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Abstract:  Wedecha River is one of floriculture industry sites in Debrezeit. It is important for agriculture and domestic activities 
(e.g. drinking, washing etc.) of the surrounding people. It is exposed to waste water discharge of the floriculture 
industries and disturbance of the aquatic ecosystem. Physicochemical information was used to assess the river water 
quality. A total of 6 sites, one reference site less impaired to represent natural conditions from upstream, and 5 
impaired sites in the downstream were sampled for physicochemical parameters. Impaired sites data were compared 
to reference conditions. Ten physicochemical parameters pH, TO, EC, COD, BOD5, S2-, SO4

2-, PO4
3-, NH3-N and 

NO3-N were used to assess the water quality of Wedecha river. There were significant differences in most of the 
Physicochemical parameters (p<0.05) between the reference and impaired sites. The pH at the reference site (S0) was 
7.81 while impaired sites S1 to S3 was about 7.3; S4 increased to 7.6 and S5 was higher than the reference which was 
8.08. EC in the reference site averaged 351.0µS/cm, while impaired sites, from S1 to S3, were within the range of 
1653.0 to 1882.7µS/cm and decreased at S4 (4527µS/cm) and S5 (619.37µS/cm). Within the reference site S0 the COD 
was less compared with the impaired sites. S0 was 19.3mg/l and the impaired sites range was from 24.6 (S4) to 
60.3mg/l (S2). BOD5 in the reference site averaged 12.8 mg/l, while impaired sites ranged from 19.9 (S4) to 46.7 mg/l 
(S2). S2- in the reference site was the highest-level 0.25mg/l than in the impaired sites. It was in the range of 0.01 to 
0.12 mg/l fro S1 to S4. SO4

2- in the reference site averaged 0.7 mg/l, while in the impaired sites the average was 
increased within the range of 28.0mg/l at S4 to 313.3 mg/l at S2. Phosphate in the reference site averaged 2.3 mg/l, 
while in the impaired sites ranged between 3.9 at S5 to 19.6 mg/l at S2. The amount of NH3-N was highest in the 
reference site which was1.08 mg/l while in the impaired sites, it decreased in the range of 0.58 at S3 to 0.89 mg/l at S5. 
Nitrate-nitrogen in the reference site averaged 0.42 mg/l, while impaired sites ranged from 42.1 to 719.5 mg/l. The 
highest values were found at S1, S2 and S3 where it ranged between 549 and 719.5 mg/l. The amount of NO3 – N was 
increased in the impaired sites S1, S2, and S3 where floriculture industries were established three years ago. Therefore, 
floriculture industries wastewater discharged to the nearby rivers has enormous effect on the degradation of the 
ecosystem.  
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1. INTRODUCTION 

Across the globe, roses have been appreciated not only for their esthetic value but also for their 
role in cultural traditions of various societies. The ancient Greeks crowned their heroes of battle 
with crowns of leaves and branches adorned with roses and delicate flowers. For the ancient 
Greeks, the power of the rose went beyond its beauty and took on medicinal value. They used 
flowers in ointments and aromatherapy (Meer and Vander, 1997; Mulugeta, 2009).  

Floriculture, like other agricultural activities are making substantial contributions in the 
generation of foreign exchange, employment for workers, increasing revenue, and contribution to 
rural stability through provision of jobs, incomes and public services. It has also contribution to the 
development of other commercial activities in areas adjacent to the flower projects (restaurant, 
farming, etc.) and reduces rural-urban migration. However, the externality of floriculture industries 
is huge; flowers travel an average distance of 1,500 miles, contributing to global warming and 
pollution. In addition to the use of pesticides, the amount of water used is incredible although no 
one knows how much, because the flower industry is secretive (Rembert and Tracey, 1999). 
Moreover, it may affect ecological integrity. Ecological integrity is the summation of chemical, 
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physical and biological integrity. The degradation of water resources with floriculture effluent 
occurs by altering attributes that influence and determines the integrity of surface water resources, 
such as water quality, habitat structure, flow regime, energy source and biotic interactions that 
influence the ecological integrity of the system (Karr, 1991 and Council of Ministers, 2008).  

Water chemistry is used to evaluate impacts on aquatic ecosystems (Wheaton et al., 2002). 
Human impact can be evaluated based on the measurement of physical and chemical variables 
(Linke et al., 1999). It can tell us the condition of water quality (Yoder and Smith, 1999). 

