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Abstract  

The Public Health Benefits of Compact Onsite Wastewater Treatment system at urban Health 
Care Facilities (HCFs). The Case of Myunsung Medical Centre (MCM) Addis Ababa, Ethiopia 

Tewodros Degefa 

Addis Ababa University, 2015 
The improper management of hospitals and other health care facilities waste causes serious 

environmental problems in terms of air, water and land pollution. There are potential risks to 

environment and human health from improper handling of health care facilities wastes. This 

study was focussed on the microbial indicators and pathogen reduction capacity of the compact 

onsite wastewater treatment practice in Urban Health Care Facilities (HCFs) and its potential 

public health benefits at MCM hospital in Addis Ababa. The study was conducted by using 

experimental quantitative method for the analysis of wastewater to estimate the bacterial 

indicators and pathogenic composition along with transect walk or participatory observation. 

Samples of waste water were taken from the onsite WWTP influent and effluent and then 

measured for indicator and pathogenic bacteria concentration using APHA method and 

compared with a standard of quality on Java Governor No 61 of 1999.  The bacteriological, 

indicators and other pathogenic qualities of hospital wastewater discharged into the 

environment from MCM hospital was investigated to assess the public health burden reduction 

efficiency of onsite wastewater treatment plant (WWTP) practice at MCM hospital and its 

potential public health. The bacteriological parameters were carried out using the standard 

microbiological techniques those examined were total heterotrophic bacterial counts called most 

probable number (MPN) and the standard plate count (CFU) techniques. The result of this study 

revealed that the practice of onsite wastewater treatment at MCM has reduced the mean of  

heterotrophic plate count by 76.34%, Staphylococcal count by 99.68% , total coliform count by 

99.89%, faecal coliform counts by 99.88%, E. coli count by 99.55% and Enterococcal counts 

and 99.71%. The % reduction of pathogenic bacteria by this onsite wastewater treatment 

practice is Salmonella by 75 % Shigella 50% Staphylococcal count CFU/mL 99.68% E. coli 

count MPN/100ml 99.95% As a summary this result showed that the characteristic of the 

wastewater influent at MCM hospital containing contaminants that exceed the quality standard 

based on Java Governor No 61 of 1999.  The pathogen reduction efficiency of onsite wastewater 

treatment plant (WWTP) practice at MCM hospital showed that microbiological parameters 

studied revealed that the hospital wastewaters though show few parameters whose values are 

higher than the WHO percept levels. Most falls within the WHO acceptable limits after the 

treatment. There is contamination of the receiving environment due to the discharged hospital 

wastewater in the absence of this treatment which could probably be hazardous to human health. 

The practice of onsite wastewater treatment at MCM has reduced the mean of all indicator 

bacteria by 94.83 % and the identified pathogenic bacteria by 82.25% this is a great deal of 

public health benefit to community and particularly to those who are dependent on the receiving 

water body for different socioeconomic activities. 
Keywords: Hospital wastewater, Pathogen reduction, Onsite Wastewater treatment infectious 
Wastewater, influent, effluent, WWTP, efficiency, Public health  
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Operational Definitions 

 
Composite sample: Partial samples collected at vary times of the day and finally mixed up in 

larger container. 

Disinfectants: Chemicals that are applied on inanimate objects to reduce microbial load. 

Effluent: Wastewater discharged into receiving environment. 

Geometric mean: Parameter used to calculate bacterial population. 

Hospital wastewater: Liquid waste generated in varies section of the hospital. 

Indicator organisms: Group of bacteria that are used to assess bacteriological quality of water 

and wastewater, 

Influent: Wastewater entering to treatment plant. 

Most probable number: Method of bacterial enumeration in water and wastewater using series 

of tubes containing growth medium. 

Reduction factor: Number of log reduced bacteria after wastewater treatment with disinfectant 

solution. 

[Reduction factor = log10 CFU/mL (negative control) - log 10 CFU/mL (treated)]  

Resistance: Bacteria unable to respond for a given antibiotic. 

Susceptible: Bacteria able to respond for a given antibiotic. 

Pathogen: Disease Causing Organisms 
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Public Health: refers to all organized measures (whether public or private) to prevent disease, 

promote health, and prolong life among the population as a whole. 

Wastewater treatment: A process that used to reduce chemical and biological hazard from 

wastewater. 
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Chapter I 

INTRODUCTION 

 

1.1 Background  

1.1.1 Sanitation in Addis Ababa 

The sanitation problem of Addis Ababa is one of the worst in the country. For instance 26% of 

the houses - and the majority of slum-dwellers, have no toilet facility, and thus use rivers, ditches 

and open spaces. A shortage of water-supply, ensure that the same areas are used for public baths 

and washing. The existing sewerage system is inadequate, and sucking by trucks is common. 

Hence, the sanitary situation may get worse in the coming few years, unless extensive funding 

and participatory urban plans are developed (UN-HABITAT, 2008). In hospitals water 

consumed by various parts such as hospitalization, surgery rooms, laboratories, administrative 

units, laundry, health services, kitchen and in the process its physical, chemical and biological 

quality decreased and converted to wastewater (Islam et al., 2008).  

Medical care is vital for our life, health and wellbeing. But the waste generated from medical 

activities can be hazardous, toxic and even lethal because of their high potential for diseases 

transmission. The hazardous and toxic parts of waste from health care establishments comprising 

infectious, bio-medical and radio-active material as well as sharps (hypodermic needles, knives, 

scalpels etc.) constitute a grave risk, if these are not properly treated/ disposed or are allowed to 

get mixed with other municipal waste.  Its propensity to encourage growth of various pathogen 

and vectors and its ability to contaminate other non-hazardous / non-toxic municipal waste 

jeopardises the efforts undertaken for overall municipal waste management (Biswal,  2013). 

1.1.2 Health Care Facilities Waste Management in Addis Ababa 

The Health Care Facilities (HCF) sector includes a diverse range of facilities and activities 

involving general hospitals, small inpatient primary care hospitals, outpatient facilities, assisted 
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living facilities, and other facilities. Ancillary facilities may include medical laboratories and 

research facilities, mortuary centers, and blood banks and collection services (World Bank, 

2007). Health care waste consists of solid, liquid and gaseous waste contaminated with organic 

and inorganic substances including pathogenic microorganisms, radiological chemicals, partially 

metabolized antibiotics which are usually generated from laboratory analysis of tissues and body 

fluids as well as excreted from patients (Nuῇez & Moretton, 2007).  

In developed countries domestic wastewater and hospital effluents are discharged, usually, in the 

urban sewer system where they mix with other effluents and finally reach the sewage treatment 

plant. The last step of this process is the release of purified wastewaters to a river, a lake, or 

seawaters. Some of these water bodies may serve as sources of drinking water at somewhere in 

the community. As result, dissemination of pathogenic bacteria and other pathogenic and 

potential pathogenic organisms in the environment will be minimized. This problem in 

developed country less severe compared to developing country, mainly due to proper antibiotic 

usage, effective infection control program and better management of hospital wastewater (Steve, 

2013). 

1.1.3 Public Health Burden of Health Care Facilities Waste Management 

Very few data are available on the health impacts of exposure to healthcare waste, particularly in 

the case of developing countries. Better assessment of both risks and effects of exposure would 

permit improvements in the management of health-care waste management and in the planning 

of adequate protective measures (Gerould & Brook, 1999).The real and perceived infections 

caused by pathogenic bacteria and other pathogens from health care establishment wastewater 

are usually difficult to treat, prolong hospitalization and increase cost of treatment. These 

conditions become major public health problem especially in developing country including 

Ethiopia. To limit its public health impact critical evaluation, treatment and periodic assessment 
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of effluents released to receiving environment is mandatory. Practice of proper medical waste 

disposal and management is also inadequate and there is not enough information on wastewater 

management technologies in health care facilities. 

 

Figure 1 Process of Onsite health care waste water treatment plant (Source: WHO, 2013) 

In this study, Myungsung Medical Center (MCM) is selected, which is a modern African hospital 

in Addis Ababa, Ethiopia) Patients come from 200‐300 kilo meters daily to be seen in it. MCM 

serves over 80 million people of Ethiopia plus referrals from Sudan, Somalia and Eritrea. The 

patterns of infectious organisms released from effluents of urban health care facilities to the 

receiving environment in Addis Ababa and the onsite wastewater treatment practice in urban 

health care facilities along with its potential public health benefits have not been assessed before 

by any academician or any researcher/research institute/. Therefore this study is designed to 

assess the current onsite wastewater treatment practice in the urban health care facilities against 

its pathogen and related infectious diseases reduction capacity and its potential public health 

benefits. The findings of this study will indicate the onsite wastewater treatment practice in the 

urban health care facilities in Addis Ababa and its potential real and perceived infectious 

diseases reduction capacity for the general public health benefit 
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1.2 Statement of the Problem 

Hospital wastewater is a special category of liquid wastes, which is highly hazardous due to its 

infectious and/or toxic characteristics. Hospital wastewater is considered as a complex mixture 

populated with pathogenic microorganisms. Although medical wastewaters are considered as 

hazardous, little attention is paid to their proper management and disposal. One of the main 

problems of the environment is discharging of hospital wastewater. Reuse of treated wastewater 

for agriculture and irrigation of green area is the main objective of wastewater treatment (Biswal, 

2013). 

Urban and rural hospitals and clinics in developing countries dispose their medical waste in a 

manner that pose a risk of diseases among populations. In 2002, the results of a WHO 

assessment conducted in 22 developing countries showed that the proportion of healthcare 

facilities that did not use proper waste management was significant, ranging from 18% to 64 % 

(WHO,2004). In cities lacking a centralized sewerage system, hospitals can pose a significant 

sanitation threat. Their often high population of patients and staff creates a large wastewater 

problem that could easily overwhelm a normal septic tank. Worse yet, the wastewater generated 

is often much higher in pathogen levels, due to the waste outputs of infected patients. Thus, 

hospitals need to take a lead role in ensuring this wastewater is treated properly to avoid 

environmental and human health risks to the neighbouring community. The situation in 

developing country, like Ethiopia is overwhelming as the above factors are less practiced. In 

addition to this most hospitals in Ethiopia neither have hospital wastewater treatment plant nor 

discharge waste to urban sewer system, which worsen the problem. 
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Improper management of waste generated in health care facilities causes a direct health impact 

on the community, the health care workers and on the environment. Every day, relatively large 

amount of potentially infectious and hazardous waste are generated in the health care hospitals 

and facilities around the world. Indiscriminate disposal of BMW or hospital waste and exposure 

to such waste possess serious threat to environment and to human health that requires specific 

treatment and management prior to its final disposal. It would be necessary to implement proper 

bio-medical waste management system for each and every hospital, nursing home, pathological 

laboratory etc. According to Steve 2013, comprehensive management system for each and every 

health care establishment has to be planned for optimal techno-economic viability. At the same 

time the final disposal for the whole town must not be lost sight of. . Since there are a large 

number of small and medium health care establishments, common treatment and disposal 

facilities are essential. 
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1.3 Objectives 

1.3.1 General objective 

The overall objective of this study is to assess the bacteriological pathogen reduction capacity of 

the compact onsite wastewater treatment practice in Urban Health Care Facilities (HCFs) and its 

potential public health benefits. 

