressed) of 12x 1 = 12. BMI values were calculated in this way 

for each site. The BMI values are then standardized to 100-point scale giving 100 (reference), 

60 (moderate) and 20 (most stressed) BMI values (Table 9). To categorize the sites into 

various impairment levels, the range of BMI numbers is divided into 3 sub-ranges, and then 

impairment levels are classified as shown in Table 11. So, the 100-point scale BMI values 

calculated at the family level may correspond to the water quality assessments as in Table 4. 
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Table 4. Methods of classification of water quality status based on impairment level from 

BMI data (Source:  Barbour et al., 1996) 

 

 

BMI Value 

Water Quality 

Characterization Impairment 

20-46 Very poor to Poor Severe to slight 

46-72 Fair to Good Moderate to less 

72-100 Very good to Excellent Very little to none 

 
 
 
3.4. Statistical analyses 

 
A combination of univariate and bivariate statistics were used to evaluate differences in 

physico-chemical and biological parameters among the references and impacted sites.  

 

Excel spreadsheet, statistical softwares like SPSS version 10 and MINITAB releaser 14 were 

used for the statistical analysis. 

 

Pearson correlation coefficients and linear regression were used to evaluate relationships 

between physico-chemical and biological data.  

 

Finally, significance tests were performed on physico-chemical and biological parameters 

among the reference and the other impacted sites with student t-test. This test was used to 

determine the significance of differences between group means in an analysis of variance 

setting, with alpha set at 0.05. 
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4. RESULTS AND DISCUSSION 

    4.1 Physico-chemical Parameters 

    4.1.1. Awassa textile factory wastewater 

A detailed characterization of Awassa textile factory wastewater and downstream water 

samples were carried out to determine the downstream pollution loads on the Tikur Wuha 

River.  

 

The mean characteristics of raw wastewaters from Awassa textile factory are presented in 

Table 5.The significant pollution parameters for these effluents include a COD mean 

concentration of 5183.33±6.2mg/l, BOD5 concentration of 1755.7±5.3mg/l, Sulphate and 

sulphide concentrations with mean values of 136.3±14mg/l and 1.74±0.1mg/l, respectively. 

Ammonia and total nitrogen concentrations were with mean values of 5.5±3mg/l and 

353.8±12.7mg/l respectively. The mean phosphorus and nitrate content of the effluent was 

also found to be 9.04±2.5mg/l and 17.8± 0.2mg/l. The pH values were 11±0.4 indicating high 

alkalinity of the wastewater. Dissolved solids, electrical conductivity and Total Suspended 

Solids of the effluent wastewaters were 3818.5±20mg/l, 5455±1.4 (µS/cm) and 1283.3±13.3 

mg/l, respectively. The mean value of Chromium (Cr) (0.12±0.1mg/l), Nickel (Ni) 

(0.05±0.02mg/l), Lead (Pb) (0.16±0.06mg/l) and Cadmium (Cd) (0.03±0.01mg/l) were 

recorded in the textile effluent. Similarly mean concentration of Zinc (Zn) (0.04±0 mg/l), 

Copper (Cu) (0.32±0.10 mg/l) and Iron (Fe) (1.23±0.08 mg/l) were measured from textile 

factory. 

 

The findings from this study shows that effluent characteristics need to be properly 

monitored for better environmental protection. Though the textile effluent had temperatures 

between 38 and 39- OC (Table 5) which was below the set limit of Environmental Protection 

Authority (EPA, 2003) (Table2), the mean pH value (11±0.4 mg/l) (Table 5)  was higher than 

the acceptable ranges of the provisional discharge limits (EPA, 2003) (Table2). These 

effluents were basic in nature. Textile effluents characterization studies in Kaduna and 

Nigeria, showed pH value which range from 10.21 - 11.53 mg/l (Yusuff and Sonibare, 2004)  
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and 8.1- 10 (U.S EPA, 1978). Many fish and macroinvertebrates are sensitive to high (above 

8.6) and low (below 6.50) pH levels.  

 

Table 5 .Physicochemical characteristics of Awassa textile factory waste water         
(Concentrations are in mg/l except for pH, temperature and conductivity) 
 

Parameter Mean Range Limit values (MPL) 
 

pH 11±0.4* 11-11.3 6-9 

Temperature (oC) 38.1±0.2 39-38 40 oC 

COD 5183.33±6.2* 9400-2650 150 mg/l >80% removal 

BOD5 1755.7±5.3* 3210-877 50 mg/ l>90% removal 
 

Ammonia N 5.5± 3 13-0.4 30mg/l 

Nitrate N 17.8± 0.2 2.1-1.3 50 mg/l NO3 

Total Nitrogen 353.8±12.7* 960-28 40 mg/l >80% removal 

Ortho- Phosphorus 9.04±2.5 16-4.71 10 (>80% removal) 

Sulphide 1.74±0.1 1.61-0.21 2 mg/l 

Sulphate 136.3±14 400-4 200 mg/l 

Total dissolved solids 3818.5±20* 5600-1200.5 80 

Conductivity (µS/cm) 5455±1.4* 8000 -1715 1000 µS/Cm (at 20 0C) 

Total Suspended Solids 1283.3±13.3* 1200-752 30 mg/l 
 

Chromium(Cr) 0.12±0.1 0.56-0.014 
1mg/l 
 

Nickel(Ni) 0.05±0.02 0.1-0.01 
2mg/l 
 

Lead(Pb) 0.16±0.06 0.41-0.03 
0.5mg/l 
 

Cadmium(Cd) 0.03±0.01 0.06-0.01 
1mg/l 
 

Zinc(Zn) 0.04±0 0.05-0.02 
5mg/l 

Copper(Cu) 0.32±0.10 0.6-0.04 
2mg/l 

Iron(Fe) 1.23±0.08* 1.54-1.07 
1.0 mg/l dissolved Fe 
 

Source : ( Ethiopia EPA,2003) 

* Values above MPL 
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High alkalinity increases with wastewater strength. It shows the capacity of wastewaters to 

neutralize acids, and is undesirable. Generally untreated textile effluents are known to have 

extremes of pH (either alkaline or acidic, depending on the processes used) (Porter et al., 

1971, Rutherford et al., 1992). 

 
The mean concentrations of COD(5183.33±6.2mg/l), BOD5(1755.7±5.3mg/l) and TSS 

(1283.3±13.3mg/l) (Table 5) were 35and 43 fold, respectively, higher than the acceptable 

ranges of the provisional discharge limits set (EPA, 2003) (Table2). Similar studies in 

characterization of textile effluents, showed that both measured BOD, COD and total 

suspended solids (TSS) levels were in the range of (163-645mg/l), (1067-2430, mg/l) and 

(35-1200) varying from textile to textile respectively (Yusuff and Sonibare, 2004) and (1035-

1652mg/l) COD,(84-168 mg/l) BOD5 and (217-349mg/l) TSS values (U.S.EPA, 1978), 

Similarlly  (Sapci et al.,2003) reported COD value (3218mg/l) and TSS (250mg/l). Wynne et 

al. (2001) reported textile effluents are complex mixtures of chemicals, varying in 

composition over time and from factory to factory as well as on a temporal basis at individual 

factory based on the materials used in wet processing.  