Reference conditions are established by characterizing the water quality of reference sites with 
unimpacted water bodies (Pawlak, 1999). 

This study was designed along Wedecha River near Debrezeit. Where there are many floriculture 
industries established. These industries discharge their effluent wastewater to the nearby water 
bodies including Wedecha River. The industries are known to use different toxic chemicals, and the 
effluent water may pollute the surrounding water bodies. The study was designed to assess the 
effect of these floriculture industries on the surrounding rivers. 

Hypothesis: Floriculture industries wastewater affects the physico-chemical parameters of rivers. 

2. OBJECTIVES 

2.1. General objectives 

To assess the ecological impacts of floriculture industries on surrounding river ecosystems, using 
physicochemical parameters. 

2.2. Specific objectives  

1. To identify the chemical composition of Wedecha River. 
2. To study the degree of pollution of Wedecha River.  
3. To determine major water physico-chemical characteristics (NO3-N, PO4

3-, SO4
2-, S2-, NH3-N, 

Conductivity (EC), BOD5, pH, COD and To) of Wedecha River at the reference and impacted 
sites. 

3. MATERIALS AND METHODS 

3.1 The study area 

This study was conducted near floriculture projects at Debrezeit along Wedecha River. Debrezeit 
is found in Oromiya administrative region, East Shewa Zone, Adaa Chukala Wereda, 50 km west of 
the zonal capital Nazaret and 45 km east of Addis Ababa. Its central coordinates are 38o05'53" East 
and 08o44'52" North at an Altitude of 1925 masl (Figure 1). It is characterized with a humid tropical 
climate and intense precipitation from June to August. The air temperature varies around the year 
from a minimum of 6 °C to a maximum of 36 °C (Ethiopian National Metrological Services 
Agency, personal communication).  

Wedecha River is found about seven km north of Debrezeit town. It originates in the central 
highlands of Ethiopia and flows through populated area, the central rift valley and discharges to the 
Awash River in the southeast. Streams throughout the area generally have moderate to high flows 
and narrow floodplains including Wedecha River. There is intensive agricultural activity including 
cattle grazing and establishment of floriculture industries in the surrounding of Wedecha River. 
There are more than 15 floriculture industries. The effluent of floriculture industries is directly 
discharged to the river (Appendix 1). 
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Sampling sites S0 to S5 (upstream to downstream) were in the region bounded by latitudes 
08°46'21" to 08°47'49" and by longitudes 39°00'53" to 39°01'02", and ranging in altitude from 
1,872 to 1,885 masl. This was measured using Global Positioning System (GPS). The upstream site 
was considered as a reference site (S0). Impacted sites were chosen near the relevant discharge 
points along 100 m (S1, S2 and S3) and S5 on the downstream near the newly established floriculture 
industries. But site S4 was about one km away from the discharge points in the down stream 
between S3 and S5 (Figure 1). 

The water quality of Wedecha River was studied on the basis of its agricultural and domestic 
activities (drinking, washing etc.); as floriculture industries were discharging the wastewater in to 
the river. 

 

Figure 1. Map of Wedecha river showing study sites, S0 to S5 from upstream to downstream 

3.2 Reference conditions 

To address levels of impact to any given stream or river, understanding of the inherent variability 
and natural potentials of the water body is necessary. This is accomplished using a reference 
approach, which is based on minimal human impact (Hughes, 1995). The objectives of the 
reference are to collect and summarize data from least disturbed sites using as a framework in order 
to develop appropriate criteria for water quality interpretation (Barbour et al., 2002).  

The reference condition collectively refers to the range of quantifiable ecological elements (i.e., 
chemistry, habitat and biology) that are found in minimally disturbed environments. Finding 
reference sites in streams is a difficult task, because no regions are entirely without areas of human 
disturbance. Therefore, the reference site has to be selected based on minimally or least disturbed 
attributes (Gregory et al., 1991). 
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3.2.1 Selection of reference area  

According to Barbour et al. (1999), reference sites for each location must meet 11 criteria: 
1. pH > 6 if black water stream, then pH<6 and DOC>8 mg/l 
2. DO > 4ppm 
3. Nitrate < 300 mg/l 
4. Urban land use < 20% catchment area  
5. Forest land use > 25% catchment area 
6. Remoteness rating: optimal or suboptimal 
7. Aesthetics rating: optimal or suboptimal 
8. Instream habitat rating: optimal or suboptimal  
9. Riparian buffer width >15m 
10. No channelization 
11. No point source discharge  
 
However, as there was a problem getting a reference site that fulfills all the above criteria; it was 

identified based on the following criteria as indicated by Wheaton et al. (2003): 
1. Same water body type, size, and chemical characteristics as treated site, 
2. Within same watershed as treated site,  
3. Minimal application of aquatic pesticides within the last few years, and  
4. Limited anthropogonical inputs. 
 
