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         ABSTRACT 

Slow sand filter is the most effective water treatment method and its performance 

depends on the raw water quality, pretreatment, design parameters and operational 

activities. Stayish town drinking water supply treatment sand filter has a problem in 

treating the water. The water becomes turbid and dark creates unhappiness in the users. 

The aim of this research work was to evaluate the performance of the treatment plant 

with seasonal variations. The study evaluated the treatment units design variables and 

selected physical, chemical and biological water quality parameters in summer (June 

2020 to August 2020) and in winter (December 2020 to February 2021) periods.  

The samples were collected once a month for six months at the three selected sampling 

points; at the source, at the sedimentation and SSF outlets and water quality laboratory 

analyses were performed. Box plot and other plots, t-test, Pearson correlation, and 

mathematical calculations were used for data analysis.  

The raw water quality was absolutely different in summer from that of the winter. 

Essential design parameters and raw water quality were not within the sedimentation tank 

and SSF designing and operational guideline values. The sedimentation expected to 

remove 90% of contaminants especially physical pollutants before filtration but not did. 

It removes <30% of physical, biological and most chemical parameters. The SSF did 

physical and biological pollutants and also did chemical pollutant removal but vary with 

seasonal change. The treated water quality parameters values are nearly within the WHO 

drinking water quality guideline values except turbidity and too little difference of TSS in 

winter but not in summer. In general the SSF performance influenced due to high 

variation of the source water quality with seasonal change, pretreatment and design and 

operational problems. For well performance of the treatment plant source water pond 

should be constructed, operational activities should be done, water quality monitoring 

should performed regularly and for the future it’s better to reviewing the seasonal 

variations in water quality and other variables and  applying pretreatment facilities. 

Key words:-Stayish drinking water treatment, sand filter, treatment units, drinking water 

quality, treatment performance, efficiency, water quality index 
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1. Introduction 

          1.1 Background  

Water is one of the most important resources for survival of life. But the idea of making 

large quantities of safe water readily accessible to all households is often not easily 

realizable in many situations, limitation in resources of safe water available, limitation in 

financial resources and lack of technical expertise. Surface water in streams, lakes and 

ponds is readily available in many areas, but it is almost always polluted, often grossly so 

(UNICEF, 1999).  

The water to be used for human consumption must be free at all times of organisms or 

substances posing health hazards, and also essentially free of materials that would make it 

esthetically unsatisfactory to the consumers, in general it must meet water quality 

standards (Haylamichael I. and Moges A., 2012). In this regard; water treatment is 

providing potable water that is chemically and biologically safe for human consumption. 

Water can be treated by using different methods. The most common water treatment 

plants can be simple disinfection, filtration plants (direct filtration), softening plants, 

and/or the conventional water treatment (Dr. Fahid Rabah, 2015). The selection of the 

best combination of process to treat water from a particular source depends on a number 

of factors; includes: the amount of SS, the turbidity of the water, the nature of the 

suspended materials, chemical properties of the water (alkalinity & PH), the volume of 

water to be treated, the availability of trained operators (Frik Schutter, 2006). 

Filtration depends on quality of water being treated, effectiveness of pretreatment and 

filter operation. Sand filtration normally follows sedimentation or flotation as the final 

polishing step in conventional water treatment. Also SSF is process that can be employed 

as standalone process (Frik Schutter, 2006).  Raw water intended for treatment by SSFs 

should be as low as possible in turbidity, bacteria, colour, heavy metals, toxic substances, 

algae and other determinant substances such iron and manganese (Thames Water and 

University of Surrey, 2005). As Thames and University of Surrey, 2005 cited Visscher et 

al, (1987) stated that SSFs could only deal with raw water with turbidity values below 20-

30NTU. Quality is not the only issue to consider for SSF influent water the reliability of 
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this supply is another consideration thus SSF require constant operating condition. SSF 

removes odour, taste and turbidity of influent water and highly effective at microbial 

removal. Where the water to be treated is vulnerable to sever & sudden changes in quality 

or where certain types of toxic industrial wastes or heavy concentration of colloids may 

be present, the working of SSF can be upset (EPA, 1995).  

But either way, though the water supplied for drinking water consumption should be 

chemically and biologically safe for human consumption. Let this be the water treatment 

plants should be evaluated. Water treatment performance evaluated in terms of general 

quality parameters such as turbidity on the one hand, and specific quality parameters on 

the other hand such as the presence of iron in the raw water (Frik Schutter, 2006). Early 

detection of pre-treatment failure and Monitoring process performance regularly is 

extremely important to effective filtration performance. Early detection of a potential 

problem may allow for process modifications to correct a problem, limit the severity, or 

maybe even prevent the problem together (Pennsylvania Bureau of Safe Drinking Water, 

2014). But there is limitation in this regard.  

The study area Stayish town gaining there water from Gazo River through sand filter. 

The source water is enters the reservoir and pumped to the collection chamber where the 

water feed to sedimentation tank then proceeds to SSF. The filtered water collected, 

chlorinated and finally pumped at the second collection chamber to service reservoir 

where water distributed by gravity. The water supplied to the town is not supplied 

continuously interrupt in rainy season and water quality is also low and unfit to 

consumers. But no work is done before why it is happening. Evaluating performance of 

treatment plant helps to identify the spatial and temporal treatment efficiency of each 

treatment units as a whole treatment plant for producing water of acceptable quality. 

Assessing performance of treatment plant helps to identify the factors that are inhibiting 

treatment process from producing water of acceptable quality (G/Tsadik, 2013). 

Accordingly Stayish town water treatment sand filter treatment units will evaluated on 

their potential to treat variable raw water quality and efficiency to meet water quality 

standards which are used as performance indicators. The study will offer better 

information and insight what seems the SSF performance in variable raw water quality, 

its treatment limitations, causes and alternative improvement options.              
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          1.2 Statement of the Problem 

Sand filter is important in purifying chemical, physical and biological impurities from 

raw water and providing safe and clean drinking water and protecting the diseases and 

preventing diseases transmission (EPA, 1995). It is not new to Ethiopia; its big cities 

meet their water needs by purifying surface water through water treatment. 

However the supply of safe drinking water is becoming a challenge due to treatment 

plants performance problem. No single factor is responsible for poor plant performance. 

Improperly designed, operated or maintained filters can contribute to poor water quality 

and sub-optimal performance (G/Tsadik, 2013). 

Low treatment performance and poor water quality lead to un-acceptance and health risk 

in users. Turbidity is aesthetically unappealing and can provide food and shelter for 

pathogens, will lead to water born disease outbreak. Dissolved chemicals present in 

drinking water above the recommended value have adverse effect; cause health risk, taste 

and odour problems (Pennsylvania Bureau of Safe Drinking Water, 2014).   

Stayish town is experiencing problems of quality water supply even after a water 

treatment sand filter is established. The source water reservoir/pond is unprotected, prone 

to pollution and the turbidity of raw water changes seasonally. The water stays in 

sedimentation tank and exited to the sand filter is not much different from the source 

water turbidity. Most of the time the water is turbid and there is a time that the water 

becomes dark (black) and aesthetically unsatisfactory for the users and hard to use. Also 

water quality monitoring was not performed and the treatment efficiency of the treatment 

plant units and the water quality status were not evaluated. 

Hence evaluating temporal water quality behavior of the water to be filtered, design and 

operational variables, the treatment plant units’ treatment performance and finished water 

status is crucial to improve the treatment plant performance for production and supply of 

quality water by identifying the problems and proposing solutions. 

There for, studying the performance of Stayish town water treatment SSF is important to 

evaluate its performance to produce quality water, to know the appropriateness of the 

SSF with seasonal variation and to suggest remedial measures if required.  
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          1.3 Objectives 

            1.3.1 General Objective 

The general objective of the study was to evaluate the performance of the treatment plant. 

          1.3.2 Specific Objectives 

- To evaluate the seasonal raw water quality and other design variables according to 

treatment units design standard.           

- To evaluate the seasonal value of water quality parameters and treatment 

efficiency of each treatment unit.   

- To evaluate the treated water quality parameters seasonal values according to 

WHO standard and knowing water quality status.                

         1.4 Research questions 

- What are the seasonal raw water quality and the design variables of Stayish town 

drinking water treatment units according to design standards? 

- What are the seasonal value of water quality parameters and the seasonal 

treatment efficiency of each treatment units of Stayish town drinking water 

treatment slow sand filter? 

- What are the treated water quality parameters seasonal values and water quality 

status of Stayish town drinking water using WHO standard and water quality 

index?  

         1.5 Research Hypothesis   

Ho: because of some natural treatment of raw water, detention time of the water in the 

reservoir and sedimentation tank the treatment efficiency of the sand filter to become 

constant. 

 Ha: however, due to high flood from unprotected watershed, the presence of agricultural 

practices, biological activity problem and sand filter operational problems the treatment 

ability/efficiency of the slow sand filter differs seasonally.    
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          1.6 significance of the study 

The study provides findings does this treatment plant give the required function or not 

and its treated water quality meets drinking water quality standards and WQI or not that 

indicate required measurements to be taken by the responsible bodies. 

Even though; a slow sand filter has superior ability especially in microbial removal it is 

inappropriate with a change in raw water quality. So, this study helps water supply actors 

to make decisions for the pretreatment on Stayish town drinking water treatment sand 

filter with raw water temporal change and also provides information on the attentions that 

should be given to install slow sand filter.   

          1.7 Scope and limitation of the research 

The study was specifically focused on Stayish town drinking water supply treatment sand 

filter to evaluate the performance of the plant in summer and in winter of for the case of 

seasonal variation and raw water source variable quality with the main objective of 

evaluating the treatment through delivering quality water and Weighting Whether the 

treatment works well with the Change of season. The study tried to show the raw water 

property, the treatment units’ temporal efficiency, the variation between the measured 

parameters and WHO drinking water standard values and the acceptance level of the 

treated water.  

Due to financial problem to cover the cost of laboratory parameters analysis and other 

limitations the water quality evaluated in this study is limited to the selected microbial, 

physical and chemical water quality parameters. Due to the stated limitations 16 

parameters were selected based on the study area, raw water and filter properties.  

Moreover, the sample taken was limited in time. The water sample collected at 3 points; 

at reservoir where raw water pumped sedimentation tank outlet and the Tanker which is 

immediate after the sand filter in two seasons summer (June to August 2020) and winter 

from December 2020 to February 2021 in 30 days interval. But if it is possible to 

overcome the problems it is better to check for one year and monthly data in all seasons, 

at least one time a month sampling for scientific study (Philippine EMB-DENR, 2008).        
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Evaluating treatment efficiency by itself is a complex task. There may be some error of 

accuracy during sample transportation due to lack of required lab instruments such as, 

closed boxes on site and sudden actions. Not only during the study, but still, there was a 

very serious financial problem to cover the cost of laboratory parameters analysis. High 

amount of rain fall and transportation problem, were disturbed some of the sampling time 

(not day) and samples. Sometimes due to delay in travel time order of other laboratory 

tests, there was some wait of days to measure the offsite parameters and there was 

shortage of tablets for some parameters such as Iron.   

         1.8 Research Outline  

This research was structured in five (5) main chapters. It is opened with chapter-1 

introducing general background, statement of the problem, research objectives and etc. 

chapter-2 literature review, chapter-3 research materials and methodology, chapter 4 

result and discusses, chapter 5 conclusion and recommendation which is followed by 

references and appendixes 
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             2. Literature Review 

              2.1 Drinking Water Quality 

Water quality describes the physical, chemical and microbiological characteristics of 

water. These properties determine the overall water quality and fitness of the water for a 

specific use. Water quality is meaningful when evaluated in relation to the use of the 

water. Water of a certain quality may fit for a specific use, but completely unfit for 

another use. Water that is fit for drinking water must comply with specific requirements 

i.e. it must be safe to drink (Frik Schutter, 2006).  

                2.1.1    Water Quality Parameters    

There are three types of water quality parameters physical, chemical, and biological 

(EPA, 1995, Nayla Hassen, 2019, WHO, 2022]. 

Table 2.1 water quality parameters 

No. Types of water quality parameters 

1 Physical parameters: Turbidity, Temperature, Color, Taste and odor, Solids, 

Electrical conductivity (EC) 

2 Chemical parameters: pH, Alkalinity, Chlorine residual, Sulfate, Nitrogen, 

Nitrate, Fluoride, Iron and manganese, Hardness, Dissolved oxygen, Biochemical 

oxygen demand (BOD) 

3 Biological parameters: Bacteria, Algae, Viruses, Protozoa, Helminthes (warms) 

                2.1.2 Indicator Organisms 

Indicator organisms are organisms that indicate the biological pollution of water (WHO, 

2008). These organisms used for a range of purposes, including as indicators of: faecal 

pollution, the effectiveness of processes such as filtration or disinfection, integrity and 

cleanliness of distribution systems in operational monitoring. 

                 2.1.2.1 Total Coliform Bacteria 

Total coliform bacteria include a wide range of aerobic and facultatively anaerobic, 

Gram-negative, non-spore-forming bacilli capable of growing in the presence of 

relatively high concentrations of bile salts with the fermentation of lactose and production 

of acid or aldehyde within 24 hours at 35–37 °C. Escherichia coli and thermotolerant 
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coliforms are a subset of the total coliform group that can ferment lactose at higher 

temperatures. The total coliform group includes both faecal and environmental species 

(WHO, 2008). Hence, they are not useful as an indicator of faecal pathogens. It has been 

proposed that total coliforms could be used as disinfection indicator (WHO, 2008). 

Total coliform bacteria (excluding E. coli) occur in both sewage and natural waters. 

Some of these bacteria are excreted in the faeces of humans and animals, plant and 

animal decays, but many coliforms are heterotrophic and able to multiply in water and 

soil environments. Total coliforms can also survive and grow in water distribution 

systems, particularly in the presence of biofilms (WHO, 2008). Total coliforms are 

generally measured in 100 ml samples of water. A variety of relatively simple procedures 

are available based on the production of acid from lactose or the production of the 

enzyme β-galactosidase. The procedures include membrane filtration followed by 

incubation of the membranes on selective media at 35–37 °C and counting of colonies 

after 24 hours. Field test kits are available (WHO, 2008). 

                 2.1.2.2 Escherichia Coli and Thermo Tolerant Coliform Bacteria 

Total coliform bacteria that are able to ferment lactose at 44–45 °C are known as 

thermotolerant coliforms. In most waters, the predominant genus is Escherichia coli 

(WHO, 2008). Escherichia coli is present in very high numbers in human and animal 

faeces, sewage and water subject to recent faecal pollution and although there is some 

evidence for growth in tropical soils. Thermo tolerant coliform species other than E. coli 

can include environmental organisms (WHO, 2008).  

Indicator value Escherichia coli is considered the most suitable indicator of faecal 

contamination. In most circumstances, populations of thermo tolerant coliforms are 

composed predominantly of E. coli. Escherichia coli are the first organism of choice in 

monitoring programs for verification, including surveillance of drinking-water quality. 

These organisms are also used as disinfection indicators (WHO, 2008). Escherichia coli 

(or, alternatively, thermo tolerant coliforms) are generally measured in 100 ml samples of 

water. A variety of relatively simple procedures are available based on the production of 

acid and gas from lactose or the production of the enzyme β-glucuronidase. The 

procedures include membrane filtration followed by incubation of the membranes on 

selective media at 44–45 °C and counting of colonies after 24 hours. Field test kits are  
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available (WHO, 2008). 

                2.1.3 Organic Matter in Water 

Most water bodies contain organic substances. The contributor or source of those organic 

substances includes leaves and woody debris, dead plants and animals, animal manure, 

effluent from pulp and paper mills, waste water treatment plants, feedlots and food 

processing plants, failing septic systems and urban storm water runoff. Organic 

substances presence can be attributed to sources both soil derived decaying plant & 

animal materials and microbial by-products produced as well as waste water discharges 

(Robert Turkel Taub and Jamie Croft as cited by (William L. Lamar and Donald F. 

Goerlitz, 1966 and Debrah Chapman, 1996).   

Humic substances make up a high percentage of the total organic compounds/OM in 

natural water. Humic substances constitute 60 to 80% of the total OCs in surface waters. 

They are dark colored /change the water to brown, acidic, hydrophilic (polar molecules 

with an affinity for water and dissolved in water) (Sam Boggs et al., 1985)     

                2.1.3.1 Biological Oxygen Demand  

BOD is defined as the amount of free oxygen required for biological oxidation of the 

organic matter by aerobic conditions at 20
O
C for five days. This means the amount of 

oxygen consumed by bacteria while they decompose organic matter under aerobic 

conditions at a specified temperature (EPA, 2001, NEET, 2020).          

               2.1.3.2 Measuring Biological Oxygen Demand  

The Amount of BOD is a measure of the amount of organic material/ substance in water, 

in terms of how much O2 will be required to break it down biologically. I.e. it is a 

measure of organic cpds in water regardless of composition. Its unit is mg/l or ppm. 

“Clean water would have a BOD value of <5 ppm whereas highly polluted river water 

could have a BOD value of 17 ppm or more.” A large number of organic & inorganic 

cpds are resistance to microbial oxidation. They, there for, don't contribute to the BOD, 

thought their presence makes water unfit for consumption (EPA, 2001, NEET, 2020).    

