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Abstract 

Grey water is a potential resource of waste water that can be improved to meet the quality 

needed for irrigation. This research will focus on the performance evaluation of combined; pine 

bark, activated charcoal and sand filters for the treatment of grey water that comes from two 

lounges of ADDIS ABABA Science and Technology University. Three stages of treatment 

mechanism was undertaken in the research which are treatment chamber one (screening stage) 

follow pre-treatment mechanism by using 0.1cm and 0.2cm diameter plastic mesh inside the 

reservoir, treatment chamber two (filtration stage) is the main step and most of the treatment 

takes place using the above three filter materials. The filter materials depth is 20cm for each type 

of treatment materials such as pine bark, activated charcoal and sand.at the bottom of the column 

there is coarse gravel with 0.3cm-0.5cm effective size and 10cm depth making under drain stage 

possible. First pure water was feed for 15 days to clear filter materials in order to get best quality 

after that the grey water was batch feed for fifteen days with a quantity of three discharge rates 

which are 16l/day, 8l/day and 4l/day. A series of experiments was examined for characterization 

of grey water but effluent whose discharge rate 4 l/day gives the best value for this parameters; 

ammonia as nitrogen, phosphorus, ammonia, salinity, total coliform, total solid, total dissolved 

solid, biological oxygen demand,  chemical oxygen demand and PH were equal to 0.04mg/l, 

1.57mg/l, 0.03mg/l,  0.74ppm, 14*10
7
cfu/ml, 422mg/l, 243mg/l, 39mg/l, 81mg/l and 7.68. This 

shows that the effluent is applicable for surface irrigation based on USEPA wastewater quality 

standards. The null hypothesis for BOD5, COD, salinity, total coliform and TS show significant 

difference because p<0.05. But for P, NH3-N, NH3, PH and TDS the hypothesis become 

insignificance because p>0.05. 
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 Chapter 1 

1. Introduction 

1.1. Background 

Treating wastewater properly before disposal or reuse is not a luxury but a necessity to protect 

public health, the environment and water resources. One way to achieve proper treatment can be 

by source separation, local treatment and utilization of wastewater fractions (urine, faeces and 

grey water) for crop production. The World Health Organization Guidelines for safe use of 

wastewater, excreta and grey water highlight the reliability of grey water in alleviating water 

scarcity, especially for irrigation (WHO, 2006). The reliability of grey water stems from the fact 

that it contains plant nutrients for growth and has a comparatively low concentration of 

pathogens compared with mixed wastewater and black water.  

Recent reports showed that less developed countries including Ethiopia shown that 80% of waste 

water is discharged to surface or underground without any use for the public. until now the waste 

water disposal system is linear and a small scale treatment system but in order to build a 

sustainable environment the disposal system must be loop means recycled (FDRE water and 

irrigation authority, 2015). 

Wastewater can be treated by physical, chemical and biological method. physical method means 

application of physical forces for the treatment such as screening, sedimentation, mixing, 

filtration adsorption etc.., chemical method means addition of chemicals to the wastewater like 

disinfection, oxidation and precipitation and biological methods means removal of biodegradable 

organic materials in waste water e.g. activated sludge and trickling filter (Tchobanoglous et al., 

1999). 
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Grey water is the wastewater except the toilet wastes produced in shower, bathtubs, laundry, 

machine, kitchen sink and hand basin which generated from houses, schools, restaurants and 

hotels. Grey water can be treated in small scale and onsite treatment with in small area. in order 

to recycle grey water generation places it needs to know high short term variation with respect to 

water flow (Andersen et al,, 2008). 

Reuse of grey water without any treatment leads to deterioration of soil texture, increase salinity 

of the soil and eutrophication in water bodies  which triggers the necessity for grey water 

treatment before use for irrigation (Eriksson et al., 2008).  

Sand is the traditional filter material for waste water treatment for long period of time but 

clogging of sand filters is a major problem due to the high bulk density. Other draw backs of 

sand filter are large efforts was required for transporting virgin sand and shortage of well graded 

sand filter.(Dalahmeh et al. , 2012).While having the same particle size and uniformity 

coefficient as sand, pine bark and charcoal are distinguished by larger specific surface area, 

higher porosity, lower density and higher organic content than sand. Bark and charcoal have 

been shown to have a large capacity for adsorption of heavy metals and organic compounds. 

These properties of bark and charcoal are believed to indicate high capacity for grey water 

treatment, with lower risk of clogging and easy transportation, which needs to be confirmed 

experimentally. 

grey water treatment and management have a multi-disciplinary benefit some of those are urban 

planning, agricultural planning, civil works, horticultural works and environmental safety 

planning and function, but all this benefits are gain if the concentration of different organic 

compounds and nutrients found in the grey water such as biodegradable components, total 

phosphorous, total nitrogen, potassium and total coli forms must be tolerable amount.  
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1.2. Statement of problem 

In Ethiopia pure water scarcity is a major problem for most of the cities because drinking water 

is used for non-potable purposes and less practice for recycling and reuse of grey water. There 

are some practices of reuse grey water for example in arba minch city constructed wetland grey 

water treatment was done but this system takes a long time for growing the plants in addition to 

this constructed wetlands have a large footprint (9m2 per person in this case) and the treatment 

performance during winter is poor.  

Sand infiltration is the most common filtration mechanism for the treatment of grey water but 

clogging problem, scarcity of well graded sand and transportation cost due to the weight is 

problems associated with sand filter. A lot of research was done on alternative way of treating 

grey water with low cost and easily available materials one of those studies (Dalahmeh et al., 

2012) use  different filter materials for treating grey water such as pine Bark and Activated 

Charcoal Filters which have a low bulk density and low cost availability. This research also dig 

alternative way for grey water treatment with low cost and least clogging problem on the 

household level compared to other grey water treatment on the small scale.so this study use 

combined pine bark, activated charcoal and sand filters for treating grey water in lab scale.  

 

1.3. Objective of the research 

General objective 

The general objective of the research is to study the performance of combined pine bark, 

activated charcoal and sand filters for the treatment of grey water. 
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Specific objectives 

 To characterize the grey water from Addis Ababa science and technology university 

student lounge. 

 To design and characterize the grey water treatment facilities such as column set up and 

feeding materials. 

 To investigate the performance of combined pine bark, activated charcoal and sand filters 

for selected waste water quality parameters at the lab scale and compare with 

international standards for the application of irrigation. 

1.4. Research question 

 The research answers the question; is combined filter materials such as pine bark, activated 

charcoal and sand have good removal BOD, COD, total nitrogen and total phosphorus? And is 

this combination of filter material has tolerable percentage reduction of pollutant for the 

application of irrigation? 

1.5. Significance of the study 

Grey water has good characteristics for recycle and reuse for different non-potable purposes 

because it has a low concentration of pathogens and toxic substances than black water. The 

reason behind this is treatment mechanism shall be simple and least cost on the household level. 

Treated grey water has a capacity to replace the pure water usage for non-potable uses like 

irrigation this results in solving the water shortage problem. 

This research use combined; pine bark, activated charcoal and sand filters which are easily 

available and least cost materials for treating on the small scale level. Pine bark and activated 

charcoal have larger specific surface area, higher porosity, lower density and higher organic 

content than sand. Bark and charcoal have been shown to have a large capacity for adsorption of 
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heavy metals. These properties of bark and charcoal are believed to indicate high capacity for 

Grey water treatment, with lower risk of clogging and easy transportation. So using this 

combined filter materials have a good efficiency for reducing nutrients and organic compounds 

and also need a small capital for the application of irrigation. 

1.6. Scope and limitation of the study 

The research analyzes grey water from ADDIS ABABA science and technology university 

student lounge with column set up material at the lab scale. The samples were taken from the two 

lounges three times a day for three days. The research analyses some of wastewater quality 

parameters such as BOD5, COD, TDS, TS, ammonia as nitrogen, ammonia as ammonia, salinity, 

phosphorous and total coliform. Fifteen days of continuous pure water feeding and Fifteen days 

of batch feeding of grey water on the column set up was takes place. Even if variability of grey 

water characteristics based on time and place needs a lot of days for the treatment process and 

wants a lot of measurement for wastewater quality parameters time and budget are the major 

constraints of the study. 
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Chapter 2 

2. Literature review 

2.1 Sanitation practice  

Sanitation usually defined as the ‘‘means of collecting and disposing of excreta and community 

liquid waste in a hygienic way so as not to endanger the health of individuals and the community 

as a whole” (WHO, 2018), is given high priority in matters relating to public health protection 

and pollution prevention. The approach of centralized, water-based sewer systems was applied to 

attain considerable public health improvement in urban areas of industrialized countries. This 

approach was generally perceived as the right approach to adopt also in developing countries. 

However, the cost of such a sewer-based system with its required piped water supply prevented 

its application in most poor communities of low and middle-income countries. On-site sanitation 

remained the only appropriate alternative to providing a hygienically safe environment to poor 

communities. Since safe disposal of human excreta was perceived as one of the most important 

public health protection measures, many development projects focused on the area-wide 

implementation of latrines, which achieved mitigated success. Despite the efforts undertaken so 

far, 2.6 billion people still lack access to improved sanitation facilities (Morel and diener, 2006). 

It is estimated that approximately 100,000 cubic meter waste water is produced in Addis Ababa 

per day from domestic activities such as bathrooms and kitchens alone as 80% of the consumed 

water is disposed in the form of waste. In addition to this 30% of the city dwellers have no 

facility at all to dispose of their liquid waste. The city administration is only capable of treating 

10% of the liquid waste produced in the municipality. So, sanitation and sewerage management 

and disposal is a serious socioeconomic problem of the city as the system is not well developed 

(Mohammed & Elias, 2017).The socio political and industrial corner of Ethiopia, the capital 
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Addis Ababa generates an estimated annual volume of 49Mm3 total wastewater from which 

about 4Mm
3
 is industrial wastewater. Estimate of wastewater generation is indicated in Table 1. 

Table 2.1 Estimation of wastewater generation in Addis Ababa 

 

 

                

      Source: Extracted from (Van Rooijen et al. 2009b) as cited by (Teklu, 2007) 

Addis Ababa is the only city in Ethiopia with a sewerage network, although only about 10 

percent of the population has access to the sewerage services. Addis Ababa has three sewerage 

catchments (Akakai, Kality and Eastern). There are 20 existing treatment plants with 15 

decentralized WWTPs with conveyance and treatment capacity of 60,500 m3 per day under 

construction. The World Bank-supported Urban Water Supply and Sanitation Project is financing 

expansion of the Kality sewerage system to add capacity of 90,000 m3 per day. This is due for 

completion in late 2017, but will not have adequate capacity to address the full demand (world 

bank, 2017).  

Major domestic water sources of Addis Ababa city are surface water and ground water. The city 

of Addis Ababa is at present supplied mainly with surface water from Legedadi, Dire and 

Gefersa dams with additional supplies from ground water pumped from Akaki well fields to the 

south of Addis Ababa, and other wells and springs within the city. Surface water from Legedadi 

and Dire dam is treated at Legedadi water treatment plant having a production capacity of 

195,000m3/day while that from Gefersa dam is treated at Gefersa Water treatment works having 

Total wastewater generation (MCM yr-1) 49 

Industrial wastewater (MCM yr-1) 4 

Wastewater use in agriculture (MCM yr-1) 9 
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production capacity of 30,000m3/day. Similarly, the collective groundwater production from 

Akaki well fields and other boreholes within and around the city is estimated as 222,333m3/day. 

Therefore, the total current water production is about 447,333m3/day. (Source: Addis Ababa 

Water Supply Project –Stage IIIA, 2005 G.C). 

Addis Ababa has two secondary sewage treatment plants. The first one, called Kality treatment 

plant, runs under its designed capacity of 7,600m3/day. The other treatment plant, called Kotebe 

treatment plant, receives only sludge from vacuum trucks that empty septic tanks, with an 

estimated annual volume of 85,000 m3 (Van Rooijen et al., 2009a) as cited by (Teklu, 2007). the 

poor sewerage system, uses of old technology, low level of awareness on waste management, 

weak enforcement mechanisms on pollution prevention and control and low level of income of 

the city dwellers have aggravated the pollution problem and can be considered as the major 

constraints of wastewater management (Teklu, 2007). 