A reference site S0 was selected to compare against the impaired sites. Physicochemical 

parameters taken in impacted sites were compared to this reference site. S0 was chosen because it is 
found in the upper stream of the river with no floriculture impact and has some of the lowest levels 
of pollution from agricultural activities and grazing animals and it fulfill some of the above criteria.  

3.3 Sampling 

Water Samples were collected three times at each site (two replicates per site per sampling date, 
six samples per site) at approximate monthly interval from November 2006 to May 2007 following 
the protocols used for wadable rivers (King et al., 1996). Water quality samplings were conducted 
in the dry season, when there was no rain dilution factor. 

3.4 Physico-chemical analysis  

Water samples were collected for analysis of Sulphate (SO4), Nitrate-nitrogen(NO3-N), 
Ammonia (NH3-N), Orthophosphate (PO4

3-), Sulphide (S2-), Chemical oxygen demand (COD) and 
Biological oxygen demand (BOD5) as chemical variables and Temperature, pH, and Conductivity 
included as physical variables. All these were measured following water quality assessment 
protocols. Dissolved oxygen was fixed by the azide modification of the Winkler method to reduce 
consumption of oxygen by microorganisms after samples were taken from the sites until it was 
prepared for BOD5 measurement. Water temperature was measured by using a glass thermometer, 
pH was measured using Jenway model 3305-pH meter and electrical conductivity was measured 
using Jenway Model 470 conductivity meter. 

NH3-N, PO4
3-, S2-, SO4

2- and COD were determined using spectrophotometer (HACH DR/2010, 
USA) according to HACH instructions and pillow (prepared reagents). BOD5 and Nitrate were 
determined using outlined standard methods for examination of wastewater manual that uses 
standard chemicals and measured using Jenway Model 9200 DO meter and Jenway Model 6305 
UV/Vis Spectrophotometer, respectively (APHA, 1998). 
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3.5 Statistical analyses 

Statistical analysis and graphs were used to evaluate differences in physicochemical parameters 
among the reference and impacted sites. All statistical analyses were performed using the SPSS 
statistical software (Version 13; SPSS Inc, 2003) and Excel spread sheet. 

4. RESULTS AND DISCUSSION  

Along Wedecha River, a total of 6 sites, one reference site and five impaired sites were surveyed 
during the study periods (Figure 1). From samples collected for analyses of physicochemical 
parameters, mean physicochemical data from each site was given in Table 1. 

4.1. Physicochemical parameters 

In this study, the average results for the 10 physicochemical parameters that differentiate 
impacted from unimpaired sites were given in Table 1. pH and To have no significant difference 
between the reference site and the impaired sites but EC, COD, BOD5, PO4 and NO3-N have high 
significant difference. Physicochemical variables that are modified by habitat disturbances showed 
pollution effect with impaired sites (Green et al., 2000). Pond and McMurray (2002) reported that 
conductivity, dissolved oxygen, pH and organic load (which can be expressed in the form of COD 
and BOD5) in degraded habitats were significant factors to compare reference and impaired sites in 
streams or rivers. In this study of the 10 variables: EC, COD, BOD5, SO4

2- and PO4
3-

 showed habitat 
degradation in impaired sites with the comparison of the reference site. 

 
Table 1. Physicochemical values (Mean± SE, n= 3) of the six study sites. 