              2.1.4 Water Quality Standards and Guidelines 

Water quality standards are a measure of the condition of water relative to the  
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requirements of one or more biotic species and or to any human need or purpose (Dr. 

Aruna Kumar, 2015). Standards and guidelines are established to protect water for 

designated uses such as drinking, recreation, agricultural irrigation, or protection and 

maintenance of aquatic life. Standards for drinking-water quality ensure that public 

drinking-water supplies are as safe as possible (Dr. Aruna Kumar, 2015, WHO, 2022).  

              2.1.5 Water Quality Index  

Water quality index is method of converting complex water analytical data into 

information which is easy and understandable. Water quality index means also expressing 

the overall water quality parameters in single value as excellent, good, moderate, poor, 

unfit for consumption (Liou, S. M., Lo, S. L., & Wang, S. H. 2004 as cited by Luliana Paun
1
 

et al., 2016). Water quality index is used to demonstrate annual cycle, spatial and 

temporal variations in water quality and trends in water quality (Luliana Paun
1
 et al., 

2016). Weight Arithmetic Water Quality Index (WAWQI), National Sanitation 

Foundation Water Quality Index (NSFWQI), Canadian Council of Ministry of 

Environment Water Quality Index (CCMEWQI), Oregn Water Quality Index (WAWQI) 

etc. have been formulated by several organizations and have been applied for evaluation 

of water quality in a particular area. Water quality indices have many variations and 

limitations based on number of water quality variables used and acceptance.  

               2.1.5.1 Weight Arithmetic Water Quality Index (WAWQI) 

WAWQI is used to classify the water quality according to the degree of purity by using 

the most commonly measured water quality parameters (Smith, D. G. 1989 as cited by 

Luliana Paun
1
 et al., 2016). The method has been used by various Scientists (Chauhan, A. 

and Singh, S., 2010, Chowdhury, R.M., Muntasir, S.Y. and Hossain, M.M., 2012, Rao, 

C.S., Rao, B.S., Hariharan, A.V.L.N.S.H. and Bharathi, N.M. 2010, and Balan, I.N., 

Shivakumar, M. and Kumar, P.D.M., 2012  as cited by Luliana Paun
1
 et al., 2016).   

    ∑      
   
∑    

   
 ------------------------------------------------------------------------------------2.1 

Where              
     

 ]           

             Qi- is Sub index 
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Vo- is estimated (monitored/measured) concentration (values) of ith parameter in the    

       analyzed water 

Vo- is the ideal value of these parameters in pure water. 

      = 0 (except PH =7 and DO = 14.6mg/l) also if we can’t given 

Si- is recommended standard values of ith parameter. 

    
  

         And              

∑ (  
  )

 

   

   

Where K- is proportionality constant    and     Wi- is weightage 

1. Water Quality Rating 

The water quality rating is different as per the different WQI methods. The rating is 

presented in the flowing table (Luliana Paun
1
 et al., 2016). 

Tabel 2.2 Water quality rating of Weighted Arithmetic Water Quality Index methods 

 WAWQI Values  
0-25 26-50 51-75 76-100 Above 100 

Rating of 

Water 

Quality 

Excellent 

water quality 

Good water 

quality 

Poor water 

quality 

Very poor 

water 

quality 

Unsuitable for 

drinking 

purpose 

 

                Description of the ranks  

Excellent: Water quality meets all criteria for use as a source of drinking water.  

Good: Water quality rarely or narrowly violates criteria for use as a source of drinking 

water.  

Medium: It may in between good and fair which is water quality sometimes violates 

criteria of drinking water in specified variables.  

Fair: Water quality sometimes violates criteria, possibly by a wide margin, for use as a 

source of drinking water.  

Marginal: Water quality often violates criteria for use as a source of drinking water by a 

considerable margin.  
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Bad: Water quality is usually protected but occasionally threatened or impaired; 

conditions sometimes depart from natural or desirable levels.  

Poor: Water quality does not meet any criteria for use as a source of drinking water.   

Very poor: Water quality can be used for animals, irrigation and others.  

Unsuitable: Water quality which is already polluted and not used for any purpose 

(Rahmoun S., 2019). 

    2. Merits and Demerits of WQI Methods 

This is the concept abut advantage, rightness (merit) and demerit (wrongness, limitation 

(defect, fault, failure, offense), being inadequate, observing of blame) of WQI methods. 

As Luliana Paun
1
 et al., 2016 stated each WQI method has its advantages (merit) and 

limitations (demerit).  

            2.2 The Way we provide safe and Clean Drinking Water 

The water used for domestic use/ drinking water must be safe to drink and must also be 

aesthetically pleasing (have a clean appearance, taste and odour) and furthermore it must 

be chemically stable. Treatment process can make the water fit for domestic use (Frik 

Schutter, 2006). Water treatment is purifying undesirable chemical, physical and 

biological impurities from contaminated water. The principal objective of a water 

treatment plant is to produce water that is fit for domestic use at a reasonable cost 

(UNICEF, 1999).  

              2.2.1 Water Treatment Methods 

Water can be treated by many ways; screening and aeration, coagulation flocculation, 

flotation, sand filter, membrane filter, disinfection as the raw water quality and the 

purpose of the treated water. The typical water treatment methods are conventional water 

treatment method (includes "complete" pretreatment (coagulation, flocculation, and 

clarification/flotation) and direct sand filtration (EPA, 1995). 

               2.2.1.1 Water Treatment Methods Selection 

Process selection for the treatment of water is normally based on an overall assessment of 

the quality of the raw water. The main factors that must be taken into account when 

developing a treatment process train include: the source water quality, the seasonal 



2. Literature Review       13 

 

variations in the raw water quality, the required treated water quality, regulatory 

requirements and other factors such as plant capacity, site conditions and many other 

factors. The turbidity of the raw water determines which clarification processes 

(coagulation, flocculation, sedimentation and filtration) could be used (UNICEF, 1999). 

A. Selection of Treatment Process Based on Source Water Quality    

When we say source water quality we are considering different indicators to select the 

treatment process. The selection of best combination of treatment process for the 

treatment of water from a particular source depends on a number of factors; the amount 

of suspended solids, the turbidity of the water, the nature of the suspended material, the 

chemical properties of the water (alkalinity, PH) (Frik Schutter, 2006).  

            B. Selection of Treatment Process Based on the Season 

Climate dictates/implies ambient temperature, sunlight exposure & sunlight intensity and 

therefore also the temperature of the SSF. Temperature changes with season. And also 

with seasonal change the raw water quality turbidity, TSS content, chemical constituent 

of water change (Frik Schutter, 2006). As temperature declines, reaction rates and 

microbiological metabolic rates will slow. So, the treatment process should do with those 

changes (Thames Water and University of Surrey, 2005).   

                2.2.2 Sand Filter 

Sand filtration is a simple process in which water is allowed to filter through a layer of 

sand in specifically constructed container. There are two types of sand filtration 

processes; rapid gravity sand filtration and slow sand filtration. Sand filter follows 

sedimentation or flotation as a final “polishing” step in conventional water treatment 

(Frik Schutter, 2006). 

                 2.2.2.1 Slow Sand Filtration (SSF) 

Slow sand filtration is a very slow rate of filtration compared to rapid sand filtration and 

is a process that can be employed as stand-alone treatment process. Filtration is the only 

process that is capable of removing very small particles down to the level required (Frik 

Schutter, 2006). 

                  2.2.2.1.1 Advantage of Slow Sand Filter    

SSFs are a simple, reliable and effective means of achieving potable water treatment  
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(Visscher, 1988, Boller, 1994, Lloyd, 1974 as cited by Thames Water and University of 

surrey, 2005). SSFs are an effective barrier against passage of pathogenic micro-

organisms. In areas that experience water shortages, SSFs are an appropriate means of 

treating water because there is little water wastage (Ellis, 1985 as cited by Thames Water 

and University of surrey, 2005).  

Furthermore, the relatively low surface loading rates result in considerable water storage 

3-4 hours which enables consistency in SSF operation if influent water supply is 

interrupted for short periods (Montiel et al, 1988 as cited by Thames Water and 

University of surrey, 2005).  

The media removed from SSFs during skimming or re-sanding can be washed and re-

used. There is also only low production of waste sludge and this is non-toxic. SSFs are 

therefore a relatively environmentally friendly treatment technology. SSFs are easily 

constructed, and can be built using local resources (Seelaus et al, 1986 as cited by 

Thames Water and University of Surrey, 2005). The cost of their operation lies primarily 

with filter skimming 60-80% (Rachwal et al 1988 as cited by Thames Water and 

University of surrey, 2005). SSFs are therefore a sustainable water treatment technology 

both economically and environmentally (Boller, 1994 as cited by Thames Water and 

University of surrey, 2005).  

                 2.2.2.1.2 How Effective Slow Sand Filter Is?  

The slow sand filtration process has come back into favour in recent years due to its 

superior ability, compared to rapid gravity filtration, to remove pathogenic micro-

organisms such as Giardia lamblia and Cryptosporidium (EPA, 1995).  

The WHO reports When SSFs are used appropriately, they can bring about the greatest 

improvement in water quality of any single conventional water treatment process. SSFs 

can therefore have a significant impact on the reduction of diseases caused by micro-

organisms in drinking water. This fact alone may be sufficient evidence to support the 

construction of a SSF to cater for household or community drinking water supply 

(Cleasby, 1991 as cited by Thames Water and University of surrey, 2005).  
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Table 2.3: Treatment Achieved by SSFs  

Water Quality Parameter Treatment Achieved by SSFs 

Colour 30-100% reduction 

Turbidity Usually reduced to <1NTU 

Faecal Coliforms(also known as thermo 

tolerant coliforms)                                                                                   

Usually 95-100% and often 99-100% reduction 

 

Cercariae Virtual removal of cercariae of schistsoma, 

cysts and ova 

Viruses Virtually complete removal 

Organic Matter                                                  60-75% reduction 

Iron and Manganese                                        Largely removed 

Heavy metals                                               30-95% reduction                     

                  2.2.2.1.3 Limitation of SSF  

The high land requirements of slow sand filtration and associated construction costs may 

limit its suitability for water treatment plants (Huck 1989, Buffle 1984 as cited by 

Thames Water and University of surrey, 2005). Slow sand filter is less appropriate for 

raw waters that experience changes in quality (Shangarpawar & Kulkarni, 1994 as cited 

by Thames Water and University of surrey, 2005). A SSF’s vulnerability to irregularly 

operated pre-treatment processes and thus influent water quality changes can adversely 

impact upon SSF treatment. Seasonal decline in microbiological activity (during cold 

periods) limits SSF performance.  

Although very effective at producing microbiologically safe drinking water, a SSF is not 

a suitable treatment process to use for the purpose of chemical contaminants (Thames 

Water and University of surrey, 2005). As Thames Water and University of surrey, 2005 

cited Cleasby (1991) reported that true colour caused by colloidal and soluble substances 

such as humic substances is also not removed effectively by slow sand filtration (Ellis, 

1985 as cited by Thames Water and University of surrey, 2005). A SSF should also not 

be expected to remove dissolved contaminants such as heavy metals or non-

biodegradable synthetic organic compounds (Cleasby, 1991 as cited by Thames Water 

and University of surrey, 2005). 
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                  2.2.2.1.4 Design and Operation of Slow Sand Filter   

The main factors that must be taken into account when developing a treatment process 

train include: the source water quality (normally referred to as the raw water quality), the 

seasonal (and other) variations in the raw water quality, the required treated water 

quality, regulatory requirements and other factors such as plant size (capacity), site 

conditions, availability of skilled labour, degree of automation required, economics and 

many other factors (Thames Water and University of surrey, 2005).  

Surface loading rate, media depth, gravel and under drainage height, sand ES and UC and 

raw water quality are the basic design considerations (criteria) for slow sand filter design. 

As Thames Water and University of Surrey, 2005 stated that the surface loading rate 

should be 0.1-0.2 m
3
/m

2
/h, the media depth 1.2m, gravel height 0.3m, ES and UC 0.15-

0.3 and preferable to be <3.  

SSFs should be designed and operated in such a way that under the worst conditions of 

raw water quality, run lengths still do not drop below 2 weeks (Huisman & Wood, 1974 

as cited by Thames Water and University of surrey, 2005).  

           2.3 Challenges in water treatment and quality water  

                   supply 

            2.3.1 The Challenges 

These are the problems facing in Water treatment and water quality supply. The treatment 

and supply of drinking water is a challenging task that includes many diverse aspects 

ranging from water quality management in catchments, operation and control of water 

treatment plants, distribution of treated water, community participation, project 

management, etc. 

The main challenges facing the water industry today include: deterioration in the quality 

of many raw water sources, removal of potentially harmful synthetic organic substances 

in water sources, removal of resistant micro-organisms from water, improved training of 

process controllers for new processes and process optimization and demands for process 

integration and flexibility (Frik Schutter, 2006). 
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            2.3.2 Indicators for Water treatment Failure and Low Treatment   

                     Performance  

Properly performing treatment plant result in quality water fit with drinking water quality 

standards. Abrupt changes in water quality indicators such as turbidity, pH, alkalinity, 

threshold odour number (TON), temperature, chlorine demand (source water), chlorine 

residual (in-process), or colour are signals that the performance of the filtration process, 

as well as pretreatment processes (coagulation, flocculation, and clarification/flotation) 

should be immediately reviewed. Both rapid changes in turbidity and head loss buildup in 

the filter indicate an upset in the filtration process or pretreatment processes. Other 

indicators of abnormal conditions are mud balls in filter media, media cracking, and short 

filter runs etc. (EPA, 1995).      

          2.4    Performance Evaluation 

Performance evaluations of a treatment plant is a measure of a water treatment plant how 

well it performing in water treatment on the basis of existing water quality standards to 

judge the performance and to make improvement if needed. Filter operation measured in 

two parameters; filter production and filtration efficiency (Pennsylvania Bureau of Safe 

Drinking Water, 2014).  

            2.4.1 Factors Influencing Performance of Sand Filter 

Very few of the water treatment plants in operation today were designed for their specific 

raw water supply, under the variety of conditions that occur during the year. The 

efficiency of a filter can predominantly influenced by: Pretreatment, the type of water 

being treated, size, shape and chemical characteristics of particles and filter type and 

operation (Pennsylvania Bureau of Safe Drinking Water, 2014, E.G. Wagner and R.G. 

Pinheiro, 2001). 

As (Thames Water and University of surrey, 2005) cited Hendricks and Bellamy (1991) 

categorized the factors affecting SSF performance (in terms of removal efficiency) 

 according to design, operating and environmental variables. 
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             2.4.1.1 Ambient  

Ambient includes the variables like water temperature, raw water quality (particle size, 

turbidity, concentration of organic matter and nutrients etc), microbiological community 

(species and population) and algal growth. 

             Climatic and seasonal effect 

Climate dictates/implies ambient temperature, sunlight exposure & sunlight intensity and 

therefore also the temperature of the SSF. Temperature controls microbiological 

metabolic rates, as well as the speed of chemical reactions (Hisman & Wood, 1974 as 

cited by Thames Water and University of surrey, 2005). The rate of a reaction will double 

for each 10
O

C rise in temperature (Sawyer et al, 1994 as cited by Thames Water and 

University of surrey, 2005). Therefore as temp declines, reaction rates and 

microbiological metabolic rates will slow. As Thames Water and University of Surrey, 

2005 cited Welte and Montiel (1996) and Seger and Rothman (1996) reported that 

biodegradation processes within a SSF are only significant when temperature exceeds 8
O

C 

and at the temp of 6
O

C oxidation becomes negligible. For biological systems this may be 

true up to a certain optimal temperature.               

            2.4.1.2 Design 

Design includes the variables; hydraulic loading rate, sand size (d10), uniformity 

coefficient (UC), head loss permitted, sand bed depth (maximum and minimum), treated 

water storage (i.e. to maintain steady flow).   

             1. The media depth 

The media depth is another consideration. The filter bed depth depends on treatment 

application. A minimum media depth together with appropriate surface loading rate 

ensures that sufficient contact is made between the filtering water and the surface of the 

media grains to achieve treatment via transport and attachment process. The minimum 

media depth is 0.6m (Pennsylvania Bureau of Safe Drinking Water, 2014). 

             2. Surface loading rate 

Surface loading rate is the volume of water that filters through each square meter of the  
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SSF's area per hour (m
3
/m

2
/hr.). The surface loading rate controls the contact time 

between the media grains and filtering water. High surface loading rates, however, result 

in penetration of material more deeply within the SSF bed, as well as accelerated head 

loss development (compared to SSFs operated at lower surface loading rates). The 

optimal surface loading rate will vary with specific raw water quality, bed maturity & 

SSF design (Thames Water and University of surrey, 2005).     

             3. Raw water quality 

Use of SSFs as the sole water treatment process may not be appropriate for all situations 

due to a SSF's raw water quality requirements. Variation in raw water quality upset the 

steady- state existence of microbiological communities in the SSF (Thames Water and 

University of surrey, 2005). Variations in raw water quality cause changes to the 

properties of suspended particles can affect the mechanisms by which the particles 

captured or attached on the media grains. The raw water should be low in turbidity 

(<25NTU), bacteria, colour, heavy metals, toxic substances, algae and other determinant 

substances such as iron and manganese (Thames Water and University of surrey, 2005).  