The water coverage in the city is over 90 percent, but supply is intermittent with some sub-cities 

having access to water for only 12 hours a day for less than three days per week. Coping with the 

demand from the extensive housing development in the city is a continuing challenge. Most 

residents use some form of on-site sanitation: Half of the residents use shared pit latrines, while 

about 18.3 percent and 26.4 percent, respectively, use private pit latrines or flush toilets, 

including pour flushing. The problems of open defecation; unsafe containment; and lack of 

appropriate de sludging services were the major challenges of sanitation. 

2.2. Definition and practices of grey water 

Grey water is specifically wash water. That is, bath, dish, and laundry water excluding toilet 

wastes and free of garbage-grinder residues. When properly managed, grey water can be a 
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valuable resource which horticultural and agricultural growers as well as home gardeners can 

benefit from. It can also be valuable to landscape planners, builders, developers and contractors 

because of the design and landscaping advantages of on-site grey water treatment management. 

It is, after all, the same phosphorous, potassium and nitrogen making grey water a source of 

pollution for lakes, rivers and ground water which are excellent nutrient sources for vegetation 

when this particular form of wastewater is made available for irrigation. 

"UNESCO has predicted that by 2020 water shortage will be a serious worldwide problem.” The 

Grey Water Recycling System is a must for anyone who cares about the environment to 

replenish the water shortage and reduces environmental pollution as well as wastewater 

production. 

Jordan is located in an arid to semi-arid area and is one of the top water scarce countries in the 

world. Grey water represents 50-70 % of the domestic wastewater (grey water is a sustainable 

source of water in Jordan for the irrigation purpose. Agriculture is the major consumer of water 

in Jordan, where about 64% of water demand goes for agricultural uses (Ghrair, 2011). 

Grey water treatment and reuse system is one of structural-operation water management 

strategies to overcome the scarcity of water resources and to develop sustainable environmental 

friendly system.  

Grey water can be considered an alternative that provides non-potable water for household 

usage, and thus reduces the per capita water use by 50%. For this reason it provides an attractive 

and sustainable low cost water source especially in the arid and semiarid areas due to the water 

scarcity and fluctuation in the rainfall patterns. 

In the recent years, grey water has been linked not only to environmental degradation and serious 

health risks, but has also been increasingly identified as a valuable source of water that if 
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properly used for irrigation can reduce the agricultural use of freshwater and increased food 

security as well as improves public health (Assayed & Dalahmeh, 2010). 

Water land is an ecological housing settlement comprising 150 houses and situated in Groningen 

in The Netherlands. The production of wastewater is 125 L/p·d, of which 80% is considered grey 

water. Grey water is discharged into the local environment after treatment by two horizontal, 

constructed wetlands. It must be said that these constructed wetlands have a large footprint (9m2 

per person in this case) and the treatment performance during winter is poor.  

The Netherlands Thirty-two houses were equipped with vacuum toilets. The concentrated toilet 

water is treated on site and grey water is not treated but discharged to the sewer. First results 

from the project indicate a water consumption of about 70 L/p·day, which is very low compared 

to the Dutch average of 134.1 L/p·d (Zeeman et al., 2007)   

Grey water tower Arba Minch, Ethiopia - Case study of sustainable sanitation projects shows the 

use of grey water towers as a tool for household sanitation in peri-urban areas in Arba Minch, 

Ethiopia. The project has been realized within the ROSA (Resource-Oriented Sanitation concepts 

for peri-urban areas in Africa) project, which aims to develop adaptable, affordable and 

replicable sanitation solutions in Africa, and was executed by the Arba Minch Town Water 

Supply, and Sewerage Enterprise (ARB), the Arba Minch University (AMU), Jupiter 

construction micro and small enterprise and Daylight construction micro and small enterprise. A 

grey water tower was selected as one of the methods that can be adopted to treat and safely reuse 

grey water, in which the grey water can be used for growing vegetables successfully. The 

construction of the units does not require skilled labor. The aim was to raise awareness about the 

unit in the community of Arba Minch and promising demand has been created.( Shewa and 

Geleta., 2009) 
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2.3. Composition and characteristics of grey water 

Composition of grey water 

The composition of grey water mainly depends on quality and type of available water supply and 

household activities. Cooking habits as well as amount and type of soap and detergent used 

significantly determine the level of contamination. Grey water may contain soaps, food particles, 

grease, oil, lint, hair, pathogens, and traces of other chemicals. Grey water also contains high 

levels of detergents. These contain surfactants (surface active agents), builders, bleaches, 

enzymes, preservatives, solvents, fillers, etc (Morel & Diener, 2006). The main sources of gray 

water are households which include water from bathtubs, showers, sinks, and washing machines. 

Grey water from Bathroom; Water used in hand washing and bathing generates around 50-60% 

of total grey water and is considered to be the least contaminated type of grey water. Common 

chemical contaminants include soap, shampoo, hair dye, toothpaste and cleaning products. It also 

has some faecal contamination (and the associated bacteria and viruses) through body washing.  

Grey water from Cloth Washing; Water used in cloth washing generates around 25-35% of total 

grey water. Wastewater from the cloth washing varies in quality from wash water to rinse water 

to second rinse water. Grey water generated due to cloth washing can have faecal contamination 

with the associated pathogens and parasites such as bacteria.  

Grey water from Kitchen; Kitchen grey water contributes about 10% of the total grey water 

volume. It is contaminated with food particles, oils, fats and other wastes. It readily promotes 

and supports the growth of micro-organisms. Kitchen grey water also contains chemical 

pollutants such as detergents and cleaning agents which are alkaline in nature and contain 

various chemicals. Therefore kitchen wastewater may not be well suited for reuse in all types of 

grey water systems(Almeida, Rocha, & Junior, 2013).  
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 Addis Ababa’s water supply Project –Stage IIIA, 2005 G.C reports the Percentage Composition 

of Per-Capita Water Demand for Different Purpose as shown below in table 2 and table 3 

Table 2.2 Percentage Composition of Per-Capita Water Demand for Different Purposes 

 

Table 2.3 Composition of Per-Capita Water Demand for Different Purposes of grey water 

 

 

 

 

 

 

S/N Use  Percentage of total usage 

1 WC 26.7 

2 Cloth washing 21.7 

3 Bath and shower 18.6 

4 Kitchen 17.1 

5 Leakage 13.7 

6 Others 2.2 

Total 100 

S/N Use  Litter per capita per day Grey water component 

1 WC 29.37 No 

2 Cloth washing 23.87 Yes 

3 bath 20.46 Yes 

4 Kitchen 18.81 Yes 

5 Leakage 15.07  

6 Others 2.42  

Total 110 71.64 L/p/d 
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The table shows that above half of the domestic waste water is grey water. but the treatment and 

sewerage network in Addis Ababa is not sufficient for good water management considering grey 

water. But Addis Ababa Housing construction project office has been constructed 186,978 

houses in ten sub-cities of the Metropolis incorporating varies unit typologies into each 

condominium block such as studio, 1-bedroom, 2-bedroom, and 3-bedroom and communal unit 

types starting from the program launched in 2004 (1996 in the Ethiopian calendar) up to 2006 

E.C. Considering 186,978 houses the amount of grey water produced from the existing 

condominium houses is 29,839m3/day. 

Characteristics of grey water 

Physical characteristics 

 Temperature; Grey water temperature is often higher than that of the water supply and varies 

within a range of 18–30
o
C. These rather high temperatures are attributed to the use of warm 

water for personal hygiene and discharge of cooking water. These temperatures are not critical 

for biological treatment processes (aerobic and anaerobic digestion occurs within a range of 15–

50
o
C, with an optimal range of 25– 35 

o
C). On the other hand, higher temperatures can cause 

increased bacterial growth and decreased CaCO3 solubility, causing precipitation in storage 

tanks or piping systems (Morel & Diener, 2006).  

Suspended solids; Food, oil and soil particles from kitchen sinks or hair and fibers from laundry 

can lead to high solids content in grey water. These particles and colloids cause turbidity in the 

water and may even result in physical clogging of pipes, pumps and filter used in treatment 

process. Especially non-biodegradable fibers from clothing (polyester, nylon, and polyethylene), 

powdered detergents and soaps, as well as colloids are the main reasons for physical clogging. 
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Suspended solids concentrations in grey water range from 50–300 mg/l, but can be as high as 

1,500 mg/l in isolated cases. The highest concentrations of suspended solids are typically found 

in kitchen and laundry grey water. Suspended solids concentrations strongly depend on the 

amount of water used (Metcalf and eddy, 2005). 

Chemical characteristics of grey water  

The chemical parameters of relevance are hydro chemical parameters such as pH, alkalinity, 

electrical conductivity, sodium adsorption ratio (SAR), biological and chemical oxygen demand 

(BOD, COD), nutrient content (nitrogen, phosphorous), and problematic substances such as 

heavy metals, disinfectants, bleach, surfactants or organic pollutants in detergents (Morel & 

Diener, 2006).  

PH indicates whether a liquid is acidic or basic. For easier treatment and to avoid negative 

impacts on soil and plants when reused, grey water should show a pH in the range of 6.5–8.4. 

The pH value of grey water, which strongly depends on the pH value of the water supply, usually 

lies within this optimal range. However, observed pH values of 9.3–10 in laundry grey water, 

partly as a result of the sodium hydroxide-based soaps and bleach used. Grey water with high pH 

values alone are not problematic when applied as irrigation water, but the combination of high 

pH and high alkalinity, a measure of the water’s ability to neutralize acidity, is of particular 

concern. Grey water alkalinity (indicated as CaCO3 concentrations) is usually within a range of 

20– 340mg/l, with highest levels observed in laundry and kitchen grey water. 

Grey water contains also salts, indicated as electrical conductivity (EC, in µS/cm or ds/m). EC 

measures salinity of all the ions dissolved in grey water, including negatively charged ions (e.g. 

Cl-, NO3-) and positively charged ions (e.g. Ca++, Na+). The most common salt is sodium 
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chloride the conventional table salt. Other important sources of salts are sodium-based soaps, 

nitrates and phosphates present in detergents and washing powders. The electrical conductivity 

(EC) of grey water is typically in the range of 300-1500 µS/cm but can be as high as 2700 

µS/cm. Salinity of grey water is normally not problematic, but can become a hazard when grey 

water is reused for irrigation. High EC of irrigation water can considerably reduce yield 

potential. This problem can be overcome by choosing more salt-tolerant plants (Jefferson et al., 

1999).  

The biological and chemical oxygen demand (BOD, COD) are parameters to measure the 

organic pollution in water. COD describes the amount of oxygen required to oxidize all organic 

matter found in grey water. BOD describes biological oxidation through bacteria within a certain 

time span (normally 5 days (BOD5)). The main groups of organic substances found in 

wastewater comprise proteins (mainly from food), carbohydrates (such as sugar or cellulose), 

fats and oils as well as different synthetic organic molecules such as surfactants that are not 

easily biodegradable. Discharging grey water with high BOD and COD concentrations into 

surface water results in oxygen depletion, which is then no longer available for aquatic life. BOD 

and COD concentrations in grey water strongly depend on the amount of water and products 

used in the household (especially detergents, soaps, oils and fats). Where water consumption is 

relatively low, BOD and COD concentrations are high(Noutsopoulos et al., 2008). 

Grey water normally contains low levels of nutrients compared to toilet wastewater. Nonetheless, 

nutrients such as nitrogen and phosphorous are important parameters given their fertilizing value 

for plants, their relevance for natural treatment processes and their potential negative impact on 

the aquatic environment. Especially the high phosphorous contents sometimes observed in grey 

water can lead to problems such as algae growth in receiving water. If too much grey water is 
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used, nitrogen and phosphorus can move off-site into water bodies where they can cause 

environmental problems. 