 

1.3.2 Specific Objectives  

 

1. To determine the levels of microbial indicators organisms, total heterotrophic bacteria, 

total coli form, facial coli form, E. coli, Enterococci, and Staphylococcus spp. from 

Health Care Facilities wastewater. 

2. To determine the level of medically important potential pathogenic bacteria in urban 

Health Care Facilities wastewater and associated public health burdens. 

3. To evaluate the indicator and pathogenic bacteria reduction capacity of compact onsite 

wastewater treatment practice in the Health Care Facilities. 

4. To compare the microbial level of wastewater discharged from the treatment plant of the 

health care facility with WHO standard. 

5. To determine the potential public health benefits of compact onsite wastewater treatment 

practice in urban Health Care Facilities. 

 

 

 

 

 

 



7 
 

 

Chapter II 

Literature Review 

 Introduction  

2.1 Health-Care Wastes 

The basic infrastructure elements / activities of HCF facilities are to improve the health of 

patients, prevent transmission of infections among patients and staff, and control impacts to 

environment, health, and safety including maintenance of sanitary conditions; use of appropriate 

disinfection and sterilization techniques; provision of potable water and clean air for all 

operations; and nosocomial infection control (WB,2007). The term health-care waste includes all 

the waste generated within health-care facilities, research centres and laboratories related to 

medical procedures. In addition, it includes the same types of waste originating from minor and 

scattered sources, including waste produced in the course of health care undertaken in the home 

(e.g. home dialysis, self-administration of insulin, recuperative care). Between 75% and 90% of 

the waste produced by health-care providers is comparable to domestic waste and usually called 

“non-hazardous” or “general health-care waste” (WHO, 2013). 

 

Health-care waste can briefly be described as waste from medical or other related practices. In 

reality, only a small proportion of this waste causes a higher risk of transmitting infectious 

diseases than normal household or municipal waste. Healthcare institutions provide medical care 

comprising of diagnostic, therapeutic, research, and rehabilitative services in an attempt to 

manage health problems and protect the public from different health risks (WB, 2007). In the 

process of performing these activities, health facilities generally generate harmful waste that 

could be potentially harmful to health care workers, the public and the environment. 
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The characteristics of waste generation depends on number of factors such as established 

methods of waste management, type of healthcare establishment, degree of health facility 

specializations, proportion of reusable items employed in health care, seasonal variation and 

patient work load. In middle and low-income countries, healthcare waste generation is usually 

lower than that of high-income countries (WHO, 2003). 

 

According to WHO 2013, the typical waste composition of health-care facilities is composed of 

5% chemical/radioactive (Hazardous health-care waste), 10% infectious (hazardous health-care 

waste) and 85% general (non-hazardous health-care waste)  

 

 

Figure 2Typical waste compositions in health-care facilities (WHO, 2013) 

According to World Bank (2007), waste management, emissions to air and wastewater 

discharges are the major Environmental issues associated with HCF. 

 

 

 

 

5%

10%

85%

HCFs Waste Composition

Chemical/radioactive
Hazardous health-care waste

Infectious (hazardous health-
care waste)

General (non-hazardous health-
care waste)
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2.2 Health-Care Wastewater 

Health-care wastewater is any water that has been adversely affected in quality during the 

provision of healthcare services. It is mainly liquid waste, containing some solids produced by 

humans (staff and patients) or during health-care-related processes, including cooking, cleaning 

and laundry (WHO, 2013). Health-care wastewater can be divided into the following three 

categories: 

 

 Black water (sewage) is heavily polluted wastewater that contains high concentrations of 

faecal matter and urine. 

 Grey water (sludge) contains more dilute residues from washing, bathing, laboratory 

processes, laundry and technical processes such as cooling water or the rinsing of X-ray 

films. 

 Storm water is technically not a wastewater itself, but represents the rainfall collected on 

hospital roofs, grounds, yards and paved surfaces. This may be lost to drains and 

watercourses and as groundwater recharge, or used for irrigating hospital grounds, toilet 

flushing and other general washing purposes (WHO, 2013). 

 

Hospital wastewater is wastewater generated from all activities of the hospital as medical and 

non-medical activities from the operating, emergency & first aid, laboratory, diagnosis, 

radiology, kitchen and laundry activities. Hospital wastewater contains harmful pollutants, such 

as, pathogenic microorganisms (bacteria, viruses), residual of medicine and laboratory chemicals 

(antibiotics, phenol, and chloroform), toxic chemicals (Pb), and biodegradable organic material 

(protein, fat, carbohydrate). 
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2.2.1 Characteristics of Health-Care Wastewater  

The quantity of wastewater produced in a health-care facility depends on the amount of water 

used and is best measured by water consumption. The water consumption depends heavily on 

factors such as the kind of healthcare services provided, number of beds, accessibility to water, 

climatic situation, level of care and local water-use practices (WHO, 2013). Hospitals use a large 

amount of water daily bases roughly estimated 400-1200 L/d/bed (Mahvi, et al., 2009).  

Wastewater from health-care facilities contains organic particles (faeces, hairs, food, vomit, 

paper, and fibres), soluble organic material (urea, proteins, and pharmaceuticals), inorganic 

particles (sand, grit, and metal particles), soluble inorganic material (ammonia, cyanide, 

hydrogen sulfide, thiosulfates) and other substances. The composition depends on the source of 

origin (WHO, 2013). 

General medical areas generate wastewater comparable to domestic wastewater. The urine of 

patients from some wards (oncology, infectious disease) will probably contain higher amounts of 

antibiotics, cytotoxic, their metabolites and X-ray contrast media.  

Kitchens at hospitals often generate a polluting wastewater stream containing food leftovers, 

waste from food processing and high concentrations of disinfectants and detergents. Starch, 

grease, oil and an overall high organic content have the potential to create problems during 

wastewater management. 

Laundries are places where the highest quantity of grey water is produced. Often, the 

wastewater is hot, has a high pH (alkaline) and may contain high rates of phosphate and AOX if 

chlorine-based disinfectants are used. Shower blocks also create large volumes of grey water 

containing dilute concentrations of detergents (WHO, 2013). 
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Theatres and intensive-care units generate wastewater with high contents of disinfectants 

(glutar aldehyde), detergents and pharmaceuticals. Additionally, the organic content can be high 

due to the disposal of body fluids and rinsing liquids (such as those from suction containers). 

Laboratories are a possible source for chemicals in the wastewater stream. Of special relevance 

are halogenated and organic solvents, colorants from histology and haematology (Gram 

staining), cyanides (haematology) and formaldehyde and xylene (pathology). Laboratories may 

also contribute to the presence of blood in wastewater from the emptying of samples into the 

sinks (WHO, 2013). 

Radiology departments are the main generator of photochemical (developing and fixing) 

solutions in wastewater and potentially contaminated rinsing water. In some countries, this 

source of wastewater contamination is declining due to the increasing use of digital X-ray 

technology. 

Haemodialysis requires the disinfection of the dialysers and sometimes the used filters. 

Accordingly, the concentration of disinfectant in the wastewater can be high. 

Dental departments can contaminate wastewater with mercury (amalgam) from the filling of 

dental cavities if no amalgam separators are installed in the sink waste pipe system. 

Central sterile supply departments are one of the main consumers of disinfection solutions, 

including aldehyde based disinfectants. Hot water from the sterilizers and detergents from the 

CD-machine (cleaning and disinfectant) might also increase pollution load in the wastewater 

(WHO, 2013). 

A proportion of the generated wastewater from health-care facilities will pose a higher risk than 

domestic wastewater. Depending on the service level and tasks of the health-care facility, the 
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wastewater might contain chemicals, pharmaceuticals and contagious biological agents, and 

might even contain radioisotopes. 

2.3 Common Microbial Pathogens in Health-Care Wastewater 

Due to the fact that wastewater is generated by a variety of sources, (bathing, cooking, 

manufacturing, cleaning, etc.). The contaminants found in wastewater are varied and 

numerous.  They include, but are not limited to, organic material, pathogens, metals, salt, 

ammonia, pesticides, pharmaceuticals, and endocrine disruptors.  Some, such as pathogens and 

heavy metals, are undesirable in all treatment plant effluents as they are harmful to both humans 

and the environment.  Therefore, it is important to understand that different uses of wastewater 

effluent will require different levels of contaminant elimination (Jolibios & Guerbet, 2005).  

Wastewater, by its nature, is teaming with microbes. Many of these microbes are necessary for 

the degradation and stabilization of organic matter and thus are beneficial. On the other hand, 

wastewater may also contain pathogenic or potentially pathogenic microorganisms, which pose a 

threat to public health.  

In the United States, approximately 25% of all water used is groundwater and approximately 

50% of the population relies on groundwater for drinking. The good news is that bacteria don’t 

usually move large distances in fine textured soils (generally less than a few meters). The bad 

news is that they can move larger distances in coarse-textured or fractured materials. Fortunately, 

pathogenic microorganisms not native to the subsurface generally don’t multiply underground 

and will eventually die. Despite these facts, they can move far enough distances and live long 

enough to be of concern around wastewater disposal areas. Of special concern, saturated flow 

conditions lead to horizontal movement of microbes. Unsaturated conditions are optimal and 

lead to greater attenuation (Hodgson, 2004). 
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Infectious waste may contain a great variety of pathogenic micro-organisms, but not all can be 

transmitted to humans and animals by contact with waste. The pathogens contained in the waste 

may infect the human body through the following pathways: absorption through a crack or cut in 

the skin (injection), absorption through the mucous membranes, and rarely by inhalation and 

ingestion. Concentrated cultures of pathogens and contaminated sharps (in particular syringe 

needles) are probably the waste items that create the most acute human health hazards (WHO, 

2004). 

2.4 Factors Affecting Microbial Pathogen Transport and Survival 

There are two factors that significantly affect mobility of bacteria and viruses through the 

subsurface. First, the size of existing water filled pores (including cracks, fissures, and solution 

channels) will affect mobility. Second, the velocity of water through these pores plays an 

important role in microorganism mobility.  

There are also two mechanisms of retention of bacteria in the subsurface (Akter, et al, .2000). 

The first mechanism is filtration. This is the trapping of particles and bacteria in pore spaces. 

Larger suspended particles are trapped first. These then act as a filter for progressively smaller 

particles and bacteria. Eventually this system will become clogged and block further transport. 

