
 

  
 
 

 
 

 
 

 
 

 

Monitoring potential impacts of flower farm effluent 

into Lake Ziway, using physico-chemical parameters 

and biotic index  
 

 
 
 
 

By: Redwan Muhammed 
 

 

 

Advisors:  Dr. Seyoum Leta (AAU) 

                                        Professor Ian Grant (Natural Resource Institute (UK)) 

 

A master’s thesis submitted to Addis Ababa University School of Graduate 
Studies in Partial fulfilment of the requirement MSc. Degree in Environmental 
Science 

 

September, 2016 

Addis Ababa 



Acknowledgement 
 
First of all I would like to thank my lord Allah who helped me throughout my life. I am very thankful 
to my advisors:  Dr. Seyoum Leta (Addis Ababa University) and Professor Ian Grant (Natural Resource 
Institute, UK) for their help in designing this thesis and guiding me thoroughly and giving me 
unreserved advice their moral as well as technical support and encouragement from start of this 
work. I am also very thankful to Institute for sustainable development (ISD) for sponsoring my 
education and giving leave and PAN-Ethiopia especially for sponsoring my research costs.  
 
I am very thankful to my family especially my mother and father who are the base for my success 
and thought me discipline and how to pass through challenges in life and are with me throughout 
my life with blessings and guidance.  
 
My thanks is extended to Miss Sue Edwards (ISD director), Mr. Taddese Amera(PAN-Ethiopia 
director) and Mr. Atalo Belay for their continuous technical and materials support from the 
beginning up to now. I am also thankful to my friend Mr. Siraj Hassan, who was with me through all 
data collection and sorting processes.        

   
 
Furthermore, my thanks also extend to Batu high school and its administration staffs who allowed 
me to use school compound for sample sorting and students and teachers who helped me during 
sample sorting.   
 

 

 

2 
 



 

Abstract 

This study was conducted between April 2015 and February 2016 for four round monitoring 
periods on Lake Ziway. The study focused on assessing impact of flower farm effluent on lake 
Ziway  biodiversity using macro-invertebrates as indicator of water quality.  

Sweeping with a pond net was done for three minutes per sample in all the sampling sites and 
points for macro-invertebrate. A single composite sample of sediment and water was collected 
from one site. Individual samples of sediment and water were collected some 5 – 10 meters 
apart using a scoop and a small plastic bucket respectively, and then composited together in a 
big bucket to represent a single sample of the specific site. Physico-chemical parameters were 
recorded including PH, conductivity, dissolved oxygen total dissolved solid (TDS). Nitrogen and 
phosphorus content of the water were also recorded in the second, third and fourth sampling 
rounds. 

Residues of dieldrine, heptachlor, chlordane, endosulfan, dBHC and DDD at concentrations 
ranging from 0.01-0.21mg/l were recorded in effluent drainage area. DDT and its metabolites 
were found mostly in effluent sediments at concentrations ranging from 0.28-7.76mg/kg   

The result shows that, the diversity of macro-invertebrate at the outlet (effluent drainage area) 
is less than the inlet and control. Water quality was best at Site 3 >Site 1 >Site 2.  Both sites 1 
and 2 were at the low end of their FBI scales so in terms of water quality there was little 
difference between all 3 sites.   Nevertheless, the poorest score computed was for Site 2 (5.29), 
which does tie with the site’s water chemistry, where the highest mean pH, conductivity, TDS, 
PO4-P, NO3-N, and variety and concentrations of pesticide residues in the water and sediment 
were recorded.  

Therefore, action is needed to protect the lake from further pollution by applying waste water 
treatment and protecting untreated water from reaching the lake.   
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1. Background 
The Ethiopian Central Rift Valley (CRV) is part of the Great African Rift Valley and 
encompasses several major lakes on the rift floor. It is situated in the administrative 
regions of Oromia and the Southern Nations Nationalities and Peoples Region (SNNPR), 
and covers an area of approximately 10,000 km2. The ecosystems of the CRV include 
wetlands (riverine and lacustrine), savannah woodlands and grasslands, desert and semi-
desert scrubland, and being endowed with significant water resources and rich volcanic 
soils, the region has a high agricultural potential. 
 
Wetlands are widely distributed in the CRV. Lakes, swamps, marshes, flood plains support 
a wealth of flora and fauna, including many endemic plant species and several of Ethiopia’s 
endemic or near-endemic birds (IBC, 2009). The biodiversity and ecological integrity of 
these wetland ecosystems and rivers are currently at risk from mining, irrigation, 
pollution, soda abstraction, aquaculture, the introduction of exotic species, over-
exploitation of fish stocks and recreation (Mengistu Wonderfrash, 2013) 
 
Horticultural production is increasing in the Rift Valley area where there is an extensive 
investment in commercial cash crops like cut-flowers, vegetables and fruit both by large 
commercial and smallholder farmers. A large proportion of these new developments 
practise conventional production, using agrochemicals to increase yield potential (Tekluet 
al., 2012). Lake Ziway area is one of the four main locations where there is a high incidence 
of cut flower cultivation. 

Lake Ziway is the largest fresh water Lake in the area and a critical resource for the 
drinking water supply of people and livestock. The Katar and Meki rivers that originate in 
the highlands drain in to the lake. At its southern end, near the town of Ziway, the Bulbula 
River connects it to Lake Abijata. The lake’s water level has declined over the past few 
decades as a result of water diversion from the two main feeder rivers for irrigation, as 
well as direct pumping from the lake (Vilalta, 2010). The lake is home to many endemic 
birds and a wide variety of fish, aquatic invertebrates and wild animals (IBC, 2005). It also 
is one of the main sources of commercial fish farming in Ethiopia (Vilalta, 2010).  
 

In 2005, Sher flower farm, a large scale horticulture and floriculture greenhouse complex 
was established on the shore of Lake Ziway near Ziway town, providing new and badly 
needed employment opportunities to the local population that mainly depends on 
smallholder agriculture, while a part receives food aid. The farm abstracts water from the 
lake and returns its wastewater through extensive reed bed areas of the littoral zone. The 
risk of pesticide residues reaching the lake is of concern, not of only because of the 
proximity of the farm to the lake but also because effluent is discharged year round. This 
effluent might contain residues of pesticides and fertilizers from the production process, 
presenting risks to the Lake Eutrophication and toxicity to wildlife. The biodiversity of the 
wetlands adjoining the lake is rich, and comprises many species of fauna and flora. 
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In 2014, a desk assessment was conducted to assess pesticide use and their potential to 
cause environmental impacts in the smallholders’ area and the lakeside around the flower 
farm at Ziway. It concluded that the there were significant risks to lake biodiversity from 
pesticides used in the region (Table 1).  The risks were from the potential of run-off of 
agrochemicals from lake side farms and point sources from the discharge of wastewaters 
by the flower farm. Following a fact-finding visit to the region, the flower farm area was 
selected as a meaningful monitoring and research site for the following reasons (Belay et 
al., 2014): 

• The flower farm uses fertilizers and pesticides to grow and manage cut-flowers 
• The greenhouses are very close to Lake Ziway 
• The farm pumps lake water into the farm for irrigation 
• There is a year round discharge of farm effluent into the lake 
• The presence of a gentle gradient down to the lake 
• The presence of two water channels i.e. the inlet and outlet channels that showed 

marked differences in the colour of the flowing water. 
• The area is easily accessible for monitoring purposes 
• The presence of shallow reed beds and lily pools for effective biological monitoring of 

aquatic invertebrates 
• Local communities rely on the natural resources of the lake and productivity of its 

wetlands 
 

A monitoring plan was drawn up in 20151that was designed to study the possible impacts 
of waste water effluent from Sher flower farm on the biodiversity of the lake’s littoral zone. 
The adopted approach was to sample aquatic macro-invertebrates from selected sampling 
areas at different times of the year to compare their diversity and to use them as bio-
indicators of ecosystem condition. In such a limited study, it was not feasible to sample all 
aquatic wildlife, but studies on aquatic systems have shown macro-invertebrates to be 
reliable indicators of pollution (Barbour et al., 1999). Measurements of the physico-
chemical condition of the surface waters and pesticide residues in water and sediments 
were carried out.  