 

Untreated textile effluents are known to have, high biological oxygen demand (BOD), high 

chemical oxygen demand (COD) and high concentrations of suspended solids (SS) (Porter et 

al., 1971; Thompson, 1974;; U.S.EPA, 1978; Rao et al., 1992; Rutherford et al., 1992). The 

high levels of BOD are indications of the pollution strength of the wastewaters and also 

indicate that there could be low oxygen available for living organisms in the wastewater 

when utilizing the organic matter present. High COD levels imply toxic condition and the 

presence of biologically resistant organic substances (Sawyer and McCarty, 1978).  

 

Sulphate and sulphide concentrations with mean values of 136.3±14 mg/l and 1.74±0.1mg/l, 

respectively, (Table 5) were lower than the discharge limits set by the Environmental 

Protection authority (EPA, 2003) (Table2). Similar studies in textile effluents showed S-2 

value which ranges 0.1- 1.94 mg/l from textile to textile (Yusuff and Sonibare, 2004), 

sulphate and sulphid value ranged from 8,5- 640 and 0.1- 6 mg/l(U.S EPA,1978 ), 

respectively, and (Sapci et,al,2003) and (Zinabu Gebre-Mariam and Zerihun Desta, 2002) 
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reported that (34.8mg/l), (130mg/l) and (34.8mg/l), Sulphate concentration values 

respectively.Hydrogen sulphide is formed under conditions of deficient oxygen in the 

presence of organic materials and sulphate (WHO, 2000).This could be a possible reason for 

the sulphide measured in the effluents analyzed.  

 
In the same way, mean concentration of total dissolved solids (3818.5±20), and conductivity 

(5455±1.4) (Table 5)  were higher by 48 and 6 fold than the acceptable ranges of the 

provisional discharge limits set by the Environmental Protection Authority (EPA, 2003) 

(Table2). Similar studies, showed that total dissolved solids value varies 250-2200 mg/l from 

factory to factory (Yusuff and Sonibare, 2004) and from 1,256 - 13,120 mg/l(U.S EPA,1978 

). Applications of effluent discharges from industrial wastewater increase the amount of 

dissolved chemicals in streams and conductance is a measure of the electrical conductance of 

water at 25 °C and is related to the total amount of dissolved ion in the water. High TSS and 

TDS detected could be attributed to the high colour (from the various dyestuffs being used in 

the textile factory) and they may be major sources of the heavy metals. Increased heavy 

metals concentrations in rivers could increase suspended solids concentrations (Kambole, 

2003). 

 

The mean concentration of Ortho-phosphorus, Ammonia N and Nitrate N at textile factory 

effluent also found to be (9.04 mg/l), (5.5mg/l) and (17.8mg/l), respectively (Table 5)  and 

were lower than the discharge limit (EPA, 2003) (Table2) . Similar studies of (U.S 

EPA,1978) reported, mean concentration of Ortho-phosphorus, Ammonia-N and Nitrate -N 

(0.88 – 11.2mg/l), (2.5- 13.6mg/l) and (0.08- 23.3mg/l), respectively and  (Zinabu Gebre-

Mariam and Zerihun Desta,2002) report, Nitrate N concentration was 5.2mg/l. But (Yusuff 

and Sonibare,2004) reported mean concentration of Ortho-phosphorus, Ammonia-N and 

Nitrate -N value which ranged (0.09 -3.42), (0.05- 2.72), (0.8-7.97 mg/l), and are different 

with these findings. Nitrate  N is an oxidized, inorganic form of nitrogen in water. Nitrogen 

is a necessary nutrient for plant growth. Too much phosphorus and nitrogen in surface waters 

contributes to nutrient enrichment, increasing aquatic plant growth and changing the types of 

plants and animals that live in a stream. 
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The mean concentration value of Chromium (Cr) (0.12±0.1mg/l), Nickel (Ni) (0.05±0.02mg/l), 

Lead (Pb) (0.16±0.06mg/l) and Cadmium (Cd) (0.03±0.01mg/l) were recorded in the textile 

effluent (Table 5) Similarly mean concentration of Zinc (Zn) (0.04±0 mg/l), Copper (Cu) 

(0.32±0.10mg/l) and Iron (Fe) (1.23±0.08mg/l) were measured from textile factory(Table 5). 

With the exception of iron, heavy metals concentrations were below the discharge limit 

(EPA, 2003) (Table2). The wastewater of textile had iron levels which ranged between 1.07 

and 1.23 mg/l, beyond the standard limit 1.00mg/l. Similar studies of (Sapci et al., 2003)  

showed that mean concentration of chromium 0.45 mg/l, Cd 0.02, Cu <0.1, Zn 0.8 and Fe 

2.1. Zinabu Gebre-Mariam and Zerihun Desta, (2002) reported that mean concentration of Cr 

(19.84mg/l), Cd (1.58mg/l), Cu (53.73mg/l), Zn (85.95mg/l) ,Ni (1.75mg/l) Pb (1.39mg/l) 

and Fe (131.89  mg/l). Effluent concentration could vary  due to the composition of materials 

used. Wynne et al., (2001) reported textile effluents vary in composition over time and from 

factory to factory based on the materials used in wet processing. 

 

Heavy metals in the wastewaters could be of negative impact to the environment through 

bioaccumulation of toxic metals over long periods Sekhar et al., (2003). Effluents from 

textile factory contain heavy metals such as chromium, which has a cumulative effect, and 

higher possibilities for entering into the food chain.    

 

4.1.2. Downstream pollution profile of Tikur Wuha River 

 

The Tikur Wuha river water samples from the different sites were measured for several 

physico-chemical parameters. The mean concentrations of the pollutants along the receiving 

water body are given in Table 6 and 7. The concentrations of the various parameters (Ortho- 

Phosphorus, COD, BOD5, Cu, So4 and TN)  at the junction point (S1) were very much reduced 

by 56-88% (Table 5 and 6). 
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Table 6.  Tikur-wuha downstream river pollution profiles (mean values)  

               (Values are in mg/l except for pH, temperature and conductivity) 

 SITES 

Parameter 
 
S1 S2 S3 S4 S5 

 
S6 

pH 
10.32±0.04 
 9.7±0.24 9.22±0.3 9.53±0.2 8.4±0.2 

6.99±0.1 

Temp 
(oC) 