The second mechanism of retention of bacteria is adsorption. This is the adhesion of bacteria (or 

viruses), in an extremely thin layer, to the surfaces of solid bodies. Clays are ideal for this type of 

bacterial retention because of their small size, layered structure, and large surface-to-volume 

ratio. Bacterial size also plays a role in determining whether they are more likely to be retained 

by adsorption or filtration. Larger bacteria are more likely to be removed by filtration, whereas 

smaller bacteria are more likely to be removed by adsorption (Shorholy, et al, .2008). 
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Up to 35% of the potential productivity of developing nations is lost because of waterborne 

disease. Waterborne diseases whose pathogens are spread by the fecal-oral route (with water as 

the intermediate medium) can be caused by bacteria, viruses, and parasites (including protozoa, 

worms, and rotifers (Ramos, et al., 1999). Amongst all the category of BMW, liquid wastes pose 

a serious threat to human health and the environment because of their ability to enter watersheds, 

pollute ground water, and drinking water when improperly handled and disposed. At the same 

time, illegal and unethical reuse of this untreated waste, can be extremely dangerous and even 

fatal in causing diseases like cholera, plague, tuberculosis, hepatitis B, diphtheria etc., in either 

epidemic or even in endemic form, which can pose grave public health risks and consequences 

and thus is a major problem for healthcare facilities, their employees, and the community at a 

large (Blenkharn, 2006). 

 

2.5 Legal Aspects of Health-Care Wastewater Management  

Indiscriminate disposal of infected and hazardous waste from hospitals, nursing homes, and 

pathological laboratories has led to significant degradation of the environment, leading to spread 

of diseases and putting the people to great risk from certain highly contagious and transmission 

prone disease vectors.(Steve, 2013). This has given rise to considerable environmental concern. 

So it is the duty of every occupier of an institution generating bio‑medical waste, which includes 

hospitals, nursing homes, clinics, dispensaries, veterinary institution, animal houses, pathology 

laboratories, blood banks etc., to take all steps to ensure that such wastes are handled without any 

adverse effect to human health and the environment. They have to either set up their own facility 

or ensure requisite treatment at a common waste treatment facility or any other waste treatment 

facility (Biswal, 2013). 
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2.5.1 International Legislations and Agreements 

Ethiopia has also ratified several environmental related international conventions, agreements 

and protocols, which are to be enforced nationally with appropriate regulations. These include: 

 The Rotterdam Convention on Prior Informed Consent Procedure for Certain Hazardous 

Chemicals and Pesticides in International Trade. 

 The Bamako Convention. 

 Basel Convention on the Control of the Trans-boundary Movements of Hazardous 

Wastes and their Disposal. 

2.5.2 National/ Ethiopian Legislations and Agreements on Public Health Proclamation 

(200/2000) 

This proclamation prohibits:  

 The discharge of untreated liquid waste generated from septic tanks, seepage pits and 

industries into water bodies, or water convergences. 

 The disposal of solid or liquid or any other waste in anyway which contaminates the 

environment or affects public health 

 

Proclamation 159/2008, Prevention of Industrial Pollution 

A follow up to Proclamation 300/2002, a regulation to prevent industrial pollution was 

developed by the Federal Environmental Protection Authority to ensure the compatibility of 

industrial development with environmental conservation. This regulation (Proclamation 

no.159/2008) also includes comprehensive industrial pollution standards for a range of industrial 

and mining activities. 

 



16 
 

Waste Handling and Disposal Guideline, 1997 

The Government has developed Waste Handling and Disposal Guideline which is being used by 

health facilities since 1997. The Guidelines are meant to help industry and local authority to deal 

with the waste situation at a local level. 

2.5.3 Factors Affecting Effective Health care facilities wastewater Management in Ethiopia 

Currently the coverage of safe drinking water and latrines remain very low at about or less than 

30% and 13% for Addis Ababa and the country respectively. The per capita drinking water 

cannot satisfy 50% of the minimum requirement. Access to latrines as well has similar 

drawbacks. Outcome indicators as measured by diarrhoea prevalence still remain to be 

significant. KAP towards sanitation is at the low side. The poor achievements in environmental 

health service coverage’s over the past decades are attributed to various socio-economic factors 

and weak implementation practices that are detached from policies. Impacting on both the 

internal and external environment is believed to bring changes in the current sanitation status 

(Fisiha Iyassu, 2002). Local health agencies usually do not have a formal role in decentralized 

municipal and institutional wastewater management. A municipality or other publicly owned 

agency assumes the responsibility for the treatment of wastewater, which is regulated by state 

and federal rules. 

2.5.4 Linkage of Healthcare wastewater and Municipal Waste Management 

Sewers of health-care facilities are often not water tight, and a significant part of the wastewater 

in many places may leak into the groundwater. Often, hospitals are not connected to efficient, 

working sewage-treatment plants, and sometimes municipal sewerage networks may not even 

exist. In many developing countries, the major part of health-care wastewater is discharged in 

surface watercourses or percolates into underlying groundwater aquifers with no or only partial 
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treatment. According to, World Bank (2007) if wastewater is discharged to sanitary sewage 

treatment systems; the HCF should ensure that wastewater characteristics are in compliance with 

all applicable permits, and that the municipal facility is capable of handling the type of effluent 

discharged. 

2.6 Public Health Concern of Health-Care Wastewater Management 

Medical care is vital for our life and health, but the waste generated from medical activities 

represents a real problem of living nature and human world. Improper management of waste 

generated in health care facilities causes a direct health impact on the community, the health care 

workers and on the environment Every day, relatively large amount of potentially infectious and 

hazardous waste are generated in the health care hospitals and facilities around the world. 

Community health and safety issues during the construction, operations, and decommissioning of 

HCFs are generally common to those of most industrial facilities, and are discussed in the 

General EHS Guidelines. Community hazards associated with health care facility environments, 

particularly related to hazardous health care waste, necessitate that members of the public receive 

adequate information regarding potential infection hazards within the facility, and at associated 

waste disposal sites (e.g. landfills) (World Bank,2007). Around 90% of the wastewater produced 

globally from the HCF remains untreated, causing widespread water pollution, especially in low 

income countries. Besides there is increase in the use of this untreated wastewater for irrigation 

due to the scarce water resources (Biswal, 2013). 

2.6.1 Health-Care Wastewater -Related Public Health Burdens 

Improper management, collection, treatment and disposal of wastewater and sludge will result in 

the pollution of local water sources with pathogens. This can cause numerous waterborne and 

vector-borne diseases by providing breeding places for the vectors, and favours the spread of 

parasites. By disposing of untreated wastewater in the environment, nutrients are biologically 



18 
 

degraded in groundwater, lakes and rivers by using oxygen present in fresh water 

(eutrophication). If the oxygen demand of the wastewater is too high, hypoxia (oxygen 

depletion) of a watercourse will result in significant environmental degradation. Nitrate in the 

groundwater from untreated wastewater can result in methaemoglobinaemia, particularly in 

babies. Wastewater discharged in an uncontrolled manner into the environment can lead to 

several waterborne diseases that are a threat to human life, especially in developing countries 

(WHO, 2004). Inadequate Bio-Medical waste management thus will cause environmental 

pollution, unpleasant smell, growth and multiplication of vectors like insects, rodents and worms 

and may lead to the transmission of diseases like typhoid, cholera, hepatitis and AIDS through 

injuries from syringes and needles contaminated with human. (CEET, 2008). Various 

communicable diseases, which spread through water, sweat, blood, body fluids and contaminated 

organs, are important to be prevented. Pathogens most commonly identified and associated with 

waterborne diseases can be grouped into the three general categories: bacteria, protozoans, and 

viruses (USEPA, 2001). 

 

2.6.2 Bacteria Related Public Health Burdens 

Wastes from warm-blooded animals are a source for many types of pathogenic (disease-causing) 

bacteria found in surface waters, including the coliform group and Streptococcus, Lactobacillus, 

Staphylococcus, and Clostridia. Some bacteria are pathogenic and some are not. Total coliform, 

fecal coliform, E. coli, Enterococcus, and Bacteroides bacteria are not generally the cause of 

human illness, but they have been or are being used to indicate the possible presence of sewage 

and pathogenic bacteria, viruses, and protozoans that also live in human and animal digestive 

systems (Steve, 2013).  
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Table .1 Major bacterial pathogens and their associated with water-related diseases. 

Bacterial Pathogens Related Disease 

Salmonella Salmonellosis 

S. typhimurium Typhoid fever 

Shigella Shigellosis 

Enterococcus  (Fecal Streptococci) Diarrhea 

E. coli ( Fecal Coliform) Diarrhea 

Vibro cholera Cholera 

Camplyobacterjejuni Gastroenteritis 

Source:  (Steve, 2013)  Int. J. Chem Tech Res 

 

Water quality, and its threat to public health, has inspired development of tests designed to 

measure its suitability for drinking, bathing, and release back to the environment. Water that 

looks clear and pure may be contaminated with pathogenic microorganisms. For example, 105 

bacteria per millilitre of water are invisible to the naked eye. Therefore, even water that appears 

“pure” must be tested to ensure that it contains no microorganisms that might cause disease.  

 

2.7 Health-Care Wastewater Treatment 

Sewage is created by residences, institutions, and commercial and industrial establishments. It 

can be treated close to where it is created (in septic tanks, onsite package plants or other aerobic 

treatment systems), or collected and transported via a network of pipes and pump stations to a 

domestic treatment plant (Eric & Van Beelen, 2007). 

 

http://www.bsi.vt.edu/biol_4684/Microbes/Ecoli.html
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Indiscriminate disposal of health care or hospital waste and exposure to such waste possess 

serious threat to environment and to human health that requires specific treatment and 

management prior to its final disposal. According to, the safe and effective management of 

health care biomedical waste has received much attention for improper and inadequate 

management is associated with an increase in the incidence of health risks to the healthcare 

workers, the patients, and their environment and to the community at large. Hence the 

development of safe and effective management of biomedical waste along with handling 

protocols, institutional plans and policies, appropriate training and feedback programs on proper 

waste management and handling for all the healthcare workers are highly recommended (Biswal, 

2013). 

The dangers of infectious hospital waste received a great deal of attention in the last decade and 

main emphasis was given to hospital solid waste; but liquid waste released into the sewage has 

not received much attention. Mandatory monitoring of water quality and suitable disinfection 

measures should be done on a regular basis (Hodgson, 2004).  

From the early 1970 to about 1990s, wastewater treatment objectives were based primarily on 

aesthetic and environmental concerns. At present the earlier objectives of reduction and removal 

of BOD, suspended solids, and pathogenic microorganisms continued, but at higher levels. 

Several developed and developing countries embarked on programmes to reduce pathogenic 

organisms and associated waterborne public health hardens. Presently R-plasmid carrying 

bacteria are a major cause of hospital borne infections. Indiscriminate release of hospital 

wastewater in the sewage system paves way for the entry of pathogenic bacteria and other 

pathogenic microorganisms in the sewage.  
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The greatest fear was the transfer of resistance to pathogens like S. typhi, which came true in 

1972 resulting in an epidemic of chloramphenicol - resistant S. typhi and in 1992 another 

epidemic with simultaneous resistance for chloramphenicol, co-trimoxazole and ampicillin. The 

main cause for the emerging MDR in sewage is heavy use of antibiotics and indiscriminate 

release of hospital wastewater into public sewage (Donlan & Biofilm, 2002). 