 
 
 
 
 
 
 

1Assessing the water quality of Lake Ziway using aquatic invertebrates as bio-indicators, in the Central 

Ethiopian Rift Valley.  Redwan Muhammed, May, 2015. 
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Table 1 List of commonly used pesticides in Ziway area (Pan-Ethiopia 2015) 

Insecticides Fungicides Herbicides Acaricides 
Malathion Ridomil (Metalaxl-M)   2,4-D amine (2,4-

Dichlorophenoxyacetic 
acid) 

Mitigan (Dicofol) 

Helarat 
(Lambdacyhalothrin) 

Mancozeb 
(Dithiocarbamate) 

Atrazine Mitac (Amitraz) 

Agro-thoate (Dimethoate) Curzate (Cymoxonil) Clarity (Dicamba, 
diglycolamine salt) 

Apollo (Clofentezine) 

Highway 
(Lambdacyhalothrin) 

Penncozeb 
(Mancozeb) 

  

Pyriban (Chlorpyrifos) Copper Sulfate   

DDT (Dichloro-
diphenyltrichloroethane) 

Tilt (Propiconazole) 
 

  

Karate 
(Lambdacyhalothrin) 

Bayleton 
(Triadimefon) 

  

Selecron (Profenofos) Kocide (Copper 
Hydroxide) 

  

Ethiosulfan(Endosulfan)    

Krilaxyl (Mancozeb)    

Selecron (Profenofos)    

Victor(Imidacloprid)    

(Source: Belay, Genet, Amera,  Hailu and Wako, 2015). 

 

Table 1 List of commonly used pesticides in the area 

2. Literature Review 
Agricultural intensification is high in the Rift Valley areas where there is an extensive 
investment in commercial cash crops like cut flowers, vegetables and other crops 
production both by large commercial and smallholder farmers. 

Floriculture is relatively young industry in Ethiopia with the first commercial farming only 
started by a Dutch company in 1984. Initially flower farming only occupied about 20 
hectares until the industry started to expand in 2003. By 2006, 2,000 hectares of land was 
dedicated to flower production, with 65 flower farms established, 38 of which had already 
started production. This number has continued to increase with over 70 currently in 
existence. The rift valley in Ethiopia is a hot spot for flower production. Water availability 
and transport links provide suitable conditions for the young industry. (Nigussu and 
Tadesse,  2008). 
 

Globally the flower industry uses a wide range of pesticides, and there are reports that 
these have caused both human health and environmental problems in countries where 
flower farming started more than a decade ago. It is known that a range of pesticides are 
imported in large quantities for Ethiopia’s flower farming industry. It is also known that 
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these are often used without going through the registration system of Ethiopia’s Ministry 
of agriculture and rural development, a requirement for pesticides used on food crops 
(Tadele M. 2009).  
    
Recent development in flower industry around Lake Ziway is posing high pressure on the 
lake water and its biodiversity. Sher flower farm established adjacent to the lake is in 
taking water from the lake and releasing its effluent to the lake directly. This might have an 
impact on the lake and its diversity. Studies and experiences from other countries 
confirmed that, flower industries are using wide range of pesticides to eradicate pest and 
disease infestation in their production processes. Additionally, they use different growth 
promoters in their production processes (Jansen and Harmsen, 2011).   

Recently, policies of the Ethiopian government strongly support export-oriented irrigated 
horticulture and private large scale floriculture as a means to increase foreign exchange 
earnings and employment opportunities. The CRV is a region in Ethiopia where such 
policies have resulted in large scale investments in floriculture greenhouses and in a 
strong growth in smallholder irrigation schemes. The associated increase in irrigation 
water extraction from surface water and groundwater resources puts an increasing claim 
on scarce water resources in the area. However, poverty will remain a major driver for the 
exploitation of water resources by smallholders as long as no alternative livelihood 
strategies are available that rely less on irrigation water and no regulatory framework is in 
place to manage water extraction in the CRV. Together with climate change impact, 
expansion of these industries around water bodies may have negative impact on water 
quality.    
 
2.1 Impact of agro-chemicals on the environment and biodiversity 
 
In recent years, with the expansion of irrigation agriculture in the area, smallholder 
farmers and flower farms adjacent to the lake are using different types of chemicals to 
increase crop productivity. To overcome pest and insect infestation, farmers are using 
imported and locally formulated pesticides. The lake is the main source of water for 
irrigation by small holder farmers and flower farms and also it is the source of water 
supply for the town of Ziway. Agrochemicals used in the area may affect the services that 
the community gets from the lake and surrounding ecosystem, especially provisioning 
especially fish harvesting and drinking water from the lake and regulating services, such as 
temperature amelioration. Once an ecosystem is affected, the quality of services it 
provides decline with the level of pollution and over time.  
 
The expansion of irrigated agriculture around the lake by smallholder farmers and flower 
farms is increasing the demand for water resources. Both smallholder farmers and the 
flower industries are using synthetic fertilizers and pesticides for improving yields and 
controlling pests. The pesticides and fertilizers used by the flower farm may have an 
impact on the quality of the water resources of the area through leaching, run off and poor 
irrigation system (Taddele, 2009). They abstract the water from the lake using water 
pumps and the wastewater is returned to the lake through canals and drainage channels. 
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The flower farm, which is established on the shore of Lake Ziway, is pumping the water 
from the lake and returning the flower farm effluent to the lake directly. 
 
According to some studies, flower farms are using a range of chemicals including 
fungicides, insecticides and growth promoters in their production system (Jansen and 
Harmsen, 2011). Residues of these chemicals might be being released to the lake through 
outlet canals where they can have adverse effects on the littoral ecology and biodiversity 
of the lake, as well the quality of the drinking water.  

Despite its potential negative impact on the environment, the Ethiopian Horticultural 
Producers and Exporter Association announced that the sector is expanding its exports 
and foreign currency earning potential compared to previous years and plans to swell 
numbers of flower farms in the country. According to the Ethiopian horticultural 
producers and exporters association (EHPEA) newsletter the main driving factors are: 
favourable policy, environment, cheap labour and low production costs (EHPEA, 2012). 
  