 

 Sites 
Parameter S0 S1 S2 S3 S4 S5 
pH 7.8± 0.4 7.2±0.1 7.3±0.2 7.3±0.3 7.6±0.2 8.1±0.2 
T0 (oC) 23.3±0.3 21.3±0.3 21.0±0.6 20.7±0.3 20.7±0.7 19.0±0.6 
EC (µs/cm) 351.0±20.7 1798.7±19.3 1882.7±88.4 1653.0±120 452.0±27.6 619.3±23.4 
COD (mg/l) 19.3±2.7 46.4±6.6 60.3±6.5 58.5±5.3 24.6±2.5 37.1±3.4 
BOD5 (mg/l) 12.8±1.5 28.7±2.9 46.7±5.4 45.3±5.2 19.9±2.5 31.4±2.8 
S2- (mg/l) 0.3±0.1 0.01 0.01 0.01 0.12 0.09 
SO4

2- (mg/l) 0.7±0.7 280.0±20.0 313.3±14.5 276.7±14.5 28.0±12.0 92.0±30.3 
PO4

3- (mg/l) 2.3±0.1 8.4±2.2 19.6±4.0 11.9±1.9 4.5±0.6 3.9±0.3 
NH3-N (mg/l) 1.1±0.3 0.8±0.1 0.7±0.1 0.6 0.7±0.1 0.9±0.1 
NO3-N (mg/l) 0.4±0.4 699.7±28.5 719.5±87.3 549±102 42.1±15.1 78.4±7.6 

4.1.1 pH 

There were no significant differences in pH value (p<0.05) between the reference site and 
impaired sites. It showed neutrality in both the reference site (S0) and impaired sites S5 (Figure 2). 
The reference site was 7.81 while impaired sites S1 and S3 were about 7.3; S4 increased to 7.6 and S5 
was higher than the reference site which was 8.08. The optimum pH for river water was around 7.4 
(Barbour et al., 1999) and 6-9 (EPA, 2003). The decrease in pH value at the impaired sites might be 
due to the addition of nitric acid and sulphuric acid to reduce the pH of the dripping water that has 
been raised by fertilizers. High pH is not appropriate for the good development of flowers; so 
florists reduce it by addition of acids. Increased water pH (above 7.0) affects the stability of some 
pesticides and growth regulators. So that adding a buffering agent was an easy way to change the 
pH of the drip water (Stevenson, 1997). In unpolluted water, the balance between carbon dioxide, 
carbonate and bicarbonate ions as well as other natural compounds controls pH. The most 
significant environmental effect of pH involves synergistic effect. Synergy involves the 
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combination of two or more substances, which produces greater effect than their sum (Dodds, 
2002). pH can have a direct effect on the physiology of organisms (Walton, 2010). 

4.1.2 Temperature 

There was no significant difference in temperature between the reference site and impaired sites. 
This was due to short stretch of sites (about 8 km) and no indication of thermal pollution. The 
increment in the reference site 23 oC compared to impaired sites of 21oC might be due to sampling 
time (Figure 2). The sampling time for the reference site was in the afternoon. And the temperature 
of S5 was less, 19 oC; its sampling time was in the early morning, due to sampling preference. The 
optimum temperature for stream water is 11-25 oC (EPA, 2003).  

  

Figure 2. Variation in pH and temperature of the six sites in Wedecha River 

4.1.3 Conductivity (EC) 

There were significant differences in conductivity (p<0.05) between the reference and impaired 
sites (Figure 5). The reference site averaged 351.0µS/cm, while impaired sites, from S1 to S3 were 
within the range of 1653.0 to 1882.7µS/cm. It was decreased in S4 and S5. S4 was downstream site 
far from the point sources and S5 was found in the newly established floriculture industries. The 
highest values were found at the impaired sites S1, S2 and S3. 

It is generally known that organic loading and fertilizers increase stream water ionic 
concentrations and subsequently conductivity. Fertilizers and pesticides, which bring point 
discharge of the floriculture industries, contribute to this elevated conductivity (Abbasi, 2000; 
Harper and Mavuti, 2004). 

The electrical conductivity provides an idea about the exchangeable elements present in the 
water. The source of EC might be ions from fertilizers and pesticides. The most common quality of 
water measured in terms of electrical conductivity is salinity or ions. The salinity hazard is low at 
less than 0.75 µs/cm (Abbasi, 2000). Conductivity at 25 oC is 0.055 µS/cm in absolute pure water. 
The optimum EC for stream water is 100 - 1000 µS/cm at 20 oC (EPA, 2003). From this, we can say 
that the impaired sites were poor water quality.  

4.1.4 Chemical Oxygen Demand (COD) 

There were significant differences in COD (p<0.05) between the reference site and impaired 
sites (Figure 3). Within the reference site S0, the COD was less compared with the impaired sites. S0 
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was 19.3 mg/l and the impaired sites ranged from 24.6 at S4 to 60.3 mg/l at S2. The amount of COD 
is determined by the organic compounds and pesticides (Gordon et al., 1992). The optimum COD 
for stream water is < 150 mg/l (EPA, 2003). In this study pesticides might affect COD, because 
floriculture industries use varieties of pesticides. 