Grey water may contain significant amounts of fat such as oil and grease (O&G) originating 

mainly from kitchen sinks and dishwashers (e.g. cooking grease, vegetable oil, food grease etc.). 

Important O&G concentrations can also be observed in bathroom and laundry grey water, with 

O&G concentrations ranging between 37-78 mg/l and 8–35 mg/l, respectively. The O&G content 

of kitchen grey water strongly depends on the cooking and disposal habits of the house hold. 

O&G concentrations ranging between 1,000 and 2,000 mg/l observed in restaurant wastewater. 

As soon as grey water cools down, grease and fat congeal and can cause mats on the surface of 

settling tanks, on the interior of pipes and other surfaces. This may cause shutdown of treatment 

and disposal units such as infiltration trenches or irrigation fields. It is therefore important that 

O&G concentrations are maintained at acceptable levels < 30 mg/l, to avoid problems with 

downstream treatment and disposal systems (morel and diener, 2006). 

Biological characteristics 

When we see the Microbial characteristics of grey water Grey water Grey water may pose a 

health risk given its contamination with pathogens. However, pathogens, such as viruses, 

bacteria, protozoa, and intestinal parasites, are assumed to be present in partly high 

concentrations. These pathogens originate from excreta of infected persons. They can end up in 

grey water through hand washing after toilet use, washing of babies and children after 

defecation, diaper changes or diaper washing. Some pathogens may also enter the grey water 

system through washing of vegetables and raw meat; however, pathogens of fecal origin pose the 

main health risks. The concentrations of human pathogen hazards in grey water vary over a wide 
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range. In the worst cases, concentrations of faecal microorganisms are almost as high as those 

found in sewage. The reason for this variation is that pathogens depend on the behavior of people 

living in or visiting the house, and the control of materials discharged into the grey water. 

Microbiological quality depends on the amount of faecal material that enters grey water from 

activities such as washing nappies or other types of soiled clothing, and the health of the 

individual living in or visiting the house. One important conclusion from this discussion is that 

untreated grey water can be expected to contain far lower densities of pathogens than effluent 

water from an advanced wastewater treatment plant. Treated grey water can thus be expected to 

have a much better hygiene quality than any kind of mixed wastewater(Yang et al., 2009). 

2.4. Grey water treatment technologies 

Grey water may be treated and reused much easily than composite domestic wastewater for the 

point of treatment technologies applied and relevant costs. Grey water experiments and 

implementation practices started over a decade ago, several systems constructed and operated, 

some were successful however a number of other technologies were failed for example one 

fourth of the systems in Germany were assessed as unsatisfactory. The studies on grey water 

typically focused on treatment with several technologies to an extent, which satisfy various 

aspects of reuse/recycle criteria as well as the optimization of treatment efficiency some of the 

past studies for grey water treatment was discussed below (Abdelkader, 2013). 

Conventional activated sludge system is one of grey water treatment mechanism which follows a 

plug flow hydraulic regime, which means orderly flow of mixed liquor through the aeration tank 

with no element of mixed liquor overtaking or mixing with any other element. And the system 

involves; wastewater aeration in the presence of a microbial suspension, solid-liquid separation 
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following aeration, discharge of clarified effluent, wasting of excess biomass, and return of 

remaining biomass to the aeration tank (Nakada et al., 2006). 

 Sequential Batch Reactor is an Aerobic Biological treatment process. It is a suspended growth 

process similar to extended aeration and activated sludge process. Bacteria and other living 

organisms degrade the waste and also feed on the waste. It is a batch progression where aeration, 

clarification/settling occur in a single tank. Both aeration and settling occurs in the same tank in 

batch mode (Sidhu et al., 2017). 

Trickling filters (TFs) are used to remove organic matter from grey water. The TF is an aerobic 

treatment system that utilizes microorganisms attached to a medium to remove organic matter 

from grey water. This type of system is common to a number of technologies such as rotating 

biological contactors and packed bed reactors (bio towers). These systems are known as 

attached-growth processes. In contrast, systems in which microorganisms are sustained in a 

liquid are known as suspended-growth processes (EPA, 2000). 

Membrane Bio-reactors systems is an evaluation of the CAS system using state of the art 

technology for the separation of biomass from the treated effluent. The configuration of a MBR 

system is similar to the CAS systems (anaerobic/anoxic/aeration tanks), but in the MBR system 

the separation of the solids from the treated effluent is not achieved by gravity in the settling 

tanks but by filtration with the use of micro- porous membranes that retain the biomass and allow 

treated effluent to pass through. MBR is relatively expensive to install and operate. It requires 

high energy and found to reject only 98% of organic carbon and 90% of ammonium nitrogen 

(Lares & Ncibi, 2018). 
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The Moving bed biological reactor system consists of an aeration tank with special plastic 

hexagonal shape carriers that provide a surface where a biofilm can grow. The carriers are made 

of a material with a density close to the density of water (1 g/cm3). Generally these are high-

density polyetylene (HDPE) which has a density close to 0.95 g/cm3. The carriers will be mixed 

in the tank by the aeration system and thus will have good contact between the substrate in the 

influent wastewater and the biomass on the carriers (Yang et al. , 2009). 

Recycled vertical flow bioreactor (RVFB) is a useful addition to GW treatment options, 

particularly for small-scale decentralized use. The system was constructed using two plastic 

containers (20cm×35cm×50 cm), with an upper “treatment container” placed over a lower 

“reservoir container.” Holes were punctured at even intervals in the bottom of the treatment 

container allowing water from this container to freely drain into the lower reservoir container. 

Within the treatment container, a 2 cm thick layer of pebbles (crushed limestone and dolomite: 

average diameter 2.5 cm) was placed over the drain holes, followed by a middle layer consisting 

of 12cm of plastic filter media with a high surface area (800m
2
/m

3
) and large void volume. Each 

treatment container was topped with a 4cm thick layer of peat (Gross et al., 2007) 

(Parjane & Sane, 2011) also studied Performance of grey water treatment plant of hybrid filter 

materials by economical way for Indian rural development using Laboratory scale grey water 

treatment plant. he was designed for 180 lit/hr capacity restricted four stages such as primary 

settling with cascade flow of water has 20 liters capacity, aeration has 15 liters tank capacity, 

agitation has also 15 liters and filtration unit of 20 liters. The sources of the grey water was 

collected from bathrooms, basins and laundries in residential rural area in a tank and sent to the 

primary settling unit by the 0.5 HP pump. The flow rate of feed raw water was controlled by the 

manual control valve. The laboratory scaled designed grey water treatment plant is explained in 
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figure below contained the operation of primary settling tank with cascade flow of water, 

aeration, the agitation and last major operation of plant is a filtration. The gravitational force was 

used for the flow of water from primary settling tank with four steps of cascade system to the 

aeration, agitation and filtration unit to the storage tank. The 0.18 m diameter agitator and 0.125 

HP motor was used in the agitation operation. The easily available and natural materials were 

used as filter beds in the filtration unit such as fine particles (equal size) sand bed, course size 

bricks bed, charcoal bed, wooden saw dust bed and bed of coconut shell covers. 

 

                     (a) (b) 

Fig 2.1 (a) hybrid Laboratory scale grey water treatment system   (b) Arrangements of the filter 

media in the filtration tank source (Parjane & Sane, 2011).  

Table 2.4 advantage and disadvantage of different wastewater treatment technologies 

Treatment 

technologies 

Advantage disadvantage 

Conventional 

Activated 

Low installation cost (Cost effective), Good 

quality effluent, Small land area 

requirement, Easily maintained mechanical 

Inefficient in color removal, 

Poor effluent quality with 

odor problem, More sensitive 
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Sludge (CAS) work and Self-sustaining system. 

 

to shock loading and 

temperature, Inefficient in 

the nutrients removal which 

need tertiary treatment, 

Larger volume and high 

aeration costs, Not much 

operational flexibility and 

Biomass instabilities. 

Sequential 

Batch Reactor 

(SBR) 

Single tank for reaction and settling, 

Respond to flow and load variations, 

Quiescent settling and no sludge storages, 

Ability to achieve biological oxidation, 

nitrification, de-nitrification, phosphorus 

removal and solid/liquid separation, Large 

operational flexibility and automatic 

possible, Minimal sludge bulking, Small 

footprint required, Less labor required  and 

Odor free. 

Higher energy consumptions, 

Difficulty to adjust cycle 

time, Frequent sludge 

disposal, Special decanting 

and aeration equipment, 

Setting system sequences can 

be complex especially if 

anoxic de-nitrification is 

required, Higher cost because 

of automation involved and 

Skilled labor is required. 

Trickling 

filters (TFs) 

May qualify for equivalent secondary 

discharge standards, Appropriate for small 

to medium sized communities, rapidly 

reduce soluble BOD5, Efficient nitrification 

units, Durable process elements, Low power 

requirements and Moderate level of skill 

and technical expertise needed to manage 

and operate the system. 

 

Requires regular operator 

attention and low loadings 

depending on the medium, 

Incidence of clogging is 

relatively high, Flexibility 

and control are limited in 

comparison with activated-

sludge processes, odor and 

Snail problems. 

Membrane 

Bio-reactors 

systems 

(MBR) 

It gives higher quality effluent, the 

treatment system apply from small to 

medium cities, Produce a small quantity of 

sludge and Tolerable characteristics for 

variation of flow and toxic shocks. 

Membrane surface fouling, 

Membrane channel clogging, 

Process complexity, High 

capital cost and operating 

costs, Limited flow capacity 

equalization required, 

Membranes subject to 

fouling and failing, Cleaning 

chemicals necessary, 

Increased foam potential and 

Fine screening required 

Moving bed 

biological 

reactor 

MBBR systems don't need a recycling of the 

sludge, Higher effective sludge retention 

time (SRT) which is favorable for 

nitrification, Responds to load fluctuations 

It would require professional 

staff and high-quality 

operators, fixed film media 

tends to wash out of the 



22 

 

 

2.5. Waste water treatments using activated charcoal, pine bark and sand 

2.5.1. Waste water treatment using activated charcoal 

Activated carbon (AC) is a well-known adsorbent that can be used efficiently for removal of a 

broad spectrum of pollutants from air, soil and liquids. Adsorbents are usually porous solids, and 

adsorption occurs mainly on the pore walls inside particles. Examples are activated carbon 

(adsorbs mainly organics), silicate and activated alumina (adsorb moisture), zeolites and 

molecular sieves and synthetic resins. Among them, AC is more efficient adsorbent for 

elimination of many pollutants (organic, inorganic, and biological) of concern in water and 

wastewater treatment. 

In developing countries, particularly in Africa, the costs associated with the production and/or 

importation of activated carbon for water treatment is very high. For example, 1 ton of coconut 

shell based activated carbon costs about USD950–1400 before shipment. This high cost is one of 

the many contributing factors to a lack of access to commercially treated water for a significant 

fraction of the population in developing countries (Ntuli, 2013). 

(MBBR) without operator intervention, Lower sludge 

production, Less area required and Resilient 

to toxic shock. 

systems over time and 

installation of various 

strainer systems make high 

cost. 

hybrid 

Laboratory 

scale grey 

water 

treatment 

system    

easily available low cost materials were 

used, Does not require the highly skilled 

personnel, lesser time consuming operation, 

The treated grey water used for landscaping, 

gardening, irrigations, plant growths and 

toilet flushing and have High potential for 

COD, TDS, TSS, total hardness, oil and 

grease removal. 