According to environmental assessment guideline on pesticides published Ethiopian EPA 
in 2004, there is misuse and inappropriate application of pesticides by smallholder 
farmers and large scale framings on soil, air, water and human beings. The major causes 
stated by this document are: 

 Lack of awareness  
 Improper use of pesticides 
 Weak enforcement 
 Lack of integration weak institutional setup, poor networking  and exchange of 

information among key stakeholders 
 Obsolete pesticide accumulation (3000 tonnes in Ethiopia) 
 Disposal problems 

3- Statement of the problem 
Water bodies especially Lakes in Ethiopian are under high pressure and problems due to 
mismanagement.  Due to land use land cover change around lakes, there are a lot of 
pressure on water bodies. Floriculture farm established near Lake Ziway is covering its 
water requirement from the lake. The farm is taking water using water pumps and 
discharging its effluent directly in to the lake.   Therefore, this study conducted to assess 
the possible impact of the flower farm on the quality of lake water and its biodiversity.      

 

4- Objectives 
General Objective 

To assess possible impact of Sher flower farm effluent on the lake water and its 
biodiversity.  
 

 

 

10 
 



 

Specific objectives: 

 To describe the macro-invertebrate species richness and population structure of 
Lake Ziway’s littoral zone in the vicinity of Sher flower farm.  

 To relate chemical pollution (via pesticide residue analysis) with biodiversity of the 
aquatic ecosystem.  

 To suggest a system for the local authorities and/or flower farm to monitor the 
impacts of changes in management of the waste water. 

5. Materials and Methods 

5.1. Monitoring Sites 
The 300ha Sher flower farm is located on the south-western shore of Lake Ziway (7˚ 15’N 
to 8˚30’N latitude and 38˚E to 39˚30’E longitude), just south of the town of Ziway. It has a 
lake side frontage (linear) of approximately2km and a littoral zone of 0.2 - 0.7km2 
depending upon the height of the lake. Lake Ziway is open water with a surface area of 434 
km2, a mean depth of 4m, and an elevation of 1636 masl. 

The lake shore is covered with large expanses of sand and grass, occasional trees and 
shrubs that give way along a downward gradient to temporary and permanent wetland 
habitats such as shallow pools dominated by grasses, lilies and deeper reed beds 
dominated by Typhagrass (Figs 1 and 2). 

 

Figure-1: Reed bed and lily pools of the littoral zone 
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Before selecting the monitoring sites, a ‘walk-over’ of the littoral zone was made to 
describe the area, recording and sketching the habitat types, any likely sources of lake 
pollution and human activities.  

The wetland area was broadly characterized by shallow lily (Nymphaea nouchali) pools 
and reed beds dominated by Typhalati foliaand other emergent grasses. These reed beds 
fringe the open lake and, along with Socca trees, serve as an important reproduction site 
for fish and invertebrates. Water in the reed beds and channels is static (at times the wind, 
irrigation pumps (inlet channel) and gravity (outfall) may cause sluggish turnover or flow. 
Areas suitable for wading and biological sampling were shallow in depth, between 40 to 90 
cm. 

 

 

Figure-2: Inlet water channel, reed beds and lily ponds (right) adjacent to the lake 

Community living in the area benefit from the grasses for cattle feed, roofing and craft 
work. During the day time, people and animals come to the lake shore for fishing and 
collecting grasses.  

The one point source of pollution was the flower farm effluent which drained in to the 
lake. Several excavated, open channels connected the farm to the lakeshore. Two large 
channels served as lake water inlets from which water was pumped for farm use, and two 
others served as wastewater outlets, discharging the farm effluents in to the lake. Diffuse 
sources of lake pollution in the vicinity of the farm included detergent use from clothes 
washing and animal waste during livestock watering. Physical disturbances include use of 
the lake by the local community for irrigation, fishing, livestock grazing and watering, and 
reed collection. 
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From logistical considerations and observations made during the walkover, three 
monitoring sites were chosen from wetland areas in the littoral zone of the lake (Figure 3) 

1. Reed beds and lily pools adjacent to the farm’s water inlet channel (site 1) 
2. Similar habitats in the farm’s effluent drainage area (site 2) 
3. Similar but less disturbed habitats within a wetland conservation area managed 

by the Horn of Africa Regional Environment Center and Network (HoA REC&N) 
(site 3).  

Although the three areas are adjacent, the effluent drainage area (S2) appears to be 
contained by the dykes of the two influent channels, and thus the two sites (S1 and S3) 
either side of it are relatively protected from water run-off from the effluent drainage area. 
The results of the anticipated residue analysis were expected to confirm this supposition. 

 

 

Figure 3. Sampling Site 1 = inlet channel, Site 2=Effluent channel drainage area, Site 
3= HoA REC&N conservation area)  

 

Fig 4 shows the average precipitation at Ziway between2000-2012. Rainfall between 
March and September 2015 was more than 25% below average in the region (FEWS 
Ethiopia). Poor rains caused the lake water level to drop significantly between September 
2015 and January 2016. New sampling stations had to be found at all sites for the 3rd and 
4th monitoring periods to accommodate the receding water levels of the lake (up to 500m). 
The reed beds were still plentiful and new, similar stations were readily located and 
sampled.  
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Figure 4 Average precipitation and rainfall days at Ziway (2000-2012) 

 

5.2. Sampling methods 

Sweep netting to macro-invertebrates  
A timed, sweep-netting method was used to collect samples of aquatic invertebrates 
(Grant, 2002).Sweeping with a pond net was done for three minutes per sample in all the 
sampling sites and points (Fig. 5). The net was used to sweep the water surface (for 
neuston), floating, attached and emergent vegetation. Care was taken not to catch too 
much bottom sediment. Catches were transferred to plastic buckets labelled with the 
respective sampling point data: site, date and time. Only one monitoring site (S1,S2 or S3) 
was sampled in any one day. The invertebrate fauna were sorted from the samples the 
same day i.e. while alive.  Samples were collected early in the morning to reduce any 
disturbance of the pools by humans, livestock and birds (from activities such as fishing, 
watering and feeding). 

A total of thirty six samples were collected from the selected three sampling areas (S1, S2 
and S3) at any one monitoring time. Three sampling stations were selected within each 
sampling area and four samples (replicates) were collected from each sampling station 
making a total of 12 samples per sampling site (4*3=12).  A total of 12 samples collected 
from one monitoring site. A total of 144 samples were collected in four round sampling 
time between April and February (2015-2016).Their approximate distribution is 
represented in Figure 6.  
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Grab sampling 

A grab sampling technique was used to collect sediment samples. A single composite 
sample of sediment and water were collected from one site. The individual samples of 
sediment and water were collected some 5 – 10 meters apart using a scoop and a small 
plastic bucket respectively, and then composited together in a big bucket to represent a 
single sample of the specific site. Subsamples of water were then taken (two x 2,5l hexane 
washed bottles) and kept in an icebox to be transported to the laboratory on the same day. 
This procedure was repeated at the other sites and thus a total of four composited samples 
were taken from the four sampling sites sampled.   
  

Sediment sample containers were previously washed with detergent, rinsed with tap 
water, air dried and transported to the laboratory within one day for analysis. After arrival 
at laboratory, samples were stored at -20˚c and residue extractions were done within 2 – 3 
weeks. Duplicate analysis of samples for pesticide measurement was done for each 
sampling location.   

 

Water and sediment sample preparation 
 

To analyze samples whose pesticide treatment history is usually unknown, it is advisable 
to use analytical methods capable of simultaneously determining a number of pesticide 
residues. Liquid-liquid extraction (LLE) followed by gas chromatography with mass 
selective detector (APHA, 1999) with some modification was used for screening of 
pesticide residues. Quantification of organo-chlorine compounds was done using GC-µECD.  