 

Most existing technologies and practices are failing to deal with the problem of liquid biomedical 

waste, as this area of waste management is becoming grossly neglected. The hospitals and bio 

medical facilities though meant to ensure better health have unfortunately become a potential 

health risk due to mismanagement of the infectious waste. Safe handling of BMW continues to 

be a matter of serious concern for health authorities in the world as the waste generated from 

medical activities can be hazardous, toxic, and even lethal because of their high potential for 

diseases transmission (Biswal, 2013).  

 

2.7.1 On-site (Decentralized) Wastewater Treatment Systems 

Sanitation infrastructure can have four components a) toilet b) collection c) treatment and d) 

effluent/sludge disposal or reuse. Decentralized systems are described as ‘complete on-site 

systems, where waste is collected, treated and disposed on- site. While ‘centralized systems 

collect and treat large volumes of waste from households and establishments; and where the 

residual waste is then moved to areas located away from the communities (World Bank, 2008) 

and that these systems are implemented involving clients and users in the design and 

development phase and are ‘designed so that maintenance and daily management are reduced to 
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a minimum’ .Moreover, in choosing the best alternative technology options benefit costs 

analyses will be useful in aiding decision-makers and implementers (World Bank, 2008).  

 

2.7. 2 Goals for On-Site Wastewater Treatment Systems 

According to Judith (2006), On-site wastewater activities have the following goals: 

Reduce the risks to public health by:  

 Reducing health risk from wastewater backup into its source. 

 Preventing wastewater discharges to the ground surface to avoid direct public contact. 

 Preventing ground water and well water contamination due to pathogens, nitrates, and 

toxic substances. 

 Minimizing risk from the reuse of inadequately treated effluent for drinking water, 

irrigation, or other uses. 

 Minimizing risks from inadequate management of seepage. 

Abate public nuisances by: 

 Eliminating odours caused by inadequate plumbing or treatment processes. 

 Eliminating odours or other nuisances related to transportation or disposal of seepage. 

More recently there has been increased focus on developing goals to prevent on-site system-

related surface and groundwater quality degradation and adverse impacts on water quality, 

including goals related to the protection of environmental resources (Judith, 2006). 
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2.7.3 Onsite Wastewater Treatment in Health-Care Facilities 

In cases where wastewater is not discharged to sanitary sewage systems, HCF operators should 

ensure that wastewater receives on-site primary and secondary treatment, in addition to chlorine 

disinfection (World Bank, 2007). 

 

2.7.4 The Onsite Health-Care Wastewater Treatment at MCM 

As the major medical centre MCM serving more than 80 million people of Ethiopia plus referrals 

from Sudan, Somalia and Eritrea found in the  of  Addis Ababa, capital  of Ethiopia, MCM has 

had a desire for excellence ever since it began operation in 2004. The current facility consists of 

243 beds and around 750 employees, and is therefore producing a large volume of wastewater 

daily. Prior to this treatment practice, the MCM wastewater was simply being treated in septic 

tanks before discharge to the adjacent water body found in the neighbouring community, which 

was not providing sufficient treatment and was causing unnecessary pollution to the water body. 

MCM staff soon realized the benefits of more effective wastewater treatment and began work on 

their new WWTP in 2010. 

Activated sludge has become the most widely used secondary unit process for the treatment of 

both domestic and domestic wastewaters). Arden and Lockett’s original investigations in 1913 

involved aerating sewage for several weeks before the treated liquor was allowed to settle and 

the supernatant water was decanted . Therefore the very original activated sludge process was 

operated as a batch reactor and became known as the fill-and-draw process (Horan, 1989). The 

development of continuous process quickly led to the abandonment of fill-and-draw systems and 

their associated operating difficulties. However, with the advent of microprocessor control using 

programmable logic controllers, a modification of the original fill-and-draw process, known as a 

sequencing batch reactor (SBR) has emerged as a successful alternative to continuous flow 

activated sludge plants. 
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Then the MCM management installed a very compact and containerized mobile onsite WWTP 

which is working based on SBR technology that can easily be   installed (plug and play) .After 

preliminary treatment and settling in the hospital’s existing septic tanks, which are regularly 

desludged for efficiency, the wastewater then proceeds to an aerobic activated sludge tank, 

followed by an aerobic clarifier tank, followed by discharge into the water body in the adjacent 

community. 

Table.2 The characteristic of the MCM Wastewater Treatment Plant (WWTP) 

Parameter                                                            Influent                        

Parameter                                                            

Effluent Parameter                                                            

Flow 20kl/day 18kl/day 

PH 6-8 6-8 

COD 600 mg/L <100 mg/L 

BOD 300 mg/L <30 mg/L 

Total suspended solid 400 mg/L <50 mg/L 

 

According to Wilderd 2001, Sequencing Batch Reactors are variable volume, non-steady state, 

suspended growth biological wastewater treatment reactors. Their treatment process is 

characterized by a repeated treatment cycle consisting of a series of sequential process phases or 

events; FILL, REACT, SETTLE, DECANT, and IDLE. 

Fill 
The FILL event is where the reactor is filled with wastewater between a low water level and high 

water level to provide a treatment batch. The influent wastewater is distributed into the retained 

settled sludge. FILL can take place under mixed, unmixed, aerated or unaerated conditions. 

React 
The REACT phase starts once FILL is complete. It includes mixing and aeration. Aeration 

conditions serve to oxidise organic carbon, nitrify ammonia, and promote uptake of phosphorus 

in the sludge. Unaerated conditions promote denitrification of nitrite and nitrate. 
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Settle 
When the REACT phase ends, SETTLE begins. The SETTLE phase is when all the mixing and 

aeration is turned off and the mixed liquor suspended solids (MLSS) settle, allowing a clear 

supernatant to form in the upper part of the SBR. The duration of SETTLE can be adjusted to 

compensate for sludge settleability. 

Decant 
Once SETTLE has been completed, the clarified liquid is withdrawn from the reactor and 

discharged during DECANT. The DECANT phase occurs after a substantial depth of supernatant 

has formed. Automatic valves open, and the supernatant is decanted from the upper portion of 

the tank. 

Idle 
The IDLE phase is the buffering period between the end of DECANT, and prior to the reactor 

being called to FILL again at the start of the next cycle. The IDLE phase is an optional phase 

depending on the design of the SBR. It can be eliminated when an influent balance tank, holding 

tank, or some other method of handling excess flow is available. It can also be eliminated where 

two or more reactors are used, and the reactors are operated with fixed cycle times; 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3Schematics of a generalized activated sludge tank and clarifier (left), the WWTP flow process (middle), and a more 
detailed schematic of a typical clarifier, with baffles visible( right)(Source: UNEP, 2011). 
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2.8 Disposal of liquid wastes in the sewage 

Medical care is vital for our life and health, but the waste generated from medical activities 

represents a real problem of living nature and human world. Improper management of waste 

generated in health care facilities causes a direct health impact on the community, the health care 

workers and on the environment. Every day, relatively large amount of potentially infectious and 

hazardous waste are generated in the health care hospitals and facilities around the world. 

Indiscriminate disposal of BMW or hospital waste and exposure to such waste possess serious 

threat to environment and to human health that requires specific treatment and management prior 

to its final disposal. 

 

   Figure 4 Waste management and public health relationship (Source: WHO, 2007) 

The sanitary sewer system is designed for the disposal of certain liquid wastes. Use of the 

sanitary sewer reduces the chance for leaks or spills during transport and thereby reduces 

disposal costs. Chemical disinfection is done prior to sewer disposal with the aim to eliminate 

micro‑organisms or to reduce the microbial load. Chemical treatment usually involves the use of 

1% sodium hypochlorite solution with a minimum contact period of 30 minute or other standard 

disinfectants like, 10-14 gm of bleaching powder in 1l% water, 70% ethanol, 4% formaldehyde, 

70% isopropyl alcohol, 25% povidone iodine, or 6% hydrogen peroxide (Biswal, 3013). 
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Effluent guidelines are applicable for direct discharges of treated effluents to surface waters for 

general use. Site-specific discharge levels may be established based on the availability and 

conditions in the use of publicly operated sewage collection and treatment systems or, if 

discharged directly to surface waters, on the receiving water use classification. These levels 

should be achieved, without dilution, at least 95% of the time that the plant or unit is operating, 

to be calculated as a proportion of annual operating hours. Deviation from these levels in 

consideration of specific, local project conditions should be justified in the environmental 

assessment (WB, 2007). 

2.9 Review of the methodology for Pathogenic or potentially Pathogenic Bacteria Analyses 

from Health-Care Facilities Wastewater  

 

To protect the health of a community from waterborne diseases and to ensure that water is of 

high quality, public health agencies make sure that all wastewater is delivered to an effective and 

properly managed treatment facility. The wastewater is then properly treated before being 

returned to surface waters. According to (Judith, 2006), two types of treatment facilities are used 

commonly: centralized (municipal) and decentralized (on-site). Both systems treat wastewater by 

separating solids from the water then biologically degrading the remaining organic materials. 

Some systems discharging to environmentally sensitive areas may incorporate further treatment 

processes to remove nutrients from the wastewater. Disinfection is commonly used in centralized 

treatment facilities to eliminate pathogenic microorganisms before releasing treated wastewater 

to surface water bodies. 
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Municipal and institutional sewage contains human faeces and water contaminated with these 

effluents may contain pathogenic (disease-causing) organisms and, consequently, may be 

hazardous to human health if used as drinking-water or in food preparation. Faecal 

contamination of water is routinely detected by microbiological analysis. It is impractical to 

attempt the routine isolation of pathogens because they are present in relatively small numbers 

compared with other types of micro-organism. Moreover, there are many types of pathogen and 

each requires a unique microbiological isolation technique. The approach that has been adopted 

is to analyse for indicator organisms that inhabit the gut in large numbers and are excreted in 

human faeces. The presence of these indicator organisms in water is evidence of faecal 

contamination and, therefore, of a risk that pathogens are present. If indicator organisms are 

present in large numbers, the contamination is considered to be recent and/or severe (UNEPP & 

WHO, 1996). In areas where there is no access to centralized collection and treatment systems, 

developers often use an on-site wastewater treatment system that serves an individual residence, 

a group of residences, or a commercial facility. An on-site system allows wastewater to be 

treated near its source. On-site systems provide numerous benefits for many types of 

communities and conditions (WB, 2003). 