High cost compared to some 

other conventional grey 

water treatment systems, 

performance of the plant was 

less in the spring season, Use 

of motor and pump which 

needs electric power and Not 

applicable for any type of 

soil for example poorly 

porous clay soil 
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Any carbonaceous materials (animal, plant, or mineral origin) with high concentration of carbon 

can be simply changed into activated carbon (using both chemical or gas activation methods), 

The most common raw materials are wood, charcoal, nut shells, fruit pits, brown and bituminous 

coals, lignite, peat, bone and paper mill waste (lignin), synthetic polymer like PVC, are used for 

manufacturing of activated carbon. Activated carbon obtained from hard wood is preferable for 

adsorption because charcoal obtained from soft wood, such as pinewood, is very unstable and 

readily crumbles. (Ansari, 2009) 

Activated carbons are commonly prepared by two basic processes: Physical or gas activation 

method, and Chemical activation. The choice of activation method is also depending upon the 

starting material and whether a low or high density, powdered or granular carbon is desired. In 

gas activation method the raw material with less than 25% moisture, is carbonized first at 400 - 

500
o
C to eliminate the bulk of the volatile matter and then the carbon is subjected to oxidizing 

gases usually carbon dioxide or steam at 800-1000
o
C or and with air at low temperature, for 

selective oxidation. The oxidation is preceded usually by a primary carbonization of raw 

material. Carbon is oxidized by atmospheric oxygen is oxidized to CO2, so the air should be 

excluded or very controlled during carbonizing and activating. Steam and carbon dioxide act as 

mild oxidizing agents at 800-1000
o
C as follow:  

Cx(H2O)y  →   C (s) + y H2O Carbonization 

C(s) + 2H2O→ CO2 + 2 H2 Steam activation (   ∆H=+75 KJ)  

C(s) + CO2 → 2 CO Activation by CO2 (∆H = +159 KJ) 

(Ansari, 2009) 
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The surface area of bamboo charcoal in 1 gram is called specific surface area of bamboo 

charcoal that is determined by the inner area of holes. It is one of important parameters that 

indicates the macrostructure of bamboo charcoal and reflects the reaction and adsorption 

The method used by (Hameed et al., 2007) follow the following procedure for the preparation of 

activated charcoal using bamboo. Raw material (bamboo) used for preparation of activated 

carbon was procured locally, washed, dried, crushed to desired mesh size (1–2 mm). The raw 

material was then carbonized at 700 ◦C under nitrogen atmosphere for 1 h (first pyrolysis). A 

certain amount of produced char then was soaked with potassium hydroxide (KOH) at 

impregnation ratio of 1:1 (KOH pallets: char). The mixture was dehydrated in an oven overnight 

at 105 ◦C; then pyrolysed in a stainless steel vertical tubular reactor placed in a tube furnace 

under high purity nitrogen (99.995%) flow of 150 cm3 min−1 (second pyrolysis) to a final 

temperature of 850 ◦C and activated for 2 h. Once the final temperature was reached, the gas 

flow was switched to carbon dioxide and activation was continued for 2 h. The activated product 

was then cooled to room temperature under nitrogen flow and washed with de ionized water to 

remove remaining chemical. Subsequently the sample was transferred to a beaker containing a 

250 ml solution of hydrochloric acid (about 0.1 mol l−1), stirred for 1 h, and then washed with 

hot de ionized water until the pH of the washing solution reached 6–7. 

Quantitative assessment of the adsorption capacity and useful life of the chemically activated 

carbon was performed using methyl orange as the test material. Concentration levels were 

measured with a Milton Roy Model 20 spectrophotometer. A 425 nm wavelength was used to 

measure the color intensity for the yellowish solutions produced in the experiments. A linear 

relationship between concentration and absorbance was observed when using known 

concentrations of methyl orange and the corresponding absorbance readings from the 
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spectrophotometer. This calibration curve was used to determine the equilibrium concentrations 

of methyl orange during the batch adsorption experiments. The goal of this experiment was to 

develop adsorption isotherms for the tested activated carbon. Five beakers with 0.5 L of a 20 

mg/L methyl orange stock solution were combined with 1, 2, 3, 5, and 10 grams of each type of 

activated carbon. Blank containing de ionized water with added activated carbon was used to 

account and correct for any color imparted to the solution phase by the activated carbon alone. 

The activated carbon samples tested consisted of granular particles passing a number 10 standard 

sieve (2.0 mm) and retaining on a number 40 standard sieve (0.42 mm). After allowing 24 hours 

for complete adsorption, the absorbance of the filtered test solutions was measured to determine 

the amount of methyl orange remaining in solution. The absorbance of the blank was subtracted 

from the absorbance of the five test solutions (Cobb, 2012). 

At the University of Missouri activated carbon research is conducted under the ALL- CRAFT 

(Alliance for Collaborative research in Alternative Fuel Technology) project. The project is 

driven by collaboration between the chemical engineering, physics, and chemistry departments, 

and also the MU research reactor (MURR). The focus of ALL-CRAFT project is to increase the 

storage capacity of its activated carbons by doping the samples with boron and creating fission 

tracks on the carbons surface by neutron irradiation performed at MURR. Increased storage 

capacity is also being pursued by optimizing the production of activated carbon. The fig below 

shown the procedure they follow to make activated carbon. 
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                          Fig 2.2 summery of ALL-CRAFT activated carbon production process 

                                                        ( Leimkuehler, 2010) 

Based on the study of (Kadirvelu, 2003) Utilization of various agricultural wastes for activated 

carbon preparation and application for the removal of dyes and metal ions from aqueous 

solutions Activated carbons were prepared from the agricultural solid wastes, silk cotton hull, 

coconut tree sawdust, sago waste, maize cob and banana pith and used to eliminate heavy metals 

and dyes from aqueous solution. Adsorption of all dyes and metal ions required a very short time 

and gave quantitative removal. Experimental results show all carbons from agricultural waste are 
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effective for removal of dyes and heavy metals by various carbons. Quantitative removals of 

most of the dyes, Hg (II) and Ni (II) were obtained within a very short time. This result is very 

interesting because equilibrium time is a very important parameter for wastewater treatment 

applications. Adsorption rate constants and capacities were very fast and high, respectively, 

compared to other methods of removal of pollutants from aqueous solution. Since all agricultural 

solid wastes used in this investigation are freely, abundantly and locally available, the resulting 

carbons are expected to be economically viable for wastewater treatment (Kadirvelu, 2003). 

2.5.2. Waste water treatment using bark 

Adsorption using bark samples, which are produced in large quantities as a solid waste at 

sawmills, is one of low cost alternative treatment methods. These materials contain mostly lignin 

and cellulose. However, some components of wood based materials such as cellulose, 

hemicellulose, polysaccharides and tannins create a high COD (Chemical Oxygen Demand) in 

the treated water. Therefore, several modification techniques have been studied by various 

researchers to reduce organic components of natural adsorbents and to increase adsorption 

capacity(Argun, Dursun, & Karatas, 2009).  

The bark of Scots pine (Pinus sylvestris L.) is composed of a highly complex array of tissues and 

rich in polyphenolic compounds. Though French maritime (Pinus maritima) bark has been 

investigated for its procyanidins that shows strong antioxidant properties and widely used as a 

remedy for various degenerative diseases the study presents a systematic approach towards the 

discovery of antioxidative phenolics of pine bark extract by a modified in vitro lipid peroxidation 

assay. The modified method is relatively faster and accurate for the determination of antioxidant 

activity tests by chemiluminescence with 96 well micro titer plates and can prove suit- able for 
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high throughput screening in pharmaceutical and research laboratories (Saleem, Kivelä, & 

Pihlaja, 2003). 

2.5.3. Waste water treatment using sand 

Sand filtration is one of the oldest wastewater treatment technologies known If properly 

designed, constructed, operated, and maintained, a sand filter produces a very high-quality 

effluent. Slow sand filtration has been used success- fully in Europe since the early 1900s and is 

still a popular method of treating municipal water supplies. Sand filters are beds of granular 

material, or sand, drained from underneath so that pretreated wastewater can be treated, 

collected, and distributed to the land application system. Wastewater applied to the sand filter 

should be pretreated (sedimentation). The effluent from the primary sedimentation tank is then 

distributed uniformly on the sand surface. 

A sand filter purifies the water in three ways: 

• Filtration, in which particles are physically strained from the incoming wastewater; 

• Chemical sorption, in which contaminants stick to the surface of the sand and to the biological 

growth on the sand surface; and 

• Assimilation, in which aerobic microbes consume nutrients in the wastewater converting it 

(nitrification/de nitrification) to volatile end product. The success of treating wastewater depends 

on these microbes. Dissolved oxygen must be available for these microbes to live. De 

nitrification is an anaerobic process; it does not require dissolved oxygen (Taylor, 2014). 

Rapid sand filtration (RSF) as a model for biotransformation RSF is implemented in almost 

every drinking water treatment plant in the world. Its main purpose is to remove particles, iron 
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and manganese, ammonia, and part of the organic matter, but it also facilitates the biological 

degradation of a number of organic micro pollutants, and can lead to microbial biotransformation 

(Brunner et al., 2018). 

The most commonly applied method for treating grey water is sand infiltration. Clogging 

problems, scarcity of well- graded sand in some regions and high transportation costs due to the 

high bulk density are obstacles in using sand filters (Wang et al., 2014). 

2.6. Grey water treatment using pine bark, activated charcoal and sand filter 

Based on the study of (Dalahmeh et al., 2014) the behavior of filters (pine bark, activated 

charcoal and sand) during start-up and steady state needs was studied in view of their physical 

characteristics (effective size and specific surface area). This is needed to understand the 

pollutant reduction in the filter and consequently establish (at later stages) a design model and 

criteria for the filters. 

This study concentrated on the comparison of filter material such as pine bark, activated charcoal 

and sand for the treatment of grey water and uses a circular plastic column. Before that the 

properties of filter material was studied. 
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Table 2.5 Characteristics of the bark, charcoal and sand filter materials used in the study   

 

 

 

Fig 2.3 Schematic diagram of the grey water filter system used in the experiments (source 

(Dalahmeh, 2013)). 

 

Parameter Bark charcoal Sand 

PH (SU) 5.1 10.4 7.9 

Loss of ignition (%) 90 90 <1 

Effective size (mm) 1.4 1.4 1.4 

Uniformity 

coefficient 

2.3 2.3 2.2 

Bulk density 

(Kg/m
3
) 

365 283 1690 

Particle 

density(Kg/m
3
) 

1340 1900 2570 

Porosity (%) 73 85 34 

Specific surface 

area (m
2
/g) 

0.734 >1000 0.136 

Hydraulic 

conductivity 

(cm/hr.) 

330 500 360 



31 

 

After the 113 days of feeding the treatment column of three filters they conclude that 

 Immediately at start-up of the bark and charcoal filters, BOD5 and MBAS reductions were 

high. The start-up reduction of sand filter was somewhat lower, while that of the 

polyurethane foam filter was poor. 

 The bark and charcoal filters were more efficient than the sand filter in reducing Tot-P, NH4-

N and TTFC, while the foam filter was the least efficient. 

 Bark and charcoal seem to be suitable materials for use in small-scale filter systems for 

treating grey water to irrigation water quality with respect to BOD5 and MBAS. High 

concentrations of nitrogen in effluent from bark filters can be an advantage if the effluent is 

used for irrigation, as it can replace chemical fertilizer. 

2.7. Factors affecting for grey water treatment 

Depth of filter media 

(Pangarkar, Parjane, & Sane, 2010) shows the pH test for filter bed height calculation. He used 

natural materials such as sand, bricks, charcoal, saw dust and coconut shell covers for the 

purpose of adsorbent in the filtration unit. The sample of water was taken before and after 

filtration with varying bed height of each filter bed and found the positive effect on pH level at 2 

lit/min (LPM) of water flow rate as shown in figure 2. The filter bed of coconut shell cover and 

charcoal were given the maximum effect on pH level from 8.23 to 7.88 and the minimum effect 

found for bed of bricks. The bed of sand and saw dust material were found the fair change in pH 

level 8.23 to 8.16. The deviation in pH by each filter bed was found because each filter bed 

having the different capacity of adsorption of ions. 

. 
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Fig 2.4 Effects of filter bed heights on pH level change  

From the above graph he recommended  For the further experiment the depth of each bed were 

selected as 0.15 m, 0.1 m, 0.2 m, 0.15 m and 0.2 m for sand, bricks, charcoal, saw dust and 

coconut shell covers respectively set from bottom to top in the filtration unit based on pH level 

effect. The maximum pH effect found by coconut shell covers bed was kept at top in the 

filtration unit (Parjane & Sane, 2011). 