The extraction method followed for water samples was the modified form of AOAC 990.06, 
a method for organo-chlorine pesticide residue analysis. This modifies version is described 
as follows: 0.6L of the water sample was placed in a 1L separation funnel after filtering 
through 0.45 µm membranes filter. Then 20g of NaCl was added for salting out and 
followed by shaking to dissolve the salt. Then it was acidified by HNO3 to inhibit biological 
activity. Then 20 ml of dichloromethane (DCM) was added as extracting solvent. The 
mixture was shaken for 30 minutes on a mechanical shaker. The mixture was left for some 
time for phase separation. After phase separation, the organic layer was collected in an 
Erlenmeyer flask containing 5g of anhydrous sodium sulfate (Na2SO4).  This step was 
repeated 4 times more and the extracts were collected together. Then the extract was 
transferred to 250ml round bottom flask and the Erlenmeyer flask was rinsed with 10ml 
DCM. Finally, the extract was concentrated using rotator evaporator. Then residue was 
dissolved in 2ml hexane and put in a refrigerator until analysis by GC-µECD. 

Dichloromethane (DCM) was chosen because it is the most common solvent for extraction 
in LLE of water because (1) it is only slightly miscible with water; (2) it extracts an 
acceptably wide range of non polar analytes; (3) it possesses a low boiling point to speed 
evaporation/ concentration steps; and (4) it is heavier than water and thus exists as the 
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lower phase during partitioning in a separating funnel. Duplicate of samples was analyzed 
in each case. 

The sediment samples were allowed to air dry for two to three weeks. The dried sample 
was ground to 2mm mesh size and kept in a refrigerator until analysis. 25g sediment 
samples were placed in an Erlenmeyer flask; 10ml of NH4CL was added and shaken for 
4hrs using mechanical shaker. Afterwards it was re-extracted by repeating the same steps. 
The extracts were collected in an Erlenmeyer flask containing 10g of anhydrous sodium 
sulfate. The extracted was transferred to 250ml round bottom flask and evaporated to 
dryness using rotator evaporator. The residue was dissolved in 3ml of hexane and 
transferred to a florisil packed column for cleanup. The round bottom flask was rinsed 
twice to quantitatively transfer the sample.     

A gravity glass column was packed by 7g and 5g anhydrous Na2SO4 in 100 ml hexane. Then 
the extract dissolved in 3ml hexane was transferred to the florisil column as indicated as 
indicated above. After quantitatively transferring to the column, it was eluted with 180ml 
hexane.  The eluate was collected and evaporated to dryness. The residue was dissolved in 
2ml hexane and made ready for analysis by GC-µECD. The samples were analyzed in 
duplicate. In all of the cases, method blank and spiked samples were analyzed for quality 
control purpose.         
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Figure 5. Sweep sampling in the reed beds of Lake Ziway. 
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Figure 6.Diagram of the littoral area between the lake and the flower farm’s greenhouse 
complex showing the bio-monitoring sampling areas: Sites 1 and 3 (green); Site 2 (brown).  
(Not to scale) 

Sample sorting for Micro-invertebrate 
All the samples were sorted on their sampling date to facilitate the spotting of motile 
invertebrates. In addition to project staff, sixteen people from the community of the area 
(6 women and 10 men) were selected and employed as daily labourers to help in sorting 
the invertebrate samples (Fig.7). One day of training and a preliminary sorting practice2 
was given to them before they were engaged into sample sorting. Invertebrates separated 
from organic debris and mud using a sieve series and white sorting tray. Then similar 
looking invertebrates were grouped in Petri dishes and finally transferred to glass bottles 
and preserved with 96%ethanol while awaiting identification. 

 

Taxonomy 
The sorted and preserved samples were brought back to Addis Ababa for identification 
(Fig. 8). Identification of macro-invertebrates was done with dissecting microscopes fitted 
with 10X and 20X ocular lenses. Identification to family level was possible using keys from 
several books: Fisher and Roderick (1964), Scholtz and Holm (2008), Macan (1959). 
Reference collections from previous monitoring training were also used. Counts of the 
number of each morphospecies within families were made and the data were collated on a 
spread sheet for further analysis.  

5.3 Data analyses. 
The purpose of the biological monitoring was to ascertain whether pollution from the 
flower farm was affecting lake water quality and the aquatic communities and biodiversity 
of the littoral zone. Similarity coefficients of Sorensen were employed at the Family level to 
compare community similarities/dissimilarities between sample sites (Equation 1). As a 
binary similarity measure, this coefficient weighs matches in faunal composition between 
samples but as equal weight is given to rare and common species its resolution is 
relatively low in comparison with measures using species abundance data. Although timed 
sweep-netting provides semi-quantitative data about the invertebrate communities 
sampled, the taxonomic keys available could not describe fauna to species level.  

Equation 1:    𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑖𝑖𝑆𝑆𝑖𝑖𝑆𝑆𝑖𝑖:  𝑆𝑆 = 2𝑎𝑎
2𝑎𝑎+𝑏𝑏+𝑐𝑐

 

where: 

a= no. of families in sample a and sample b (joint occurrences) 

b= no. of families in sample b but not in sample a 

c = no. of families in sample a but not in sample b 

 

2Each of the sorters was given 2 buckets of samples for practicing 
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Evaluation of water quality was examined using the family-level biotic index (FBI) of 
Hilsenhoff (1988). It is one of several biotic indices developed for the rapid assessment of 
water quality that is based on the tolerance of aquatic invertebrate fauna to pollution. 
Tolerance values for families are derived from the weighting of species according to their 
abundances in the presence of organic pollution. The index is usually applied to river 
water quality but may be applicable for toxic pollutants and lacustrine situations. Biotic 
indices are in regular use for monitoring water quality in African catchments.  

Equation 2: Hilsenhoff’s Family-level biotic index:      𝐹𝐹𝐹𝐹𝐹𝐹 =  Σ𝑖𝑖𝑖𝑖  𝑡𝑡𝑖𝑖
𝑆𝑆

 

Where: 

xi = no. of individuals within a taxon 

ti = tolerance value of a taxon 

n=total number of organisms in a sample (>100) 

Tolerance values are given as a score from 1 to 10 with higher scores being indicative of 
lower water quality (Table x Annex 1) – modified after Plafkin et al (1989).  

Data analysis was aided by the physico-chemical parameters of water measured at the 
time of biological sampling, and served as an additional check on levels of organic and 
nutrient pollution. 

5.4. Recording environmental parameters 
Ecologically relevant environmental physico-chemical parameters were recorded at the 
time when biological samples were collected. These parameters have an impact on the 
water quality measurement. Records were taken for water and air temperature using 
thermo-hygrometer, pH, total dissolved solids (TDS), electrical conductivity using Multi-
meter, dissolved oxygen (DO) of the water using DO-meter and relative humidity (RH) of 
the environment. Additionally measurements for phosphate and nitrate contents of water 
were measured and recorded from all sampling sites starting from the second monitoring.  

Quality assurance and control 
Deionised water and laboratory-grade Ottawa sand spiked with organo-chlorine pesticides 
were used for evaluation of the recovery and repeatability of the method of analysis. Blank 
tests were conducted to check for interference and cross contamination (Hill, 2000). For 
every batch of water and sediment samples analysed, 2 blank and 2 recovery test samples 
were simultaneously analyzed. The quality assurance and control was done by spiking 
blank samples with mixture of organochlorine pesticide standard solutions of known 
concentration (0.03 and 0.05µg/m, for water and sediment respectively), that were 
extracted, clean-up and analysed as the ordinary samples. The recovery values expressed 
in percentages were calculated from the chromatograms. 