2.9.1 Methods of Detection and analysis of Pathogenic or potentially Pathogenic Bacteria in 

Wastewater samples 

The specific identification of pathogenic bacteria water supply and wastewater effluents requires 

large samples, a variety of laboratory procedures and is time consuming and costly. So many 

potential pathogens that it is impractical to test for them all. Thus, such tests are therefore not 

applicable to routine testing and monitoring (Radha K.V., 2009). Because of this, tests have been 

developed for indicator organisms. Indicator organisms that are present in water supply, 
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wastewater effluents or faeces (or sewage), survive as long as pathogenic organisms, and are 

easy to test for at relatively low cost. These organisms indicate that faecal pollution has occurred 

and microbial pathogens might be present. Total heterotrophic plate count, total coli forms, 

faecal coli forms, enterocci and the faecal streptocci are the major indicator organisms currently 

used in the public health arena (A.E. Greenberg et al, 1980 

2.9.2 Microbial Indicators 

An indicator of microbial water quality is generally something (not necessarily bacteria), which 

has entered the water at the same time as faeces, but is easier to measure than the full range of 

microorganisms which pose the health risk. There are several qualities that are desirable for a 

useful water quality indicator (NHMRC-ARMCANZ, 1996; WHO, 1996): 

 • Universally present in the faeces of humans and warm-blooded animals in large numbers 

• Readily detected by simple methods. 

• does not grow in natural waters, the general environment or water distribution systems 

• Persistence in water and the extent to which it is removed by water treatment is similar to those 

of waterborne pathogens. 

These are organisms that are present in water supply, wastewater effluents or faeces (or sewage), 

survive as long as pathogenic organisms, and are easy to test for at relatively low cost. Indicator 

organisms indicate that faecal pollution has occurred and microbial pathogens might be present. 

Total heterotrophic plate count, total coli forms, faecal coli forms, enterocci and the faecal 

streptocci are the major indicator organisms currently used in the public health arena. These 

organisms do not normally cause disease but are used as indicator organisms for disease-causing 

organisms called pathogens.  If water or wastewater plants effluent contains large numbers of 

coli form bacteria, it is likely that a large number of pathogens are also being released into the 

environment.  These pathogens can present a major health hazard. 
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Table.3 Definitions for indicator and index micro-organisms of public health concern 

 (Source: Steve, 2013) 

 

These are found naturally in the soil, as well as in faces. Faecal coli forms are the next widest 

grouping, which includes many species of bacteria commonly found in the human intestinal 

tract. Usually between 60% and 90% of total coli forms are faecal coli forms.  E. coli are a 

particular species of bacteria that may or may not be pathogenic but are ubiquitous in the human 

intestinal tract. Generally more than 90% of the faecal coliforms are Escherichia (usually written 

as E. coli) (WB, 2008). 

According to (Steve, 2013), (faecal indicator bacteria are used to indicate the possible presence 

of sewage and pathogenic bacteria, viruses, and protozoans.  E. coli bacteria and Bacteroides 

bacteria are appropriate indicators of faecal contamination in fresh water and human health risk 

from water contact recreation.   Total coli forms and faecal coli form are no longer recommended 

as indicators for assessing the support of water contact recreation because they can come from 

Group Definition 

Process 

indicator 

A group of organisms that demonstrates the efficacy of a process, 

such as total heterotrophic bacteria or total coli forms for chlorine 

disinfection. 

Faecal indicator A group of organisms that indicates the presence of faecal 

contamination, such as the bacterial group’s thermo tolerant 

coliforms or E. coli. Hence, they only infer that pathogens may be 

present. 

Index and 

model 

Organisms 

A group/or species indicative of pathogen presence and behaviour 

respectively, such as E. coli as an index for Salmonella and F-RNA 

oliphages as models of human enteric viruses. 



31 
 

non-faecal sources.  Enterococcus bacteria are not appropriate indicators of sewage and 

pathogens in fresh water because they can come from non-faecal sources, can re grow in the 

stream environment, and because there is a likelihood of false positives results in fresh water 

using current analytical methods.  

Methods for examination of the waters of swimming pools and other bathing places are included. 

The standard procedures for the plate count, faecal coli forms, and faecal streptococci are 

identical with those used for other waters (Steve, 2013). 

 

2.9.3 Pathogenic or Potentially Pathogenic Bacteria reduction capacity of Onsite 
Wastewater Treatment from Health-Care Wastewater 
 

Reduction factor: Number of log reduced bacteria after wastewater treatment with disinfectant 

solution  
           [Reduction factor = log10 CFU/mL (negative control) - log 10 CFU/mL (treated)]  

 

2.10 Public Health Benefits of Onsite Health-Care Wastewater Treatment 

On-site systems provide numerous benefits for many types of communities and conditions. In 

smaller communities with low population densities, on-site systems are often the most cost 

effective option. If properly planned, sited, designed, installed, operated and maintained, on-site 

systems can provide the level of treatment necessary to protect public health and meet water 

quality standards (Jolibios & Guerbet, 2005). 
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Chapter Three 

Materials and Methods 

3.1 Description of the Study Area and Sampling Site 

The study was carried out in Myunsung Medical Center (MCM) which is a modern African 

health facility serving over 80 million people of Ethiopia plus referrals from Sudan, Somalia and 

Eritrea. The Hospital is located at in Bole sub city, which is one of the largest, highly populated 

and extremely expanding sub cities in Addis Ababa.  

Myunsung Medical Centre (MCM) was built by a large Korean Presbyterian church in Seoul, as 

a mission outreach to the people of Ethiopia. The administrative staffs are operated by strong, 

committed Korean Christians. Patients come from 200‐300 kilometres daily to be seen in this 

health facility. 

Myung Sung Presbyterian Church is the largest Presbyterian Church in the world. It was founded 

in 1980, and is located in Myung-il-dong, South Korea. Myungsung literally means "Voice 

(Sung in Korea). MCM (Myungsung Christian Medical Center) was established in Addis Ababa 

by MyungSung Presbyterian Church in 2004 to serve untreated local people there. Myungsung is 

also involved in social volunteering work such as a feeding service for the homeless. MCM is 

located in Woreda 14 in the sub city which is the residential area of Gergi near to Bole 

international Airport and next to Unity University. 
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Figure 5 Myunsung Christian Medical Centre (study area).   

In the hospital laboratory has been carried out every day in the following areas: haematology, 

Bio chemistry, urinalysis, microbiology and blood bank for both in-patient and outpatient 

services. As disinfection process uses the following chemicals: savlon, sodium hypochlorite, 

alcohol (ethanol), hydrogen peroxide, iodine, formalin & phenol. Antibiotics such as 

Ceftiraxone, Ampicillin, Chloramphenicol, Cloxacillin, Penicillin, Amoxicillin, Methicillin, 

Tetracycline, Doxycycline and Gentamycin have commonly been prescribed for inpatient care.  

3.1.1 Compact Onsite WWTP at MCM Operation Process 

The compact onsite wastewater treatment plant is a pre-engineered installed and packed in a 

standard 18 feet container. According to Michael 2012, a small wastewater plant is usually 

referred to flows between 10 - 300 m3/day but can range up to 3800 m3/day.  The MCM 

compact onsite wastewater treatment plant is designed to operate 20m to 300m3/day range. 

Industry definition is a transportable plant that comes pre-assembled ready for plug and play, 

made in steel or pre-cast tankage. Sometimes this term is also used to refer to small pre-

engineered plants which are poured in place concrete (Michael, 2012).  

 

The compact onsite wastewater treatment plant is a pre-engineered installed and packed in a 

standard 18 feet container at MCM is working in a technology known as a sequencing batch 

reactor (SBR).  According to Bungay, et, al, (2007), sequencing Batch Reactors are variable 
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volume, non-steady state, suspended growth biological wastewater treatment reactors. Their 

treatment process is characterized by a repeated treatment cycle consisting of a series of 

sequential process phases or events; FILL, REACT, SETTLE, DECANT, and IDLE. These all 

procedures are mentioned in literature review part. 

 

                           

Plate1: MCM Package WWT Plant designed to operate 20m to 300m3/day range ( Bungay et, al. , 2007) 
 
According to Michael (2012), the most common biological processes in this pre-engineered 

installed compact onsite wastewater treatment plant at MCM includes:- 

• Extended Aeration 

• RBC (Rotating Biological Contactor) 

• SBR (Sequencing Batch Reactor) 

• MBR (Membrane Bio Reactor) 

Sequencing Batch Reactor (SBR) installed compact onsite wastewater treatment plant at MCM is 

• Rectangular 

• Batch Discharge with Fill, Interact, Settle, Decant 

• Usually Consists of : 

- Anaerobic Trash Trap Tanks 

- Equalization Tank 

- React/ Settle/ Decant Tank 

PLUS 

- Post Equalization Chamber 

- Disinfection 

- Tertiary Filters 

• Low sludge production 
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   Plate 2 Myunsung Christian Medical Center (MCM) the study site 

 

The hospital releases approximately 20 cubic meters of treated (onsite wastewater treatment 

plant) effluents per day to open field which finally join to a water body which used downstream 

community for irrigation, car wash and as source of cattle drinking water after flowing 

approximately 300 meters. The study was conducted from May – November, 2014. 

 

                                      Plate 3 Myunsung Christian Medical Center (MCM) the study site 
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3.2. Methodology 

Managing health care wastewater properly to protect the health of the neighbouring community, 

data regarding on the generation rate and pathogen composition along its public health burdens is 

essential. In present study, experimental quantitative method for the analysis of wastewater was 

conducted to estimate the bacterial indicators and pathogenic composition and to characterize it 

along with transect walk (participatory observation). Following the sampling, the collected 

wastewater was prepared, and examined. Finally statistical analysis was performed based on the 

data. To characterize the indicators and pathogenic contents of wastewater samples collected 

from different sites were examined separately in the laboratory. 

 

3.2.1 Study Design  

 
 
                                            Figure 6 Study Design 

 

Study Disgn

Transect walk 
(Participatory 
Observation)              

Observing and recording 
information about the 

current WWTP at MCM & 
Its role for the community

Analysis and interpret the 
current conditions of 

wastewater management 
in MCM & Its Public 

health benefits

Document Review 

Review and collect data about wastewater 
management in health facilities over time 
line by assessing related written materials 

and browsing internet sources 

Discuss and analyse the obtained 
information about wastewater sources, 

composition, and characters and 
management practices in the health 

facilities

Experimental 
Part (Waste 

water Analysi)s 
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3.2.2 Experimental Part  

 

Since, this study was focused on characterizing the indicators and pathogenic bacterial contents 

of wastewater of Myungsung Medical Centre (MCM) after and before treatment by the compact 

onsite treatment plant to see its reduction capacity of the above bacteria, the sampling system 

attempted to include all wastewater sources from different activities in the facility. During the 

study, eight types of the hospital wastewater sample were collected and  investigated for 

indicator and pathogenic bacteria once in a month from June –September, 2014. 