From water samples collected at different depths in the bark and charcoal filters, it could be seen 

that the NH4
+
-N was oxidized to NO3

–
-N while infiltrating through the top 20 cm of the 

columns, indicating high nitrification activity. Similarly, Pell and Nyberg (1989) reported that 

under steady state conditions, complete nitrification occurred very rapidly in the top 15 cm layer 

of sand filter columns fed artificial household wastewater. 
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It seems reasonable to argue that most of the organic matter removal occurred in the top 20 cm of 

the bark and charcoal filters. However, the grey water passed through the sand filter quickly, 

which decreased the possibility for substrate utilization by the biofilm (Dalahmeh, 2013). 

2.8. Loading rates and retention time 

The hydraulic loading rate is a critical on-site sewage system design parameter, and must 

integrate system hydraulic and treatment performance as well as service life expectancy to 

address public health and water quality concerns. Hydraulic loading rates that are required in this 

state come from those recommended in the 1980 EPA Design Manual and are based on 

infiltration rates though clogged soil surfaces for domestic septic tank effluent. Current practice 

has been to simply apply these rates, 0.20 to 1.2 gpd/ft
2
, to the infiltrative surface bottom area 

with the site-specific rate based upon the soil textural properties. This casual design approach, 

however, overlooks several important factors that affect the hydraulic characteristics of the soils, 

and may lead to hydraulic failure and improperly treated sewage in many systems. 

The commonly accepted formula for calculating particle capture is the Hydraulic Loading Rate 

(HLR). It is expressed as the ratio of flow, in cubic meter per second, divided the surface area of 

a wet basin or vault in square meter. This is expressed as: 

HLR = Q/L W 

This calculation is often questioned because it does not include any information on the volume of 

the basin, the depth of the basin, or the detention time for a given storm. Detention time is also 

expressed as Hydraulic Retention Time, or HRT. 
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If a basin has a given length (L), width (W), and depth (D) which equals its volume (Vo),and a 

particle has a certain settling velocity Vp, we can define certain formulas to describe events in 

the basin. 

The detention time (HRT) equals the volume of the basin in cubic feet divided by the flow rate 

into the basin, in cubic feet per second: 

HRT = LWD/Q 

The time for a particle to settle to the bottom of the basin (tp) equals the depth of the basin (D) 

divided by the settling velocity of the particle Vp: 

tp = D/Vp 

If we want a basin to be just large enough to settle out a particle with the velocity of Vp, we 

would set the HRT (detention time) equal to the settling time tp for that particle Setting the 

equations equal gives: 

LWD/Q = D/Vp this gives the equation 

Vp = Q/LW 

This shows that the Hydraulic Loading Rate (HLR) is simply equal to the particles settling 

velocity, and that a greater surface (LW) will allow capture of particles with smaller settling 

velocities, as the denominator increases with the surface size of the basin (mall, 2015). 

Organic loading rate is the amount of organic material, typically measured as BOD5, applied to a 

given treatment process. Expressed as weight per unit time and per unit surface area (g BOD5/m
2
 

/d) or per unit volume (g BOD5/m3 /d). 

If a filter clogs (reaches maximum head loss), or break-through occurs, or a specified time period 

has passed the filtration process is stopped and the filter is taken out of service for cleaning or 
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backwashing. Detailed procedures for backwashing tend to be particular to each plant and 

specific instructions are provided by plant contractors. 

Backwashing is the process of reversing the flow of water through the filter media to remove the 

entrapped solids. Backwashing may comprise the application of water alone, air and water 

separately and sequentially, or air and water simultaneously. The latter procedure is generally 

acknowledged to be the most efficient, but filters must, in general, be designed for an air/water 

backwash as changing existing filters to use these types of wash, the process conditions are 

related system is fraught with difficulty. With all three to the (minimum) fluidization threshold 

as a reference point, even with combined air and water washes. This threshold is the point where 

the hydraulic (pressure) loss through the filter bed equals the dead (submerged) weight of the 

material. The maximum backwash water flow rate should not exceed 20 m/hr. as higher flow 

rates will result in excessive media loss. During the backwash cycle the bed should be expanded 

by a minimum of 10% and a maximum of 20% to ensure adequate cleaning (EPA, 2006). 

2.9. Different world standard for reuse of grey water 

Table 2.6 Agricultural Reuse - Non-Food Crops (USEPA, 2004) 

Table 2.7 Guidelines for interpretation of water quality for irrigation FAO, 1994  

Treatment mechanism Oxidized, coagulated, filtered and disinfected 

BOD5 30 mg/l 

TSS 30mg/l 

Total coliform 23cfu per 100ml (average) 

240cfu per 100ml (max) 

TDS < 500 mg/l 



36 

 

 

Table 2.8 Ethiopians standard for controlled application of effluents to land and discharge in to 

inland water. 

 

 

 

parameters Degree of restriction on use 

none Slightly to moderate Severe 

Nitrogen (mg/l) < 5 5-30 >30 

PH Normal range 6.5-8 

Parameters  Emission limit value (mg/l) 

PH 6-9 ph unit 

BOD5 80 

COD 250 

TDS 3000 

Total coliform (as N) 30 

Ammonia ( as free ammonia) 5 

Dissolved phosphorus (as P) 5 
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Chapter three 

3. Materials and Methods 

 

3.1. Study area  

The study area was Addis Ababa science and Technology University which is located in the 

central Ethiopian highlands at the western edge of the Main Ethiopian Rift. The site is situated 

southeast of Addis Ababa nearby the Akaki catchment, at a place locally known as Kilinto, 

Akaki Kality subcity as shown in Figure 1.1. It is bounded by geographical UTM coordinates of 

478500 to 479600 m east and 981700 to 982800 m north. 

   Fig 3.1 geographical description of study area 
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3.2. Materials 

3.2.1. Feeding materials 

Pure water; used for the purpose of cleaning filters. This water increase the treatment capacity 

of the system because the filters which are powdered form contain different dirties on the surface 

so it must be washed before using for the treatment. 

Grey water; the raw grey water was taken from ADDIS ABABA science and technology 

university staff and student lounge. The student lounge is located at the middle and the staff 

lounge is located around 500m from the student lounge. The reason behind choosing those areas 

was there is no mixing with the toilet sanitary line which means the waste water is not black 

water. The composition of this waste water comes from hand wash basin, kitchen sinks and 

laundry. ( Abeda et al., 2016) argued that wastewater would be better classified as a function of 

pollution load rather than origin, and hence suggesting the notion of low (bath, shower and 

washbasin) and high (kitchen, washing machine and dishwasher) strength. So the grey water 

sample I took was looks like high strength grey water. 

 

  

 (A)                                                                        (B) 

                                                                                                                                                                                                  

 

                     Fig 3.2.  Grey water sample at the staff (A) and student lounge (B) 
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  3.2.2. Filter materials 

Sand; was sieve-analyzed according to ASTM (1998). The ideal sand for intermittent sand filters 

receiving domestic wastewater is coarse sand with an effective size between 0.3 mm and 0.5 mm 

(Crites and Tchobanoglous, 1998). Clogging becomes a major concern when using sand with an 

effective size less than 0.3 mm (Converse and Tyler, 2000), Sand filters usually are used as the 

second step in wastewater treatment after solids in raw wastewater have been separated out in a 

septic tank, aerobic unit, or other sedimentation process. This study follows vertical single pass 

procedure and use Washed graded coarse sand. The recommended coarse sand media 

specification for an intermittent sand filter has an ES (D10) of 0.3 to 0.5 mm with a uniformity 

coefficient (Uc) of <4 with no more than 4% passing a 100 sieve ( Eliasson,2002). 

 

 

             Fig 3.3. washed and coarse graded sand  
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Fig 3.4. Sieve analysis graph of sand filter 

uniformity coefficient (Uc) is the ratio of size opening that will just pass 60% of the sand (d60 

value) divided by size opening that will just pass 10% of the sand (d10 value) sample. From the 

graph d60 is around 1mm and d10 is near to 0.5mm. Therefore Uc is equal to 2. 

Bark; originated from an undefined mixture of pine bark and was air-dried before being sieved 

through 7, 5, 3, 2, 1 and 0.8 mm screens. Bark retained on the 5-, 3- and 1-mm screens will be 

remix in a 3:5:2 ration to obtain uniformity coefficient and effective size corresponding to that of 

the sand. 

 

 (A)                                                                                  (B) 

 Fig 3.5 undefined air dried pine bark (A) and sieve analyzed powdered pine bark (B) 
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3.2.3. Preparation of activated charcoal 

Bamboo charcoal has countless small cavities. Compared with wood charcoal, bamboo charcoal 

has about four times more cavities and its surface area of 300m
2
/gram is 10 ten times more. 

Bamboo activated carbon comes with more cavities than charcoal and has specific surface are 

>1000m
2
/gram. 

A countless number of totally harmless microbes live inside the pores of bamboo charcoal/ 

activated carbon. Based on the study of (Shenxue, 2004) In the course of water purification, 

these microbes are capable of decomposing toxic substances and organic compounds.it has been 

used for air purification, metal extraction, water purification, medicine (cleaning the body from 

many poisons) facial mask, tooth paste and sewage treatment (Men & Mart, 2006). 

The study follows some steps for making homemade activated charcoal such as; 

Step 1 the dry bamboo was taken from the enterprise which work bamboo furniture around sar 

bet in front of evangelical church. 

Step 2 breaks down of the bamboo in to small piece in order to put inside the metal barrel and I 

was insert this piece for burning process.  

In the AC production, the activation temperature plays a vital role in affecting the characteristic 

of the AC produced.  As for commercial purposes AC, it is normally carried out in a mixture of 

steam and CO2 at a temperature above 800˚C. In recent times, researchers have been up-and-

doing to optimize final activation temperature in order to reduce cost and period of AC 

production.  Several studies have been reported which indicated that activation temperature has 

great influence surface area and production yield of AC. The activation temperature is between 

200 to 1100˚C. However, a temperature range of 400 to 500˚C was reported by previous 
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researchers to be considered regardless of time taken and the impregnation ratio for a variety of  

raw materials. Therefore, increasing activation temperature always results in the reduction of AC  

yield during  production, which at the    same    time results  in increasing the  volume of volatile  

substances  released (Foo & Hameed, 2011). 

 

                                                                                                                                                                                            

                          

 

Fig 3.6 burning process of bamboo 

step 3  The burning process starts without using any gas or chemical for speed up the firing but it 

was covered by a metal in order to control the passage of oxygen. The bamboo was burned in the 

metal barrel for four hours to burn every bamboo piece during this time smoke and gas were 

escaping from the barrel. 

Step 4 the burned charcoal was wait to cool and using blender and hammer crushing the charcoal 

up to appropriate size. 

Step 5 calcium chloride was used to bleach the bamboo charcoal and to turn into activated 

carbon. The ratio of water to calcium chloride was 75% to 25%  

Step 6 during shaking the mixture of distilled water and calcium chloride become hot after this 

the charcoal was inserted in this solution and wait for one day.  
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Fig 3.7 bleaching process of charcoal 

 

Step 7   next I use a cloth to drain all liquid from the carbon and rinse repeatedly to remove any 

stray chemical left behind the charcoal this step is used to increase the surface area of the 

charcoal. 

Step 8 places the wet charcoal in the incubator for three hours by 215 
o
C. 

Step 9  collect the readymade activated charcoal (Thomas et al., 2015). 

 
 

Fig 3.8. Drain stage and removal of chemical from the charcoal 



44 

 

                                          

   

 

Fig 3.9. Ready-made Activated charcoal  

Gravel; Based on the project which takes place in India diameter of the gravel will be in the 

range of 20mm to 60mm diameter for under drain purpose. 

3.4. Methods 

 

 

Fig 3.10. Flow sheet diagram of combined pine bark, activated charcoal and sand filter 
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3.4.1. Treatment stages  

     Treatment chamber-1: (screening stage) 

A two different face of plastic rectangular mush having an area of 0.25cm
2
 and 1cm

2
 was used as 

two stage screening mechanism. The plastic mush was attached to the interior part of the 25l 

barrel which stores grey water and pass to the filtration stage by pipe and circular sprinkler in 

order to control the passage of big solid and kitchen waste which makes clogging.  