             2.4.1.3 Operating 

Design includes the variables; skimming frequency (i.e. run length), drain down time 

period during skimming, bed depth, flow rate and its variation (alleviated by water 

storage) and age of schmutzdecke (i.e. time elapsed into filter run).  

            2.4.2 The Effect of Low Performance of a Slow Sand Filter   

Low performance of a slow sand filter leads to water quality degradation or deficiency. 

Poor water quality can lead to unacceptance and health risk in water users. Excessive 

turbidity in drinking water is aesthetically unappealing and also represents a health 

concern. Turbidity can provide food and shelter for pathogens and leading to water born 

disease outbreaks. If not removed, turbidity protect disinfectant particularly chlorine to 

attack pathogens (Pennsylvania Bureau of Safe Drinking Water, 2014).  

            2.4.3 Improving Performance of Slow Sand filter 

To optimize the slow sand filter treatment efficiency/performance; activities for keeping 

good performance and performance improvement (if necessary) should be done.    
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             2.4.3.1 Pretreatment 

SSF's has its raw water quality requirements. Pretreatment of water may become 

necessary if influent water quality is poor and/or variable. Pretreatment processes are 

means of reducing the extent to which a SSF is affected by heavy particulate loads in 

influent water (fox et al, 1994 as cited by Thames Water and University of surrey, 2005). 

Pretreatment processes can be installed to allow SSFs to perform effectively throughout 

the year (Thames Water and University of surrey, 2005). Effectiveness of pretreatment 

process in conditioning water and meeting quality requirements for filtration is important 

aspect to good filtration efficiency (Pennsylvania Bureau of Safe Drinking Water, 2014).  

             2.4.3.2 Operation and Maintenance  

             2.4.3.2.1 Media Depth and Filtration Rate   

The operational variables should be in recommended manner and maintained if altered. 

The media depth and operational velocity should be in the recommended depth and 

velocity. Periodic proper check should be performed to determine depth to the gravel 

(Pennsylvania Bureau of Safe Drinking Water, 2014).  

              2.4.3.2.2 Water Quality Test and Disinfection 

Water quality test is performed to know the raw water quality that is on the required raw 

quality level to the filter or not and to know the treated water quality that meets water 

quality standards and finally to put remedial actions if required. Most commonly tested 

for turbidity, alkalinity, pH, color, temperature, and chlorine demand. Other common 

tests include iron, manganese, nitrates depending on source type and the purpose of the 

water quality evaluation or monitoring. Consistence water quality test should be 

performed and analyzed with the standards. These limits are used to find out the quality 

of water for drinking purpose (D.Gupta & J. Saharan, 2009 as cited by Gurmessa Olijira, 

2015). Disinfection is of unquestionable importance in the supply of safe drinking-water. 

Disinfection is an effective barrier to many pathogens (especially bacteria) during 

drinking-water treatment and should be used for surface waters and for groundwater 

subject to faecal contamination (WHO, 2008).  
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                 3. Materials and Methods 

                   3.1 Description of the Area 

Stayish town is the seat of Gazo woreda administration in North Wollo zone of the 

Amhara Regional state. Gazo woreda /Stayish town located 330 km from Bahr Dar city 

and 80 km from Woldia along Woldia to Bahir Dar main road. The town located at 

515556 latitude 1308671 longitudes and above 3289m altitude. The temperature is in a 

range of 13 to 25 
O
C. and the annual rainfall varies from 1200 mm to 1500 mm. The area 

is more of Dega and Weyna Dega.    

 

Figure 3.1 Location map of study area 
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       3.2 Stayish Town Drinking Water Supply Treatment Plant 

Stayish town water supply is from surface water treatment slow sand filter which is 

located 9km South West of Stayish town. As the report of the woreda water and energy 

office the population size of Styish town is more than 10000. The sand filter executed to 

produce 200000 liters of water per day in acceptable quality. But the plant can’t do as 

expected. The maximum daily treated water production is 100 - 150m
3
 in winter and 

<100 m
3
 in summer in interrupted manner which result in actual water supply coverage of 

not more than 50%. According to the Woreda water office, there is no satisfaction among 

the community as a whole. The treatment plant involves screening for the removal of 

large solids/grits followed by ground reservoir with open channel and underground tanker 

where raw water pumped to the surface tanker from which the water goes to the 

following treatment plant units by gravity. The water then passes to sedimentation tank 

where solids to settle down by their gravitational force. 

The water comes out of the sedimentation tank is subjected to slow sand filter. The water 

passes through the filter media and goes to a collection chamber. Finally the water is 

chlorinated manually at collection chamber and pumped to the service reservoir and 

released to the distribution for consumption.    

 

Figure 3.2 photo of study area treatment plant 

                   3.3 Sources of Data   

Since the study was more of experimental mostly primary data sources are used. All the  
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data collected by direct sampling. Primary sources were taken water sample from the 

Stayish town drinking water treatment sand filter reservoir where raw water pumped, 

sedimentation tank outlet and slow sand filter outlet (tanker which is immediate after 

sand filter), measuring flow rate and head loss, observing the treatment area and taking 

photographs for evidence, handling coordinate points of all sampling points using GPS, 

lab analysis of selected parameters and observation. Also Secondary data sources; GIS 

and Google earth where used to show some about the area, reports, literatures and 

standards for guidance/reference and data collection formats to collect/ record field data 

before analysis were used.      

                   3.4 Research Materials              

Starting from the drinking water treatment slow sand filter and filter units three sampling 

points were selected and photographic data had taken using cameras, detention time had 

measured using stop watch, dimensions measured using tape meter, I also used GPS used 

to take coordinate of the sample points. Sampling materials and laboratory water quality 

analyzing reagents and equipment, and data analyzing tools used in sampling, recording, 

sample and data analyses.  

                   3.5 Sampling Points  

In this experimental method of data collection sampling points were fixed at the reservoir 

where a water pumped, outlet of the sedimentation tank and outlet of slow sand filter 

(tanker immediate after sand filter where water pumped to service reservoir for 

consumption).  

Sampling point one (SP1): - in this study sample point is the reservoir where raw water 

pumped to the sedimentation. The raw water source is Gazo river. The water source is 

surface and has varied behavior especially in summer. As we know, in summer (rainy 

season) our rivers receive floods with heavy soil from all directions/basins the Gazo river 

becomes high turbid and there is a time it becomes dark due to a lot of garbage. Also the 

river has the probability of surface chemical contamination from different agricultural 

practices. It is also susceptible to bacteriological contamination due to sanitation 

problems /human open defecation, animal feces & plant residuals and waste dumping/. 

When water is need, it goes from this river passing through a screen to a pond where 
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water is pumped to the sedimentation. The river water is entering into the unprotected 

well used as a reservoir to pump the water from Gazo river to the sedimentation for 

treatment.   

Sampling point two (SP2): - the water that enters the pond from the Gazo River is 

pumped settles on the tanker and enters the sedimentation tank by gravity. In the 

sedimentation tank solids that can be settling within the detention time in gravity are 

settled and when the sedimentation is full the water enters to the slow sand filter. This 

outlet where water outs from sedimentation to sand filter is sample point two.     

Sampling point three (SP3): - It is the sampling point where the final treated water 

sample is taken. It is the water tanker immediate after the slow sand filter. It is outlet of 

slow sand filter. In slow sand filter water treated by physical and biological means. The 

water treated in summer is turbid and dark color. As I have seen in my career most of the 

time in the summer the filtration flow rate is low and dissatisfaction from the water 

quality problems. This sample point is the point where the final treated water chlorinated 

and pumped to the service reservoir for consumption.   

Table 3.1 Sampling points and sampling sites coordinate  

S.N Name Location Remark 

Northing(m) Easting(m) Elevation(m) 

1 Sampling point1 1302758 519132 3191  

2 Sampling point2 1302849 518954 3214  

3 Sampling point3 1302852 518938 3214  

                   3.6 Sampling Period and Size 

Three (3) sampling points were selected from different units of the water treatment sand 

filter; at the inlet, at the outlet of the sedimentation and slow sand filter as shown from 

figure 3.2. Sample points are selected according to the way that they are to be the 

representative of the whole treatment system and water quality parameters of the raw 

water, semi-finished water and finished water. For the purpose of scientific studies the 

water quality parameters should take and monitor at least once a month for 1 year 

(Philippine EMB-DENR, 2008). As mentioned in section 1.5 the limitation, as well the 
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objective of the study the samples were taken in wet season/summer and dry season. The 

study focused on evaluating of the seasonal performance of the treatment with variable 

conditions the sample was taken in summer from June to August and in winter from 

December to February. The samples were taken in 30 days interval three samples in 

summer and with the same proportion in winter. A total of three samples at three 

sampling sites, eighteen samples for six months were taken.  

                   3.7 Sampling Techniques  
Two common sampling methods are known; Composite and grab samplings. A grab 

sample is a single water sample collected at one time from a single point. A grab sample 

represents only the composition of the water at the time and place the sample was 

collected. It is suitable for analyzing situations at specific sites, analyzing for unstable 

parameters that have to be measured right away or on site, e.g., Dissolved Oxygen (DO), 

temperature, pH, Total Dissolved Solids (TDS), salinity, etc. Manual sampling is a 

technique used for collecting grab samples for immediate on-site. Sampling may be done 

using the sample container which may be a wide-mouthed glass, plastic container, BOD 

bottle or vial with cover. This sampling method is appropriate when sampling the water 

sample will be collected only from the surface; the sample to be brought to the laboratory 

does not require filtration (Philippine EMB-DENR, 2008). Since the samples were taken 

from the surface and outlet of the sampling points grab sampling was applied. The 

samples were taken directly at the sampling points once at a time. Plastic containers were 

prepared, cleaned well even using distilled water to avoid ionic contamination from the 

container if any and finally wash with the source water at the field. After wash was 

completed the sample water was taken by brought the container to the source and 

inserting to some depth and collecting without touching the inside of the container. As 

soon the sample was collected it travels in to WWWEO, BDU (BiT), ANRS WIEDB and 

ADSWE water quality laboratory centers using cool box and plastic for analysis during 

sampling day.  

                   3.8 Data Collection                        

Data Collection Methods for the physical (turbidity, temperature, TSS and TDS, EC), 

chemical (PH, alkalinity, hardness, manganese, sulfide, NO3, PO4, residual chlorine 

BOD) and bacteriological (total and feacal coliforms) quality of water and sedimentation 
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tank and slow sand filter design important parameters which was considered as physical 

parameters of water as per (Philippine EMB-DENR, 2008) were considered to evaluate 

the drinking water treatment sand filter efficiency of Stayish town.  

                      1. Pre-field Data Collection  

The activity was begun by contacting the concerned government bodies in the study area 

and informed them the purpose of the study, took necessary information and ensuring 

their cooperation for the work. Using GIS and Google earth the location of the study 

area/town and the treatment units area were determined.  

                      2. Field Data Collection   

Coordinates of the sampling points and water treatment, treatment units dimensions, flow 

rate, selected physical (turbidity, TSS, TDS, temperature and electrical conductivity), 

chemical (PH, BOD, manganese, nitrate, phosphate, alkalinity, hardness, sulfide and 

residual chlorine) and bacteriological (total coliforms and E-coli) source and treated 

water quality parameters in situ measurements, some necessary photos and videos and 

off-site measurements from laboratory were collected. During all sampling periods, flow 

rate, sand bed depth and filtration rate were determined parallel to the water quality 

parameters. Such turbidity, temperature, TSS, TDS, EC, pH, sulfide, BOD, manganese, 

No3, PO4, alkalinity, hardness, FC and TC parameters were expected to justify the water 

quality of research area. Comparison of the mean laboratory results of each sampling 

point physical, chemical and bacteriological parameters value difference was performed. 

Samples were taken as carefully as possible at the sampling points seasonally and 

measuring in situ parameters were done. The other offsite selected physical, chemical and 

biological water quality parameters values were determined from laboratory centers 

through different procedures. The collected data were recorded and analyzed using data 

analyzing tools. Different sources published references; books, journals and reports 

mainly on slow sand filtration efficiency and performance evaluation and determination, 

water quality and quality analysis methods were used to accomplish this MSC thesis. The 

difference of parameters at all sampling units were reason out as per the nature and 

season in the data analysis.   
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Table 3.2 Data collection methods and water quality parameters    

S.N Sampling Point Sampling Time Type of 

sampling 

Types of Water Quality 

Parameters   

1 SP1 (A pond where 

water from Gazo river 

pumped to 30m
3 

water 

tanker from it water get 

into sedimentation by 

gravity)  

1. Summer 

(June, July, 

August) 

2. Winter 

(December, 

January, 

February) 

Grap  Physical 

Temp.,TSS, EC, turbidty, 

TDS 

 Chemical 

PH, Alky., Mn,  hardness, 

NO3, PO4, Sulphide, 

BOD, Residual Chlrine 

 Bicteriological  

TC and FC 

2 SP2 (Sedimentation 

tank outlet (inlet for 

slow sand filter))   

 

>> 

 

>> 

 

>> 

3 SP3 (Tanker where 

finished water pumped 

to service reservoir for 

consumption (outlet for 

slow sand filter))   

 

>> 

 

>> 

 

>> 

Tot. 3 Sample point 6 month  16 water quality 

parameter 

18 samples and  

288 laboratory work 

(tests) 

                      3.8.1 Measuring Sand Bed Depth 

Media depth is the height of the sand bed from the top sand floor to gravel bed which is 

above the under drain.  It determines the contact time and quality of filtrate. The media 

depth determines the contact time between the filtering water /its constituents and the 

media grains /and/or bio film in addition to the surface loading rate (Thames Water and 

University of Surrey, 2005).   The recommended media depth during slow sand filter 
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design and construction is 0.6-1.5 meter (Thames Water and University of Surrey, 2005). 

The media depth determined by using tap meter.  

 Media depth was determined by using tap meter. It was determined by measuring the 

total sand filter plant depth and subtracting the free board, the gravel and under drain 

pipes heights. Where, the gravel depth is from the design document. 

                      3.8.2 Measuring Flow Rate 

Depth, flow velocity, flow rate are physical characteristics of water as temperature, color, 

turbidity and transparency or visibility of water. Measurements of these parameters are 

particularly useful in analyzing the water property for different purposes and what to do 

for different uses (Philippine EMB-DENR, 2008). Flow rate is the volume of water that 

moves over a designated point over fixed period of time expressed as m
3
/s (Philippine 

EMB-DENR, 2008). The flow rate is determined by using volumetric method by 

measuring or knowing the amount of water filled to a known volume of container and 

dividing to time it takes to fill the specified volume of container (S.E. Rantz and Others, 

1982 and U.S Department of the Interior Bureau of Reclamation, 2001).  

1. Flow rate at the sedimentation 

At the study area the flow rate at the sedimentation was determined by dividing the 

volume of water filled to sedimentation tank to the detention time. Detention time is the 

time taken by a particle of water to pass between entry and exit of a settling tank (Frik 

Schutter, 2006). To do flow measurement at the sedimentation first the under drain was 

opened and the existing water was drained out and the sedimentation was washed.  Then 

the gate was closed and filling of the tank with water was done by turning on the stop 

watch to know detention time. As the water start exited the stop watch was turned off and 

the time taken to fill was recorded.    

             Volume = L * W * H --------------------------------------------------------------------3.1  

Where  V is volume of water filled to the sedimentation (capacity of sedimentation  

          tank) (m3) 

       L   = Length of the sedimentation tank (m) 
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       W = Width of the sedimentation tank (m) 

       H = Height/depth of sedimentation tank which were measured using tap  

                       meter (m) 

Then flow rate was determined. 

       Q = Volume/Td --------------------------------------------------------------------------3.2 

Where  Td is the detention time determined by using stop watch. 

2. Flow rate at the sand filter 

The flow rate at the sand filter is the flow rate coming from the sedimentation which is 

calculated at the sedimentation. 

          Q = Volume/Td ----------------------------------------------------------------------------3.3  

Where Volume of water determined at the sedimentation above and time is taken by 

using the stop watch. 

After measuring flow rate filtration rate (surface loading rate) or velocity determination 

was done scientifically using different equations in the data analysis. 

                      3.8.3 Water Quality Parameters Laboratory Analysis 

 Water quality parameters are the criteria express the quality of the water and fitness to 

specific use (Pennsylvania Bureau of Safe Drinking Water, 2014). The water constituents 

can be measured by different ways (WHO, 2008).   

                       3.8.3.1 Physical Parameters  

                       1. Temperature   

Temperature was measured by using thermometer after a sample was taken on site to 

minimize error from a change in temperature in travel (EPA, 2001).  

                         2. Turbidity  

The turbidity of the water was determined photo electrically using the Palintest  
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turbidotometer (WHO, 2022).  

                       3. Total Suspended Solids and Total Dissolved Solid  

Total suspended solids (TSS) were estimated gravimetrically. 100ml of water sample was 

filled into funnel (filter flask) with pre-weighted filter paper and pumped the water. After 

pumping the water the filter paper was taken to the oven dry and allowed to dry in an 

oven for 1hr. at 105
 O

C.  The filter paper exited, cooled and measured by using weight 

balance. Weighting continue repeatedly and the average is taken. The total suspended 

solids were estimated according to (Vahatalo A.V and Wetzel R.G., 2004). 