3.3 Sampling of Wastewater  

The hospital wastewater sample was collected from the effluent of Myunsung Medical Center 

(MCM) just at the tip of drainage tube to sewage line which finally joins the river found at 300 

meter from the MCM. Similarly influent sample from Myunsung Medical Center (MCM) 

collected from central drainage tube before entering to treatment plant (onsite WWTP). A total 

of 4 wastewater samples from effluent (TE) and 4 samples from the influent (RW) were 

collected on monthly bases in the study period and finally 8 composite samples were used for 

indicator and pathogenic microbial content analysis and investigation. Any reused sample 

containers (and all glassware used in this procedure) has been rinsed and sterilized at 121 0C for 

15 minutes using an autoclave before being used again for sampling. After the wastewater 

sample collected from each sampling point, it was examined. Each wastewater sample indicators 

and pathogenic bacterial contents were counted and presented in tables, graphs and figures. 



38 
 

 

Figure 7   Sampling waste water Sample 

3.3.1 Sample Collection and Transport 

A total of 8 composite hospital wastewater samples were collected from Myunsung Medical 

Center (MCM) (4 influent (RW) & 4 effluent (TE) samples) on monthly basis during the period 

of data collection from June –September, 2014. Each partial sample was collected at 8:30am, 

4:30am, 6:30pm & 2:30pm in small sterile bottle according to method used by (L. Ramos M.A 

Fernandez, 1999) and transferred into 250mL sized sterile bottle containing 0.2 mL of 3% w/v 

Sodium thiosulphate and then transported within 2 hours in ice jackets with ice box to Myunsung 

Medical Collage (microbiology laboratory for analysis). Sample containing bottle was 

transported in ice box to analytical laboratory within one hours of collection. Then it was stored 

in refrigerator at 4oC until analysis. 

Composite sample: A partial sample collected at varies times of the day and finally mixed up in 

larger container. 

 

Hospital wastewater sample, 
250ml

Serial dilution in physiological 
saline 

0.5 ml 
on TGYA 

plat

HPC

0.5 ml on 
MSA agar

SC

Biochemi
cal test

Identify as 
S. aureus

1ml in 
tubes 

containing 
d/t broth

LTB

TCC FCC

EC-MUG

ECC

BHIB

ENC

Enrich 10ml in selenite 
F broth

Inoculates 
0.5ml on 

XLD

Biochemical 
test

Identify as 
shigella or 
salmonella

Inoculates 
0.5ml on 

MacConkey 
agar

Bioche
mical 
test

Identify 
as E. coli
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3.3.2 Sample Preparation 

Identification for indicator organisms techniques known as ‘isolation’ and ‘culturing used in this 

study. Isolation is the separation of a particular organism from a mixed population whilst 

culturing is the growth of that organism in an artificial environment (often in an incubator at a 

constant temperature because many micro-organisms only grow well within a limited range of 

temperatures). All the samples were analysed on day of collection. Bacteria grown in laboratory 

under controlled conditions. These are: 

- Growth medium (solid or liquid) with nutrients and energy source 

- Temperature 

- PH, salinity, oxygen 

- No competing organisms 

- No antibacterial substances 

- Typical solid agent ‘agar’, is extracted from seaweed Enrichment. 

3.3.3 Sample Analysis 

Two techniques are commonly used to detect the presence of coliforms and other indicator 

organisms in water and wastewater. The first of these is called the “multiple fermentation tube” 

or “most probable number” MPN technique. In this method measured portions of water sample is 

placed in test-tubes containing a culture medium. The tubes are then incubated for a standard 

time at a standard temperature. In the second technique, a measured volume of sample is passed 

through a fine filter that retains bacteria. The filter is then placed on culture medium and 

incubated. This is called the “membrane filter” technique (UNEP and WHO, 1996). These two 

techniques were used in this study for the identification and enumeration of Indicator organisms 

in of MCM waste water. 
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Serial Dilution Technique for Plate count 

Dilution technique needed for high concentrations 

- 1 ml sample added to 9 ml ‘diluents’ 

- Diluent were standard salt solution 

- Dilution series (5 or more) made 

 

 

Figure 8  Serial Dilution Technique for Plate count (Source: WB, 1999) 

Enumeration of Indicator organisms 

Plate count on solid media 

 Individual colonies are counted  and must be well separated 

  Each colony represents 1 cell 

  Plate count, N, should be between 30 and 300 Confidence limits (95%) calculated by: 

Upper limit = N + 2 (2 + √ N) 

Lower limit = N - 2 (1 + √ N) 

 Count per ml must be multiplied by dilution factor 
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Figure 9 Enumeration of Indicator organisms in Solid Media (Source: WB, 1999) 

 

Enumeration in Liquid Media 

 Used for coliform analysis 

  Gas production by coliforms in selective medium 

 Make a series of dilutions 

  Inoculate sets of culture tubes with different dilutions 

 Most Probable Number (MPN) of bacteria in sample based on number of tubes with gas 

production and volume of inoculums 

  MPN /100 ml sample is a statistical estimate 

 

 

 
Figure 10 Enumeration of Indicator organisms in Liquid Media (Source: WB, 1999) 
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Microbial Indicators Characterization of MCM Wastewater  

Total heterotrophic plate count- Serial 10-fold dilutions of samples were prepared in 

physiological saline, and 0.5mL aliquot was streak plated on tryptone glucose yeast agar 

(TGYA). Plates were incubated for 48 h at 37ºC before bacteriological counts were performed. 

Number of colonies on duplicate plates having 30-300 colonies was counted by using digital 

colony counter. Finally bacterial count reported CFU/ mL as follows:   

CFU/mL =              C𝑜𝑙𝑜𝑛𝑖𝑒𝑠 𝑐𝑜𝑢𝑛𝑡𝑒𝑑 

                                   𝐴𝑐𝑡𝑢𝑎𝑙 𝑣𝑜𝑙𝑢𝑚𝑒𝑜𝑓𝑠𝑎𝑚𝑝𝑙𝑒 𝑖𝑛 𝑝𝑙𝑎𝑡𝑒,𝑚𝐿  

  

Staphylococcus count: Appropriate dilutions were prepared and 0.5 mL of aliquot was streak 

plated on mannitol salt agar (MSA) and incubated at 37°C for 24-48 h. Colonies showing a 

typical yellow zone of fermentation were isolated for Gram staining. Those colonies identified as 

gram-positive cocci were counted using digital colony counter as Staphylococci according to 

method used by (Dudely et al, 1980). Similar reporting as above was applied to determine the 

Staphylococcus count (CFU/mL) 

Total coliform count: Serial 10-fold dilutions of sample were prepared in physiological saline 

and 1mL of aliquot was transferred aseptically in to series of test tubes containing Durham tube 

and lauryl tryptose broth (LTB). Tubes were gently shaken and incubated for 48h at 37ºC, then 

production of gas and lactose fermentation was observed as positive reaction.  

Fecal coliform count: Serial 10-fold dilutions of sample were prepared in physiological saline 

and 1mL of aliquot was transferred aseptically in to series of test tubes containing Durham tube 

and lauryl tryptose broth. Tubes were gently shaken and incubated for 48h at 44.5ºC, then 

production of gas and lactose fermentation was observed as positive reaction.   
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Escherichia coli: Serial 10-fold dilutions of sample were prepared in physiological saline and 

1mL of aliquot was transferred aseptically in to series of test tubes containing Escherichia coli 4-

methylumbelliferyl-β-glucuronide (EC-MUG) medium. Tubes were gently shaken and incubated 

for 48h at 44.5ºC, then all tubes examined for growth of bright blue fluorescence using long 

wavelength UV lamp which was considered a positive response for E. coli. 

Enterococci count: Serial 10-fold dilution of sample was prepared in physiological saline and 

1mL of aliquot was transferred aseptically in to series of test tubes containing brain heart 

infusion broth (BHIB). Tubes were gently shaken and incubated for 48h at 44.5ºC, then all tubes 

examined for turbidity and considered as positive.   

For all tube methods, bacterial load were estimated using most probable number (MPN) and 

reported as MPN/100mL as follows: 

       MPN/100mL=                      𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒 𝑡𝑢𝑏𝑒𝑠 𝑥 100  

                             𝑚𝐿𝑠𝑎𝑚𝑝𝑙𝑒 𝑖𝑛 𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒 𝑡𝑢𝑏𝑒𝑠 𝑥 𝑚𝐿 𝑠𝑎𝑚𝑝𝑙𝑒 𝑖𝑛 𝑎𝑙𝑙 𝑡𝑢𝑏𝑒𝑠 

 

Identification of Common Pathogenic Bacteria 

The specific identification of pathogenic bacteria water supply and wastewater effluents requires 

large samples, a variety of laboratory procedures and is time consuming and costly. So many 

potential pathogens that it is impractical to test for them all. Thus, such tests are therefore not 

applicable to routine testing and monitoring (Radha K.V., 2009). Most important pathogenic 

bacteria found in hospital wastewater were identified based on their colony appearance, gram 

staining, growth on selective media and biochemical test according to the standard methods for 

examination of water and wastewater (APHA, 1999). Samples of wastewater from MCM were 

tested for a range of pathogens S. aureus, Salmonella and Shigella. All the bacteriological 
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analysis of hospital wastewater sample testing was performed in microbiology and Parasitology 

laboratory unit of MCM medical college. 

Transect walk (Participatory Observation) 

Transect walk is used to gain an understanding of the location and distribution of resources, places and/or 

people in a given community. Transect walk is, therefore, spatial data gathering tool. The findings of the 

transect walk will be used to enrich and triangulate the role of proper wastewater management in reducing 

the public health burdens of the community. In addition to the wastewater analysis from Myunsung 

Medical Centre, transect walk or participatory approach observation was done to assess the 

healthcare sewage management at MCM) and its public health benefits along the route representing 

a cross section of the community. 

 

3.4 Statistical Data analysis  

For data analysis, the important considerations taken were: producing results, which were 

representative with high confidence levels with minimum costs, and the future projections 

incorporating population and socio- economic growth and technological development. Data were 

entered and analysed using SPSS v16.0 Statistical Software, Standard Deviation and correlation. 

Descriptive statistics were employed to report numerical summaries of findings. Patterns of 

quantitative values were presented using graph presentations and statistical tables. One way 

ANOVAs, independent students’ t-test and paired t- test were used to compare means of some 

parameters. Pair wise comparisons while applying ANOVA was done using Bonferroni’s test. A 

critical value of 0.05 was used for the inferential statistics.    

 

 

 

 



45 
 

 3.5 Ethical consideration 

This study has got ethical clearance and letter of justification from School of Natural Science, 

Department of Environmental Science at AAU. Permission was sought from concerned 

authorities including Addis Ababa Water and Sewage Authority (AWSA), Administration 

Bureau of Myunsung Medical Center (MCM) and Environmental Protection Authority of Addis 

Ababa city Administration.      