23.02±1.1 
 20.83±1.2 24.6±1.3 24.35±0.5 21.93±0.5 

23.o4±0.8 

COD  
2062.4±483.1 
 1673±145 1189.1±478 1057.3±129.6 590±128.4 

60.17±6.9 

BOD5 
674.1±107.5 
 445.8±39.4 318±128 281.1±33.3 159.9±28.6 

16.4±2.1 

NH3-N 
3.9 ±1.1 
 3.1±1.1 6.8±1.2 3.2±0.2 2.93±0.3 

0.43±0.01 

NO3-N 
3.8±0.7 
 2.0±0.3 3.7±0.6 2.0±0.4 1.8±0.1 

0.55±0.1 

TN 
42.2±1.8 
 23.1±2.6 49.03±7.9 30.1±3.34 21.2±1.6 

12.2±0.5 

Po4
3- 4±1.0 2.3±0.4 2.05±0.4 2.26±0.5 1.79±0.5 

 
 
0.48±0.1 

S2- 1.6±0.5 1.43±0.5 0.75±0.2 0.67±0.2 0.55±0.2 
 
 0.03         

SO4
2- 

 30±6.3 20.1±4.54 14.3±3.8 11.2±3.1 7.6±1.2 
1.9±0.3 

TDS 
1987.2±92 
 1507.2±231.7 1234.5±327.2 608.3±140.5 491.4±102.8 

86.6±8.4 

EC/µs/cm 

 
3548.3±163.9 
 2668.2±422.6 2179.5±590.4 1067±249.1 879.03±186.5 

 
153.6±14.6 

TSS 1245±18.3 908.3±0.5 901.63±1.4 330.65±0.5 254.7±1.8 
 
212.7±0.9 

 

S1 The point where the raw waste from the biological lagoon of the textile factory joins the river    

S2 Downstream, about 2km from S1 

S3 Downstream, about 2km from S2 

S4 Point on Tikur wuha river immediately before river from Wondogenet dilute Tikurwuha river. 

S5 Point on Tikurwuha river immediately after river from Wondogenet dilute Tikurwuha iver. 

S6 Point before the river from Wondogenet dilute Tikurwuha River.This site is the reference site. 

 

In addition to these NO3-N, Fe, Cd, Conductivity, Pb, NH3-N and TN was reduced by 20-

48% , except TSS, sulphide, nickel, total chromium and zinc which decreased in the range of 

3% - 16% (Table 5 and 6). when compared with the raw textile effluents immediately 

discharged from the factory, indicating the dilution capacity of the receiving river. At 
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subsequent sampling sites (S2, S3 and S4) downstream the Tikur Wuha River the 

concentrations of most pollutants showed a slightly decreasing trend until the last sampling 

point (S5) near Lake Awassa. While the measured values for the different concentrations at 

these sites showed a steady decrease, small fluctuations in some parameters such as NH3-N, 

NO3-N and TN were observed at the sampling site (S3), which might be due to inflow of 

domestic waste into the river. 

  

The mean  pH concentration  along Tikur-Wuha downstream ranged from (8.4±0.2-

10.32±0.04) (Fig:4). Similar studies on Lake Awassa and its feeders reported a pH of 12 that 

it is highly alkaline (Zerihun Desta, 1997), and (Seyoum et al., 2003) reported a pH value 

which ranged from 7.9±0.1- 9.5±0.5 mg/l. 

 

 

 

 

 

 

 

                                

Fig 4: pH Values downstream in Tikur Wuha River. 

Most of Tikur Wuha downstream pH values (Table 6) are beyond the EPA provisional 

discharge limit values (6-9) (Table 2). High pH value could alter the toxicity of other 

pollutants in the river. For example, ammonia is much more toxic in alkaline water than acid 

because free ammonia (NH3) at high values (pH>8.5) is more toxic to aquatic biota than 

when it is in the oxidized form (NH4
+) (Källqvist and Svenson, 2002). When streams become 

excessively acidic or alkaline, the change can adversely impact the biota. As those fish and 

macroinvertebrates unable to tolerate the altered conditions decline, tolerant organisms 

increase in numbers due to lack of competition for food and habitat. This results in an 

unhealthy biological community dominated by a few tolerant taxa. pH can have a direct 

effect on the physiology of organisms (Kimmel, 1983). 
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The maximum temperature of the effluent recorded were (24.6 0C) at Site 3 (S3) and 

minimum (20.80C) at Site 2 (S2) (Table 6). All the temperature values were within the EPA 

(2003) standards for effluent discharges to inland water, which is 40 Co (Table 2). And all 

values were found to meet the WHO (1984) Guideline values (12- 25 C0). The lowest value 

recorded may be due to mixing with cold water and the shading effect of riverian vegetations. 

Water temperature influences the type of plants that grow in the water and the types of 

animals that live in the water. 

 

The pollution profiles for COD and BOD5 along Tikur Wuha downstream ranged from 

(590±128.43–2062.43±483.14 mg/l) and BOD5 concentration (159.93±28.55–674.1±107.5 

mg/l), respectively (Table 6). Compared to maximum concentration at Site S1 (2062.43 mg/l 

COD and 674.14 mg/l BOD5), the passage of the effluent through long distance along the 

river and due to the dilution of river water was found to reduce chemical and biological 

oxygen demanding substances by 71.4% and 76.27% at Site 5 (S5), (590 mg/l and159.93 

mg/l), respectively (Fig-5 and table 6). The higher concentration of COD and BOD were due 

to nature of the waste water. Wynne et al. (2001) noted that textile effluents are highly 

colored and saline, contain non-biodegradable compounds, and are high in Biological and 

Chemical Oxygen Demand (BOD, COD).  

 

 

 

 

 

 

 

 

 

 

 

Fig-5: Mean concentration of COD and BOD5 downstream inTikur Wuha River 
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Similar works in industrial discharge from the Awassa Textile Factory showed that the 

effluent was high in BOD and COD with mean value (750 mg/l) and (1,500 mg/l), 

recpectively (Zerihun Desta, 1997) and Deshu Mammo, (2004) reported, mean concentration 

of COD (38100± 6647 mg/l ) and BOD (11064 ± 1080 mg/l) in Sebeta River. EPA standard 

for effluent discharges to receiving water has a limit value of (150 mg/l) COD and (50 mg/l) 

BOD5, the maximum effluent concentration  obtained from this analysis were more than 13 

times higher than the acceptable limit (EPA, 2003) (Table 2). This indicates that huge 

amount of chemical and biological oxygen demanding substances in the effluent are released 

from the industry waste water into the river. They were almost more than 30 times higher 

than the values obtained from the reference samples (60.17±6.94 and 16.39±2.11for COD 

and BOD5), respectively (Table 6). The high levels of BOD are indications of the pollution 

strength of the wastewaters. They also indicate that there could be low oxygen available for 

living organisms in the wastewater when utilizing the organic matter present. High COD 

levels imply toxic condition and the presence of biologically resistant organic substances 

(Sawyer and McCarty, 1978). According to Rehm et al., (1999), the COD-BOD ratio is an 

important value in determining the biodegradability of the pollutants in wastewater. 

Accordingly, if the ratio is <2, the load is considered easily biodegradable (Rehm et al., 

1999). Since the ratio of COD-BOD at the highest concentration (2062/674)(Table 6) was 

>3, the pollutant load was not easily biodegradable which results in higher COD than BOD 

values.    