4.1.5 Biological Oxygen Demand (BOD5) 

There were significant differences in BOD5 (p<0.05) between the reference site and impaired 
sites (Figure 3). The reference site averaged 12.8 mg/l, while impaired sites ranged from 19.9 mg/l 
at S4 to 46.7 mg/l at S2.  

The key indicator for the oxygenation status of water bodies is the biological oxygen demand 
(BOD) which is the demand for oxygen resulting from organisms in water that consume oxidisable 
organic matter (Gordon et al., 1992 and Harper et al., 2003). In this case the result showed there 
was high biologically oxydisable organic load in the impaired sites. Mostly unpolluted streams have 
a BOD5 that ranges from 1 to 8 mg/l (USEPA, 1976). The optimum BOD5 for stream water is < 5 
mg/l (EPA, 2003). Thus, the amount of BOD5 conducted at the reference site was also under human 
impact.  

4.1.6 Sulphide (S2-) 

There were significant difference in S2- (p<0.05) between the reference site and impaired sites 
(Figure 4). In the reference site it was the highest level 0.25mg/l than in the impaired sites. S2- was 
less at S1 (0.01mg/l) and 0.12 mg/l at S4. This might be due to the conversion process of S2- to SO4

2- 
in the polluted sites by the consortia of sulphure oxidizing microorganisms. Since NO3 –N was high 
downstream, it facilitates sulphure oxidation mainly by sulphure oxidizing bacteria (Ramachra and 
Ahalya, 2001; Jayan, 2003). The optimum S2- for stream water is < 0.005 mg/l (EPA, 2003). 

4.1.7 Sulphate (SO4) 

There were significant differences in SO4
2- (p<0.05) between the reference site and impaired 

sites (Figure 5). Reference sites averaged 0.7 mg/l, while impaired sites average increased within 
the range of 28.0mg/l at S4 to 313.3 mg/l at S2. Sulphate concentrations in natural waters are usually 
between 2 and 80 mg/l. The optimum SO4

2- for stream water is < 200 mg/l (EPA, 2003). High 
concentration (>400 mg/l) may make water unpleasant to drink. SO4

2-
 and its byproducts are toxic to 

plants, animals and microorganisms (Gilpin, 1996). Sulphate doses 14 to 29 mg/kg have effect on 
humans, resulting in disturbance of the alimentary canal. Water containing magnesium sulphate at a 
concentration of 1000 mg/l can make normal human nausea (Van Loon, 1973). From this; we can 
conclude that the water quality of Wedecha River in the impaired sites was poor. 

4.1.8 Phosphate (PO4)  

There were significant differences in phosphate (p<0.05) between the reference site and impaired 
sites (Figure 3). The reference site averaged 2.3 mg/l, while impaired sites ranged between 3.9mg/l 
at S5 to 19.6 mg/l at S2.When excess of phosphate enters the waterway; algae and aquatic plants will 
grow wildly, choke up the waterway and use up large amounts of oxygen (Thumbi et al., 2011). 
The standard for Phosphates should not to exceed 0.1mg/l in any stream (Hyland et al., 1993) and  
< 0.005 mg/l (EPA, 2003). PO4

-3 concentrations all along the sampling sites of Wedecha River 
were higher indicating eutrophication. 
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Figure 3. Variation in COD, BOD5 and PO43- at the six study sites in Wedecha River 

4.1.9 Ammonia (NH3-N) 

There were significant differences in NH3-N (p<0.05) between the reference site and impaired 
sites (Figure 4). The amount of NH3-N was highest in the reference site, 1.08 mg/l while in 
impaired sites, it decreased. It was in the range of 0.58 at S3 to 0.89 mg/l at S5. In the upstream, 
animal fecal materials and agricultural wastes enter and the increased NH3-N level might be due to 
decomposition of these organic wastes (Personal observation). The optimum NH3-N for stream 
water is < 0.025 mg/l (Table 1). 