   (  
   

)  (     )     
                

              …………………………………………. 3.4 

Where TSS= Total Suspended Solids   

Wf = Weight of pre-combusted filters in grams   

WC = Constant weight of filter + residue in grams    

V= Volume of water sample used in ml or  

Total dissolved solid was determined using PH/EC/TDS meter. 

Total Solids (TS) = Total Suspended Solid (TSS) + Total Dissolved Solid (TDS).  

                       4. Electrical Conductivity 

The conductivity of water is an expression of its ability to conduct an electric current. As 

this property is related to the ionic content of the sample which is in turn a function of the 

dissolved (ionisable) solids concentration (EPA, 2001). It was determined by using 

PH/EC/TDS meter.  

                       3.8.3.2 Chemical Parameters  

                       1. pH  

By definition pH is the negative logarithm of the hydrogen ion concentration of a solution 

and it is thus a measure of whether the water is acid or alkaline. The pH scale (derived 

from the ionisation constant of water) ranges from 0 (very acid) to 14 (very alkaline) 

(EPA, 2001). It was determined by using PH/EC/TDS meter. 
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                       2. Total Alkalinity Measurement  

It is a measure of the alkalinity or basic property of water. It is a measure of the capacity 

of the water to neutralize acids and its so-called buffer capacity of water (resistance to PH 

change). The low alkalinity will susceptible to PH reduction e.g. by acid rain. The 

alkalinity of natural water is generally due to the presence of bicarbonates formed in 

reactions in the soils through which the water percolates. Alkalinity can be generated in 

eutrophication through photosynthesis series equilibrium chemical reactions and 

formation of bicarbonates and OH
-
. It is measured in terms of CaCO3 (EPA, 2001). 10ml 

blank sample and 10ml water samples were prepared. Alkaphon was added into the water 

sample crushed and dissolved for 1minute. After the blank measured the sample entered 

into the photometer, calcium alkalinity selected and the alkalinity was determined.   

                       3. Total Hardness Measurement  

 Hardness is a natural characteristic of water which can enhance its palatability and 

consumer acceptability for drinking purposes. Calcium and magnesium are the main 

constituents of hardness. The widespread abundance of these metals in rock formations 

leads often to very considerable hardness levels in surface and ground waters. Thus, total 

hardness is taken to comprise the calcium and magnesium concentrations expressed as 

mg/l CaCO3. Hard water hasn’t health problem beyond its palatability and customer’s 

acceptance but destroy the lather of soap during washing (EPA, 2001).  

In the laboratory analysis it is measured in terms of CaCO3. 10ml blank sample and 10ml 

water samples were prepared. Calcicol1 and Calcicol2 were added in turn into the water 

sample crushed and dissolved for 2minutes. Following the blank measurement the sample 

entered into the photometer calcium hardness was selected and the hardness was 

determined.   

                      4. Manganese Test 

Manganese is found in soil and is constituent of water widely. It brings taste, makes the 

water black when the coat slough off as black precipitate (Dr. Aruna Kumar, 2015). It has 

a relation with organic matter usually; it’s part of organic substance and existence is wide 

in water containing organic matter (Debrah Chapman, 1996). Manganise1 and 
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manganise2 were added in turn into the water sample crushed and dissolved for 

20minutes and entered into the photometer manganese was selected for measurement.  

                      5. Nitrate Test  

Relatively little of the nitrate found in natural waters is of mineral origin, most coming 

from organic and inorganic sources, primarily from waste discharges and the latter from 

artificial fertilizers. Bacterial oxidation and fixing of nitrogen by plants can both produce 

nitrates. Nitrate is gained from an oxidation of ammonium and ammonia is a reduction 

from nitrate. A nitrogenous compound; ammonia derived from proteinaceous matter and 

is a reflection of the organic content. Interest of testing nitrate is centered on knowing 

nitrate concentration and monitoring it. Most importantly, high nitrate levels in waters to 

be used for drinking will render them hazardous to infants as they induce the "blue baby" 

syndrome (methaemoglobinaemia). The nitrate itself is not a direct toxicant but is a 

health hazard because of its conversion to nitrite which reacts with blood haemoglobin to 

cause methaemoglobinaemia (EPA, 2001). It is measured since it has the probability of 

entering to the water from various sources. On 20ml sample 1 spun powder and 1nitrate 

test tablet was added, shacked and waited for 1min. 10ml of the clear solution is added to 

another test tube and 1 nitricol reagent added, dissolved and waited for 10mins.it was 

then put into photometer nitrate nitrogen was selected and measured. 

                     6. Phosphate Measurement  

Phosphorus occurs widely in nature in plants, in micro-organisms, in animal wastes and 

so on. It is widely used as an agricultural fertilizer and as a major constituent of 

detergents, particularly those for domestic use. Run-off and sewage discharges are thus 

contributors of phosphorus to surface waters. Phosphorous promotes algal growth in turn 

leads to blooms, diurnal DO variation. Phosphorus may be in true solution, in colloidal 

suspension or adsorbed onto particulate matter e.g. in filtration (EPA, 2001). Since the 

water source is surface water it has the probability of entering to the water from various 

sources. 10ml blank sample and 10ml water samples were prepared. One Phosphate1 and 

phosphate2 tablets were added in turn into the water sample crushed and dissolved for 

10minutes. After the blank measured the sample was then put into photometer phosphate 

was selected and measured. 
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                     7. Sulphide Test 

Sulfide found in different forms dissolved hydrogen sulfide (H2S), iron sulfide and 

others. Sulfide as sulfur (S
--
) occurs from anaerobic decomposition of organic matter in 

water or in waste, and from bacterial reduction of sulphate. Sulphate occurs in rocks, 

geological formations, discharges and so on. Sulphate often (≥50%) derived from sulfides 

of heavy metals which occur in rocks. Sulphate is oxidized from sulfides mostly, iron 

sulphide which is present in rocks in humid climates. Later the sulphate leach/flow into 

watercourses. The presence of sulphate is indirect effect. In anaerobic reduction of 

sulphate H2S is produced which brings odour problem and toxic for aquatic life and fata 

to person’s working in sewerage. In turn, if H2S aerated and removed converted into 

sulfuric acid which is highly corrosive and attack concrete walls and sewers (EPA, 2001).  

For the determination of sulfide 10ml sample water was prepared and one sulphide1 and 

sulphide2 were added together into the water sample crushed and dissolved for 10minutes 

for color development. The sample was then put into photometer sulfide as sulfur was 

selected and measured. The H2S amount is 1.06 times that of sulfide as sulfur as per 

palintest automatic wavelength selection photometer setup and test.  

                     8. BOD Measurement  

When organic matter is discharged into a watercourse it serves as a food source for the 

bacteria present there. Next, through aerobic bacteria, it is breakdown into simple or less 

complex which are ultimately converted into simple compounds like carbon dioxide and 

water. The bacterial breakdown of the organic matter added will be an aerobic process - 

the bacteria will multiply, degrading the waste and utilizing the DO as they do so and 

finally the DO level depreciate (EPA, 2001). The occurrence of it is not direct health 

implications, but an important indicator of overall water quality. The principle of this test, 

which was devised some 85 years ago, is five-day BOD test. The five-day BOD test of 

water is the amount of dissolved oxygen taken up by bacteria in degrading oxidisable 

matter in the sample, measured after 5 days incubation in the dark at 20°C. The BOD is 

simply the amount by which the DO level has dropped during the incubation period. This 

technique is the basis of BOD analyses for all types of sample even though considerable 

extensions of procedure are necessary in dealing with wastewaters and polluted surface 



3. Materials and Methods       34 

 

waters (EPA, 2001). For the determination of BOD 400ml of sample water of each source 

added to a beaker with magnetic stirrer which are washed properly by clean water and 

next by sample water. Following the filling of the samples the beakers were covered and 

4 KOH plettes were added on the cap of the beaker. Finally, the beakers put into the 

incubation and tied with BOD reader, BOD reader adjustment and recording was done 

and the sample was incubated for 5 days in dark at 20 
O
C.  

                     9. Residual Chlorine Test 

In drinking water, a residual of about 0.2 mg/L is optimal. The residual concentration 

which is maintained in the water distribution system ensures good sanitary quality of 

water. It protects recontamination, a safeguard for water (EPA, 2001 and Nayla, Hassen, 

2019).   Chlorine can react with organics in water forming toxic compounds called 

trihalomethanes or THMs, which are carcinogens such as chloroform CHCl3 (EPA, 2001, 

Sam Boggs et al., 1985). Chlorine residual is normally measured by a color comparator 

test kit or spectrophotometer (Philippine EMB-DENR, 2008, EPA, 2001 and Nayla 

Hassen, 2019). To minimize error the test tube was washed and rinsed by the sample and 

10ml was filled and DPD1 was added and dissolved for residual chlorine test. The sample 

was then put into photometer residual chlorine was selected and measured following the 

blank sample.   

                       3.8.3.3 Bacteriological Parameters   

                       Estimation of total and E-coli coli forms (TC and FC)   

Total coliform bacteria include a wide range of aerobic and facultatively anaerobic. The 

total coliform group includes both faecal and environmental species indicates the 

cleanness of water. feacal coliforms include feacal species from human and animal feces 

& sewage and sometimes grow in tropical soil. E-coli are thermo tolerant feacal coliform. 

Coliforms should be absent immediately after disinfection, and the presence of these 

organisms indicates inadequate treatment. Coliforms are generally measured in 100 ml 

samples of water. The procedures include membrane filtration followed by incubation of 

the membranes on selective media at 35–37 °C and 45°C and counting of colonies after 

18-24 hours. Alternative methods include most probable number procedures using tubes 

or microtitre plates and presence/absence tests. Field test kits are available (WHO, 2008).  
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Total and E-coli coliform bacteria were determined from incubation in the same way at 

37cº and 45 cº for 18 and 24 hours respectively using membrane filter techniques. The 

samples were taken, the media was prepared, all equipments were sterilized, 100ml of 

sample was prepared and filter through the filter paper and finally taken to the incubation 

after applied/put onto the media. The coliform units’ colony count was used to determine 

the number of colonies. Membrane filter technique is applied by sterilizing all equipment, 

wastewater sample (2-100ml) depend on its turbidity was taken and 2.5ml membrane 

lauryl sulphate broth growth media is added. So, after 18-24 hours of incubation the 

Heterotrophic plate count (HPC) technique was used to detect total and E-coli forms. All 

visible number of yellow colonies was counted using a magnifying glass and total count 

expressed as NCU/100ml (WHO, 2022).  

                     3.8.4 Seasonal Water Quality Level  

The safeness of water to drinking purposes measured in a set of standard values. The 

water quality level measured by the water quality parameters with relative to WHO 

guideline values. The parameters are so many to test and compare and cannot talk about 

the general water quality level based on the individual parameters. But WQI do it. To 

know the current water quality level of Stayish town drinking water slow sand filter 

finished (treated) water, WHO drinking water guidelines were used. To know the status 

of drinking water quality WQI was selected. Water quality index is the most effective 

way to describe all quality parameters of water as a single component to express 

suitability of water resources for human consumption. It is unit less. Number of water 

quality indices; Weight Arithmetic Water Quality Index (WAWQI), National Sanitation 

Foundation Water Quality Index (NSFWQI), Canadian Council f Ministry of 

Environment Water Quality Index (CCMEWQI), Oregn Water Quality Index (WAWQI) 

etc. (Luliana Paun
1
 et al., 2016). The methods used various parameters, method of 

calculation, quality rating. As well as stated in the literature the indices has their merits 

and demerits. Because it enabling us to take various water quality parameters for index 

calculation and its different advantages stated in the literature review the Weight 

Arithmetic Water Quality Index method was used to determine Stayish town drinking 

water temporal quality status   
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                  3.9 Data Analysis  

The research was to evaluate the treatment efficiency of treatment units and slow sand 

filter of Stayish town. The values of selected parameters were determined at each 

sampling points from field data, laboratory test and mathematical calculations and second 

using statistical analysis such as independent t-test, Pearson correlation, box plot, bar 

chart the spatial (at each treatment units) and seasonal treatment efficiency of treatment 

plant were analyzed.  To express the quality of the drinking water in single value, water 

quality index was calculated.  

         1. Determining velocity of flow and surface loading rate  

Velocity of flow across the sedimentation is the horizontal flow of water should be  

sufficient enough to cause the hydraulic settling of suspended impurities not allowed to 

exceed 0.3m/min. Surface loading rate/ overflow rate (Vo) is the volume of water flow 

per unit area of the sedimentation tank at a time and assumed that the settlement of a 

particle at the bottom of the tank (Frik Schutter, 2006). For the determination of velocity 

of flow and surface loading rate flow rate (discharge) was calculated by volumetric 

method by dividing the amount (volume) of water filled to a known volume of storage to 

the time it took to fill (U.S Department of the Interior Bureau of Reclamation, 2001). 

Then flow rate is divided to area and velocity of flow and surface loading rate was 

determined (Frik Schutter, 2006). Hence, the velocity of flow and surface loading rate 

were determined first by calculating the flow rate using equation 3.2 dividing to the area.    

                 V = Q/A --------------------------------------------------------------------------- 3.5 

Where             V is horizontal flow velocity of water 

                         

                  B is width of sedimentation tank and H is depth of the sedimentation 

Q was determined by the volumetric method. 

                         Q = volume of water / Time elapsed             
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Length, width and depth of sedimentation tank were measured using tap meter. 

                 Vo = Q/A ------------------------------------------------------------------------- 3.6 

Where             Vo is surface loading/overflow rate of water at the sedimentation 

                         

                   B is width of sedimentation tank and L is length of the sedimentation 

Q was determined by the volumetric method. 

                               Q = volume of water / Time elapsed             

Length, width and depth of sedimentation tank were measured using tap meter. 

                     2. Weir loading rate  

A weir obstructs level of flow and evenly disperses the water. Determining the weir 

loading used to determine the weir length. The optimal weir loading requires for the 

evenly flow of water to the sedimentation with optimal velocity ultimately for good 

settling efficiency (Frik Schutter, 2006). It expressed in m
3
/m

2
/day. The weir loading rate 

was determined by dividing the hourly flow rate of water entering to the sedimentation to 

area of the weir (m
2
) and multiplying by 24hrs/day. Flow rate was determined by using 

equation 3.2.  

Weir loading rate = Q (m
3
/hr.)/A (m

2
)*24hr/day ---------------------------------------------3.7 

Where Q is the flow rate of the water entering the weir i.e. entering to the sedimentation 

                                 A = Length of weir * Width of weir  

                     3. Determining filtration rate    

Time is another consideration for sand filter to do better. Sufficient contact time is 

necessary between the filtering water and the sand grains to ensure that biochemical 

reactions are complete and that biological populations have maximized contaminant 

removal (Thames Water and University of Surrey, 2005). The longer filter run time, 

provides high quality filtrate. To have longer filter run and quality of filtrate the media 
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depth and operational velocity should be in the recommended depth and velocity 

(Pennsylvania Bureau of Safe Drinking Water, 2014). For the determination of filtration 

rate flow rate (discharge) was calculated by volumetric method by dividing the amount 

(volume) of water filled to a known volume of storage to the time it took to fill. Then 

flow rate is divided to area of slow sand filter bed and load rate (filtration rate) was 

determined (U.S Department of the Interior Bureau of Reclamation, 2001). 

Loading rate (filtration rate) is the flow rate of water applied per unit area of the filter. It 

is the velocity of the water approaching the face of the filter. Surface loading rate is the 

volume of water that filters through each square meter of the SSF's area, per hour 

(m
3
/m

2
/hr.). The surface loading rate controls the contact time between the media grains 

and filtering water. High surface loading rates result in penetration of material more 

deeply within the SSF bed (Thames Water and University of Surrey, 2005). 

The determination of filtration rate flow rate (discharge) was determined by using flow 

rate and area of filter bed. Flow rate was determined by volumetric method by dividing 

the amount (volume) of water filled to a known volume of sedimentation tank to the time 

it took to fill. Then flow rate is divided to area of slow sand filter bed and load rate 

(filtration rate) was determined. 

               Velocity = Q/A -------------------------------------------------------------------- 3.8 

Where                            

Q was determined by the volumetric method. 

                      Q = volume of water / Time elapsed             

Length and width of the slow sand filter plant is measured using tap meter 

  4. Independent t-Test    

It is a parametric test used to compare ne dependent and one independent of two 

categorical groups.  The t-test used to compare temporal treatment efficiency of the  

treatment units (Marcs Von Sperling et al., 2020).    
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                    5. Pearson Correlation   

Pearson correlation shows the relation between water quality parameters at different 

season which parameters go ahead /increase or decrease together. Pearson correlation is 

necessary to explain the positive, negative and zero relation between water quality 

parameters at different sites and time using tables. The relationships between water 

quality parameters were determined using the Pearson correlation (Marcs Von Sperling et 

al., 2020)  

                   6. Others (box plot and bar chart)  

Those were very necessary to present the data in the form of different graphs, tables and 

comparisons between one another sample points, periods and parameters. Box plot was 

important to show the wastewater quality parameters minimum, maximum and 25, 50 and 

75 percentile form using graphs and to show the temporal and spatial variations (Marcs 

Von Sperling et al., 2020).  