 

With respect to total nitrogen the mean concentration was ranged (21.2±1.6- 49.03±7.9mg/l), 

(Table 6) which was higher than the EPA (2003) standards set emission limit value 40 mg/l, 

(Table 2) and the value obtained from the reference sample (12.18 mg/l) (Table 2).Similar 

works of Deshu Mammo, (2004)  reported mean concentration of TN (1000±792 mg/l) in 

Sebeta River. High concentration of total nitrogen could indicate pollution of a water body 

that is rapidly converted to ammonia and become toxic to aquatic life.The concentration of 

NH3-N and TN (Fig: 6) was higher at Site 3 than the other sites. Animal and human waste, 

decaying organic matter, can contribute to total nitrogen and ammonia enrichment of water 

and the Site (S3) is highely exposed to these practises. 

 



 35

 

 

 

 

 

 

 

 

                   

 Fig-6 Mean Concentration of total nitrogen and NH3-N downstream in Tikur Wuha River  

 

The levels of ammonia N in Tikur Wuha River was in the range of (2.93±0.3–6.8±1.2 mg/l) 

(Table 6) (Fig: 6)   and was below the standared discharge limit (EPA, 2003), 30 mg/l. (Table 

2)  Due to its toxicity to aquatic biota including fisheries, the European Union has set a safe 

limit of 0.005–0.025 mg NH3-N mg/l (Chapman, 1996).  Similar studies on Modjo and 

Sebeta Rivers, reported that the values of ammonia N ranged from 8.7±1.97- 42.0±30 mg/l, 

(Seyoum et al., 2003) and 0.35±0.33-615±281mg/l, Deshu Mammo, (2004). Ammonia, 

formed only at high pH values (pH>8.5), is extremely toxic to fish and other aquatic life at 

high concentration (>2mg/l) (Berenzen et al., 2001; Källqvist and Svenson, 2002). At pH 

value greater than 8 at the sampling sites all along the Tikur Wuha downstream river, the 

mean of ammonia N concentrations were also high which was likely to pose problems when 

the water is to be used by downstream users for drinking and fishing.Ammonia is much more 

toxic in alkaline water than acidic. One of the reasons for the bad odour that can be sensed 

along the river courses during the field sampling could be due to presence of ammonium.  

 

The nitrate concentration level in the river water was found within range of (1.8±0.1-

3.8±0.6mg/l) (Table 6) (Fig:7). Based on the (EPA, 2003) standard, the nitrate concentrations 

along downstream sites were within the acceptable limit (Table 2), but as compared with the 

reference the value was seven times greater, which indicated the pollution of the river. 

Similar studies in assessment of pollution profiles on Sebeta River, Deshu Mammo, (2004) 

reported mean nitrate concentration of (7.60±6.2-176±114 mg/l. High nitrate concentrations 
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particularly at site 3(Fig:7)  may occur as a result of the deamination of ammonium nitrogen 

from nitrogenous materials raw wastes that can be oxidized to nitrate by the action of 

microbiological agents (Morrison et al., 2001). This would allow for growth of algae which 

would lower the dissolved oxygen levels.  

 

 

 

 

 

 

 

 

 

       

            Fig-7 Mean concentration of N03-N downstream in Tikur Wuha River. 

 

The mean concentration of phosphate and sulfate were (1.79±0.5-3.98±1.0 ), and (7.6±1.2 - 

30±6.3 ), recpectively(Table 6). Even though the values were within acceptable ranges of the 

provisional discharge limits set by the Environmental Protection Authority (EPA, 2003) 

(Table 2), they were eight and 15 times higher than the values obtained from the reference 

samples 0.5and 2.0 mg/l respectively. Similar studies of (Seyoum et al., 2003) , on Modjo 

river reported that the values of phosphate and sulphate ranged from 0.6±0.2-1.9±0.4 3mg/l 

and 22.7±4.4 - 49.3±27.9 mg/l, respectively. Phosphorus is a necessary nutrient for plant 

growth and generally is limiting in the freshwater environment. Too much phosphorus in 

surface waters, however, can contribute to nutrient enrichment, increasing aquatic plant 

growth, and changing the types of plants and animals that live in a stream. Sources of 

phosphorus include certain soils and bedrocks, wastewater and domestic phosphate based 

detergents, human and animal wastes, decomposing plants, and runoff from fertilized lawns 

and cropland (Morrison et al., 2001). 
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Sulphide mean concentration (0.55±0.2-1.6±0.5), was within acceptable ranges of the 

provisional discharge limits set by the Environmental Protection Authority (EPA, 2003),  but 

the  concentration of downstream river were up to 54 times higher than that of the reference 

sample (0.03±0.004mg/l). Similar studies on Modjo River (Seyoum et al., 2003), reported 

that the value of sulphide concentrations was in the range of (1.8±0.3-28.7±24.4 mg/l). If 

discharged to surface waters, even low concentrations of sulphide can pose toxicological 

hazards. Sulphide is toxic because it combines with iron of cytochromes and other essential 

iron containing compounds in the cell. Owing to their potential toxicological effects 

discharge of these substances are normally subjected to stringent regulations in many 

countries (Bosnic et al., 2000). The direct discharge of these pollutant to downstream Tikur 

Wuha River would entail negative effects on the river water quality as well as cause serious 

harm to the aquatic life and the downstream users. 

 

The total suspended solids (TSS) levels in the effluent was high more than 40 folds  all along 

the sampling points ranging from (254.67±1.81-1245±18.31mg/l) (Table6) (Fig:8) as 

compared to the provisional discharge limits set by the Environmental Protection Authority 

(EPA, 2003) (Table 2). And showed six fold increment as compared  to the reference samples 

(212±18.31mg/l) (Table 6) indicating the increasing impact of the effluents on the Tikur Wuha 

downstream water bodies. Thus, based on the standard emission limit value, the suspended 

solids in the river may  adversely affect the use of water for various purposes (Zerihun 

Desta,1997). Similar studies  on assessment of pollution profiles on Sebeta River, Deshu 

Mammo,(2004), reported (469±115-7879±1017mg/l) TSS concentration. Generally suspended 

solids exacerbate the dissolved oxygen problem by sedimentation and forming oxygen 

demanding sludge deposit, which cause turbidity in the receiving water and may alter the 

habitat of aquatic microorganisms (Zinabu Gebre-Mariam and Zerihun Desta, 2002; Shu et al., 

2003).                                 

 

The mean concentration of total dissolved solid (TDS), (491.4±102.8-1987.2±92mg/l) (Table 

6) (Fig:8) was higher than the provisional discharge limits set by the Environmental 

Protection Authority (EPA, 2003) (Table 2). The effluent discharges showed 23 fold 

increment compared to the reference samples (86.6±8.4 mg/l) (Table 6) indicating the 
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increasing impact of the effluents on the Tikur Wuha downstream water bodies. Similar 

studies on Modjo River (Seyoum et al., 2003), and Deshu Mammo, (2004) on Sebeta River 

showed TDS concentrations value 173.3±73.3-345.7±66.4 mg/l and 6506±1156-78000±2309 

mg/l, recpectively. Since TDS are soluble components of the total solids in the river water, 

they can originate from various substances in the river basin, including the solid and liquid 

wastes disposed from the industry. 