% Recovery = CS2 – CS1 X100  
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                                CS 

Where, CS1 = concentration of pesticide residues in the sample  

CS2= concentration of pesticide residues in the spiked sample 

CS= concentration of added pesticide 

 Reagents  
n-Hexane (Carlo Erba, reagent, >99%) dichloromethane (Carlo Erba reagents), anhydrous 

sodium sulphate (Na2SO4) (Carlo Erba reagents), Florisil (> 400 mesh ASTM) (Merck), 

NaCL (Uni-chem chemical reagents, 99%), Analar grade HNO3 from Merck. Pesticide 

standards were from Restek. Individual standard pesticide solutions were prepared in n-

hexane with a concentration of about 100mg L-1. Working standard solutions were 

prepared by diluting the stock standard mixture pesticide solutions with n-hexane at a 

concentration of 1.0 mg L-1. All standard solutions were stored in a refrigerator at 4˚C. 
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6. Results 

6.1. Environmental/physical parameters 
Measurements of the physico-chemical parameters at sample sites (air and water) were 
taken in the morning while the biological samples were being collected (7:05-9:20 AM).  
Average air temperatures ranged from 22.9°C to 24.2°C between sites. The small 
differences were attributed to variable sampling times (between 7 a.m. and 9 a.m.) 
Relative humidity at sites was also very consistent (Table 2).   

Table 2: Physico-chemical data averaged over the four monitoring periods (March 2015 to 
Feb 2016).  

 

Water temperature 
Average water temperatures in the early morning ranged from 21.6 to 22.9°C, which in 
these shallow pools is only a degree or two less that the air temperature.   Water 
temperatures increase several degrees by mid- afternoon, especially in the open and 
shallow wetland pools that are exposed to the greatest insolation. Water temperature is a 
physico-chemical and ecological factor in that it influences the rate of chemical and 
biochemical reactions, dissipation and metabolism of pesticides, the amount of dissolved 
oxygen water can hold, and the solubility and toxicity of some pollutants.  Temperature is 
thus significant in determining the rate of self-purification and the impact of pesticide 
residues, which may be more or less toxic at higher temperatures3. 

pH 
Average pH over the monitoring period ranged from pH7 – 7.5. The pHs measured in the 
afternoons were higher due to photosynthetic activity of algae and submerged plants. 
Many chemical and biological properties of water are affected by its pH including the 
degradation rates of pesticides and their toxicity to aquatic fauna.  The neutral to slightly 
alkaline ranges recorded will not restrict the distribution of invertebrates. 
 

3higher temperatures more commonly increase toxicity, but lower temperatures heighten the 
toxicity of DDT and many pyrethroids 
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Electrical conductivity and Total Dissolved Solids: 
Average electrical conductivity ranges from 480uS/cm in the inlet water to 704 uS/cm in 
the pools within the effluent drainage areas (Table 2).  Plant nutrients in the farm effluent 
are probably responsible for increasing the conductivity and TDS4 in water (234 to 341 
mg/l) in the drainage area (Figure 9Site 2). Suspended solids in the effluent were 
noticeable but neither this nor the water conductivity will have impacts on the lacustrine 
invertebrate fauna. 
 
 

 
Figure 9: Mean conductivity and TDS in all sampling sites 

Dissolved oxygen (DO) 
Average concentrations of dissolved oxygen in water were distinctly lower in the HoA 
conservation area 3.1 mgO2/l compared with the other two sites (5.7-5.8 mg O2/l) (Table 
2). Difference in the amount of light penetration and insolation in the conservation area 
(with tall and dense reeds) is the probable cause of the lower oxygen tensions. Hence, 
vegetation with lower height doesn’t have enough light for photosynthesis process.    

 
On one occasion, DO was measured in the morning and afternoon to get an idea of the 
diurnal fluctuation. Table 3 shows the values of DO in sampled areas – including the 
effluent channel just outside the perimeter of the flower farm. The DO varies greatly with 
the time of measurement such that in the morning it ranges across sites from 8.5 to 55% 
and in the afternoon from 38-182%. Dissolved oxygen in water is in a constant state of flux 
as a result of the influences of water temperature, plant photosynthesis and respiration 
and organic matter breakdown.  
 
 
Table 3. Dissolved oxygen in water at sampling sites and effluent channel (March 2015) 

 

4TDS is an indicator of agricultural runoff and of contamination with sewage. The leaching and run off of NPK 
salts from outfalls, cultivated areas, and riparian/artisanal activities raise TDS 
 

 
Sit   

Morning Records Afternoon Records 
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Organic pollution and nutrient enrichment increase the exposure of aquatic organisms to a 
much larger range of oxygen concentrations. Thus in the effluent channel and wetland 
pools of the drainage area (Site 2), water supersaturated with oxygen in the afternoon is 
clear evidence of plant nutrients stimulating algal growth and elevated photosynthesis. 
The lake water (inlet) is presumably less enriched so less oxygen production and 
saturation of water is observed (Site 1).  Depleted dissolved oxygen levels such as those 
measured at Site 3, (the conservation site, 0.68 mg/l) if maintained over long periods may 
restrict the range of some aquatic fauna and aggravate the effects of toxic pesticide 
residues. Poor insolation due to reed density and height and the amount of decaying 
vegetation in pools within this conservation area was responsible for low oxygen tensions 
at Site 3.   
 
Figure 10 shows the distinct gradient of oxygen (% saturation of water) as the effluent 
make its way from the effluent outfall, effluent channel, and Lilly pool and reed beds that 
are all contained within the effluent drainage area (Site 2). 

Nitrogen and phosphorus 
There were no records for first round sampling for nitrate and phosphate content of the 
water due to absence of instruments. It was however recorded between September and 
February and the mean is calculated for all the three sampling sites (Table 2). Phosphate 
and nitrate are observed in significant amounts in the effluent channel (1.5 mg/l nitrate 
and 0.3 mg/l phosphate). Less nitrate and phosphate observed in conservation area (Site 
3) with (0.8 mg/l and 0.01 for phosphate). No explanation is forwarded for the amount of 
nitrate found at Site 1, which was essentially lake water taken from the inlet water channel 
(Figure 11).  In all likelihood the plant nutrients in the farm effluent is responsible for the 
large algal biomass observed in the drainage areas.  