                7. Water quality index method  

Water quality index is the most effective way to describe all quality parameters of water 

as a single component to express suitability of water resources for human consumption. It 

is unit less. Water quality index is a tool to determine status of water quality (Athira KR
1
, 

et al., 2011). Weighted arithmetic water quality index methods classified the water 

quality according to the degree of purity by using the most commonly measured water 

quality parameters. The method has been widely used by the various scientists (Luliana 

Paun1 et al., 2016). So, the Weighed Arithmetic Water Quality Index method was used to 

determine the temporal water quality status of Stayish town treated drinking water. The 

task was done 1
st
 by selecting the water quality parameters followed by sub-index and 

weightage calculations and final WQI determination. The water quality parameters; 

turbidity, TSS, TDS, EC, temperature, PH, alkalinity, hardness, nitrate, phosphate, BOD 

and E-coli coliform Bacteria were selected.  

    ∑      
   
∑    

   
 ------------------------------------------------------------------------------------3.9 
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Table 3.3 values of water quality index (WQI) and rating of water quality (Luliana Paun1 

et al., 2016). 

Water Quality Index Values Rating 

0-25 Excellent water quality 

26-50 Good water quality 

51-75 Poor water quality 

76-100 Very poor water quality 

Above 100 Unsuitable for drinking purpose 
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          4. RESULTS AND DISCUSSION  

           4.1 Seasonal Raw Water Quality and Treatment Units  

                 Design Variables  

             4.1.1 Seasonal Raw Water Quality 

The treatment efficiency of slow sand filter depends on the raw water quality. Variation 

in raw water quality upset the steady- state existence of microbiological communities in 

the SSF, causing microorganisms and/or the bio film they live in to detach, resulting in 

filtrate quality deterioration. Influent water quality changes that alter the availability of 

substrate, essential nutrient and DO will affect the conditions within the bio film (Thames 

Water and University of Surrey, 2005).        

As turbidity can be caused by sewage matter in water there is a risk that pathogenic 

organisms could be shielded by the turbidity particles and hence escape the action of the 

disinfectant (EPA, 2001). To utilize slow sand filter for drink water production the raw 

water should be low in turbidity (<25NTU), bacteria, colour, heavy metals, toxic 

substances, algae (Thames Water and University of Surrey, 2005).        

The effect of temperature, and especially changes in temperature, on living organisms can 

be critical and the subject is a very wide and complex one. Where biochemical reactions 

are concerned, as in the uptake of oxygen by bacteria, a rise of 10°C in temperature leads 

to an approximate doubling of the rate of reaction. Conversely, such reactions are 

retarded by cooling and at the temp of 6
O

C oxidation becomes negligible (EPA, 2001). 

The biological process also decreases at higher temperatures. For biological systems this 

may be true up to a certain optimal temperature.    

The effectiveness of slow sand filtration will be largely influenced by the influent water's 

chemistry (PH, ionic strength, etc.) (Thames Water and University of Surrey, 2005).          

PH values govern the behavior of several other important parameters of water quality. 

Ammonia toxicity, chlorine disinfection efficiency, and metal solubility are all influenced 

by PH (EPA, 2001). Organisms that have adapted to water of a specific PH may die if 



4. RESULTS AND DISCUSSION       43 

 

sudden changes in PH occur. PH changes between 0.2 and 0.3 are already stressful to 

some species. Chances of survival diminishes as pH falls below 5 or increases above 9. 

At pH 6.0, the microorganisms which decompose organic matter begin to die. A PH of 

6.5 to 8.2 is ideal for most organisms; the optimal range for most is 6.5 – 8.5 (Philippine 

EMB-DENR, 2008). The raw water faecal coliform recommended number is 1-500 MPN 

for a treatment by a slow sand filter followed by disinfection with or without some 

pretreatment (J.T. Visscher et al., 1987). Statyish town drinking water sand filtration 

which has sedimentation tank as pretreatment for simple gravitational settlement of 

settable solids laid in this section. 

Those more dominant and common to be considered for proper slow sand filtration 

installation should be considered.  Based on the above facts; temperature, turbidity, PH 

and microbiological parameters were selected. The seasonal value of those was analyzed 

in the laboratory and compared with the slow sand filter design guideline values.   

                     4.1.1.1 Winter Raw Water Quality and Design Guideline Values 

 

Figure 4.1 Winter season raw water quality values and SSF design guideline values 

As shown in the figures above the winter season the mean as well as the minimum 

measured value of turbidity and feacal coliform values were below the slow sand filter 

design guideline value. Turbidity is less than the maximum recommended slow sand 

filter design value 25NTU and E-coli also less than 500CU/100ml. Even though the 

values were relatively good with the standards there presence/occurrence may result from 

different reasons. Characteristics of the raw water have changed in response to changing 

patterns of population, industry and agricultural activities in the water shade area (E.G. 
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Wagner and R.G. Pinheiro, 2001). The community used the river for drinking water for 

animals, for washing and various purposes and has the probability of becoming turbidity 

and biological contamination. The wall and floor of the sample point where raw water 

pumped is soil and unprotected lead to pollution by different ways. And also, through 

Wind, seizer of soil from pond wall and other ways particles forming turbidity enter into 

the water. Hence, the raw water has the chance becomes turbid and biologically 

contaminated. Turbidity serves as shelter for biological organisms and suitable for 

regrowth of microorganisms. Also, the soil of the pond’s floor and walls makes it suitable 

for bacteria to breed. The particles forming the turbidity may also interfere with the 

treatability of water and in the case of the disinfection process the consequences could be 

grave (EPA, 2001). Many total coliforms are heterotrophic and able to multiply in water 

and soil environments (WHO, 2008). The soil of the pond’s floor and walls makes it 

suitable for bacteria to breed. pH was slightly high and the temperature was somewhat 

low because the area is Dega. Generally, it has been observed that turbidity and feacal 

coliform values are good even they appear high; they are below the guideline values. 

Temperature and PH values of the raw water were almost within the guideline values.  

              4.1.1.2 Summer Raw Water Quality and Design Guideline Values 

 

Figure 4.2 Summer season raw water quality values and SSF design guideline values 
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The summer season the mean as well as the minimum measured value of all raw water 

quality parameters were not good as shown above. Turbidity was significantly high, PH 

was slightly high and even though it was not significantly low the temperature was also 

low.  Since the wall and floor of the raw water source (sample point1) where raw water 

pumped is soil, when it rains, it erodes and enters the pond. Also, since the pond depth is 

small, the silt of the pond stirs up and the water becomes very turbid. 

A major contamination source that carries threats to drinking water quality are open field 

defecation, animal wastes, plants, economic activities (agricultural, industrial and 

businesses) and even wastes from residential areas as well as flooding situation of the 

area (Haylamichael I. and Moges A., 2012). Hence, the river takes high flood from 

agricultural farms using agricultural inputs and residential areas have been experiencing 

bad sanitation the raw water becomes turbid and biologically contaminated. PH changes 

with alkalinity or acidic constituents of water (EPA, 2001). As observed above PH 

change occurred from concentration of pollutants from the river floodwater. Thermal 

pollution is although not common there were a time it happened the temperature reached 

low negative up to 25 
O
C and it is common above high positive 25 

O
C. Although thermal 

pollution does not occur frequently, temperature value changes in cold season to low 

positive and high positive in hot season (EPA, 2001). The temperature value reduced 

from the winter season since its summer the weather becomes cold. Stayish is relatively 

cold, it is Dega. Generally, in summer the raw water quality parameters values were not 

within the slow sand filter guideline values. Turbidity was above the slow sand filter 

design guideline value and feacal coliform was relatively high but below standard value. 

Even though, the change in temperature and PH were slight, they are not in the 

recommended design guideline value, the PH should reduce and temperature lifted for 

rapid biological activity and good quality water filtration. 

             4.1.2 Treatment Units Design Variables  

              4.1.2.1 Sedimentation Tank Design Variables 

Using (equation 3.5, 3.6 and 3.7) the sedimentation tank depth, length to width ratio, 

velocity of flow, over flow rate, detention time and weir loading rate were determined 

from the following table. 
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Table 4.1 Sedimentation tank design variables at Stayish town drinking water treatment 

sand filter 

 Criteria for sedimentation tank 

design 

Measured Value Design Guideline 

Value 

Depth of Sedimentation(m) 1 3 

Length to Width Ratio 6:1 3:1 

Velocity of Flow (m/hr.)  9.23 18 

Over Flow Rate (m3/m2/day) 58 30 

Detention Time(hr.) 0.35 3 

Weir Loading Rate (m3/m2/day) 

  1218 300 

Depth of the sedimentation was lower than the design parameter. Indeed depth of 

sedimentation tank is determines the over flow rate or up rise of water and fast exciting of 

water and scouring and re-suspension of settled solids and the move to outlet. An 

adequate tank depth of the sedimentation does not less than 2.5m limits scour (Frik 

Schutter, 2006). Length to width ratio of the sedimentation was 6 which is greater than 

the standard value 3 even higher than the maximum allowable limit 5:1 ratio. Length to 

width ratio determines the flow distribution and treatment efficiency of the sedimentation 

tank as a whole. Poor flow distribution may produce currents or high flow velocities near 

the bottom of a tank. This may cause scour or re-suspension of particles from the layer of 

settled sludge. Scour may cause transportation of solids along the bottom of the tank to 

the outlet end (Frik Schutter, 2006). Proper length to width ratio is necessary to good 

distribution of water with optimal flow velocity. The horizontal flow velocity is some 

lower than the design value. The detention time is shorter than the design value. The right 

detention time gives the opportunity to particles settlement. The lower the detention time 

the water reaches the outlet faster. The detention period of 3 hours is necessary in 

designing sedimentation tank (Joint Departments of the Army and Air Force, USA, 

1985). Some particle take less time and some particles take longer time to settling. If t-

design > t-settling, particles remove 100%. If t-design < t- settling, particles do not 

remove 100%. Remaining particles go to next unit in treatment plant scheme (Dr. Aruna 

Kumar, 2015). The weir loading is also higher than the design standard value. The 

amount of water passing over the weir is high. A weir obstructs level of flow and evenly 

disperses the water. Determining the weir loading used to determine the weir length. The 

optimal weir loading requires for the evenly flow of water to the sedimentation with 

optimal velocity ultimately for good settling efficiency (Frik Schutter, 2006).  
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Figure 4.3 Sedimentation tank design variables measured and standard values 

                     4.1.2.2 Slow sand filter Design variables 

                     4.1.2.2.1 Seasonal Filtration Rate 

Using (equation 3.3 and 3.8) the Seasonal flow and filtration rate of the slow sand filter 

was determined from the following table. 

Table 4.2 Flow and filtration rates at Stayish town drinking water treatment sand filter 

S.No. Parameter Winter Season Summer Season 

  December January Februar

y 

June July  August 

1 Flow (m
3
/hr) 28.42 28.42 28.42 28.42 28.42 28.42 

2 Filtration rate 

(m
3
/m

2
/hr) 

0.49 0.49 0.49 0.49 0.49 0.49 

The filtration rate was maximum and difference is not observed between the summer and 

winter values indicate in summer flow rate is high rate through the sand filter; not 



4. RESULTS AND DISCUSSION       48 

 

regulated depending with the raw water quality. The optimal surface loading rate will 

vary with specific raw water quality, bed maturity & SSF design (Thames Water and 

University of Surrey, 2005). Although changes in raw water quality disrupt the stability 

of the microbiological community and reduce the filtrate quality, the low filtration rate is 

good to have sufficient contact time for quality filtration regardless of production 

quantity. The surface loading rate controls the contact time between the media grains and 

filtering water (Thames Water and University of Surrey, 2005). But both the winter 

season and summer season filtration rate values were not within the design guideline 

value i.e. above standard filtration rate value. It may result in filtrate quality degradation 

due to the velocity itself and insufficient contact time. High surface loading rates result in 

penetration of material more deeply within the SSF bed, as well as accelerated head loss 

development (compared to SSFs operated at lower surface loading rates). Sufficient 

contact time is necessary to ensure that biological reactions are complete and maximize 

contaminant removal (Thames Water and University of Surrey, 2005).  

 

Figure 4.4 Seasonal filtration rates at sampling point three  

                 4.1.2.2.2 Media Depth 

 

Figure 4.5 Seasonal depth of sand filter (SP3) 
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As figured above the measured media depth was in optimal level or above the minimum 

media depth 0.6m.in both season even if it questions about skimming. It was not varied 

implies no need in regulating adjusting filtration rate with change in filter depth.  Surface 

loading rate can be operational because regulated with varied bed depth and raw water 

quality (Thames Water and University of Surrey, 2005). The minimum media depth is 

0.6m (Pennsylvania Bureau of Safe Drinking Water, 2014). The recommended media 

depth during slow sand filter design and construction is 0.6-1.5 meter (Thames Water and 

University of Surrey, 2005). As depth increases the detention time of the water being 

treated become high and can take improved quality of filter water. Sufficient contact time 

is necessary between the filtering water and the sand grains to ensure that biochemical 

reactions are complete and that biological populations have maximized contaminant 

removal (Thames Water and University of Surrey, 2005).     

                 4.2 Seasonal Water Quality and Efficiency of  

                       Treatment Units 

Three sampling points were determined at the intake and outlet of the sedimentation and 

filtration (at storage tank) of Stayish town drinking water treatment plant. The sand filter 

takes the water from raw water source (pond) and pass through physical treatment of the 

sedimentation. Therefore, a positive change in water quality is expected in the treatment 

process but what it look like in Stayish drinking water treatment situation is shown in this 

section. 

                   4.2.1 Seasonal Water Quality 

This is about the seasonal value of water quality parameters at the sampling points. The 

water source is a river vulnerable to pollution from flood during when rains and the 

condition of sampling site1.    
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                    4.2.1.1 Physical Parameters 

 

 

Figure 4.6 The seasonal physical water quality values at each sampling points 

The physical behavior of the summer raw water at sampling point1 is never related to the 

winter season. The turbidity, TDS and TSS were extremely high. The turbidity was in 
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hundred during winter reached thousands in summer; TDS and TSS were also increase 

highly with turbidity. These were because of load from high flood containing huge 

suspended solids and dissolved solids as well as from silt at the pond which stirred up 

during rain. Heavy rainfall can result in hourly variations in turbidity; surface run-off 

carrying soil particles and pollutants. At a given river station turbidity can often be 

related to TSS, especially where there are large fluctuations in suspended matter. 

Therefore, turbidity is sometimes used as a continuous, indirect measurement for TSS 

(Debrah Chapman, 1996). Since through the flood; dissolved chemicals and ions from 

agricultural areas and other origins increased the electrical conductivity of summer is 

higher than at sampling pint1. Conductivity, or specific conductance, is a measure of the 

ability of water to conduct an electric current. It is sensitive to variations in dissolved 

solids mostly mineral salts (Debrah Chapman, 1996). The temperature was decrease in 

summer.   

The seasonal treated water at S2 (the sedimentation) was analyzed by laboratory analysis. 

As shown from figure 4.6 differences were observed with change in season at sample 

point one where raw water from the river pumped to the sedimentation. TSS mean values 

showed significantly increase in summer it’s because of high load from sampling poin1or 

raw water extreme poor quality in summer. As a result, it’s difficult to be removed by 

physical methods, as obstructs the flow and the velocity.  But also the TDS value at the 

outlet of the sedimentation differ in seasons; the mean TDS value of the summer was 

higher than the winter when leaves the sedimentation tank. Temperature had a difference 

in winter and summer at the sedimentation. This is obvious the temperature up in winter 

and decrease in summer and true for at the study area.   The mead value of EC was 0.092 

ms/cm during winter and 0.15 ms/cm during summer. This is because the summers water 

high dissolved ions and the low treatment of the sedimentation process. Ions can be 

removed by ion exchange, by physical and biological treatment mechanisms of filtration.  

Sampling point3 was the slow sand filtration unit of the treatment plant where most of the 

final treatment process of the drinking water treatment takes place. The final treated 

water quality should be same and safe all time. But even if the slow sand filter improves 

the water quality as it was been when out the sedimentation the turbidity was high in 

summer season and far more from WH0 standard value of safe drinking water turbidity 

level. The TSS and TDS values of the summer were higher than the winter season. The 
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low treatment performance of the sedimentation of the study area made the slow sand 

filter effective on physical parameters. The treatment of water prior to filtration has 

profound effects on the quality of the filtered water. The filtration activity is 

interdependent with pretreatment processes.  As much as 90% of the removal of colour 

and turbidity is affected in the pre-filtration stages of treatment (EPA, 1995). And also 

these seasonal low filtration activities of the filter could happen by many problems came 

with the seasonal change; highly poor raw water quality, the reduction of biological 

activity in cold season and having a filtration rate that didn’t adjust according to the raw 

water quality in plant operation. The worst the raw water quality then, the lowest the 

filtration should be to have sufficient contact time and filtration process improvement. 