 

(A)                                                                                       (B) 

Fig 3.11. plastic mush inside the barrel (A) and outside the barrel (B) 

Treatment chamber-2: (filtration stage) 

The filtration stage contains three combined filtering materials which are powdered pine bark, 

activated charcoal and sand. I was discussed the preparation and characteristics of filter material 

before. The order and volume of combined filters was based on density, PH, (Karlsson, 2012), 

and (Dalahmeh et al., 2012) studies. The particle densities of pine bark, activated charcoal and 

sand are 1340kg/m
3 

, 1900 kg/m
3
 and 2570 kg/m

3
 so in order to facilitate the flow passage and to 

overcome clogging problem the sand was put at the bottom of filtration stage after that the 

activated charcoal was feed finally the powdered pine bark was inserted. (Pangarkar et al., 2010) 
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show the effect of depth on the PH of treated grey water and conclude that for coconut shell 

cover, charcoal and sand the depth is 0.2m, 0.2m, and 0.2m( Dalahmeh et al., 2012).  

Treatment chamber 3 :( separating and under drain gravel, drainage stage) 

10cm depth and 40mm-60mm diameter Gravel Zone Holds the sand in place which protects the 

outlet pipe from clogging and allows for the smooth flow of water. 

3.4.2. Design of grey water Treatment material 

A three-stage grey water filtration system having following components will be constructed.  

Inlet pipe: ½ inch or 0.0127m diameter of PVC pipe and controlling valve. 

Circular sprinkler; 200mm diameter galvanized iron circular sprinkler is used for uniform flow 

of grey water through the designed holes of (d= 2mm) diameter and 20mm gap between each 

holes. 

N πd
2
/4=πD

2
/4 

Where; N is for number of holes, D is for sprinkler diameter and d is for hole diameter 

Therefore N= (πD
2
/4) / (πd

2
/4)         N =100        

Inlet Reservoir: Space above the sand and gravel media which allows for a full pail of water. 

Before the filter materials are added in to the treatment tank it should be washed and dry in order 

to remove coli form and dirt from the sand and gravel. 
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3.12. External design of treatment system and sprinkler  

             

Fig 3.13. Detail design of pvc column set up 
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(A) (B) 

     Fig3.14. polyvinyl chloride (pvc) plastic column set up (A) and circular sprinkler (B) 

3.4.3. Sampling technique 

If sampling cost is much less than analytical cost, which is typical for many trace analysis, 

composite sampling is a valuable means in cost-saving. If the goal is to estimate the average 

concentration rather than the variability or extreme concentrations for grab samples, this physical 

mixing will provide the same degree of precision and accuracy as the mathematically computed 

average from the analysis of all samples. Compositing is frequently done in the monitoring of 

wastewater discharge and contaminated soils. One exception is that it should not be used for 

volatile organic compounds, because mixing is not allowed for these compounds (Zhang, 2007). 

As discussed above the samples were taken from AASTU student and staff lounge the reason for 

choosing this places were the sanitary line for taking the samples was better than other grey 

water generation cafeterias because the rest of cafeteria in the campus have not open place for 
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taking the sample and the leader of cafeteria and lounges were not give a permission to un 

separate the plumbing. By simple observation grey water generation in AASTU lounge  indicate 

that majority of student and staff members are used this lounge during breakfast time (7:30AM-

9:00AM), lunch time (11:30AM-1:00PM) and dinner time (4:30PM- 6:00PM). Therefore high 

population occurrence and mass load of grey water generated was generated at this time so i used 

composite sampling method because the amount and concentration of grey water produced at 

every time was different. 

3.4.4. Grey water feeding procedure 

Estimation of parameters  

Volumetric hydraulic load  

The amount of wastewater applied daily to the reactor, per unit of volume, is termed the 

volumetric hydraulic load (m
 3

 / (m
3
 ·d)) (Martina, 2008):  

L= Q/V …………………………………………………………………………………….. (1) 

Where Q is the flow rate (m
3
 /d), and V is the total volume of the reactor (m

3
). The hydraulic 

retention time (HRT) in wastewater treatment plant is a measure at an average length of time 

holding the wastewater in a tank. It is also known as hydraulic residence time was given in days, 

is expressed as T= 1/L …………………………………………………………………….. (2) 

Which gives T= V/L Volumetric organic load. As discussed above on the literature of EPA 

filtration manual for sand and other granular filter materials it is recommended that for hydraulic 

loading rate is equal to 0.032 m
3
/m

2
/d and for pre-treated waste water it is permissible to 

multiply this value 2-16 times.so I choose three discharge rate for feeding the treatment column 

which are; 
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Q1= 16 * 0.032 (m
3
/m

2
/d)/ Ac  

Q2= 8 * 0.032 (m
3
/m

2
/d)/ Ac     and 

Q3= 4* 0.032 (m
3
/m

2
/d)/ Ac     

Ac = π d
2
 / 4 = π (0.2)

2 
/ 4 

Where Ac is area of feeding column which is equal to 0.0314 m
2
 

Therefore Q1 = 16 l/d, Q2 = 8 l/d and 4 l/d but the efficiency was studied through batch feeding 

of 1.5l/min-2.5l/min discharge rate for instant time. The filter materials were washed and cleaned 

using tap water before going to the next discharge rate. 

The volumetric loading rate is; 

L1 = 0.016m
3
/d / 0.0314m

3
 = 0.5 d

-
1 

L2 = 0.008m
3
/d / 0.0314m

3
 = 0.25 

L3 = 0.004m
3
/d / 0.0314m

3
 = 0.127 

This implies that the three hydraulic retention time (HRT) is 2 days, 4 days and 8 days. 

A total of 20 l grey water was transported from the reserve tank to the treatment plastic column 

for 15 days of batch feeding. Based on waste water generation in the middle and low income 

countries (Ghaitidak & Yadav, 2013) recommend that daily grey water was feed in  a ratio of 

10%, 70% and 20%. At a period of breakfast (7:30AM-9:00AM)  a volume of 2l, lunch time 

(11:30AM-1:00PM) a volume of 14l and 4l at dinner time (4:30PM- 6:00PM) with discharge rate 
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of 1.5l/min (Parjane & Sane, 2011). A total of 6 samples (3 samples before and 3 samples after) 

were analyzed for each wastewater quality parameter and take the average values. 

 3.4.5. Analytical set up 

• COD was determined using H183099 COD and multi parameter photometer HANNA 

instruments made in USA and use USEPA 410.4 approved method for the COD 

determination on surface waters and wastewaters. Oxidizable organic compounds reduce the 

dichromate ion (orange) to the chromic ion (green). The amount of chromic ion formed is 

determined. 

• DO, PH, TDS, BOD5 and salinity were determined using inoLab® Multi 9620 IDS made in 

Germany. 

• Ammonia was determined using the ASTM Manual of Water and Environmental 

Technology, D1426-92, Nessler method. The reaction between ammonia and reagents 

causes a yellow tint in the sample the material for performing this task was H183099 COD 

and multi parameter photometer HANNA instrument. Ammonia (NH3) and nitrogen, 

ammonia (NH3-N) are different expressions of the chemical forms of ammonia. The NH3-N 

form uses the molecular weight of only the nitrogen atoms. The NH3 form uses the 

molecular weight of the entire ammonia molecule, 1nitrogen atom + 3 hydrogen atoms. The 

nitrogen-ammonia NH3-N form is common because it relates to other nitrogen compounds 

such as nitrogen, nitrite NO2-N or nitrogen, nitrate NO3-N. NH3-N is the un dissociated form 

of ammonia also known as free ammonia nitrogen (FAN) which is found to be toxic to 

microorganism since it can permeate the cell membrane. The conversion is NH3 = NH3-N * 
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1.21589 Assumed atomic weights: H=1.008 and N=14.007 ( florida department of 

environmental protection chemistry laboratory methods manual ,  2001). 

• Phosphorus was determined using an instrument called H183099 COD and multi parameter 

photometer HANNA instruments and the method used by this instrument is Standard 

Methods for the Examination of Water and Wastewater, 18th edition, Amino Acid method. 

The reaction between phosphate and reagents causes a blue tint in the sample. 

• The bacteriological quality indicators; Total Coliform (TC) and Fecal Coliform (FC) were 

evaluated using Membrane Filter (MF) procedures of standard method for the examination 

of water and wastewater (APHA, 1998). Samples were serially diluted using double distilled 

water and 100 ml of the diluted water using digital sampler was filtered through a filter 

paper in order to retain bacteria using filtering unit. Then a filter paper, with a pore size 

0.45µm, was placed on a surface of petri dish socked with Membrane Lauryl Sulfate Broth 

and incubated  at  37oc  for  Total  Coliforms  and  44
o
c  for  Fecal  Coliforms,  Yellow  

Colonies, which  are  atypical  colony  characteristic  of  TC  and  FC  using  Membrane 

Lauryl  Sulfate Medium (APHA, 1998). The Lauryl Sulfate Medium was prepared using 

20g/l of tryptos, 5g/l of lactose, 5g/l of salt, 0.5g/l of sodium lauryl sulfate and 15g/l of agar. 
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The composition of wastewater use for the experiment was tested before going to the treatment 

step.  

Table 3.1. Raw grey water characteristics 

 

 

 

 

 

 

 

 

 

 

Organic pollutant loading of grey water discharged into drain depends on its flow rate and 

pollutant strength. Therefore, variations of grey water organic pollutant load were calculated 

continuously hourly, daily, seasonal, and annual basis to investigate the accurate grey water 

pollutant loading at different times for proper treatment design and water pollutant mitigation. 

The organic pollutant loading was calculated as per formula given by (EPA, 1998). 

parameters Sb1 Sb2 Sb3 Mean 

BOD5 (mg/l) 170.4 165 159.25 164.88 

COD (mg/l) 269 280 292 280.33 

NH3-N (mg/l) 0.17 0.17 0.16 0.17 

P(mg/l) 8.8 8.4 7.9 8.36 

NH3 (mg/l) 0.21 0.21 0.2 0.21 

PH 6.91 6.73 6.22 6.62 

Salinity(ppm) 2.0 1.8 1.6 1.8 

Total 

coliform(cfu/ml) 

112*10
7
 104*10

7
 96*10

7
 

104*10
7
 

TS(mg/l) 1467 1460 1452 1459.66 

TDS(mg/l) 632 644 656 644 
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…………………………………… (3) 

Where OL is organic load (kg/day), Q is daily flow (m3/day), BOD5 is BOD taken at 5 days 

(mg/l), and 1,000 is used to convert in kilogram per day from gram per day. 

Removal efficiency of the grey water treatment in the combined pine bark, activated charcoal 

and sand filter system refers to the difference between the influent concentration (Cinf ) and the 

effluent concentration (Ceff ). Thus, the removal rate ( Rr ) of COD is expressed by the following 

equation: 

………………………………………………… (4) 

(Leju et al., 2014) 

Finally this research was focus on studying the efficiency of local available material for the 

treatment of grey water in the lab scale but if we use this system on the ground there must be 

backwashing. Filtered water is almost invariably used for backwashing and is usually supplied 

by a backwash pump. An elevated storage tank may also be used to store water to backwash 

filters. The backwashing process will use about two to four percent of the filter output, the lower 

percentages being associated with combined air/water washing. 
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Chapter four 

4. Result and discussion 

In order to characterize the grey water from the ADDIS ABABA science and technology 

university and to evaluate the treatment performance of combined; pine bark, activated charcoal 

and sand filters before and after treatment some selected wastewater quality indicating 

parameters were measured. These parameters were biological oxygen demand (BOD5), chemical 

oxygen demand (COD), PH, total dissolved solid (TDS), total solid (TS), ammonia as nitrogen 

(NH3-N), total phosphorus, ammonia as ammonia (NH3), and total coliform. 