  

Figure 4. Variation in S2- and NH3-N at six study sites in Wedecha River 

4.1.10 Nitrate-Nitrogen (NO3-N) 

There were significant differences in nitrate-nitrogen (p<0.05) between the reference site and 
impaired sites (Figure 5). The reference site averaged 0.42 mg/l, while impaired sites ranged from 
42.1 to 719.5 mg/l. The highest values were found at S1, S2 and S3 where it ranged between 549 and 
719.5 mg/l. The amount of NO3-N was increased in the impaired sites S1, S2, and S3 where 
floriculture industries were established three years ago. The rate was increased in impaired sites; 
because floriculture industries use high amount of nitrate fertilizers in drip irrigation (Personal 
Observation in Menagesha flowers).  
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The high amount of NO3-N shown from this result might be due to the following reasons as 
indicated by Cox (1993). First, most potting mixes have little ability to supply nutrients in amounts 
to sustain plants without application of fertilizer. Second, many irrigation practices, especially 
overhead watering with a hose, are very inefficient in terms of water and nutrient conservation. 
Third, water-soluble fertilizers may be used at rates in excess of the plants' needs without regard for 
volume applied and frequency of application. 

Nitrates react directly with haemoglobin in human blood and other warm-blooded animals to 
produce methemoglobin. Methemoglobin destroys the ability of red blood cells to transport oxygen 
(Downes et al., 2002). This condition is especially serious in babies under three months of age. It 
causes a condition known as methemoglobinemia or "blue baby" disease. Water with nitrate levels 
exceeding 1.0 mg/l should not be used for feeding babies (Dodds, 2002). Under certain conditions 
high levels of nitrates (>10 mg/l) in drinking water can be toxic to humans. High levels of nitrates 
in drinking water have been linked to serious illness and even death in infants. Expected levels are 
< 1.0mg/l (Barbour et al., 1999) and < 10 mg/l (EPA, 2003). So using the study area water for 
household services may endanger people as indicated by Downes et al. (2002); Dodds (2002) and 
Barbour et al. (1999). 

  

Figure 5. Variation in EC, SO4
2- and NO3-N at six study sites in Wedecha River 

5. CONCLUSION AND RECOMMENDATIONS 

5.1 Conclusion 

Even if floriculture industries have positive impacts on economic development of the country 
and the surrounding community, they have negative impact on the water bodies. This was due to the 
disposal of wastewater to the nearby rivers. Floriculture industries use a variety of chemicals, 
including pesticides. These chemicals alone are dangerous enough, but when coupled with the 
method of usage and the conditions in which they are utilized, their danger is multiplied due to 
synergistic effect (Dodds, 2002).  

The study revealed that there was nutrient enrichment (phosphates, nitrates, sulphates, etc.) and 
organic loading in Wedecha River. The major sources of the river stressors were fertilizers, 
pesticides and growth regulators from the floriculture industries’ wastewater effluent. 
Physicochemical parameters such as EC, COD, BOD5, SO4

2-,
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5.2 Recommendations 

From the results of the study, floriculture industries are affecting Wedecha River. The water 
condition can be maintained by using Best Management Practices or wastewater treatment methods. 
In this circumstance it is recommend that:  

1. Vegetation buffer has to be prepared in place before the wastewater is discharged to the river 
to improve the discharged water quality. 

2. The wastewater has to be treated before it is discharged to the nearby rivers by using ponding 
systems or wetlands. 

3. Floriculture industries wastewater has to be recycled rather disposed to the environment with 
varieties of chemicals that pollutes water and soil of the surrounding environment. 

4. Environmental Audit is very essential in identifying problems before they become serious and 
establishes a good environmental record. Identifying and addressing environmental risks 
improves public image and facilitates pollution prevention program (USEPA, 1990).  
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APPENDIX 1  
IMAGES SHOWING THE DIFFERENT STUDY SITES AND SOME OF THE 
DISTURBANCES IN WEDECHA RIVER. 

 

Figure A-1. Image showing established floriculture industries along Wedecha River (source: the researcher, 2007) 

 

Figure A-2. Image showing effluent of water discharged to Wedecha River (source: the researcher, 2007) 

 

Figure A-3a. Image showing the pollution of the Wedecha River by the discharged waste water (source: the researcher, 
2007) 
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Figure A-3b. Image showing the pollution of the Wedecha River by the discharged wastewater (source: the researcher, 
2007) 

 

Figure A-4a. Image showing eutrophication in Wedecha River (source: the researcher, 2007) 

 

Figure A-4b. Image showing eutrophication in Wedecha River (source: the researcher, 2007) 

 

Figure A-5. Image showing when Wedecha River surrounding people were using the polluted water for bathing 
(source: the researcher, 2007) 