Changes in raw water quality disrupt the stability of the microbiological community and 

reduce the filtrate quality. Variation in raw water quality upset the steady- state existence 

of microbiological communities in the SSF, causing microorganisms and/or the bio film 

they live in to detach, resulting in filtrate quality deterioration. Influent water quality 

changes that alter the availability of substrate, essential nutrient and DO will affect the 

conditions within the bio film (Thames Water and University of Surrey, 2005).                            

The optimal surface loading rate will vary with specific raw water quality, bed maturity 

& SSF design. The low filtration rate is good to have sufficient contact time for quality 

filtration regardless of production quantity (Thames Water and University of Surrey, 

2005). The biological process also decreases at higher temperatures. For biological 

systems this may be true up to a certain optimal temperature (Thames Water and 

University of Surrey, 2005). The temperature was decreased in summer as observed on 

above the figure. EC also differ with season increases in summer because of high ionic 

content of the summer water. As this property is related to the ionic content of the sample 

which is in turn a function of the dissolved (ionisable) solids concentration (EPA, 2001).     

                       4.2.1.2 Chemical parameters 

 



4. RESULTS AND DISCUSSION       53 

 

 

 

Figure 4.7 The seasonal chemical water quality values at each sampling points 

Except the residual chlorine level almost all the Chemical water quality parameters were 

much higher in the summer than the winter. The river took high flood from the 
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agricultural areas where agricultural chemicals applied and from different areas with high 

pollutants. The organic pollutants could come from wastes, nutrients from wastes and 

agricultural chemicals and others from the soil and rocks when water from rain reaches 

naturally occurring minerals leached and entered into the river. The river has the 

probability of surface chemical contamination from different agricultural practices and 

pollution sources (Thames Water and University of Surrey, 2005).                          

The mean value of pH value had a slight difference. The PH can change from the 

chemicals from agricultural practices and wastes of different sources in summer. It was 

high at SP1, SP2 as well as at SP3 in the summer Season. BOD values of level at the 

source (SP1) and sedimentation in winter and summer were highly different. Pollutants 

from Plant and animal residues, pesticides, sewages and other organic wastes the organic 

matter entered into river water through flood in summer. Many thousands of individual 

organic compounds enter water bodies as a result of human activities through different 

ways.it found as particulate and dissolved forms (Debrah, Chapman, 1996). As result of, 

high organic load and the bacteriological treatment disturbed by varied raw water quality 

and temperature the summer season BOD level also much higher than the winter at the 

sand filter. As well removal by oxidation using chlorine was also unsuccessful with low 

dos rate in summer. Organic matter can be removed by biological activity and oxidation 

(EPA, 2001).   

Due to high nitrate pollutant and the fact that it is not possible to filter nitrate by 

gravitational settlement at sedimentation, the mean value of nitrate at the intake (SP1) 

and outlet of sedimentation (SP2) in summer and winter were different 68.3 mg/l and 

4.28 mg/l and 55.2 mg/l and 4.15 mg/l respectively. Summer and winter nitrite mean 

values were different.  In summer the nitrate level increased at the intake and outlet of 

sedimentation. Since there was agricultural activity and usage of fertilizer leach to the 

river was there and due to the presence of high runoff nitrate source nutrients enters into 

the water, in summer the land covers with grass, crops and others nitrification is obvious.  

Most nitrate coming from organic and inorganic sources, primarily from waste discharges 

and the latter from artificial fertilizers. Bacterial oxidation and fixing of nitrogen by 

plants can both produce nitrates. In rivers high levels of nitrate are more likely to indicate 

significant run-off from agricultural land than anything. However, it should be noted that 
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there is a general tendency for nitrate concentrations in rivers to increase as a result of 

enhanced nutrient run-off (EPA, 2001 and WHO, 2022).   

As stated as a result of low biological activity and detachment  of microbial colony due to 

varied raw water quality, temperature and low pretreatment process  the summer and 

winter nitrate value of the treated water (at SP3) were different, the summer water 

contained more nitrate.  

The seasonal phosphate mean value of the water at the sampling site1 and sampling site2 

(sedimentation) were different. This is due high flood of the summer containing 

pollutants. Since there is agricultural practice, livestock which is close to the river 

phosphate can entered into the source water body from those sources and the load reaches 

to the sedimentation but not treated enough by gravitational settlement alone. Phosphorus 

occurs widely in nature in plants, in micro-organisms, in animal wastes and so on. It is 

widely used as an agricultural fertilizer and as a major constituent of detergents, 

particularly those for domestic use. Run-off and sewage discharges are thus contributors 

of phosphorus to surface waters (EPA, 2001). Although, the summer and winter season 

phosphate values had difference after filtration (at sample site3). At summer season 

phosphate increased and became a load to filtration process with all the limitations of 

filtration in variable raw water quality and temperature and SSF performance as whole. 

Since the SSF is more effective in physical and biological parameters removal which is 

its primary purpose. 

Manganese was not found in winter at all sampling sites but found in summer. During 

summer manganese entered to the river through flood carrying high amount of soil and 

then reaches the treatment plant but in winter no flood; its entrances is low. Manganese is 

found in soil and is constituent of water widely (Dr. Aruna Kumar, 2015). The 

manganese level at the sedimentation was almost the same to the value at sampling site1 

indicates the low manganese treatment performance of the sedimentation. Iron and 

manganese may be combined with organic matter in very stable forms. The usual 

treatment in this case is coagulation followed by oxidation with chlorine or potassium 

permanganate and filtration (Debrah Chapman, 1996). Sulfide level is high at sampling 

site1 in summer. Even though, the differences weren’t as sampling site1 increment of 

sulfide values also observed at sedimentation (SP2) during summer and sand filter (SP3) 

during winter. The summer value is high that sulphide from its sources; wastes and others 
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enter into water through flood to the treatment. Sulphide as sulphur (S
--
) occurs from 

anaerobic decomposition of organic matter in water or in waste, and from bacterial 

reduction of sulphate. The other form of sulfide H2S which is mostly found in polluted 

water sources produced from anaerobic reduction of sulphate leach/flow into water from 

different origins/occurrences (EPA, 2001). 

The laboratory analysis showed the hardness level is too small with WHO drinking water 

limit (250 mg/l CaCO3) at all sampling sites; SP1, SP2 and SP3. But the temporal values 

were different at the intake (SP1), sedimentation (SP2) and sand filter (SP1). Although it 

was not considerable high in the study area the relative high amount of hardness was 

came from in summer the water reaching the rocks and dissolving the hardness 

constituents found and flow into the river. The calcium and magnesium are abundant in 

rock formation and found in surface and ground water (EPA, 2001). 

The temporal mean values of alkalinity at all sampling sites; the source, sedimentation 

and filtration were different. The summer was high at all sites. During summer the soil 

was saturated and bicarbonate formation also became high. The alkalinity of natural 

water is generally due to the presence of bicarbonates formed in reactions in the soils 

through which the water percolates (EPA, 2001).   

The residual chlorine label at the source intake and sedimentation was zero in both 

seasons because no pre chlorination. The residual chlorine presented in its recommended 

level in winter at the slow sand filter but zero in summer at the sand filter outlet (SP3).  

                   4.2.1.3 Biological Parameters 

 

Figure 4.8 The seasonal biological water quality values at each sampling points 

The high coliform was observed at the source. Since the river water took flood from the 

water shade small tributaries which are so turbid and polluted. The river carried high 
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flood load in summer.  It is susceptible to bacteriological contamination due to sanitation 

problems /human open defecation, animal feces & plant residuals and waste dumping/ 

resulting.  This is particularly true if the water sources are located close to surface runoff 

that might be able to enter the source. Additional way by which pollution reaches and 

enters a water supply system is through overflow or infiltration by floodwaters and 

inundation of waters commonly contain high levels of contaminants (Haylamichael I. and 

Moges A., 2012). In addition, the pond floor and wall soil which was suitable for their 

growth, so they breed in the pond. Many total coliforms are heterotrophic and able to 

multiply (grow) in water and soil environments (WHO, 2008). As a whole the winter was 

high because the warm season is suitable to bacterial growth. 

The microorganisms were observed widely in both seasons at the sedimentation (S2) but 

the summer number of indicator coliforms was low. This was due to the coldness of the 

season and turbulence which affect/limit bacterial breed. But exist because the high 

turbidity of summer water serves as shelter and food source for microbial growth and 

there was no chemical process held in the sedimentation there, the sedimentation did not 

do well in biological treatment. Sedimentation tanks without coagulation are designed to 

reduce the velocity of flow of water so as to permit suspended solids to settle under 

gravity due to length of time the process takes. Bacteria removal of sedimentation is 

effective by colloidal settlement and disinfection property of the coagulant at the 

sedimentation if coagulation process takes place (EPA, 1995).          

Also, at the slow sand filter outlet bacteriological colony was observed. Indeed high 

number bacteria were removed as observed from the sedimentation. But the removal 

wasn’t 100%. This was due to season leading to low biological activities. The biological 

activity decreased with season at low temperature and raw water quality degradation, low 

pretreatment and improper dosage of chlorine as per the microbial value, turbidity and 

organic matters. Turbidity is aesthetically unappealing and can provide food and shelter 

for pathogens. If this is not removed, it can protect and promote regrowth of pathogens 

(Pennsylvania Bureau of Safe Drinking Water, 2014). Variation in raw water quality 

upset the steady- state existence of microbiological communities in the SSF, causing 

microorganisms and/or the bio film they live in to detach, resulting in filtrate quality 

deterioration. Influent water quality changes that alter the availability of substrate, 
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essential nutrient and DO will affect the conditions within the bio film (Thames Water 

and University of Surrey, 2005).          

 Low temperature can adversely affect slow sand filter performance. Temperature 

controls microbiological metabolic rates, as well as the speed of chemical reactions 

(Hisman & Wood, 1974 as cited by Thames Water and University of Surrey, 2005). As 

temperature declines, reaction rates and microbiological metabolic rates will slow 

(Thames Water and University of Surrey, 2005). So, the area is very cold during summer 

and the raw water quality significant changes disturb the bacteria and the filtration 

process somewhat weak in bacteriological treatment.   

                 4.2.2 Seasonal Treatment Efficiency of Treatment Units  

Using the seasonal physical, chemical and bacteriological water quality parameters 

laboratory test result at each sampling points of Stayish town drinking water treatment 

sand filter were clearly figured in this section. The range of winter season result in 

physical, chemical and bacteriological parameters stated below was show raw data not 

the mean monthly data as per the figure represents.   

                  4.2.2.1 Physical Parameters  

Table 4.3 Physical parameters seasonal treatment efficiency of treatment units 

Parameters 

Winter Summer Efficiency in 

Winter and 

Summer 

respectively 

Winter Summer Efficiency in 

Winter and 

Summer 

respectively 

SP1 

mean 

± SD 

SP2 

mean 

± SD 

SP1 

mean 

± SD 

SP2 

mean 

± SD 

SP2 

mean 

± SD 

SP3 

mean 

± SD 

SP2 

mean 

± SD 

SP3 

mean 

± SD 

Turbidity 

(NTU) 

18.6    

±    

1.05  

14.9   

±   

0.2  

3691.

7  ±  

500.1  

1572   

±  

163.9  

19.9                   

57.4 

14.9   

±  0.2  

8.7  ±  

1.51  

1572  

±  

163.9  

118.6

7  ±  

19.14  

41.6                       

92.5 

TSS  (mg/l) 99.67   

±  

3.99 

31.47   

± 

10.15 

721.6   

±  

10.10 

139.1

3  ±  

15.24 

68.4                   

80.7 

31.47   

± 

10.15 

9.5  ±  

1.32 

139.1

3  ±  

15.24 

69  ±  

94.4 

69.8                       

50.4 

TDS  (mg/l) 0.125  

±  

0.14 

0.085  

±  

0.005 

0.15  

±  

0.01 

0.12 

±  

0.04 

32                        

17.8 

0.085  

±  

0.005 

0.089  

±  

0.004 

0.12 

±  

0.04 

0.123  

±  

0.015   

4.3(neg.)                

0 

Temperature 

(OC) 

16.47  

±  

0.49 

17.07 

±  

0.058 

13.83  

±  

0.85 

14.70  

±  

0.36 

3.6(neg.)          

6.3(neg.) 

17.07 

±  

0.058 

17.47 

± 

0.231 

14.70  

±  

0.36 

14.9  

±  

0.173 

2.3(neg.)             

1.4(neg.) 

Electro 

Conductivit

y (micro 

Siemens) 

0.12  

±  

0.02 

0.089  

±  

0.006

1 

0.22  

±  

0.026 

0.15  

±  

0.005

8 

25.8                     

33.3 

0.089  

±  

0.006 

0.015  

±  

0.002 

0.147  

±  

0.006 

0.153  

±  

0.015 

83.5                       

4.5(neg.) 

High amount of TDS, TSS, turbidity and EC values were observed from the summer data  
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especially at the raw water reservoir and sedimentation. As shown from table 4.2 the 

maximum value of turbidity, TSS and TDS were observed at SP1. In wet season the 

mean turbidity value was significantly high since, the water source is surface and as we 

know, in summer (rainy season) our rivers receive floods with heavy soil from all 

directions/basins and the Gazo River gets very, very turbid and there is a time when it 

becomes dark due to a lot of garbage and organic matter. The source water TDS, TSS and 

EC were also high in summer season. Indeed there was a change but high amount of 

TDS, turbidity, TDS and EC had been seen from sedimentation (SP2) in summer season. 

Low efficiency of the sedimentation in summer in EC reduction is because the summer 

water high dissolved ions. Since the dissolved solids not removed by sedimentation 

through simple gravitational settlement and EC increases. Specially turbidity removed by 

high level at the outlet of sedimentation in summer. But no more TDS value change. The 

sedimentation couldn’t work in TDS reduction in both seasons. 

In Stayish town drinking water treatment plant there was more spatial change of some 

physical parameters mean concentration between the raw water reservoir and outlet of 

sedimentation (SP1 and SP2) even they were in the worst condition.   

At SP3 (the slow sand filtration outlet) a significant change/removal of physical drinking 

water quality parameters turbidity and TSS were observed. Even if the values of those 

physical parameters were not within the WHO allowable limit (TSS free, turbidity ≤ 

5NTU but < 1NTU is Preferable, and EC < 0.05micrsiemn/Centimeter), the value of each 

physical parameter changed significantly from the level where was in the SP2 outlet. TSS 

showed an increment on one sampling time of the summer which can result from the 

slough of the biofilm. The biofilm of microbial organisms detached and sloughed as the 

raw water quality changed and the microbiological colony affected through result in 

water quality degradation (Thames Water and University of Surrey, 2005).   

As we can see from the table above, the drinking water treatment units have done 

treatment of physical water quality parameters. Even though, there was reduction of 

physical parameters unwanted high value; high level of turbidity, TSS and TDS was also 

observed at the outlet of the sedimentation which is the inlet of the slow sand filter 

especially in summer. 90% of turbidity removal is necessary at the pretreatment before 

filtration. Turbidity is indirect method of TSS measurement (Debrah Chapman, 1996). 

So, TSS and TDS expected to treat up to 90% at the sedimentation for good filtration 
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performance.  But TDS, TSS and turbidity values from the source reduced in 32, 68.4, 

19.9% in winter and 17.8, 80.7, 57.4% in summer at the sedimentation respectively. As 

per Thames water and University of Surrey, 2005 turbidity expected to be reduced below 

1 NTU which means above  99% removal at the slow sand filter but the 

reduction/removal was turbidity 41.6% TDS, -4.3%, TSS 69.8% in winter and turbidity 

92.5% TDS, 0%, TSS 50.4% in summer. EC reduced by 25.8% and 33.3% in winter and 

summer at the sedimentation from the intake. It reduced by 83.5% in winter and -4.5%  

removal/reduction at sand filter in summer indicates EC increase more at the filtered 

water that of the value from sedimentation. As observed at the table the temperature 

removal was negative at both the sedimentation (SP2) and sand filter (SP3).the 

temperature negative removal efficiency indicates the increment of temperature across 

the treatment line which was favorable for biological treatment.  

                 4.2.2.2 Chemical parameters   

Table 4.4 Chemical parameters seasonal treatment efficiency of treatment units 

Parameters 

Winter Summer Efficiency 

Winter and 

Summer 

respectively 

Winter Summer Efficiency 

Winter and 

Summer 

respectively 

SP1 

mean 

± SD 

SP2 

mean 

± SD 

SP1 

mean 

± SD 

SP2 

mean 

± SD 

SP2 

mean 

± SD 

SP3 

mean 

± SD 

SP2 

mean 

± SD 

SP3 

mean 

± SD 
PH 

8.8  ±  

0.1 

8.92  

±  

0.03 

9.79  

±  0.1 

9.4  ±  

0.1 

1.3(neg.)            