4.1. Feeding characteristics 

During the first period of 15 days continuous pure water feeding for washing of filter material for 

the first 7 days the effluent color looks like dark red tea after this days the effluent become light 

and approach to water color through continuous feeding process at the end of 15 days the 

outgoing approaches to the value of fresh water quality parameter which show the value of TDS, 

PH and salinity become 134 mg/l, 7.2Mv and 0.001ppm. 

This study which takes place in ADDIS ABABA SCIENCE AND TECHNOLOGY 

UNIVERSITY lounges has the following characteristics of grey water which include BOD5, 

COD, NH3-N, P, total coliform, TS and TDS have the value 164.8, 280, 0.17, 8.4, 0.21, 6.62, 

104, 1460 and 644 all the parameters unit is mg/l except total coliform and PH which is CFU and 

Mv. Due to the separation of toilet from the lounge sanitary line there is a small amount of 

coliform number if we compare with other grey water colony forming unit. 

(Eriksson et al., 2008) study different parameters of wastewater such as; PH, TSS, BOD5, COD, 

NH3-N and P For kitchen grey water the quantity of grey water is 6.3-7.4, 235-720, 1040-1460, 
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3.8-1380, 0.002-23 and 12.7-32. (Al-hamaiedeh & Bino, 2010) study about the variability and 

characteristics of real grey water which is expressed with average values of wastewater quality 

parameters such as PH, TSS, BOD5 and COD have the value 7.2, 275, 942 and 1712 (All the 

above parameter unit is mg/l but the PH is expressed in Mv). 

Grey water flows vary daily, weekly and seasonally, which affects the treatment processes 

(Eriksson et al., 2009; Ghunmi et al., 2008). The HLR affects flow velocity, oxygen 

transportation and degree of water saturation in the pores (Cheever & Howell, 2011) thereby 

regulating the oxygen status of the filter material and its oxidation of pollutants. Also, on the one 

hand, high HLR increases the wetted area in granular filters with unsaturated flow which in turn 

increases the effective infiltration surface and thereby improves the conditions for biofilm 

coverage. On the other hand, high HLR imposes shear stress on the biofilm surface due to the 

higher water speed. Peak loading conditions can also lead to temporary failure of the treatment 

system, but on the other hand, the effective filtration area/depth might not be utilized at low 

hydraulic loads, which is economically inefficient  (Leju et al., 2014). 

Based on (EPA, 2004) this research use the hydraulic loading rate 0.032m
3
/m

2
/day as starting 

point and use 2-16 times the above number for pre-treated waste water. There are three discharge 

rates using equation 1, 2 and 3 which gives a result of the following loading and retention time 

represented by three effluents.  
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Table 4.1 characteristics of effluents 

 

For the first effluent grey water was feed for two days of discharge rate 0.016m
3
/day with 

0.51m
3
/m

2
/day volumetric hydraulic loading rate and 0.001Kg/day organic loading rate. For the 

second effluent grey water was feed for four days of discharge rate 0.008m
3
/day with 

0.25m
3
/m

2
/day volumetric hydraulic loading rate and 0.0004Kg/day organic loading rate. For the 

third effluent grey water was feed for eight days of discharge rate 0.004m
3
/day with 

0.127m
3
/m

2
/day volumetric hydraulic loading rate and 0.0002Kg/day organic loading rate. 

 

 

 

 

 

Item Ceff1 Ceff2 Ceff3 

Q (m
3
/day) 0.016 0.008 0.004 

HLR (m
3
/m

2
/day) 0.51 0.25 0.127 

OLR (Kg/day) 0.001 0.0004 0.0002 

HRT (day) 2 4 8 

Samples taken at day 

(from begin of feed) 

2 6 14 
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4.2. Performance of the filter 

The combined pine bark, activated charcoal and sand filter in the pvc column set up was 

investigated by three different discharge which control the retention time, organic loading rate 

and performance of the filter. In order to know at which discharge and loading rates the filter 

work efficiently this research was taken three effluents based on discharge rates and hydraulic 

loading rates. The table below represents the characteristics of three different effluents. 

Table 4.2. Mean Concentration of three effluents  

 

 

 

 

 

 

 

 

 

 

 

 

Parameters 
Ceff1 Ceff2 Ceff3 

BOD5(mg/l) 65 51 39 

COD(mg/l) 121 97 81 

NH3-N(mg/l) 0.07 0.05 0.04 

P(mg/l) 1.9 1.8 1.57 

NH3(mg/l) 0.09 0.07 0.03 

PH 7.88 7.7 7.68 

Salinity(ppm) 1.76 1.05 0.74 

Total 

coliform(cfu/ml) 42*10
7
 26*10

7
 14*10

7
 

TS(mg/l) 652 601 422 

TDS(mg/l) 362 289 243 
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Table 4.3.Anova test result effect of three effluents with removal efficiency  

item  

source of 

variation SS df MS F P-value 

F-crit 

parameters             

BOD5 between groups  498.31  2 249.15 
13.08 0.002 

4.26 

  within groups 171.42 9 19.05 

COD between groups  412.63 2 206.31 
11.12 0.004 

4.26 

  within groups 166.95 9 18.55 

NH3-N between groups  645.9 2 322.95 
0.64 0.54 

4.26 

  within groups 4516.95 9 501.88 

p  between groups  32.77 2 16.38 
0.37 0.69 

4.26 

  within groups 394.22 9 43.80 

NH3  between groups  1693.12 2 846.56 
1.97 0.19 

4.26 

  within groups 3871.2 9 430.13 

PH between groups  22.15 2 11.07 
0.065 0.93 

4.26 

  within groups 1521.53 9 169.06 

salinity  between groups  6751.44 2 3375.72 
8.57 0.008 

4.26 

  within groups 3545.68 9 393.96 

Total 

coliform between groups  1459.57 2 729.78 25.73 0.0002 

4.26 

  within groups 255.18 9 28.35 

TS  between groups  547.58 2 273.79 
8.49 0.0085 

4.26 

  within groups 290.20 9 32.24 

TDS between groups  694.61 2 347.3 
53.8 

9.87E-

06 

4.26 

  within groups 58.11 9 6.46 

Where SS is sum of square, MS is mean square, p-value is probabilistic value, df is degree of 

freedom, F is variance of the group and F- crit optimistic critical 

The null hypothesis for BOD5, COD, salinity, total coliform and TS show significant difference 

because p<0.05 which is called alpha value. But for P, NH3-N, NH3, PH and TDS the 

hypothesis become insignificance because p>0.05. 
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Fig4.1. concentration of ammonia as nitrogen, phosphorus, ammonia, PH and salinity for 

influent and effluents  

The result in the graph shows concentration of effluents having different discharge, HLR, OLR 

and HRT which affect treatment performance of filters. The best treatment performance of the 

filter for ammonia as nitrogen (0.04mg/l) and ammonia (0.03mg/l) was experienced in effluent 3 

having a discharge rate of 4 l/day and 8 day retention time. 

The concentration of phosphorus and salinity were reduced from one effluent to the other 

effluent because the discharge was falling and the detention time become longer. The small 

concentration of nutrients was seen in effluent 3 that is 1.57 mg/l of phosphorus and 0.74 ppm of 

salinity. Raw grey water was acidic with average PH value 6.62 but the PH value become basic 

which is equal to 7.78 due to a small discharge and longer residence time results in lower organic 

loading rate. 
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Fig4.2. Concentration of total coliform, total solid, total dissolved solid, biological oxygen 

demand and chemical oxygen demand for influent and effluents. 

The university lounges are far from the toilet so it is appropriate to measure the total coliform the 

result shows that there is a small amount of colony forming unit than other past studies of raw 

grey water. Even if the bacterial diversity was less but effluent 3 experiences best from the three 

effluents which is 14*10
7
 cfu/ml. The total and dissolved solids also show a great variability 

during feeding process of different discharge but the average result of the filter effluent represent 

422 mg/l of total solid and 243 mg/ l of dissolved solid which is good result compared with 

effluents as a result effluent 3 have also less solid concentration than the others. 

Organic compound concentration in grey water was one of the governing characteristics for the 

treatment purpose because the organic loading rate was depend on the BOD and COD 

concentration as discussed in equation 3. Similar to the above result effluent 3 result was best for 

the two parameters such as BOD and COD which is 39 mg/l and 81 mg/l. 
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Table 4.4.Removal efficiency of combined pine bark, activated charcoal and sand filter for three 

effluent. 

 

 

parameters 

Mean 

conc. 

BT 

Removal effi 

1 (%) 

Removal effi 

2 (%) 

Removal effi 

3 (%) 

Mean 

conc. 

AT 

Average 

Removal effi 

(%) 

BOD(mg/l) 164.8 
60.56 69.05 76.33 

51.7 68.65 

COD(mg/l) 280.3 
56.83 65.39 71.10 

99.67 64.45 

NH3-N(mg/l) 0.17 
76.47 58.82 70.59 

0.053 68.82 

P(mg/l) 8.4 
89.29 78.57 81.31 

1.42 82.99 

NH3(mg/l) 0.21 
66.67 57.14 85.71 

0.06 69.35 

Salinity(ppm) 1.8 
41.1 41.7 41.7 

1.05 41.7 

Total coliform 

(cfu) 

104 

92.42 92.60 92.62 
13.67 86.86 

TS(mg/l) 1460 
55.34 58.84 71.10 

558.33 61.76 

TDS(mg/l) 644 
43.79 55.12 62.27 

298 53.73 
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Fig4.3. Removal efficiencies of combined pine bark, activated charcoal and sand filter for three 

effluents. 

The above graph shows the removal efficiency of combined pine bark, activated charcoal and 

sand filter for treating grey water from Addis Ababa science and Technology University student 

and staff lounges. In order to clearly see the best performance from the three applied discharge 

rate it was appropriate to use the column chart in addition to the table. The removal efficiency 

was favored with small discharge rate and longer retention time which is 4l/day and 8 days of 

retention time so the best removal efficiency for some water quality parameters such as ammonia 

as nitrogen, phosphorus, ammonia, salinity, total coliform, total solid, total dissolved solid, 

biological oxygen demand and chemical oxygen demand are equal to 76.47%, 81.22%, 85.71%, 

58.89%, 86.54%, 71.09%, 62.27%, 76.35% and 71.11%. 
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                                                                        Chapter 5 

5. Conclusion and recommendation 

5.1. Conclusion 

Grey water treatment is necessary to increase the values of environmental sustainability; 

aesthetic consideration and public health are some of the consideration for treatment. There were 

a lot of experiments and implementation practices of grey water treatment technologies passed 

some were successful and others were failed. 

Previous studies shows that Pine bark, activated charcoal and sand filters have a good 

performance in removing; (BOD5), surfactants, phosphorus, nitrogen and microbial indicators 

from grey water. But there is a research gap of using combined filter materials which means 

using of combined; pine bark, activated charcoal and sand. So this study start from previous 

design which is a sprinkler and column set up and the above filter materials was feed based on 

each density consequence in order to remove the problem of clogging. The hydraulic loading rate 

and discharge rate was taken based on the environmental protection agency standard of waste 

water treatment and reuse recommend HLR for sand infiltration 0.032 m
3
/m

2
/day and 1.5L/s. but 

for pre-treated waste water it can multiply 2-16 times so this study use three different hydraulic 

loading rates 0.51 m
3
/m

2
/day, 0.25 m

3
/m

2
/day and 0.127 m

3
/m

2
/day. The volume and depth of 

each filter materials was taken metcalf and eddy waste water engineering book, USEPA 

guidelines and different articles. I choose this filter materials because of pine bark have; a good 

adsorption capacity, low density, low cost and easy availability. Activated charcoal have a great 

surface area having best adsorption capacity and sand is traditional filter material with a lot of 

significance as a treating material of water and waste water. 
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The result showed that ammonia as nitrogen, phosphorus, ammonia, salinity, total coliform, total 

solid, total dissolved solid, biological oxygen demand,  chemical oxygen demand and PH were 

equal to 0.04mg/l, 1.57mg/l, 0.03mg/l,  0.74ppm, 14*10
7
cfu/ml, 422mg/l, 243mg/l, 39mg/l, 

81mg/l and 7.68 and the best removal efficiency of combined; pine bark, activated charcoal and 

sand filters were 76.35 (BOD5), 71.11 (COD), 76.47 (NH3-N), 81.22(P), 85.71(NH3), 86.54 

(total coliform), 71.09 (TS) and 62.27(TDS). This result shows Treatment is necessary to correct 

wastewater characteristics in such a way that the use of final disposal of the treated effluent can 

take place in accordance the rules set by the relevant legislative bodies without causing adverse 

impacts on receiving water bodies. The result showed that effluent concentration values were 

within the standard discharge limit values set by the National Environmental Quality Standard 

for domestic wastewater effluent (EEPA, 2003) and(“Environmental Standards for Industrial 

Pollution Control in Ethiopia,” 2002). This showed the effectiveness of combined; pine bark, 

activated charcoal and sand filters in fulfilling the regulatory limit values for surface irrigation. 