 

3.6 Materials and Methods 

Incubator, autoclave, racks for tubes and bottles, pipettes, reusable, glass, measuring cylinders, 

unbreakable plastic or glass, TGYA plat, Durham tube, ice box, digital colony counter, 

microscope, thermometer, refrigerator, Bunsen burner, long wavelength UV lamp,  pipette cans, 

flasks, wash-bottle, pipette bulbs, wire loops for inoculating bacteria, spatula, container for used 

pipettes, brushes for cleaning glassware (several sizes), fire extinguisher, blunt-edged forceps, 

boiling-pan, first-aid kit, waste bin magnifying lens, wax pencils for labelling Petri dishes and 

other miscellaneous tools were used during this experimental work. 

3.7 Chemicals and Reagents 

 All solvents and reagents were used without further purification. Sodium thiosulphate, aliquote 

mannitol salt agar (MSA), 4-methylumbelliferyl-β-glucuronide (EC-MUG), brain heart infusion 

broth (BHIB) ,lauryl tryptose broth (LTB), Mac Conkey agar,selenite F broth- disinfectant for 

cleaning laboratory surfaces and the pipette discard container, detergent for cleaning glassware 

and equipment, phosphate-buffered dilution water, methanol for disinfecting filtration apparatus, 

membrane filters (0.45 μm pore size)  and disinfectant (sodium hypochlorite) for treating 

wastewater were also used during this study. 
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3.8 Limitations of the study 

 

Although there are many pathogenic microorganisms in the wastewater of health care facilities 

other than bacteria including virus, protozoans, nematodes… etc., this study is limited to only 

pathogenic bacteria associated public health burden. Therefore, this study is failed to count and 

characterize other microbial and non-microbial pathogens mainly due to lack of time and 

selective bacteriologic media. Again current study conducted for four months which was not 

representative for effluent discharge of varies season of the year, therefore findings of this study 

may not indicate actual situation in study area. E. coli is potentially pathogen and diarrhogenic 

strains were not typed mainly due to lack of biochemical test and serological kit constraints. Data 

relevant to wastewater quality such as amount of water employed, type of patient usually 

admitted etc were not considered so this limited the interpretation of the findings in varies 

angles.  
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CHAPTER IV 

RESULTS AND DISCUSSIONS 

 

4.1 Microbial Indicator and Pathogenic Organism Examination 

A total of 8 composite samples (four influents (RW) from MCM, four effluents (TW)) from 

MCM were collected and preserved at 4 °C in refrigerator until analysis and processed on day of 

collection. Average results of each test parameter were displayed accordingly. Wastewater 

quality indicator organism enumeration was made using tube and plate method after serial 

dilution of the sample in physiological saline. Appropriate volume of wastewater was inoculated 

in test media. After overnight incubation bacterial concentration were determined. Table 1 shows 

average number of indicator bacteria in sampling sites with MCM influent (RW) was highest 

compared to MCM effluent (TW). 

4.1.1 Microbial Indicator Organism Examination 

Table 4 Mean of microbial indicator organism in the hospital wastewater before and after treatment, 2014 

Parameters MCM Sample Sites 
 

Influent (RW) Effluent (TW) 
Total heterotrophic plate count 
CFU/mL 

 

  2.1 X 106 
 

3.0 X 105 
 

Staphylococcus count CFU/mL 
 

2.5 X 108 
 

2.0 X 103 
 

Total coliform count 
MPN/100mL 

1.7 X 1011 
 

1.6 X 104 
 

Fecal coliform count MPN/100 
mL 

1.4 X 108 
 

1.4 X 103 
 

Escherichia coli MPN/100mL 
 

2.6 X 106 
 

1.2 X 103 
 

Enterococci count MPN/100mL 
 

9.0 X 107 
 

1.5 X 103 
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Figure 11 Mean indicator bacterial concentration (log10-transformed) in MCM Influent & Effluent 

respectively, log MPN/100 mL, 2014 

Log_TCC-logarithm of total coliform count, Log_FCC-logarithm of fecal coliform count, Log_ECC-logarithm of E. 

coli count, Log_ENC-logarithm of enterococcal count  

4.1.2 Percent (%) of Reduction of Indicator Bacterial Concentration 
 

Table 5 Mean of Indicator bacteria by MCM onsite wastewater treatment plant (2014) 

Parameters                                          MCM SampleSites 
 

Percent (%) 
of Reduction  
 Influent (RW) Effluent (TW) 

Total heterotrophic plate 
count 
CFU/mL  

 

 
2.1X106 

 

 
5.0 X 105 
 

 
 76.34 
 

Staphylococcus count: 
CFU/mL  

2.5 X 108 
 

2.0 X 103 
 

 99.68 

Total coliform count 
MPN/100mL  

1.7 X 1011  
 

1.6 X 106 
 

 99.89 

Fecal coliform coun 
MPN/100mL  

1.4 X 108 
 

1.4 X 103 
 

 99.88 

Escherichia coli: 
MPN/100mL  

2.6 X 106 
 

1.2 X 103 
 

 99.55 

Enterococci count 
MPN/100mL  

9.0 X 107 
 

1.5 X 103 
 

 99.71 

0

1
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TCC FCC E. Coli ENC

MCM Influent (RW)
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   % reduced =    (Influent (RW) - Effluent (TW)) * 100 
   
                                           Influent (RW) 
 
The study also revealed presence of variety of organisms including pathogenic and non-

pathogenic (environmental) bacteria in wastewater. They were found in high concentration and 

frequently detected. The most commonly identified groups were: Staphylococcus spp, Klebsiella 

spp, E. coli, Bacillus spp, Proteus spp, Enterococci spp, Salmonella spp, Shigellaspp, Citro 

bacter spp and unidentified gram negative rods.  

4.1.3 Pathogenic and Potential Pathogenic Bacteria Examination 

Medically important pathogenic bacteria like S. aureus, Salmonella and Shigella from the 

wastewater of MCM were identified after culturing on selective bacteriologic media. S. aureus 

was found in high concentration of all sampling sites of the influent. The rate of detection and 

identification of Salmonella was higher compared to Shigella in all samples. The relative 

detection of these organisms was presented in the figure below. 
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Figure 12 Average frequency detection and identification of Salmonella and Shigella in 

monthly base sampled hospital wastewater, 2014 (Membrane Filter count vertical & MCM 

wastewater samples) 

Wastewater treatment plant is important not only for reduction of indicator organisms, but also 

pathogenic bacteria. Although the rate of reduction of pathogenic bacteria is much lower as 

compared to indicator organisms, the highest reduction was observed in Salmonella followed by 

Shigella. Stock solution of disinfectant (ethyl alcohol and sodium hypochlorite) obtained was 

prepared in use-dilution according to manufacturer’s direction. Then hospital effluent was treated 

with equal volume of disinfectant solution and streak plated on nutrient agar. Finally appearance 

of any colony on the plate was observed and further identified. 

Table 6 Percent reduction of pathogenic and potential pathogenic bacteria by wastewater 
treatment plant MCM 2014 

Parameters 
 

                MCM Sample Sites 
 

     %  
Reduction  
 Influent (RW) Effluent (TW) 

Salmonella 8 
 

2 
 

75.00 
 

Shigella   6 
 

3  
 

50.00 

Staphylococcal 
count CFU/mL  
 

2.5 X 106 
 

2.0 X 103 
 

99.68 

E. coli count 
MPN/100ml  
 

2.6 X 106 
 

1.2 X 103 
 

99.95 

 

From the results obtained in table 4 above, the lowest value of Coliform count (2.5×10³ 

MPN/100ml) is sample 3 of effluent due to treatment, while the highest value(2.8×1011 MPN/ml) 

was recorded in is sample 1 of influent. The control is water from the tap in MCM, which has a 

total coliform count of 3.4×102 MPN/100ml which is lower than values obtained from all the 

samples within the sampling points. Moreover, the highest value of E. Coli is 2.7×10³ 

MPN/100ml in 1 of influent. The least value is 2.5×10³ MPN/100ml, which occur in 1 of 
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effluent. The control has a value of 1MPN/100ml which is far below the toxicity level set by the 

WHO standard. 

 

4.2 Pathogenic Bacteria Indicators Examination Result 

The results of pathogenic bacterial examinations are shown in table 6. All RW wastewater 

samples were positive for major pathogenic and potential pathogenic bacteria while only one of 

TW samples contained very few pathogenic bacteria. RW samples were more contaminated with 

pathogenic bacteria than the TW samples of the hospital wastewater. The concentrations of the 

pathogenic bacteria in raw wastewater (RW) samples are in the ranges of 103-105 CFU/ml 

compared to 72-94 CFU/ml in all treated wastewater (TW) samples.  

The study also revealed presence of variety of organisms including pathogenic and non-

pathogenic (environmental) bacteria and parasites in the hospital wastewater. They were found in 

high concentration and frequently detected RW wastewater samples. The most commonly 

identified groups were: Staphylococcus spp, E. coli, Bacillus spp, Enterococci spp, Salmonella 

spp, Shigella spp, Citrobacterspp and unidentified gram negative rods. Bacteria like S. aureus, 

Salmonella and Shigella from wastewater were identified after culturing on selective 

bacteriologic media. S. aureus was found in high concentration of all RW wastewater samplings. 

The rate of detection and identification of Salmonella was higher compared to Shigella in all RW 

wastewater samples.  

Bacteriological analysis of water and wastewater are used to assess its quality for human 

consumption, recreational purpose or agricultural activities to safe guard public health. To my 

knowledge, this is the first study in Ethiopia, which has attempted to assess microbiological 

quality of health care facilities effluent, detection of major indicator and some pathogenic 
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bacteria and determine the public health benefits from the microbial pathogen reduction capacity 

of onsite wastewater treatment in urban health care facilities in Addis Ababa.  

All indicator and pathogenic organisms tested from MCM influent were higher than MCM 

effluent. Mean heterotrophic plate count was found 2.1 X 106 and 3.0 X 105 CFU/mL for MCM 

influent and MCM effluent respectively. This finding correlate with the results of University of 

Benin teaching hospital of similar onsite wastewater treatment practice Nigeria which were 1.9 X 

107 CFU/mL (Ekhaise and Omavwoya , 2008). Comparable results were reported from similar 

onsite wastewater treatment practice Nepal hospitals which discharge treated effluent with 2.9 X 

107 and 4.0 X 107 CFU/mL and in other similar practice in hospital which discharge raw sewage 

3.2 X 107 CFU/mL (Sharma et al, 2010). Lower results from similar onsite wastewater treatment 

practice 1.8 X 105 CFU/mL were reported in Buenos Aires City hospital wastewater, Brazil 

(Nuñez& Moretton, 2007).  

Heterotrophic plate counts in raw sewage or limited treatment from many hospitals were beyond 

WHO standard limit and warn possible presence of pathogenic organisms in hospital effluents.  

The practice of onsite wastewater treatment at MCM reduced the mean heterotrophic plate count 

by 76.34%. 