4.0 

8.92  

±  

0.03 

8.82  

±  

0.28 

9.4  ±  

0.1 

8.97  ±  

0.06 

1.1                          

4.5 

Manganese 

(mg/l) 
0  ±  

0 

0  ±  

0 

2.33  

± 

1.03 

2.06  

±  

0.95 

…                          
11.6 

0  ±  

0 

0  ±  

0 

2.06  ±  

0.95 

0.97  ±  

0.30 

…                            
53.2 

Alkalinity 

(mg/l) as 

CaCO3 

85  ±  

5 

75  ±  

1 

256.7  

± 

33.3 

248.3  

± 

31.2 

11.8                   

3.2 

75  ±  

1 

65  ±  

0 

248.3  

±  31.2 

148.3  

±  24.7 

13.3                        

40.3 

Hardness 

(mg/l) as 

CaCO3 

60.33  

±  

2.08 

45.67  

±  

5.89 

144.3

3  ±  

38.42 

130  

±  

37.64 

24.3                    

9.9 

45.67  

±  

5.89 

48  ±  

5.57 

130  ±  

37.64 

122  ±  

23.39 

5.1(neg.)              

6.2 

Nitrate 

(mg/l) 
4.3  ±  

0.07 

4.18  

±  

0.11 

72.87  

±  

12.02 

58.07  

±  

15.93 

2.8                       

20.3 

4.18  

±  

0.11 

0.38  

±  0 

58.07  

±  

15.93 

21.45  

±  6.71 

91                           

63.1 

Sulfide 

(mg/l) as 

H2S 

0.22 

±  

0.006 

0.18 

±  

0.011 

0.64 

±  

0.021 

0.198 

±  

0.006 

16.4                     

68.9 

0.18 

±  

0.011 

0.18 

±  

0.012 

0.198 

±  

0.006 

0.212 

±  

0.011 

0                             

7.1(neg.) 

Phosphate 

(mg/l) 
4.13 

±  0.4 

3.73 

±  

0.46 

66.5 

±  

12.94 

24.2 

±  

4.33 

9.7                      

63.6 

3.73 

±  

0.46 

3.8 ±  

0.53 

24.2 ±  

4.33 

12.2 ±  

0.20 

1.8(neg.)            

49.8 

BOD (mg/l) 36.67 

±  

2.89 

9.33 

±  

0.58 

155 ±  

27.84 

76.67 

±  

3.06 

74.5                     

50.5 

9.33 

±  

0.58 

0 ±  0 
76.67 

±  3.06 

55.33 

±  4.16 

100                         

27.8 
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As shown from (table 4.3), the winter season value of BOD, sulfide, alkalinity, and 

somewhat phosphate and PH values were relatively high at sample point one but other 

chemical parameters were relatively low in concentration with relative to the WHO limit.  

But, except residual chlorine high level of BOD, alkalinity, nitrate, sulfide, phosphate, 

manganese and also PH values were observed during the summer season at SP1 and also 

SP2. Chemical parameters results also observed in SP3.  In the area; the flood is high in 

the summer. The source takes high chemical pollutants and the limited ability of 

sedimentation and SSF chemical pollutants removal. As Haylamichael I. and Moges A., 

2012, the river has the probability of surface chemical contamination from different 

agricultural practices and wastes of different source that the river was polluted by various 

pollutants from the agricultural wastes, solid and sanitary wastes from residential and any 

areas. High level of BOD reduced and 74.5% was removed at sedimentation (SP2) but 

PH, Phosphate, sulfide, nitrate and Alkalinity were not changed significantly in winter. In 

winter season 9.7%, 16.4%, 2.8%, 11.8%, 24.3% of phosphate, sulfide, nitrate, alkalinity 

and hardness were removed respectively at the sedimentation. The percent removal 

efficiency indicates the sedimentation didn’t contribute in reduction/removal/fixation of 

those chemical water quality parameters. Chemical parameters mostly occur in dissolved 

form in the water. High levels of dissolved constituents of water don’t removed by 

gravitational settlement alone, by obstructing velocity at the sedimentation.   Direct 

filtration with simple gravitational settlement as a pretreatment is an alternative of the 

conventional system when the raw water is low in turbidity, color, solids, coliform etc. 

(EPA, 1995). The conventional treatment method provides flexibility and reliability in 

plant operation, especially when source water quality is variable or the water is high in 

turbidity and/or colour and SSs. Since the process includes "complete" pretreatment 

(coagulation, flocculation, and clarification/flotation) for any type of raw water (EPA, 

1995). The absence of residual chlorine indicates the absence of pre-chlorination. 

Manganese was not found in winter at the source as well as the sedimentation. During 

summer manganese enters the river through flood carrying high amount of soil and then 

reaches the treatment plant but in winter no flood; its entrances is low.  

During summer at SP2 the manganese and hardness values were reduced slightly but 

values were almost similar to the raw water. Only 11.6% and 9.9% of manganese and 

hardness were removed respectively.  Almost no removal of nitrate as well as alkalinity 
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only 20.3% and 3.2% removed respectively at the sedimentation.  Even though the values 

were high; significant removal of BOD and phosphate were observed. 50.5% BOD and 

63.6% phosphate were removed at the sedimentation. Even though the value was above 

WHO guideline value sulfide removal was great at the sedimentation where it has been at 

the source. It is because water got a chance /opportunity to contact with air. Water flow 

from SP1 and fall to the collection chamber before sedimentation and water enters to the 

sedimentation which is open to air and aerated result in significant reduction of H2S at 

sedimentation (SP2). If the water body is well ventilated the H2S can removed (EPA, 

2001). 68.9% of sulfide was removed at the sedimentation. PH was no fix to the WHO 

limit and no residual chlorine at the sedimentation. The values and percent removal 

indicate no reduction/removal of those water constituents at the sedimentation by 

gravitational settlement.   

At SP3 Since it is winter and chemical pollution is reduced and the load reduced for the 

slow sand filter; it did better in BOD and nitrate treatment in winter. BOD and nitrate 

removed by filtration to 100% and 91% respectively. The PH reduced and approaches to 

8.5. The analysis shows the alkalinity decrement in 13.3% but it’s not much. The PH 

indicates the water is alkaline and the property of alkaline water indicates the study area 

water buffering capacity. It is a measure of the capacity of the water to neutralize acids 

and it reflects its so-called buffer capacity (its inherent resistance to pH change due to 

different pollutants and events). No heath concern, un-palatability is the high alkaline 

water effect that can be mentioned (EPA, 2001).   Even though, it was within the WHO 

limit hardness winter season removal efficiency of the sand filter is -5.1%. The sulfide 

and phosphate removal of the sand filter was negligible 0% and -1.8% respectively. The 

residual Chlorine negative value indicates the post chlorination and presence of residual 

chlorine which is good. 

In summer at SP3 on average/relatively chemical parameters concentration were 

decreased. The laboratory analysis result showed the presence of nitrate but reduced 

significantly and was within WHO allowable limits. 63.1% nitrate was removed.  BOD, 

alkalinity, manganese and phosphate were removed significantly but not within WHO 

limits. Allowable BOD level is < 4mg/l but 0 is preferable, alkalinity 20mg/l, manganese 

0.1 mg/l and phosphate < mg/l [30]. BOD observed value = 55.3mg/l, alkalinity 148.3 

mg/l, manganese 0.97mg/l and phosphate 12.2 mg/l much greater than WHO limit. This 
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is due to raw water poor quality and pre-treatment problems.  A SSF’s vulnerability to 

irregularly operated pre-treatment processes (and thus influent water quality changes) can 

adversely impact upon SSF treatment and limitation of SSF since it is effective on 

physical and biological pollutants removal. Thus appropriate pre-treatment ensures a SSF 

receives constant influent water quality, but it is vulnerable when these pre-treatment 

processes encounter problems (Thames Water and University of Surrey, 2005).       

 The sulfide value showed some increment at the sand filter. -7.1% removed indicates its 

increment. Sulfide as H2S, occur during anaerobic reaction. The result indicates the 

presence of anaerobic reaction at the slow sand filter. The high turbidity of the raw water 

made the anaerobic process overtook the aerobic process. The sand bed clogged as the 

water is highly turbid and the operation mode is not continuous and skimming is poor. 

Pumping will be stopped when bed clogged and result in filtration rate declines. Even 

pumping is not stopped the filtration rate declines due to mud formation and bed clog. 

With filtration rate declines DO level declines and disturbs aerobic microbiological 

treatment. The anaerobic process could take place (Thames Water and University of 

Surrey, 2005). PH was reduced after water was filtered but not within WHO limit. 

Residual chlorine level was 0mg/l which was resulted from incorrect dosage of chlorine. 

The dosage can vary as per the quality of water. But if we apply it the same manner the 

disinfectant will lost by microbial disinfection and oxidization reaction like iron, 

manganese, organic matter when they are in excess. Even when an oxidising agent is 

used in pre-treatment (for removal of algae, organic compounds, iron, manganese, taste 

and odours, or for viral inactivation) post-chlorination is able to provide a persistent 

germicidal residual (E.G Wagner and R.G. Pinheiro, 2001).               

Generally, the result showed that the raw water was fairly good and the treatment units 

did well in chemical water quality improvement in winter season except for some sulfide 

and alkalinity. And also the summer season result showed that the raw water was so bad 

and the treatment units couldn’t do well in chemical water quality improvement in 

summer season.  
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                 4.2.2.3 Bacteriological parameter 

Table 4-5 Bacteriological parameters seasonal treatment efficiency of treatment units 

Parameters 

Winter Summer Efficiency 

Winter and 

Summer 

respectively 

Winter Summer Efficiency 

Winter and 

Summer 

respectively 

SP1 

mean 

± SD 

SP2 

mean 

± SD 

SP1 

mean 

± SD 

SP2 

mean 

± SD 

SP2 

mean 

± SD 

SP3 

mean 

± SD 

SP2 

mean 

± SD 

SP3 

mean 

± SD 

Total 

Coliform 

Bacteria 

(Coliform 

Units/100ml) 

337 ±  

30.55 

286 ±  

20.66 

284 ±  

61.52 

227 ±  

31.64 

15                        

20.3 

286 ±  

20.66 

0  ±  

0 

227 ±  

31.64 

24 ±  

10.26 

100                          

89.6 

E-coli 

coliform 

Bacteria 

(Coliform 

Units/100ml) 

156 ±  

11.50 

148 ±  

15.82 

147 ±  

13.72 

105 ±  

7.77 

5.5                       

28.8 

148 ±  

15.82 

0  ±  

0 

105 ±  

7.77 

8  ±  

3.21 

100                           

92 

 

At SP2 the result observed indicates the presence of coliform at sedimentation.  The 

bacteriological colony number was close to that of the raw water value only 15% and 

5.5% of total and E-coli were removed in winter. The sedimentation didn’t do well in 

bacteriological treatment. Sedimentation can remove biological organisms with the aid of 

coagulant if not bacteriological treatment is negligible but removes settle able suspended 

solids by gravity and reduce turbidity.  The advantages of coagulation are that it reduces 

the time required to settle out suspended solids and is very effective in removing fine 

particles that are otherwise very difficult to remove. And can also be effective in 

removing many protozoa, bacteria and viruses (Pennsylvania Bureau of Safe Drinking 

Water, 2014). The result observed indicates the presence of total and E-coli coliforms at 

sedimentation. The bacteriological colony number was close to that of the raw water 

value. Only 20.3 and 28.8% total and E-coli bacteria were removed in summer season 

also indicates/proof the sedimentation didn’t do in bacteriological treatment.  

At SP3 no bacteriological colony was observed in winter.  So, the slow sand filtration 

unit performed well in removal of biological organisms in winter.  But, at the slow sand 

filter outlet bacteriological colony was observed in summer. Indeed 89.6% total and 92% 

E-coli bacteria were removed but it should be 100%; bacteria couldn’t present. This is 

due to season leading to low biological activities and chlorination with the required level 

as per the finished water quality and requirements. The biological activity decreases with 

season at low temperature (EPA, 2001). Chlorination in water treatment plays vital role 
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in removal of biological organisms. If the raw water is harsh in quality and have the high 

biological colon it should treated before filtration to reduce the load and keeping the post 

chlorination with optimal residual chlorine level to protect recent recontamination. The 

particles forming the turbidity may also interfere with the treatability of water and in the 

case of the disinfection process the consequences could be grave (EPA, 2001). The result 

indicates the biological activity of the sand filter influenced due to highly polluted raw 

water load and low temperature. Also lack of familiarity and absence of pre chlorination 

and post chlorination with recommended level and requirements which can result in 

residual level kept the biological organisms from disappearing completely. Even though 

the total coliform numbers reduced at the slow sand filter, the appeared indicates the slow 

sand filtration unit didn’t perform well in removal of biological organisms in summer 

because the total coliform bacteria colony number should be zero.     

               t-Test 

The temporal treatment level of treated water at the treatment units were analyzed using t 

- test which is used to compare data having one dependent and two categorical 

independent groups.  

     1. Physical Parameters 

The summer and winter TSS value of sedimentation using t- test (p<0.05) had significant 

difference of concentration. Because of high load of solids from rain by different ways, 

its difficult TSS to be removed by physical methods, as obstructs the flow and the 

velocity.  The TDS treatment efficiency of sedimentation differ in seasons; the mean TDS 

value of the summer was higher than the winter when leaves the sedimentation tank. But 

the TDS value analysis using t-test (p>0.05) indicates there is no significant difference at 

the outlet of sedimentation tank in between sampling periods. It does the same not 

remove TDS all seasons because the result showed the presence.   

The mean value difference of the summer and winter season turbidity at the outlet of the 

sedimentation was significantly high. The t-test value indicates there was significant 

difference between summer and winter season turbidity of water treated at the 

sedimentation (p<0.05). This was because the high turbidity of the summer raw water 

from the pond and a difficulty to remove it by gravitational settlement by obstructing 

flow and velocity. When source water quality is variable or the water is high in turbidity 

and/or colour and suspended solids "complete" pretreatment (coagulation, flocculation, 
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and clarification/flotation) is preferred (EPA, 1995). EC of the water after sedimentation 

was significantly different (p<0.05) seasonally. The mean value of temperature seems 

closed at the outlet of the sedimentation in both seasons but the t-test shows the 

difference is significant.  

The t-test of the finished water or the water after filtration showed the treatment of the 

physical parameters by filtration was different seasonally except EC. Since in winter 

season the raw water quality was relatively good and the filtration did well in winter. But 

in summer the raw water quality was so bad the filtration didn’t able to do as the winter it 

did. But EC value difference was insignificant indicates the presence of ions in both 

seasons and weak performance of the slow sand filter to remove ions and reduce EC.  

                2. Chemical parameters 

The mean value of pH value close in both season and no significant difference is shown 

from the t-test at sedimentation but significantly different after filtration with seasonal 

Change.  

BOD values of the water after pass through the sedimentation in winter and summer are 

highly different. The t-test indicates insignificant level/amount difference in summer and 

winter BOD level which in turn indicates the organic pollutants presence and low 

treatment efficiency of the sedimentation in summer and winter. The sedimentation was 

weak in BOD removal.  Organic matter removed by biological activities, oxidation 

reaction. Through aerobic bacteria, organic matter is breakdown into simple or less 

complex which are ultimately converted into simple compounds like carbon dioxide and 

water (EPA, 2001). Chorine is used as oxidizing agent as well as a disinfection solution 

(Dr. Aruna Kumar, 2015). But biological activity is low at sedimentation and no 

chlorination at the sedimentation of the study area, Stayish town drinking water treatment 

plant. But at sampling site3 the BOD the treated water was significantly different 

temporally; the water was free of BOD in winter but high in summer due to high load of 

BOD in summer and pretreatment problem. In general the raw water fluctuation is 

another determinant factor for such less contribution of sedimentation for organic matter 

pollutant reduction by the biological activity (EPA, 2001). The mean value of nitrate at 

the outlet of sedimentation in summer and winter was 55.2 mg/l and 4.15 mg/l 

respectively and difference was observed. The summer and winter nitrate values 



4. RESULTS AND DISCUSSION       67 

 

difference was insignificant (p>0.05) from t-test indicates the sedimentation don’t work 

nitrate removal constantly with seasonal change with different load.   

The temporal treated phosphate mean value of the treated water at the sedimentation was 

significantly different temporally and the t-test proves this. This is due high flood of the 

summer containing Phosphate pollutants. As the load increase it should treated more but 

it didn’t happen. The t-test significant difference indicates the sedimentation didn’t do 

constantly in phosphate removal with seasonal change and the summer and winter 

phosphate values were different at it. Even though the nitrate level of the treated water is 

within the WHO drinking water limit (50 mg/l NO3) in both seasons the nitrate treatment 

of the filtration was significantly different temporally.    

Sulfide level in summer was above the winter value. Bu the sulfide value showed 

significant change /decrement at SP2 from SP1. However, statistical analysis showed the 

difference is significant and sedimentation not does well in removing sulfide constantly 

in seasonal change. The summer value is high that sulfide from its sources; wastes and 

others enter into water through flood to the treatment and the sedimentation doesn’t do 

too. Sulfide level was different significantly (p<0.05) with seasonal change after pass 

through the slow sand filter indicates the slow sand filter doesn’t do sulfide removal well 

seasonally. But it present in both above WHO drinking water limit (0.008 mg/l sulfide as 

H2S).                                    

The laboratory analysis indicates the hardness level is too small with WHO drinking 

water limit (250 mg/l CaCO3). The temporal values are closed at the sedimentation. But 

the t-test indicates the water hardness after the sedimentation is different seasonally and 

the sedimentation do differently. As well hardness was significantly different p<0.05) 

temporally after filtration that the filtration did differently.  