 

 

 

 

 

 



66 

 

5.2. Recommendation  

Combined treatment materials of pine bark, activated charcoal and sand shows a good removal 

efficiency of nutrients and organic compounds with in appropriate range of standards for surface 

irrigation and used in our country as alternative wastewater treatment technology but the 

following points are recommended. 

 The study focus on three hydraulic loading rates and discharge rates within a short time 

application of grey water but the quantity and quality of grey water was different, a lot of 

hydraulic loading rate and discharge rate should be tried. 

 The time of taking the sample was done with direct observation on to lounges but the 

wastewater generation of ADDIS ABABA SCIENCE AND TECHNLOGY 

UNIVERSITY lounge shall be done. 

 The feeding amount of grey water was done by Jordan waste water generation 

hydrograph but Ethiopia’s wastewater generation hydrograph should be worked. 

 As discussed on the methodology part before starting feeding the grey water on to the 

column set up the pure water was feed on to it in order to clean and wash the filter 

materials. The days of feeding the pure water can affect the performance of filters so it is 

appropriate to feed the grey water for many days. 

 The sampling and testing replication should be a lot in order to get perfection on the 

outcome. 

 

 

 



67 

 

Reference 

1. Abdel-kader, A. M. (2013). Studying the efficiency of grey water treatment by using rotating 

biological contactors system. Journal of King Saud University - Engineering Sciences, 25(2), 

89–95. https://doi.org/10.1016/j.jksues.2012.05.003 

2. Al-hamaiedeh, H., & Bino, M. (2010). Effect of treated grey water reuse in irrigation on soil 

and plants. DES, 256(1–3), 115–119. https://doi.org/10.1016/j.desal.2010.02.004 

3. Almeida, J. S., Rocha, N. R. A. F., & Junior, M. R. F. (2013). Treating Domestic Greywater 

and Expectations to be Reused, 3(4), 195–198. https://doi.org/10.5923/j.ajee.20130304.05 

4. Ansari, R. (2009). Activated Charcoal : Preparation , characterization and Applications : A 

review article, 1(4), 859–864. 

5. Argun, M. E., Dursun, S., & Karatas, M. (2009). Removal of Cd ( II ), Pb ( II ), Cu ( II ) and 

Ni ( II ) from water using modi fi ed pine bark. DES, 249(2), 519–527. 

https://doi.org/10.1016/j.desal.2009.01.020 

6. Assayed, A. K., & Dalahmeh, S. S. (2010). Onsite Greywater Treatment Using Septic Tank 

Followed by Intermittent Sand Filter- A Case Study of Abu Al Farth Village in Jordan, 

(May 2014). 

7. Brunner, A. M., Vughs, D., Siegers, W., Bertelkamp, C., Kolkman, A., & Laak, T. (2018). SC. 

ECSN. https://doi.org/10.1016/j.chemosphere.2018.09.140 

8. florida department of environmental protection chemistry laboratory methods manual,  

calculation of un-ionized ammonia in fresh water. (2001). 

9. Cheever, M., & Howell, J. (2011). Environmental Policy Review : Key Issues in Ethiopia 

2011. 

10. Cobb, A. (2012). Low-Tech Coconut Shell Activated Charcoal Production, 7(1), 93–104. 

11. Dalahmeh, S. (2013). Bark and Charcoal Filters for Greywater Treatment. 

12. Dalahmeh, S. S., Pell, M., Hylander, L. D., Lalander, C., Vinnerås, B., & Jönsson, H. (2014). 

Effects of changing hydraulic and organic loading rates on pollutant reduction in bark, 

charcoal and sand filters treating greywater. Journal of Environmental Management, 132, 

338–345. https://doi.org/10.1016/j.jenvman.2013.11.005 

13. Dalahmeh, S. S., Pell, M., & Vinnerås, B. (2012). Efficiency of Bark , Activated Charcoal , 

Foam and Sand Filters in Reducing Pollutants from Greywater, 3657–3671. 

https://doi.org/10.1007/s11270-012-1139-z 

 



68 

 

14. Ed, B., Men, J. A., & Mart, I. (2006). Types of carbon adsorbents and their production (Vol. 

2006). 

15. Environmental Standards for Industrial Pollution Control in Ethiopia. (2002). 

16. Eriksson, E., Andersen, H. R., Madsen, T. S., & Ledin, A. (2008). Greywater pollution 

variability and loadings, 5, 661–669. https://doi.org/10.1016/j.ecoleng.2008.10.015 

17. THE EEPA / UNIDO (2003). Standards for Industrial Pollution Control in Ethiopia. Part 

Three, Standards for Industrial Effluents (General). FEPE of Ethiopia. Vol. 1. pp45-48 

 18. Foo, K. Y., & Hameed, B. H. (2011). The environmental applications of activated carbon / 

zeolite composite materials. Advances in Colloid and Interface Science, 162(1–2), 22–28. 

https://doi.org/10.1016/j.cis.2010.09.003 

19. Leimkuehler, E. P. (2010). Applications of Activated Carbon, (May 2010). 

20. Ghaitidak, D. M., & Yadav, K. D. (2013). Characteristics and treatment of greywater — a 

review, 2795–2809. https://doi.org/10.1007/s11356-013-1533-0 

21. Ghrair, A. M. (2011). Greywater Filtration systems For a sustainable water culture. 

22. Gross, A., Kaplan, D., & Baker, K. (2007). Removal of chemical and microbiological 

contaminants from domestic greywater using a recycled vertical flow bioreactor ( RVFB ), 

1, 107–114. https://doi.org/10.1016/j.ecoleng.2007.06.006 

22. Hameed, B. H., Din, A. T. M., & Ahmad, A. L. (2007). Adsorption of methylene blue onto 

bamboo-based activated carbon : Kinetics and equilibrium studies, 141, 819–825. 

https://doi.org/10.1016/j.jhazmat.2006.07.049 

23. Jefferson, B., Palmer, A., Jeffrey, P., Stuetz, R., & Judd, S. (1999). Grey water 

characterisation and its impact on the selection and operation of technologies for urban 

reuse, 157–164. 

24. Kadirvelu, K. (2003). Utilization of various agricultural wastes for activated carbon 

preparation and application for the removal of dyes and metal ions from aqueous solutions, 

87, 129–132. 

25. Karlsson, S. C. (2012). Modeling of bark- , sand- and activated carbon filters for treatment of 

greywater, (November). 

26. Lares, M., & Ncibi, M. C. (2018). Occurrence , identi fi cation and removal of microplastic 

particles and fi bers in conventional activated sludge process and advanced MBR 

technology, 133, 236–246. https://doi.org/10.1016/j.watres.2018.01.049 

 



69 

 

27. Leju, J., Ladu, C., & Lü, X. (2014). Effects of hydraulic retention time , temperature , and 

effluent recycling on efficiency of anaerobic filter in treating rural domestic wastewater, 

7(51078074), 168–182. https://doi.org/10.3882/j.issn.1674-2370.2014.02.005 

28. Mohammed, A., & Elias, E. (2017). Domestic waste management and its environmental 

impacts in Addis Ababa City, 4(3), 206–216. 

29. Morel, A., Diener, S., Alderlieste, M., Baumeyer, A., Bino, M. J., Burnat, (2006). Greywater 

Management. 

30. Nakada, N., Tanishima, T., Shinohara, H., & Kiri, K. (2006). Pharmaceutical chemicals and 

endocrine disrupters in municipal wastewater in Tokyo and their removal during activated 

sludge treatment, 40, 3297–3303. https://doi.org/10.1016/j.watres.2006.06.039 

31. Noutsopoulos, C., Andreadakis, A., Kouris, N., Charchousi, D., Mendrinou, P., & Galani, A. 

(2008). Greywater characteristics and loadings – treatment to promote reuse, 1–8. 

32. Ntuli, V. (2013). Sustainable waste management by production of activated carbon from 

agroforestry residues, 109(1), 1–6. 

33. Pangarkar, B. L., Parjane, S. B., & Sane, M. G. (2010). Design and Economical Performance 

of Gray Water Treatment Plant in Rural Region, 4(1), 6–10. 

34. Parjane, S. B., & Sane, M. G. (2011). Performance of grey water treatment plant by 

economical way for Indian rural development, 3(4), 1808–1815. 

35. http://dx.doi.org/10.1080/09593330.2015.1123301 (2016). Retrieved from url: 

http:/mc.manuscriptcentral.com/tent 

36. Reports, S., & Cooperation, E. (2010). What is eutrophication ? Causes , effects and control. 

37. Saleem, A., Kivelä, H., & Pihlaja, K. (2003). Antioxidant Activity of Pine Bark Constituents, 

3–6. 

38.    Shenxue, J. (2004). Training Manual of Bamboo Charcoal for Producers and Consumers, 

1–54. 

39. Sidhu, J. S., Bath, G. S., & Virk, A. S. (2017). Characterization Of Treated Sewage Effluent 

Using Different Technologies In Punjab ( Malwa Region ), 5(7), 339–344. 

40. Taylor, P. (n.d.). Desalination and Water Treatment Greywater treatment using different 

designs of sand filters, (September 2014), 37–41. 

https://doi.org/10.1080/19443994.2013.813007 

41. Tchobanoglous, G., Burton, F. L., & Stensel, H. D. (n.d.). Wastewater Engineering. 

42. Teklu, S. (2007). Waste water production , treatment and agricultural use in Ethiopia : The 

case of Addis Ababa city. 



70 

 

43. Thomas, B. N., George, S. C., & Shell, C. O. (2015). iMedPub Journals Production of 

Activated Carbon from Natural Sources Abstract Trends in Green Chemistry Preparation of 

Activated Carbon from Bamboo Chips Stones, 1–5. 

44. Wang, T., Omosa, I. B., & Chiramba, T. (2014). Review Article Water and Wastewater 

Treatment in Africa – Current Practices and Challenges, 1029–1035. 

https://doi.org/10.1002/clen.201300208 

45. world bank,  international development association. project appraisal document on a 

proposed credit to FDRE (2017). 

46. Yang, S., Yang, F., Fu, Z., & Lei, R. (2009). Bioresource Technology Comparison between a 

moving bed membrane bioreactor and a conventional membrane bioreactor on organic 

carbon and nitrogen removal. Bioresource Technology, 100(8), 2369–2374. 

https://doi.org/10.1016/j.biortech.2008.11.022 

47.Zeeman, G., Temmink, H., & Buisman, C. (2007). Characterisation and biological treatment 

of greywater, (May 2006), 193–200. https://doi.org/10.2166/wst.2007.572 

48. Zhang, C. C. (2007). Fundamentals of Environmental Sampling and Analysis. 

 

 

 

 

 

 

 



71 

 

 Appendix 

 

Some laboratory material photos 

 

 

The instrument used for measuring PH, TDS and DO 
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The instrument used for measuring total phosphorus, ammonia and COD 

 

 Reactor; which is used for COD measuring process 
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Nutrient broth for bacterial growth medium 

 

Microbiological hood                                             autoclave sterilization 
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Grey water before and after treatment 

 

Feeding process of grey water on the column set up 

 