 

High TSS and TDS detected could be attributed to the high colour (from the various 

dyestuffs being used in the textile factories) and they may be major sources of the heavy 

metals. Increased heavy metals concentrations in river sediments could increase suspended 

solids concentrations (Kambole, 2003). 

 

 

 

 

 

 

 

 

 

 

 

 

                     

Fig-8  Mean Concentration of   TSS and TDS downstream inTikur Wuha River.  
 

 

Maximum concentration of electrical conductivity value was in the range of (879.03-

3548.33mg/l) (Table6).The value was higher than the acceptable ranges of the provisional 

discharge limits set by the Environmental Protection Authority (EPA, 2003) ) (Table 2). The 

Textile effluent discharges downstream showed 23 fold increment compared to the reference 
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value (153.6±14.6 mg/l), indicating the increasing impact of the effluents on the Tikur Wuha 

downstream water body. Similar studies on Modjo river (Seyoum et al., 2003), reported that 

the value of electrical conductivity concentrations was in the range of 3783±171.5- 

7343±146.3 mg/l. Electrical conductivity of water is a useful and easy indicator of salinity or 

total salt content.  

                        

The mean concentrations of chromium was in a range of (0.03±0.0-0.15±0.04mg/l) (Table7), 

indicating that it is below the (EPA,2003) provisional discharge limit values (1mg/l) 

(Table.2). Total chromium was not detected in the upstream reference samples suggesting 

that chromium pollutions were due to point discharges from textile effluent in the area. 

Similar studies on assessment of pollution profiles on Sebeta River Deshu Mammo,(2004) 

reported concentration value of (0.23±0.15- 0.65±0.21mg/l). Eventhough the concentration is 

less, owing to their potential toxicological effects discharge of this substance is  normally 

subjected to stringent regulations in many countries (Bosnic et al., 2000). The direct 

discharge of these pollutants to downstream Tikur wuha River would entail negative effects 

on the river water quality as well as cause serious harm to the aquatic life and downstream 

users due to its cummulative effect. 

 

Although the measured pollution parameters downstream along Tikur Wuha River were 

highly reduced compared to the raw textile effluent, most of the pollutant concentrations 

were still very high to meet the provisional discharge limits set by the Ethiopian 

Environmental Protection Authority (EPA, 2003) (Table 2). Awassa textile is putting great 

pressure on the receiving water body of the river which ends up in Awassa Lake, especially 

during dry seasons. Because of its low stream flow and less dilution capacity in dry season, 

the Tikur Wuha River water is more prone to pollution than in rainy season. The receiving 

Tikur wuha river water is unusually colored and turbid due to the presence of various 

processing chemicals from the wastes and suspended particulate matter (Plates, d-i). The 

wastes give rise to obnoxious odors from the decomposition of organic matter and foul 

smelling. All along the river there are many downstream users of the water for drinking, 

irrigation, and fishing, livestock watering and recreational purposes (Plates m). 

Table7. Heavy Metal Concentrations in Tikur-wuha downstream river 



 40

 
  

Parameter 

Sites 
 

S1 S2 S3 S4 S5 S6 (RF) 

Total Chromium (Cr) 

 
 
0.15±0.04 0.04 0.04±0 0.024 0.03 

 
 
ND 

Nickel (Ni) 0.18±0.06 0.06±0.01 0.06±0.01 0.04±0.01 0.02±0 

 
0.003 
 

Lead (Pb) 0.10±0.03 0.05±0.05 0.03 0.03 0.02±0 
0.01 
 

Cadmium (Cd) 0.04 0.04±0.01 0.03 0.024 0.02 
0.003 
 

Zinc (Zn) 0.08±0.01 
 
0.05 0.04±0.01 0.04±0 0.03±0 

 
0.01±0 

Copper (Cu) 0.07±0 0.04±0 0.041±0.01 0.019±0 0.015±0 
 
ND 

Iron (Fe) 1.45±0.02 1.46±0.03 1.35±0.07 1.26±0.1 0.52±0.1 
 
0.08 

 
 
 ND =not detected                      

 (site codes as in Table 6)  

 

Lead concentration (0.02±0-0.10±0.03 mg/l) (Table7) was detected in the river water. 

Eventhough the value was below  the acceptable ranges of the provisional discharge limits 

set by the Environmental Protection Authority (EPA, 2003) (Table2), it was 10 times higher 

than the reference value 0.01mg/l. Similar studies on assessment of pollution profiles on 

Sebet River Deshu Mammo, (2004) reported (0.1±0-2.2±0mg/l). Lead is usually derived 

from industrial wastes, batteries, exhaust gases, and urban storm run- off (Issayas Tadesse 

(2003). It can be concluded that the concentration of lead in the river water could contribute 

to pollution. In general, the concentration of chromium and lead can cause adverse impact on 

human and eco-system, since their impact is influenced by their mobility and chemical forms 

(Armietna et al., 2001). 

 

The mean concentration of Nickel (Ni) and Cadmium (Cd) was(0.02±0-0.18±0.06 mg/l) and 

(0.02±0-0.04±0mg/l (Table7), recpectively. Eventhough the concentration  was below  the 

acceptable ranges of the provisional discharge limits set by the Environmental Protection 
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Authority (EPA, 2003) (Table 2), it was 60 and 13 times higher than the reference value 

0.003mg/l. Similar studies on assessment of pollution profiles on Sebeta River Deshu 

Mammo, (2004) reported concentration value of (0.1±0 mg/l). 

 

Similarly mean zinc concentration was measured (0.03±0-0.08±0.01mg/l) (Table7) and was 

within acceptable ranges (EPA, 2003) (Table2). It increased by 26 fold than the values 

obtained from the reference samples (0.003±0.0 ). Similar studies on assessment of pollution 

profiles on sebeta River Deshu Mammo, (2004), reported concentration value of (0.13±0.06 - 

3.25±0.21mg/l). 

 

Mean concentration of Copper and Iron were measured (0.52±0.1-1.46±0.03mg/l)and 

(0.015±0-1.46±0.03mg/l),recpectively (Table7). Iron concentrations in the downstream river 

was more than 32 fold higher than  the acceptable discharged limit (EPA, 2003) (Table2). 

Copper was not detected in the reference sample suggesting that Copper pollution was due to 

point discharges from textile effluents in the area. Copper is toxic to aquatic plants at 

concentrations below 1.0 mg/l while concentrations near this level can be toxic to some fish (Sawyer 

and McCarty, 1978). With the exception of iron,  heavy metals concentrations were below the 

set limits of the provisional discharge limits set by the Environmental Protection Authority 

(EPA, 2003), in all the sites.  