The temporal mean values of alkalinity at sedimentation was different, the summer is 

high. The t-test indicates the sedimentation treatment of alkalinity significantly different 

(p<0.05). During summer the soil is saturated and bicarbonate formation become high 

and alkalinity also become high. Even though the alkalinity level was above WHO 

drinking water limit (20 mg/l CaCO3) the filtration did well alkalinity reduction in winter 

that the summer and t- test indicate the temporal value of the alkalinity of water different 

significantly that the filtration did differently.   
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The treated water manganese level was zero and some level in summer indicates the 

filtration did differently in manganese removal, and the residual chlorine level of the 

treated water was in safe level in winter but none in summer. Generally the treatment had 

a chemical pollutant load in the summer and couldn’t remove by simple gravitational 

settlement and biological activity  

               3. Biological parameters 

The microorganisms were observed widely in both seasons at the sedimentation but the 

summer mean probable number of indicator coliforms is high. The t- test indicates TC 

and FC of water after the sedimentation tank was significantly different seasonally and 

the temporal treatment of microbial constituents by sedimentation is different. The high 

turbidity of summer water serves as shelter and food source for microbial regrowth. 

Hence coliform bacteria were present after filtration in summer indicates the filtration did 

differently with seasonal change.  

Since the turbidity was high, as it raised there is a risk that pathogenic organisms could 

be shielded by the turbidity particles and hence escape the action of the disinfectant 

(EPA, 2001).     

Correlation  

 

Figure 4.9 Correlation in winter between selected water quality parameters 

As shown from the figure above there were a positive and negative significant correlation 

(R > ± 0.62) and insignificant correlation (R < ± 0.62) between parameters. In winter TSS 

had negative significant relation with turbidity; indicates TSS not increased with an 

increase of turbidity. TDS with TSS, nitrate and phosphate, had significant positive 

relation. They increased and/or decreased simultaneously. EC and PO4 had negative 

Turbidty 

(NTU)

TSS  

(mg/l)

TDS  

(mg/l)

Temp. 

(Oc)

EC 

(ms/cm) PH

Hardnes

s (mg/l)

NO3(mg

/l)

H2S 

(mg/l)  

PO4 

(mg/l)

Turbidty (NTU) 1

TSS  (mg/l) -0.10 1

TDS  (mg/l) 0.49 0.82 1

Temp.(Oc) -0.97 0.33 -0.28 1

EC (ms/cm) -0.96 0.38 -0.23 1.00 1

PH 0.75 0.58 0.94 -0.58 -0.53 1

Hardness (mg/l) -0.99 -0.03 -0.60 0.93 0.91 -0.83 1

NO3(mg/l) -0.96 -0.19 -0.72 0.87 0.84 -0.91 0.99 1

H2S(mg/l)  0.96 0.19 0.72 -0.87 -0.84 0.91 -0.99 -1 1

PO4 (mg/l) -0.93 0.47 -0.13 0.99 0.99 -0.45 0.87 0.78 -0.78 1
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significant relation with TDS in winter. As TDS increase EC and PO4 were not increase 

but decrease. 

Figure 4.10 Correlation in summer between selected water quality parameters 

In summer TSS, TDS, EC, alkalinity, PO4, BOD, TC and FC had positive significant 

relation with turbidity. This indicates the increase with as the turbidity increases and 

decrease as turbidity controlled. FC has strong relation with TC which is 99%. TC and 

FC had strong positive relation with BOD, PO4 and manganese. In turn BOD and PO4 

had strong positive relation with manganese. Hardness and alkalinity nitrate and 

alkalinity, phosphate and sulfide had negative significant relation; as the one increases 

the other decreases.   

      4.3 Treated Water Quality Parameters Seasonal Values and  

             Water Quality Status  

       4.3.1 Treated water quality parameters and WHO drinking water  

                guideline values 

Water produced for human consumption should be wholesome water. The healthiness of 

water determined with reference to the set of stated guideline/ standard values. As Dr. 

Aruna Kumar, 2015 Water quality standards are a measure of the condition of water 

relative to the requirements of human need or purpose. Standards for drinking-water 

Turbidty 

(NTU)

TSS  

(mg/l)

TDS  

(mg/l)

Temp

.(Oc)

EC 

(ms/

cm) PH

Manganise 

(mg/l)

Alkalinity 

(mg/l)

Hardness 

(mg/l)

NO3(

mg/l)

H2S(m

g/l)  

PO4 

(mg/l)

BOD 

(mg/l)

TC(CF

U/100

ml)

FC 

(CFU/ 

100ml)

Turbidty (NTU) 1

TSS  (mg/l) 0.97 1

TDS  (mg/l) 0.83 0.94 1

Temp.(Oc) 0.26 0.50 0.76 1

EC (ms/cm) 0.83 0.94 1 0.76 1

PH 0.40 0.62 0.85 0.99 0.85 1

Manganise (mg/l) 0.61 0.79 0.95 0.92 0.95 0.97 1

Alkalinity (mg/l) -0.99 -1.00 -0.91 -0.41 -0.91 -0.55 -0.73 1

Hardness (mg/l) 0.24 0.48 0.74 1.00 0.74 0.98 0.91 -0.39 1

NO3(mg/l) 0.03 0.29 0.59 0.97 0.59 0.93 0.81 -0.20 0.98 1

H2S(mg/l)  -0.97 -0.87 -0.65 0.00 -0.65 -0.16 -0.39 0.91 0.02 0.22 1

PO4 (mg/l) 0.71 0.86 0.98 0.87 0.98 0.93 0.99 -0.81 0.86 0.73 -0.5 1

BOD (mg/l) 0.87 0.97 1.00 0.69 1.00 0.80 0.92 -0.94 0.68 0.52 -0.72 0.96 1

TC(CFU/100ml) 0.85 0.95 1.00 0.73 1.00 0.83 0.94 -0.92 0.72 0.56 -0.68 0.97 1.00 1

FC (CFU/100ml) 0.91 0.99 0.98 0.63 0.98 0.74 0.88 -0.97 0.61 0.44 -0.78 0.93 1.00 0.99 1
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quality ensure that public drinking-water supplies are as safe as possible (Dr. Anubha 

Goel, 2022 and WHO, 2022). So, for the purpose of human health the water should be 

safe all time.  The safeness of Stayish town treated drinking water was observed with 

reference to WHO drinking water guideline values of water quality parameters.  

 

 

Figure 4-11 Seasonal physical and chemical water quality level of Stayish town drinking 

water supply with reference of WHO values 

As observed above in the figure except TDS, residual chlorine, nitrate, BOD and 

hardness all water quality parameters values were not within WHO drinking water 

guideline values in winter but they were not far high or low. In summer except hardness 

and TDS all drinking water quality parameters weren’t within WHO drinking water 

guideline values. This indicates the slow sand filter treatment plant is influenced by 

seasonal change and variable raw water quality.  As turbidity raised there is a risk that 

pathogenic organisms could be shielded by the turbidity particles and hence escape the 

action of the disinfectant (EPA, 2001).       
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 Variation in raw water quality upset the steady- state existence of microbiological 

communities in the SSF, causing microorganisms and/or the bio film they live in to 

detach, resulting in filtrate quality deterioration (Thames Water and University of Surrey, 

2005).   

Low temperature can adversely affect slow sand filter performance. Temperature controls 

microbiological metabolic rates, as well as the speed of chemical reactions (Hisman & 

Wood, 1974 as cited by Thames Water and University of Surrey, 2005). The rate of a 

reaction will double for each 10
O

C rise in temperature (Sawyer et al, 1994 as cited by 

Thames Water and University of Surrey, 2005). Therefore as temperature declines, 

reaction rates and microbiological metabolic rates will slow.  For biological systems this 

may be true up to a certain optimal temperature (Thames Water and University of Surrey, 

2005). The summer increment of some chemical parameters was that the high flood 

carried pollutants from waste sources and agricultural area and arrived at them to the 

treatment. But slow sand filtration is mostly biological process some parameters 

increment above WHO drinking water guideline values.  

 

Figure 4-12 Seasonal biological water quality level of Stayish town drinking water supply 

with reference of WHO values 

The water should free from biological organisms but in summer the treated water was not 

free. Since the slow sand filter influenced by high polluted water which was entering into 

the filtration and the climate as well. 
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               4.3.2 Water Quality Status 

There are so many physical, chemical and bacteriological parameters to define the quality 

of water with established standards. But when we compare some parameters can be 

within allowable limit but other some not. So, it’s difficult to conclude about the 

healthiness and rank of the water with these contradictions.  Therefore, a solution is need 

which is a water quality index.  

WQI methods have their merits and demerits. WQI can be determined by using different 

methods based on the type of data, number of data as stated in the literature and weighted 

arithmetic is used to calculate WQI values. By Using equation 2.3 the calculated WQI 

were 74.9 (poor) and 854.05 (unsuitable for drinking purpose) in winter and summer 

respectively.  The water quality status of Stayish town drink water treatment sand filter 

had two groups. It was grouped in poor water quality status in winter season and 

unsuitable for drinking purpose in summer season. 
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           5. CONCLUSION AND RECOMMENDATION 

             5.1 Conclusion  

Generally, Stayish town drinking water source water quality varies with seasonal change. 

This is from the summer high polluted runoff entering into the river. The sedimentation 

design variables values are not between the standard values; some are above and the 

others are below the standards which have big influence on good treatment performance 

of sedimentation tank. The slow sand filter design and basic parameter for good job of 

sand filter are extremely differing from the standard values and the influence is high 

especially in summer.  

As a whole the physical, chemical and biological water quality parameters of all sampling 

points have different values in dry and wet season. The chemical water quality 

parameters also increase in summer. The sedimentation tank doesn’t do well in 

pretreatment of TDS, coliform bacteria and many chemical contaminants except 

hydrogen sulfide, phosphate and BOD. The sedimentation tank expected up to 90% of 

physical pollutants but it is less, the biological pollutants removal is 28% and even 

though, the chemical pollutant removal isn’t expected by sedimentation, the 

sedimentation removes 24% of other chemical pollutants other than those mentioned 

above. The slow sand filter does a good job in water treatment in dry season; produces 

physically acceptable and coliform free water. But the chemical pollutants removal is low 

except 100% BOD removal in winter. In summer it reduce the manganese level from 

2.06mg/l to 0.97mg/l (53.2%), nitrate from 58.07mg/l to 21.45mg/l (63.1%), phosphate 

from 24.2mg/l to 12.2mg/l (49.8%) and turbidity from 1572 to 118.7 NTU (92%), TSS 

from 139.13mg/l to 69mg/l (50.4%), which are much higher than the winter and seen as 

good performance of the filter but still above the WHO allowable limits.  

The final treated water quality of the summer is different from the dry season. The value 

of the final treated water quality parameters differ seasonally. High amount of the 

pollutants were removed through the filter but almost all are above the WHO allowable 

limits in summer. Also manganese, nitrate, sulfide, alkalinity level is above. BOD is 

much higher than the limit 4mg/l, hydrogen sulfide much higher than the limit 

0.0008mg/l in the wet season treated water and also not free of coliforms. The t-test 

indicates the significant difference between the treated water quality parameters value in 
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summer and winter which briefs the plant doesn’t work with seasonal change. The water 

quality doesn’t constant with season. So, the null hypothesis is rejected and alterative 

hypothesis is accepted. The water quality status determination using WQI indicates 

improvement in winter season treated water quality but the need for further treatment of 

the final treated water. Turbidity has significant influence on the final treated water 

quality status using the WQI method. The summer season final treated water status 

indicates that the water doesn’t meet any criteria for use as drinking water. Some 

parameters like TDS, EC and other some seen some increment after filtration which 

indicates the operational problems. The treatment can do more in treating the water. For 

well performance the slow sand filter needs regular and good pretreatment, regular 

operational activities. Stayish town drinking water sand filter performance is influenced 

from raw water quality and pretreatment problems, design variables and operational 

problems including skimming and replacing the sand when necessary.    

             5.2 Recommendation  

❖ To improve the pollutant load to slow sand filtration the soil wall and floor of the raw 

water pond (the artificial reservior) where the  raw water pumped should constructed to 

avoid entrance of further soil and solid wastes which change turbidity, TSS, TDS, 

bacterial growth and some chemical parameters like phosphate, BOD, sulfide and others.  

❖ in summer the river polluted highly and the water entered to non-constructed/protected 

artificial pond and pumped to the filtration process requires doing a little higher 

pretreatment and operational activities for the slow sand filter performance somewhat 

great where it is now. Therefore, flow rate and the detention time of water at the 

sedimentation should be regulated as it optimizes the velocity and allows settling of 

particles. Also the filtration rate should be regulated as per the raw water quality. For 

optimal filtration rate flow rate should not exceed 11.56m
3
/hr. But the sedimentation tank 

is too small in depth, width and length the water enters leaves the sedimentation after 21 

minutes. So even though settling depends on characteristics of the solids and needs 

further studies the flow rate should be regulated to 3.32m
3
/hr. for the recommended 

detention of water in sedimentation, especially when the raw water is polluted/turbid 

which brings filtration rate to 0.06m
3
/m

2
/hr. In addition; skimming should be done 

regularly.  
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❖ Water quality monitoring is essential not only to confirm the quality of the water to be 

delivered to the costumers but also indicator for the pretreatment and operational 

activities we must do. Turbidity guides the pretreatment needed and the operational 

activities we must do. So, the water quality monitoring should be done to do well 

pretreatment, operational activities and ensuring the quality of water delivered to the 

users.   

❖The study explained the water quality changed and pollutants raised with seasonal 

change but for the treatment plant better function and possible for the future, it’s better to 

do more in water quality analysis for a year and apply improvement of the existing 

pretreatment facility as per the sedimentation tank design parameters and even it is 

necessary to look other pretreatment alternatives/structures that could do with required 

flow. It is better that adopt the conventional method of drinking water treatment. 

Designing based on half information leads to mistake and raises a question on good 

technologies. So, Stayish town drinking water treatment plant should be a lesson for the 

next work on it as well for other works. 
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APPENDICES   

APPENDIX1: Slow Sand Filter Design Guideline and 

Measured Values 
 

Design Parameters Seasonal Measured Values Design Guideline Value 

 

 Winter Summer  

Filtration rate (m3/m2/hr.) 0.44 0.44 0.1-0.2 

Sand bed depth (m) 1.5 1.5 0.6-1.5 

Head loss (m) 0.55 0.92 0.6 

Turbidity (NTU) 18.8 3691.7 <25 

Temperature (Oc) 17.07 13.83 >8 

PH 8.8 9.76 6.5-8.5 

E-Coli Coliform (CU/100ml) 156 147 ≤500 
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APPENDIX2: Winter Season WQI Calculation 
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APPENDIX3: Summer Season WQI Calculation 
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APPENDIX4: Drinking Water-Quality Standards and  

                         Guidelines Values 
S.No Water Quality 

Characteristics  

Unit WHO Guideline 

Value 

Remark 

1 Taste  Non-Objectionabl  

2 Colour Color unit Non-Objectionable <15 Color Units 

3 Odour  Non-Objectionable <3 threshold odour no.  

4 Turbidity NTU <5NTU  

  

<1NTU for good 

Operational 

5 Temperature 
O
C 20  

6 Suspended Solids mg/l Free  

7 Total Dissolved Solids mg/l 1000  

8 Electrical Conductivity S/m 0.005-0.05  

9 PH  6.5-8  

10 Hardness mg/l 500  

11 Alkalinity mg/l 20mg/l as CaCO3  

12 Sodium mg/l 200  

13 Magnesium mg/l 50  

14 Manganese mg/l <0.1  

15 Iron mg/l 0.3  

16 Fluoride mg/l 1.5  

17 Nitrite (NO2
-
) mg/l 50  

18 Nitrate ( NO3
-
) mg/l 3  

19 Ammonium(NH4
+
) mg/l 0.2   

20 Ammonia (NH3) mg/l 1.5  

21 Chloride (Cl
-
) mg/l 250  

22 Chlorine mg/l 5  

23 Residual Chlorine mg/l 0.2  

24 Sulfate (SO4
-2)

 mg/l 250  

25 Phosphate ( PO4 ) mg/l 0-4  

26 Hydrogen Sulfide(H2S) μg /l 0.8  

27 Coli forms CFU/100ml 0  

(Source: WHO drinking water quality guideline 4th edition, 2022) 
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APPENDIX5: Determining Detention Time 
 

Sufficient contact time is necessary between the filtering water and the sand grains to 

ensure that biochemical reactions are complete and that biological populations have 

maximized contaminant removal (Thames Water and University of Surrey, 2005).                          

The detention time was determined after filtration rate was determined by using filtration 

rate and depth of filter bed. Media depth was determined by using tape meter. Then 

detention time was determined by dividing depth of slow sand filter bed to filtration rate. 

                         Velocity = S/T  

          Where      S - is distance which is the depth of the filter, Hf 

                          T - is detention time, Td   

               Then      Td = Hf/Velocity.  

 

 

 

 

 

 

 

 

 

 

 



APPENDICES       84 

 

APPENDIX6:  TDS and EC 
 

-0.7) and it is also used to estimate the 

ionic strength of solution using, I=1.6 x 10 - Tchobanoglous 

et al., 2003).   
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APPENDIX7: Photos of Field and Laboratory Works 
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