 

% sat      mg/l Temperature     % sat      mg/l Temperature 
1    55%      4.13 19.2     95%        6.12 27.38 

Effluent    43%      3.37 17.1     182%      11.75 27.6 
2    35%      2.92 14.2     109%      6.86 29.2 
3    8.5%     0.68 16.1     38%        2.48 26.8 
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Figure 10: Dissolved oxygen saturation form effluent to drainage area 

 

Figure 11: Mean nitrate and phosphate in all sampling sites 

Pesticide residues 

Water 
Composite water and sediment samples were collected in March 2015.  These were 
screened for residues of organochlorine pesticides (OCPs) [It was not possible to screen 
for other classes of pesticides that are known to be in use for cut-flower management at 
Ziway. Costs and shortages of equipment and pesticide standards available in Ethiopia 
were major constraints] 

Nine OCP residues were detected in water samples from all four sites (Table 4): αBHC and 
heptachlor epoxide (both at 0.02μg/l) at the outwardly clean sites (1 and 4), and residues 
of dieldrin, heptachlor, chlordane, endosulfan II, dBHC, and DDD at concentrations ranging 
from 0.01 - 0.21μg/l in the wastewater drainage areas.  
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Table 4. Mean concentrations of pesticide residues in water samples from wetland sites 

Pesticide 
Site 1  

(influent 
channel) µg/L 

Site 2  
(Effluent channel)  

µg/L 

Site 3 
Effluent drainage  

µg/L 

Site 4   
Conservation area 

µg/L 
α-BHC 0.02 nd nd nd 
δ-BHC nd nd 0.03 nd 
Heptachlor nd 0.05 0.10 nd 
Heptachlor 
E. nd nd nd 0.02 

α-Chlordane nd 0.21 0.05 nd 
Dieldrin nd 0.16 0.08 nd 
4,4'-DDD nd nd 0.02 nd 
Endosulfan 
II nd nd 0.01 nd 

nd = Not detected 

Sediment: 
DDT and its metabolites were found mostly in the wastewater sediments at concentrations 
ranging from 0.28 to 7.76 µg/kg d.w. However, sediment in the vicinity of two lake water 
intake channels contained DDT and its metabolites (Table 5)A high concentration of 4,4’-
DDT (23.5μg/kg) was found at a site within a conservation area adjacent to a manned 
water pumping station, suggesting that security personnel might use DDT for mosquito 
control. Low ppb concentrations of 4,4’-DDT in the wastewater areas is indicative of recent 
contamination.   

Table 5: Mean concentrations of pesticide residues in sediment samples from wetland sites 
(µg/kg dry wt) 

Pesticide  
Site 1  

(influent 
channel)  

µg/kg 

Site 2  
(Effluent channel)  

µg/kg 

Site 3 
Effluent drainage  

µg/kg 

Site 4   
Conservation area 

µg/kg 

4,4'DDE  0.79 1.33 4.38 nd 
2,4'DDD nd nd 0.57 nd 
4,4'DDD nd 0.49 2.53 nd 
4,4'DDT nd 0.92 0.28 23.52 
Total DDT 0.79 2.74 7.76 23.52 
Metoxychlor nd nd 0.34 0.59 

nd = Not detected 
 

 

6.2. Macro-invertebrates 
Sampling of macro-invertebrates at Ziway was conducted between March 2015 and 
February 2016. Four field surveys (sampling periods) were achieved during this time: in 
March and September 2015 (first and second surveys) and in January and February 2016 
(third and forth surveys). Thirty six invertebrate samples were collected during each 
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monitoring period. A total of 144 samples were therefore collected and analysed. 
Consolidated data (whole site statistics) are shown for each survey in the Annex (Tables 2-
5) 

Diversity 
The majority of the macro-invertebrate fauna at Ziway was identified to Family level. Six 
Classes of animals from three Phylum (Arthropoda, Mollusca and Annelida) were 
represented in the wetlands of the littoral zone.  Arthropods were the most abundant: 
twenty two Families from five Orders of insects; one Family and one sub-family of 
arachnids. Five Families from two Orders of molluscs were present, often in large 
numbers, One Family from each Annelid Class (Hirudinea and Oligochaeta) was present 
but populations were low due to the sampling method.   

The number of macro-invertebrate families recorded (Fig. 12) at Ziway sample sites 
ranged from 15 to 25. Their number increased over time i.e., from survey 1 to 4.  This 
trend was probably an artefact, and in reality more likely related to the increasing skills of 
sampling and taxonomy by the operator.  

 

Figure 12 Total number of macro-invertebrate families recorded at each survey  

 

 

 

Differences in the number of Families present between the three monitoring sites (Fig.13) 
indicate that diversity is lowest at Site 2 (effluent drainage) and highest at Site 1 (Inlet 
area).   

Hemiperan families (true bugs) were the most numerous in the reed beds. Ten families 
were commonly found, all of which are typically associated with vegetated pools where 
they feed on other small arthropods. Three families were epineustonic (living on the water 
surface – Gerridae, Veliidae and Mesoveliidae) and three were hyponeustonic (living right 
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under the surface – Corixidae, Notonectidae and Pleidae). The remainder were associated 
with the vegetation, where they crawl and swim around in search of prey (Belasotmatidae, 
Naucoridae, Ranatridae and Aphelocheiridae). With the exception of the latter family, all 
the swimmers rise to the surface to replenish their air supplies, which is advantageous in 
polluted waters where oxygen tensions may be low and the bioavailability of pesticides is 
reduced because respiratory surfaces are absent or reduced.   

Fig 13.  Total number of macro-invertebrate families at the 3 monitoring sites 

 

 

 

 

 

 

 

 

 

Dytiscid and hydrophilid beetles were the two main families of adult Coleoptera but the 
unidentified larval forms indicated that other families were present. Like most of the 
aquatic hemipteran families, the adults also ‘breathe’ atmospheric oxygen at the water 
surface. Mayfly (Ephemeroptera) families are less common in still water than flowing. The 
reed beds and channels supported populations belonging to four families – Caenidae, 
Baetidae, Leptophlebiidae and Polymitarcyidae and all are pretty tolerant to low oxygen 
tensions and mild pollution.  Dragonflies (two families) and damselflies (families not 
determined) were common.  Four families of gastropod molluscs were found 
(Lymnnaidae, Physidae, Valvatidae and Planorbidae) and one family of bivalves 
(Sphaeriidae).  All are associated with reducing conditions in benthic muds and rotting 
vegetation where they can withstand challenging environmental conditions such as low 
oxygen tensions and quite severe pollution.  Larval forms of dipterans belonging to the 
Chironomidae, Culicidae, Tabanidae and Syrphidae were ubiquitous.   

 

Taxonomic differences between sites 
The principal taxa occurring at monitoring sites throughout the year are shown in Fig 14 
(percentage of taxa in the sample5).   

5% of taxa in sampled sites as a function of total abundance (mean of 12 sampled populations per site for each 
survey  period)  
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The distribution of principal taxa at each site was highly variable in some cases: Corixidae 
and Chironomidae (Figs 14a, b) and the Lymnaidae and Planorbidae (Figs 14c, d). The 
most stable distributions of taxa occurred in the first two surveys, (Figs 14a, b).  
notonectids, belastomatids, leptophlebids and dytiscids were well represented at all sites 
throughout the year. After the poor seasonal rains - July to October- most of the survey 
sites had dried up and new ones were found to continue the last two surveys.  This change 
was responsible for the imbalance between the gastropods sampled at sites in surveys 3 
and 4 (14c, d): the abundance of planorbids and lymnaeids in the effluent channel that 
flowed through the drainage area had mushroomed, presumably in response to the large 
algal biomass established in the channel and on vegetation. 