 

Generally, concentration of most of the heavy metals (Table7) were 15 to 75 times higher in 

down stream Tikur Wuha River ( site 1 ) than textile factory raw wastewater (Table 5). This 

is very intriguing given that the purpose of the treatment pond (biological lagoons) is to 

reduce the concentration of the metals .The treatment pond seems to be concentrating the 

effluent, possibly through evaporation, and sending it into Tikur Wuha River.While the 

ultimate effects of the chemicals in the effluent on the river will not be felt for some time to 

come , the immedate potential health  hazard cannot be excluded as many people use the 

water from the river for a number of domestic purposes including consumptions by humans 

and cattel. Heavy metals are not usually eliminated from aquatic systems by any known 

means (Forstner and Wittmann,1983).  
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Local farmers also complained about their cattle getting skin disease, coughing, and death 

after having consumed the wastewater. This could emanate from the impact of heavy metal, 

but this needs further detailed study (Plate n).  

 
 
4.2. BIOLOGICAL PARAMETERS 
 
4.2.1. Benthic Macroinvertebrate Structures along Tikur Wuha River 

 
During this study, a total of 18,651 macroinvertebrate individuals belonging to 34 families 

were collected from 6 sites along Tikur Wuha River. Taxonomic groups and their abundance 

at each site are shown in Table 8. Macroinvertebrates sample sizes ranged from 1262 

(Reference Site, S6) to 5587 (Site 3) animals per sample at the sites, and taxa richness at the 

sites ranged from 10 at (S1) to 30 families at (S6). Gyrinidae (Coleoptera) was the most 

abundant family collected (6799 individuals), followed by the commonest ones: Dytiscidae 

(Coleoptera, 3707 individuals), Chironomidae (Diptera 2074 individuals) Syriphidae 

(Diptera, 1113 individuals), Notonectidae (backswimmers) (Hemiptera, 945 individuals), 

Naucoridae (creeping water bugs) (Hemiptera, 608 individuals), then Culicidae (Diptera, 552 

individuals). Among the 34 families collected, about 13 were not found from the most 

impacted site (S1). Generally the number and diversity of macroinvertebrate taxa increased 

down stream indicating that the impact of textile wastewater was higher upstream. 

 

Coleoptera adult and larvae specially the family Dysticidae and Gyrnidae were encountered 

at all sites, and in significantly different abundances. The presence of this order in reference 

site suggests that relative abundances of the larvae may be a useful measure of water quality 

in these areas, and coleopteran families may be more effective indicators of increased stress, 

as they have been shown to become dominantly abundant under these circumstances. 

Syrphidae (diptera) are able to withstand low levels of dissolved oxygen and elevated 

physicochemical parameters (pollutants) because they use their long tail to take in 

atmospheric oxygen and thus are indicator of high levels of organic pollution (Thorn and 

Covich, 1991). Accordingly, these Syrphidae were extremely dominant at highly impacted 

site (S1) (Table 8).The complete absence of mayflies (Ephemeroptera), caddisflies 
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(Trichoptera) and stoneflies (Plecoptera) from impacted sites (S1 and S2), but presence in 

reference site shows how serious the pollution has affected these organisms and this qualifies 

them as indicators of good water and habitat quality. Their absence is probably due to the 

heavy metal contamination and increased concentration of other parameters like pH and 

conductivity, and high organic input, and thus low dissolved oxygen concentrations due to 

bacterial respiration (Wetzel, 2001).  

 

Lower abundances of individual macroinvertebrates observed at reference site (S6) is in 

accordance with the concept that as stream becomes pristine and unimpacted, most fauna can 

inhabit it and there will be high competition,  and can thus support fewer invertebrates than a 

stream that is slightly impacted. In addition, mild pollution has a tendency to increase total 

abundance and even diversity (Hauer and Lamberti, 1996) 

 
Table 8. Macroinvertebrate collected from all sites 
 

 
Taxa list 

Sites 
S1 S2 S3  S4  S5 S6 Total 

Ephemeroptera (Mayflies)        

Baetidae  (Small Minnow Mayflies) 0 0 1 0 30 78 109 

Caenidae (small square –gill Mayflies) 0 0 0 0 27 31 58 

Leptophlebiidae (Prong-gilled Mayflies) 0 0 2 18 50 110 180 

Odonata (Damselflies &Dragonflies)        

Coenagrionidae(Narrow- Winged 

Damselflies) 0 47 35 27 22 2 133 

Cordulidae(Common Skimmer Dragonflies) 0 13 7 18 2 1 41 

Cordulegastridae(Spke-Tail Dragonflies) 0 0 0 0 0 5 5 

Aeshnidae (Darner Dragonflies) 0 0 1 0 5 13 19 

Gomphidae (Club-Tail Dragonflies)  0 0 0 2 7 11 20 

Plecoptera (Stoneflies)        

Perlidae (Common Stoneflies) 0 0 0 0 0 2 2 

Hemiptera (Water or true bugs) 0 0 0 0 0 0 0 

Belostomatidae (Giant water Bugs) 0 0 97 51 58 19 225 

Corixidae (waterboatmen) 0 77 134 24 56 13 304 

Nepoidae(Waterscorpion) 0 29 121 93 68 17 328 
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Notonectidae (back swimmers) 4 38 292 469 78 64 945 

Geridae (water Striders) 0 0 0 5 0 3 8 

Naucoridae(Creeping Water Bugs) 0 9 167 193 141 98 608 

Veliidae(Broad-Shouldered Water Striders) 0 11 8 10 24 3 56 

Trichoptera (Caddisflies)        

 Brachycentridae(Humpless Case-Maker 

Caddisflies) 0 0 6 8 10 176 200 

Coleoptera (Beetles)        

Dytiscidae (Predaceous Diving Beetles) 0 767 1645 929 322 44 3707 

Elmidae (Riffle Beetles) 0 3 4 3 9 14 33 

Gyrinidae (Whirligig Beetles) 6 62 2295 2260 1746 430 6799 

Haliplidae(Crawling Water Beetles) 0 0 4 16 19 7 46 

Hydrophilidae (Water Scavenger Beetles) 1 26 46 57 59 5 194 

Diptera (Two winged or’ True flies'')        

Ceratopogonidae (Biting Midges) 0 0 2 0 2 1 5 

Chironomidae (Non-Biting)        

Chironomidae (Blood-red) 341 536 437 403 282 75 2074 

Culicidae (mosquitoes) 162 121 110 67 78 14 552 

Psychodidae (Moth Flies) 88 38 23 0 0 0 149 

Stratiomyidae(Soldier Flies) 97 33 5 4 2 2 143 

Syrphidae (Rat-Tailed Maggots,Flower 

Flies)                 1094 17 2 0 0 0 1113 

Simulidae (Black Flies) 0 0 0 3 0 0 3 

Mollusks(Snails)        

Lymnaeidae 9 15 0 1 0 0 25 

Physidae 27 19 14 21 4 1 86 

Chelicerta,Arachnida 0 0 0 0 0 0 0 

Hydracarina(water mites) 0 0 28 30 59 18 135 

Hirudinae(Leeches) 0 18 49 18 26 3 114 

Oligochaetae (Aquatic Earth worms) 0 137 52 31 40 2 232 

Total  1829 2016 5587 4761 3226 1262 18651 

No.taxa 10 20 27 26 27 30 34 

 
 

Taxa richness in the Reference Site (S6) indicates that taxa accumulation would increase in 

non-impacted sites. However, more additional taxa could have been collected had the stretch  



 45

 

been far longer than 100m. As sample stretch increases, it is expected that the homogeneity 

of habitat type in the impacted streams due to pollution, would lead to lower taxa 

accumulation, while taxa accumulation would increase in non-impacted sites with a far more 

diverse range of habitats (Plafkin et al., 1989). 