Compared with sites 1 & 2, corixids and chironomids were consistently less abundant at 
site 3. Apart from the last survey, the % of mayflies (Leptophlebiidae) and damselflies 
(Zygoptera) was much lower in the drainage sites (Site 2). Dytiscid populations also 
appeared to be depressed in the effluent drainage areas.   Populations of notonectids at all 
3 sites were similar 

Community Similarities 
Similarities of macro-invertebrate communities between sampling sites were estimated 
using Sorensen’s Index at the Family level (the index was not adjusted for abundance data 
as the identity of shared species within families was not always known).  Consolidated 
data from the 4 surveys shows that the macro-invertebrate communities at sites 1 (inlet 
area) and 3 (conservation area) were very similar (91%). This result is supportive of the 
assumptions made at the outset that these sites were relatively isolated from the risk of 
ecological perturbations of flower-farm effluents or human activities. Communities at sites 
1 and 3 were marginally less similar to those of site 2, the effluent drainage area (86 and 
82% similar respectively – Figure 15) and suggest that either the farm effluents or human 
interventions are affecting the ecosystem and macro-invertebrate assemblages in some 
small way. 
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Figure 14: Percentage of principal taxa at sampled sites on sampling dates 
a) 

 

b) 

 

c) 

 

d) 
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Figure 15 Similarity of macro-invertebrate communities between sites  

 

In general, the principal invertebrate taxa (family level) at each sampling station within any one 
site (inter-station similarity) were well matched and altered little by the change of station locations 
forced by lowered lake level (poor rains). One exception was the impact of station change within 
the effluent drainage area (Site 2).  Changed drainage patterns throughout the site meant that by 
the third and fourth surveys, one station (OSP1) was bordering a drainage channel, which led to a 
prevalence of molluscs (Fig 16)and loss of hemipterans (Table 6in Annex). The similarities 
between communities at these stations were therefore altered (Table 6): similarities remained 
high between Station OSP2 and OSP3 (72%).  

 

 

Figure 16.  Mollusc populations at Site 2 showing disparity caused by change in drainage channel 
route between sampling stations  
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Table 6. Sorensen coefficients of similarity at three stations of Site 2 (Survey 4, 2016) 

Matrix of similarity coefficients    

  OSP1 OSP2 OSP3 

OSP1 1 0.48 0.43 

OSP2 

 

1 0.72 

OSP3     1 

    

 

Sample site 2 and 3 (right) after the lake water level receded. 

 

 

Water quality: Hilsenhoff  Family Biotic Index (FBI) 
Data that were summarised from whole site statistics across all monitoring dates were 
used to determine the Hilsenhoff FBI (Table 7 in Annex). Tolerance values of each taxon to 
pollution (Table 8, Annex) were applied to the mean numbers of individuals from the taxa 
to derive the biotic index. This was then used to estimate the water quality (Table 7).  All 
three sites measured up very closely (Table 8): water quality was indicated to be best at 
Site 3 >Site 1 >Site 2.  Both sites 1 and 2 were at the low end of their FBI scales so in terms 
of water quality there was little difference between all 3 sites.   Nevertheless, the poorest 
score computed was for Site 2 (5.29), which does tie in with the site’s water chemistry, 
where the highest mean pH, conductivity, TDS, PO4-P, NO3-N, and variety and 
concentrations of pesticide residues in the water and sediment6 were recorded.  

 
Table7. Evaluation table of water quality using the family level biotic index (Hilsenhoff, 
1988) 
 
 

6one exception is DDT at site 3 (see Tables 2,4 and 5) 

31 
 

                                                           



 Family Biotic Index Water Quality Degree of Organic Pollution 

 0.00-3.75 Excellent Organic pollution unlikely 

 3.76-4.25 Very good Possible slight organic pollution 

 4.26-5.00 Good Some organic pollution probable 

 5.01-5.75 Fair Fairly substantial pollution likely 

 5.76-6.50 Fairly poor Substantial pollution likely 

 6.51-7.25 Poor Very substantial pollution likely 

 7.26-10.00 Very poor Severe organic pollution likely 

 

 

 

    

 

 

 

    

Table 8. Hilsenhoff Family Biotic index (H-FBI) 

Site   H-FBI Quality 
Site 1 Inlet area 5.01 Fair 
Site 2 Drainage area 5.29 Fair 
Site 3 Conservation area 4.93 Good 
 

7- Discussion 
Biological indicators of organic pollution have been used since the early 20th C (e.g. 
Kolkwitz and Marsson 1908) and the performance of modern bioindicating systems for 
water quality and eutrophication are such that they now used routinely for monitoring 
river water quality in large catchment basins (Dickens and Graham, 2002: Barbour et al, 
1999).  While the more exacting indicators systems employ species level systematics such 
as the South African Scoring System (SASS5), rapid assessments using family level biotic 
indices like the Hilsenhoff FBI and the simple miniSASS compare remarkably well, and as a 
result their localised use by communities in southern Africa for monitoring the condition 
of streams and rivers is becoming widespread.    

The use of indicator organisms for monitoring the ‘health’ of still waters is not well 
developed, largely because stream benthos is generally more sensitive to pollution than 
those adapted to wetland conditions, where variations in physico-chemical parameters 
such as dissolved oxygen can be large in the presence of algae and decomposing 
vegetation.  A large proportion of the macro-invertebrate fauna found at Ziway come to the 
surface to breathe air (e.g. hemipterans, coleopterans and gastropod molluscs), which also 
affords advantages over lamellar and ‘gill’ breathing species (e.g. mayflies, damselflies and 
dragon flies) that are more at risk from waterborne pollutants crossing the vascular 
membranes. Stream substrates may be more diverse than those of wetlands but the 
feeding habits of wetland invertebrates do not differ from lotic species. However, as 
adaptations of fauna to wetland living may help macro-invertebrates to escape the hazards 
of some water-borne pollutants, it is a disadvantage for the development of bioindicators 
of lake water quality.  
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Commercial growers of horticultural crops (flowers and vegetables primarily) in the 
vicinity of Lake Ziway have been using the lake as a source of water and a free sink for 
their pollutants. Smallholders that use agrochemicals also contribute to the pool of 
chemical residues that the wetland ecosystems of the littoral zone have to contend with.  
One of the ecosystem services that wetlands provide is a formidable water purification 
system whose natural properties and processing mechanisms are also effective at treating 
many agrochemical wastes. However, some of these are notably recalcitrant and are able 
to resist microbial breakdown, leaving residues of xenobiotics such as the POPS7in soil and 
sediments for very many years.  Inorganic chemical compounds such as plant nutrients are 
used by microbial and plant communities for growth and thereby help to protect open 
water bodies from enrichment. But there are limits to this buffering: toxic and non-toxic 
inorganic and organic compounds alter the biotic community structures outside of natural 
variations, posing threats to water quality and biodiversity.  

The study result shows that, there is high nutrient content in samples collected from 
effluent channel area compared to other two sites. Phosphate and nitrate are observed in 
significant amounts in the effluent channel (1.5 mg/l nitrate and 0.3 mg/l phosphate). Less 
nitrate and phosphate observed in conservation area (Site 3) with (0.8 mg/l and 0.01 for 
phosphate). This shows that there might be nutrient coming out from the flower farm with 
effluent which might be also responsible for algal growth in the channel that raised 
dissolved oxygen readings in samples collected from effluent areas.    

Regarding water samples collected from all sampling areas, Nine OCP residues were 
detected in water samples from all the three sites. αBHC and heptachlor epoxide (both at 
0.02μg/l) at the outwardly clean sites (1 and 4), and residues of dieldrin, heptachlor, 
chlordane, endosulfan II, dBHC, and DDD at concentrations ranging from 0.01 - 0.21μg/l in 
the wastewater drainage areas. This also can be seen as an indicator that, the flower farm 
is using different pesticides in its production processes.  