 

4.2.2. Macroinvertebrate metrics characterization along pollution profile of  

                                                 Tikur Wuha River 

 

Site 1 and 2 had significantly lower %Taxa richness, Shannon Diversity Index, and 

significantly higher H-FBI, % Dominant taxa, % Bloodred Chironomid values and lower 

BMI scores, than reference sites (p<0.05). The other metrics % Plecoptera, % EPT, % 

Ephemeroptera, % Diptera, % none-insect taxa and % Oligochaeta did not show statistically 

significant differences between sites. But it can be seen that the intolerant taxa were not 

found in the polluted sites (Table 8). Oligochaetes which are very tolerant to pollution, were 

also abundant in the impacted sites especially S2. The absence of oligochaeta from the most 

impacted Site (S1) may be due to other factors other than textile effluent. In addition to 

severe pollution, this site has poor habitat condition. Macroinvertebrate abundance was not 

affected by disturbance (except at S1) as the disturbed sites have higher total number of 

individuals, which was significantly lower at reference sites. However, this increase in the 

total abundance doesn’t show better environment, as mild disturbance may favor some 

tolerant taxa with subsequent reduction in sensitive taxa (the community will be dominated 

by few taxa).  
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Table 9. Metric scores of macroinvertebrate communities at each of the 6 sites.  

(site codes as in Table 3) 
 

 

Parameters 

Sites 

S1 S2 S3 S4 S5 S6 

%Taxa richness 29.4 58.82 79.41 76.47 79.41 88.24 

%Ephemeroptera 0 0 0.0001 0.004 0.023 17.4 

%Trichoptera 0 0 0.001 0.002 0.003 14 

%Plecoptera 0 0 0 0 0 0.002 

%EPT 0 0 0.0011 0.006 0.026 31.4 

%Dipetrans 99 37 10.3 10 11.3 7.3 

%Blood red chironomide 19 27 0.8 8.5 8.7 5.9 

%Oligochaeta 0 7 0.009 0.007 0.012 0.002 

%Non-Insect Taxa 0.2 8.7 0.021 0.015 0.04 0.005 

%Dominant taxa 60.1 38.4 41.2 47.7 54.2 34 

**HFBI 9.11 6.4 4.94 4.85 4.85 4.1 

ShannonDiversity Index 1.26 1.99 1.78 1.76 1.89 2.34 

*BMI 36.7 43.3 70 66.7 63.3 100 

 
**HFBI=Hilsonhoff Family level Biotic Index 

  *BMI=Macroinvertebrate Biotic Index 
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Table. 10 Standardized score of macroinvertebrate metrics 

 

Metrics 

Sites 
S1 S2 S3 S4 S5 S6 

%Taxa richness 1 3 5 5 5 5 

%Ephemeroptera 1 1 1 1 1 5 

%Trichoptera 1 1 1 1 1 5 

%Plecoptera 1 1 1 1 1 5 

%EPT 1 1 1 1 1 5 

ShannonDiversity Index 1 3 3 3 3 5 

%Dipetrans 1 5 5 5 5 5 

%Blood red chironomid 3 1 5 5 5 5 

%Oligochaeta 5 1 5 5 5 5 

%Non-Insect Taxa 5 1 5 5 5 5 

%Dominant taxa 1 5 5 3 1 5 

HFBI 1 3 5 5 5 5 

Total(60 -point scale) 22 26 42 40 38 60 

Total(standerdizedto100-

point scale) 
36.7 43.3 70 66.7 63.3 100 

Table 11. Categorization of sites into different impairment levels based on BMI result  

                                                  (Site codes are as in Table 3 

BMI 
Value 

Water Quality  

Characterization 
Impairment Sites at each impairment 

level 

20-46 Very poor to Poor Sever to Slight S1 and S2 

46-72 Fair to Good Moderate to Less Impairment S3,S4 and S5  

72-100 Very good to Excellent Very little to No impact S6 (the reference site) 
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4.2.3. Impacts of Pollution on Benthic Macroinvertebrates Metrics  

Macroinvertebrate metrics were generated from these biological data as shown in Table 9. 

Macroinvertebrate metrics closely follow pollution stress gradient. The BMI and related 

metrics result in (Table 9) and (Figure 9) showed the impairment levels of the study sites as 

two of the sites (S1 and S2) were severely disturbed and the rest three were moderately 

disturbed when compared with the relatively undisturbed site (reference) (Figure 9) . 

Distinctive community level characteristics, due to pollution, were found among sites. Visual 

inspection of the dendrograms (Figure 9) suggests that communities in highly impacted sites 

(S1 and S2) were distinctively separated from the other site. 

 

 

 

 

 

 

 

 

 

 

Figure. 9 Dendrogram of cluster analysis of Curtis-Bray association measures of  

macroinvertebrate communities sampled from 6 sample sites (using all BMI metrics) 

 

There was considerable ordering of sites down stream of the textile effluent, indicating that                        

the impact was intense at sites just at and below the effluent. Sites 3,4 and 5 that fell close to 

the reference site could possibly be considered unimpaired based on taxonomic composition 

and structure, but these sites showed considerable differences from reference sites based on 

some biological parameters like % EPT and most physiochemical parameters (Figure 4–8, 

Table 6). These sites generally had lower physiochemical parameters and higher BMI scores 

than the two most impacted sites (S1 and S2). This can be attributed to the natural purification 
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process, dilution from lateral sources of water, uptake of pollutants by the vegetation along 

the way and some reactions that can change the pollutants to harmless ones, may take place 

as the water flows down stream from the point pollution source (effluent). 

 

4.2.4.BMI and some of the related indices responses to physicochemical parameters 

The BMI and its associated index were significantly correlated to pH,Sulphide, BOD5 ,COD, 

Ortho-phosphate, Sulphate, TDS and EC physicochemical parameters (p<0.05) (Appendix 

2).  

a) BMI 

Appendix 2 shows the relationships between BMI metrics and physicochemical parameters. 

Among all sites, the BMI showed a strong negative relationship to most of the 

physicochemical parameters (p<0.05), However, some of the parameters (NH3-N, NO3-N, 

TN, TSS, Ni, Fe and Cr) were not showing significant relation with BMI and a slight pattern 

was detected that might distinguish effects of these physicochemical pollutants on 

macroinvertebrate metrics. This suggests that factors other than these physicochemical 

parameters are involved in BMI variability in these sites.  

 

b) %EPT 

 Low EPT percentages may prove good indicators of increased pollutants as many families of 

Ephemeroptera, such as Heptageniidae, and Plecoptera such as Perlidae, are known to be 

sensitive to low dissolved oxygen concentrations (Thorp and Covich, 1991). In this study, 

%EPT was almost none at disturbed sites(Fig:10). This was likely attributed to pollutant (and 

or toxicant) loading with the resultant toxification and decrease in dissolved oxygen. But 

reference sites had significantly higher %EPT, and these results indicate that many EPT taxa 

will disappear in the presence of severe pollution from impacted sites. The total loss of most 

sensitive Ephemeroptera taxa and other EPT taxa (Plecoptera, trichoptera), at the impacted 

sites indicates that excessive pollutant loading, increased concentration of chemicals from 

industrial wastes are harmful to these organisms. These relationships have also been reported 

by Tesfaye Berhe (1988) ,Worku Legesse et al., (2000) and Baye Sitotaw (2006) in different 
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rivers and streams in Ethiopia.  

                                        

 

Fig 10. %EPT metrics downstream of Tikur Wuha river 

 

c) Hilsenhoff Family level biotic index (H-FBI)  

The H-FBI index showed a strong response to most physicochemical parameters except pH, 

NO3, NH3 TN and Cd (Appendix 2) (p<0.05). Although this biotic index was originally 

formulated to detect organic pollution (Hilsenhoff, 1988), these results showed that the index 

responded well to loading of industrial pollutants. Although this index showed strong 

response to severe impacts, it was unable to discriminate mild impacts from reference 

condition (Fig: 11). This can be attributed to the low taxonomic resolution as this study used 

family level biotic index. Studies showed that members within the family can have different 

responses to environmental perturbation (Hilsenhoff, 1988).Temperate region tolerance 

values reported in Hauer and Lamberti (1996) seems to be applicable to this river system of 

the tropics for determining family biotic indices as the scores are inversely related to most of 

the pollutant concentration (Fig: 11).  
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Fig. 11.  Hilsenhoff Family level biotic indexes (H-FBI) 

 

d) Shannon Diversity Index (SDI) 

The SDI index showed a strong response to most physicochemical parameters (PO4, SO4, 

BOD5, pH,Ni,Zn,Cr,Cu) (p<0.05); slight negative relation with EC, COD,TN,NO3,and NH3 

(Appendix 2) and weak relation with TSS, Fe and Cd. This index showed significant 

variation downstream along pollution gradient indicating that it has been affected by 

pollutants and it was able to discriminate mild and severe impacts from reference condition 

(Fig:12). 
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e)  % Chironomidae (%CHIR) 

This index did not show strong response to physicochemical parameters. But its variation 

downstream along pollution profile was significant (p<0.05).Studies showed that the 

percentage of Chironomids more than 50% suggests eutrophic conditions (Yandora, 1998). 

Chironomids tend to become increasingly dominant in terms of percent taxonomic 

composition and relative abundance along a gradient of increasing enrichment for heavy 

metals concentration (Plafkin et al., 1989). This study also showed that this index has well 

responded to pollution. 

 

f)   % Dominant Taxa (%DT)  

 

Although this index did not show strong responses to pollution parameters, the variation 

along pollution gradient (from S1 to S6) was significant (p<0.001).This indicate that pollution 

load from the textile effluent has affected this index. The reason why it was not responded 

well to the physicochemical parameters may be due to the small sample size (N=6) as the 

mean values which only considerd rather than all the replicates to compute correlation.  
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 5. CONCULUSION AND RECOMMENDATION 

 
5.1. Conclusion 

 
Physico-chemical results from this study showed that most of the parameters measured 

were all above reference values and the provisional standards set out by EPA. Significant 

pollution of the river was indicated for COD, BOD, total nitrogen, Ortho-phosphate, TSS, 

TDS, electrical conductivity and Iron from the textile industries. The high nitrogen level 

would be harmful to the river, since it stimulates eutrophication. Similarly benthic metric 

indices results indicated that the reference site (S6) ranked first on all positive twelve 

metrics, while the most impacted sites (S1 and S2) ranked last on all positive metrics 

(Table 9). The progression of biological impairment among sites as compared to the 

reference site (S1) was: the lower reach sites (Site 5, 4 and 3) obtained highly impaired 

scores on four metrics (%  EPT%Ephem., %Trico. and % Pleco.), and slightly impaired 

on other four metrics (%DT, SDI, HFBI and BMI); and the upper sites (S1 and 2) were 

assessed as severely impaired on all metrics. The most impacted sites (S1 and S2) 

registered high values of negative indices and low values of positive indices indicating 

poorest water quality than the reference site. 

 

This would impair the sustainable utilization of the river for different purposes. These 

facts must regularly be brought to public awareness in developing countries like Ethiopia 

where industries in general and textiles in particular discharge their wastes directly into 

the environment without considering the ecological consequences. The development of 

textile industries in developing countries like Ethiopia is an encouraging phenomenon 

from economic and social development point of view. Such development prospects, 

however, can be threatening, and they can lead towards a devastating environmental 

condition, unless industrial wastes are managed properly. Proper disposal of textile 

wastes is primarily necessary to safeguard the environment from heavy loads of 

pollutants and toxic substance. 
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5.2.   Recommendations  
 
1.  Despite the river is being contaminated with chemicals and toxic substances, it was 

observed that some people use the river water for domestic purposes. The local 

communities should be aware of the potential dangers of using such polluted water. 

 

2.  It should be an urgent pre requisite to requre textile industries to continuously monitor 

textile effluents and take necessary actions to change wastewater to enviromentaly 

friendly form before discharging it into Tikur Wuha River.  

 

3.   Environmental standards with their protocols should be followed with strict enforcement 

measures. 

 

4.  Strategies should be employed to arrest and prevent the continuing pollution of Lake 

Awassa, the Shallo Swamp and the river Tikur Wuha.Such as placing reasonable 

pollution charges against polluters, etc 

 

5.  Enforce the application of appropriate wastewater minimization at sources, improve   

process management practices and employing substitution of less- polluting chemicals. 

 

6.  Improve the performance of existing treatment systems through modifications and 

technological upgrades. 

 

7.  Environmental standards and effluent regulations for textile industries need to cover all 

parameters with adverse effects on the environment and should be implemented and 

monitored regularly. 

 

8. The local people (farmers) are complaining that their cattle are getting sick and die.  To 

confirm whether that is caused by pollution or not, independent investigation will  be 

needed as problem ultimately touches human being as well. 
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