DDT and its metabolites were found mostly in the wastewater sediments at concentrations 
ranging from 0.28 to 7.76 µg/kg d.w. However, sediment in the vicinity of two lake water 
intake channels contained DDT and its metabolites. A high concentration of 4,4’-DDT 
(23.5μg/kg) was found at a site within a conservation area adjacent to a manned water 
pumping station, suggesting that security personnel might use DDT for mosquito control. 
Low ppb concentrations of 4,4’-DDT in the wastewater areas is indicative of recent 
contamination.   

Macro-invertebrate results shows that, water quality was best at Site 3 >Site 1 >Site 2.  
Both sites 1 and 2 were at the low end of their FBI scales so in terms of water quality there 
was little difference between all 3 sites.   Nevertheless, the poorest score computed was for 

7
POPs are chemical substances that result from industrial processes, chemical manufacturing and incineration. They are chemicals 

that have toxic properties, resist degradation in the environment and habitually bioaccumulate through the food chain.  They can 

be transported through air, water and migratory species within and across international boundaries and deposited far from their 

place of release (UNEP, 2008).  
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Site 2 (5.29), which does tie in with the site’s water chemistry, where the highest mean pH, 
conductivity, TDS, PO4-P, NO3-N, and variety and concentrations of pesticide residues in 
the water and sediment were recorded. 

Study conducted by jansen and Harmsen (2009-2010) on pesticide monitoring in central 
rift valley (around Lake Ziway) indicates that , more than 30  different pesticide with 
different ranges  were detected in the sample collected from the effluent drainage area of 
the lake where the flower farm discharges its effluent to the lake.  Of these, 5 of them were 
classified as high risk pesticides. The concentrations of pesticides in the effluent water 
from flower farm are occasionally above the threshold where ecotoxicological effects on 
water organisms can be expected.   

Aquatic biomonitoring at Lake Ziway showed that macro-invertebrate communities in 
wetlands that receive wastewater drainage from the flower-farm were slightly diminished 
(less diversity of Families) compared with similar habitats outside the drainage area. The 
survey showed that all sites contained trace amounts of organochlorine compounds but 
also evidence of recent DDT use in sediments of the conservation area. Just what effect the 
recent use of DDT for mosquito control at the pump house had on fauna of the sample site 
is undetermined, but soon after all sites were relocated nearer to the lake (second 
sampling event) as a result of the failed 2015 rains. Looking across the four monitoring 
surveys, the macro-invertebrate communities at the Family level outside of the drainage 
region remained very similar.  

The diversity of taxa present at all sites does not suggest that the invertebrate fauna is 
being affected by toxic residues of pesticides. The relative abundance of individuals within 
these taxa, especially in the drainage area, suggests that differences were more likely being 
caused by plant nutrients: nitrates and phosphates in the drainage waters were 
accompanied by high biomass of algae and grazing molluscs.  

Family level taxonomy constrains the discriminative power of the tools used to compare 
biotic communities. Using the Sorensen index for similarity and the Hilsenhoff FBI for 
rapid appraisal of water quality at the three wetland areas have shown the above 
mentioned results that confirmed the pressure on the lake from the flower farm.   

This study suggests that wastewater drainage from the flower farm is having significant 
impact on invertebrate biodiversity.  All the signs point to nutrient pollution as the cause 
rather than toxicity from pesticide residues. Diffuse sources of nutrient contamination 
include clothes washing (PO4) and cattle watering (urea in urine, N, P and K in dung), 
spasmodic activities that are widespread except in the conservation area.  The flower farm 
is the one point source of nutrients to the lake, the extent of which can’t be ascertained 
from a few incidental measurements.  However the fact that the discharge of wastewater is 
continuous means that the nutrient loading of the wetlands must be considerable.   

Perennial discharge of untreated effluent to the lake is putting the wetland and lake at risk 
of eutrophication, and diminishing the quality of ecosystem services that the community 
should expect from the lake.  The Ziway community use the lake’s resources for drinking, 
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cattle watering, fishing, reed cutting, washing and recreation.  Children swim and play in 
the effluent drainage area. This shows that there is an intimate livelihood connection 
between the lake and the surrounding community.   

8- Conclusion 
Swift action is needed to protect the lake’s biodiversity and ecosystem services from 
continuous pollution at Ziway.  With sufficient political will, a combined effort of local 
government, local communities, Sher flower farm and policy makers could realise 
meaningful, coherent and enforceable solutions.  Several options are feasible. For the 
flower farm, mechanisms to treat the wastewater before it enters the lake are available, 
such as nutrient stripping and pesticide residue breakdown by the use of artificial 
wetlands (large-scale trials are underway at Sher’s new farm site at Adami Tulu).   For 
other commercial horticulture and smallholder farms in the area there are agro-ecological 
solutions such as: 

• changes to production systems away from a reliance on intensive chemical use to 
IPM   

• Growing crops at safe distances from the lake to reduce erosion and pollution.   
• Strong environmental impact assessment (EIA) before development projects 

implementation and strong follow up after implementation.   
 

9- Limitation of the study 
 Study area is small compared to the problem which is related to budget scarcity.  
 Better if I used recent indexes which might help me to show the problem better 

than I did. 
 Absence of rain (reduced water volume)  forced me to change some of my sampling 

points   
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10- Annexes 
List of equipment 

 Pond net: used to take macro-invertebrate samples from the lilies around the 

lake during sampling.  

 Geographical positioning system (GPS): used to record location of sampling 

sites and their elevation during sampling to indicate where sampling will be 

collected. 

 DO-meter: used to record the oxygen content of the water. 

 Thermo-hygrometer: used to measure air temperature and relative humidity. 

 Nitrate meter: to measure nitrate content of water 

 Phosphate meter: to measure phosphate content of the water 

 Multi meter: used to measure water temperature and pH, conductivity and 

total dissolved solid (TDS)  

 White sorting tray: used to sort the samples and separate macro-invertebrates. 

 Pipette: used to collect macro-invertebrates from the samples and put in to 

glass bottles. 

 Sieve: used to sort the taken samples from debris and mud. 

 Plastic buckets: used to reserve and transport samples from sampling sites. 

 Plastic /glass/ bottles: used to reserve the collected macro-invertebrates with 

addition o alcohol for further identification. 

 Hand lenses: used to identify bigger sized macro-invertebrates easily. 

 Alcohol: used to preserve macro-invertebrates for further identification.  

 Petri dish: used to separate invertebrates from debris and mud during sorting.  

 Microscope: used during identification especially small invertebrates. 

 Identification keys: used as a reference during identification. This includes 

reference books and reference collections. 

 Cotton overall: used for protection during sample collection. 

 Boots: used for protection during sample collection. 

 Gloves: used for protection during sample collection. 
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Table 2 First survey: sums of consolidated data (n=12)
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Table 3  Second survey

 

 

 

 

 

 

 

 

 

Table 4. Third survey  
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Table 5. Fourth survey 
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Table 6.  Numbers of macroinvertebrates at three sample stations (n=4) at Site 2: Fourth 
survey Feb 2016 

 

 

 

 

 

Table 7. Summary data used for the Hilsenhoff-FBI 
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Table 8. Tolerance values for macro-invertebrate families: Plafkin et al., 1989 
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