Mean Staphylococcal count were found 2.5 X 103, 2.0 X 103 CFU/mL at MCM influent and 

MCM effluent respectively. Results of this study showed presence of high number of 

staphylococcus in MCM influent than the effluents. Presence of staphylococcus species in 

hospital effluents which is discharged in to the river pose risk to the public health associated with 

staphylococcal infection and warns public health authorities to take proper intervention. The 

practice of onsite wastewater treatment at MCM reduced the mean Staphylococcal count by 

99.68%. The geometric mean of total coliform count were1.7 X 1011 & 1.6 X 104 MPN/100mL 
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for MCM influent and MCM effluent respectively. The result showed statistically significant 

difference between MCM influent and effluent (p<0.01). Relatively low number of total coliform 

in MCM effluent is due to reduction of coliform organisms by the practice of onsite wastewater 

treatment in the facility.  

The practice of onsite wastewater treatment at MCM reduced the geometric mean of the total 

coliform count by 99.89%. Finding of 2.2 X 107 MPN/100mL comparable to MCM effluent 

were reported from Razi hospital having similar onsite wastewater treatment plant and 3.8 X 108 

MPN/100mL from Bahrami hospital which discharge their wastewater into municipal 

wastewater collection system at second phase of Tehran sewerage project, Iran (Mesdaghinia et 

al, 2009). 

Comparing geometric mean faecal coliform counts recorded for the study site revealed that the 

highest in MCM influent 1.4 X 108 and the lowest in MCM effluent O.8 X 103 MPN/100mL. 

This is in line with the findings of similar study by (Nuñez & Moretton, 2007) same onsite 

wastewater treatment plant.  

WHO has indicated maximum tolerable limit for fecal indicator bacteria (≤ 103/100mL for 

unrestricted irrigation and ≤ 105/100mL for restricted irrigation) present in treated wastewater 

that has been used in agriculture (WHO, 2000). The practice of onsite wastewater treatment at 

MCM reduced the mean faecal coliform counts by 99.88%. The faecal coliforms are much 

higher as total coliform for MCM influent and indicative for presence of pathogenic bacteria in 

wastewater which is released in to receiving environment and pose public health threat if there is 

no proper treatment practice as in MCM. 

The geometric mean of E. coli count were found 2.6 X 106 & 1.2 X 103 MPN/100mL for MCM 

influent and MCM effluent respectively. Similarly mean Enterococcal count were 9.0 X 107 & 
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1.5 X 103 MPN/100mL for MCM influent and MCM effluent respectively. The practice of onsite 

wastewater treatment at MCM reduced the mean of E. coli count and the mean of Enterococcal 

counts by 99.55% and 99.71% respectively. 

Although the number of samples in this study small, lesser detection of Salmonella and shigella 

in MCM effluent due to presence of proper wastewater treatment plant. The onsite wastewater 

treatment plant installed at MCM has reduced the detection of Salmonella and shigella by 75 and 

50% respectively. 

Momba et al, 2006, reported gradual removal of presumptive bacterial pathogens in different 

zones of treatment of this onsite wastewater treatment plant. In his findings, there were variation 

with regards to both the patterns and efficiency of each plant for the removal of target pathogen, 

about 71% of the total influent samples contained presumptive Salmonella, while only 40-33.5% 

of the effluent and receiving water body samples were observed to contain presumptive 

Salmonella. Similar observations were made for presumptive Shigella and Vibrio pathogens with 

decreasing incidence of pathogens from influents to the receiving water bodies (Somwang et al, 

2005).  

Staphylococcus aureus were detected in high number in all influent samples from MCM and 

continuously released to receiving environment. This is in line with other studies which reported 

that the organism is resistant to antiseptics, disinfectant and antibiotic and survive in the sewage 

system for long period (Nuñez & Moretton, 2007; Ekhaise and Omavwoya, 2008; Martin et al, 

1966; and Aparecida et al, 2000).  

Contamination of river and other water bodies with this pathogen may pose risk to the public 

health associated with Staphylococcal infection and food poisoning. Data regarding shigella 

from hospital effluent is very scarce and comparisons of these findings become difficult. This is 
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because the organism itself rarely recovered from sewage sample and its survival in fresh water 

and sewage is less than 30 days (WHO, 2006). Here in this study, Shigella species were detected 

more in influent samples of MCM hospital. The organism is highly associated with diarrheal 

disease, especially in children of developing countries.  

In this study, some of pathogenic and potentially pathogenic bacteria were detected otherwise 

diverse group of bacteria were reported in literature reviewed. Organisms were Salmonella 

species, Shigella species, Staphylococcus aureus, Staphylococcus aureus and E. coli were 

detected in high concentration from the hospital influents as indicated in table 6. There were 

variation in detection of salmonella and shigella. Only 1 sample out of four (1/4) was positive 

for salmonella from MCM effluent. Similarly two samples out of four (2/4) were positive for 

shigella from MCM effluent.  However, (Dudley et al, 1980) reported variety of pathogenic and 

potentially pathogenic bacteria in sewage sludge with shigella none detected due to low 

sensitivity of enrichment procedure and high temperature decreasing survival. High frequency of 

detection of pathogenic bacteria in this study may be due to admission of cases with these 

bacterial infections, which are common in developing country like Ethiopia. 

Indicator and pathogenic bacteria found in raw waste water (MCM influent) released from MCM 

were much higher as compared to treated wastewater and this due to presence of onsite 

wastewater treatment plant at the MCM and other factors.  Indicator organisms indicate that fecal 

pollution has occurred and microbial pathogens might be present. These organisms do not 

normally cause disease but are used as indicator organisms for disease-causing organisms called 

pathogens.  If a wastewater plant's effluent contains large numbers of those indicator bacteria, it 

is likely that a large number of pathogens are also being released into the environment.  These 

pathogens can present a major health hazard. 



56 
 

During the transect walk it is observed that the treated wastewater that is being released into the 

nearby water body seems clean and free from bad odour. The participants of the transect walk  

the community living in the area, stuffs in MCM, the school community next to MCM, the group 

of individuals who are depending on the receiving water body by car washing and the 

downstream farmers who are depending on this water body were asked for their opinion about 

the new WWTP at MCM. All the above community are appreciating the action made by the 

MCM management for reducing their public health and other socioeconomic discomfort and 

burdens from the previous wastewater management practice at the facility. 

As summary, the result of this study revealed that the practice of onsite wastewater treatment at 

MCM has reduced the mean of  heterotrophic plate count by 76.34%, Staphylococcal count by 

99.68% , total coliform count by 99.89%, faecal coliform counts by 99.88%, E. coli count by 

99.55% and Enterococcal counts and 99.71%. The % reduction of pathogenic bacteria by this 

onsite wastewater treatment practice is Salmonella by 75 % Shigella 50% Staphylococcal count 

CFU/mL 99.68% E. coli count MPN/100ml 99.95% 

Result showed that the characteristic of the wastewater influent at MCM hospital containing 

contaminants that exceed the quality standard based on Java Governor No 61 of 1999.  The 

pathogen reduction efficiency of onsite wastewater treatment plant (WWTP) practice at MCM 

hospital showed that microbiological parameters studied revealed that the hospital wastewaters 

though show few parameters whose values are higher than the WHO percept levels. Most falls 

within the WHO acceptable limits after the treatment. There is contamination of the receiving 

environment due to the discharged hospital wastewater in the absence of this treatment which 

could probably be hazardous to human health. The practice of onsite wastewater treatment at 

MCM has reduced the mean of all indicator bacteria by 94.83 % and the identified pathogenic 
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bacteria by 82.25% this is a great deal of public health benefit to community and particularly to 

those who are dependent on the receiving water body for different socioeconomic activities. 

4.3 Comparison of Indicator level obtained from the MCM effluent samples with WHO 

guide line values 

Since the use of reclaimed water has been increasing in many countries, the quality of treated 

wastewater becomes necessary. The current quality requirements are slightly different, 

depending on the type of use. According to the World Health Organization (1989) 

microbiological quality guidelines and criteria for irrigation, the treated wastewater used for 

growing food crops must not contain intestinal nematodes (Ascaris, Trichuris and hookworm) in 

more than 1/liter of water, but there is no standard recommendation for fecal coliforms. 

Nevertheless, irrigation of crops likely to be eaten uncooked must not have fecal coliforms of 

more than 103/100 ml of water.  

World health organization (WHO) has published guidelines with regards to the level of treatment 

required. They have suggested that a value = 1 egg/L in wastewater intended for the irrigation of 

crops to be eaten uncooked is safe (WHO, 2006).There are currently several alternative 

approaches to establishing microbiological guidelines for reusing wastewater. .  

The risks to populations are dependent on the irrigation and other exposure methods. The 

appropriate guideline limit will depend on which irrigation method is used and other exposure 

method and who is exposed through work or play. For example, if adult are exposed to spray or 

sprinkler irrigation, a guideline limit of <105 faecal coliform bacteria/ 100 ml is necessary. A 

reduced guideline limit of <103 faecal coliform bacteria/100 ml is warranted when adult are 

engaged in flood or furrow irrigation and when children under age 15 are regularly exposed 

through work or play.  
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Where there are insufficient resources to meet this stricter guideline limit, a guideline limit of 

<105 faecal coliform bacteria/100 ml should be supplemented by other health protection 

measures. The neighbouring community living around and adjacent to the water body that is 

receiving the wastewater from MCM and are using this water for many socioeconomic activities 

including crop irrigation, car washing, animal husbandry and for bathing and playing in some 

cases for many years.  

The previous improper/no wastewater treatment practice of MCM facility, was imposing a major 

public health and environmental problems to the neighbouring community. The treated 

wastewater by the compact on-site WWTP practice of MCM seems to be clean, since all the 

indicator and pathogenic bacteria were reduced significantly. Although, most of the indicator and 

pathogenic bacteria count obtained after the compact onsite wastewater treatment process at 

MCM are in line with some WHO guideline limits further assessment is important to protect the 

community from different public health burdens. 
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                                                      CHAPTER V 

CONCLUSION AND RECOMMENDATIONS 

5.1. Conclusions 

Health Care Facilities (HCFs) wastes pose severe effects on health and the environment. There is 

not enough information on medical waste management technologies and impacts in developing 

countries. Practice of proper medical waste disposal and management is also inadequate. Proper 

waste management strategy is needed to ensure health and environmental safety. These facilities 

produce wastewater containing infectious, pathogens, toxic, and many other contaminants that 

can cause pollution and human health problems. The existence of the health care facilities 

adjacent to the residential potential and as a result of wastewater discharged into the receiving 

environment with improper/no wastewater treatment practice of health care facilities, are 

imposing major public health and environmental problems in urban areas of Addis Ababa. 

High numbers of indicator organisms were obtained from all influents samples of MCM, 

although microbiological indicators exceed WHO standard for the four MCM influents samples 

in this study. This is an indication for possible presence of pathogenic bacteria and other 

pathogenic organisms. The current study also revealed presence of pathogenic (salmonella spp, 

shigellaspp and S. aureus) and potentially pathogenic (E. coli) bacteria in MCM hospital 

influents samples examined which are highly associated with gastrointestinal disease and other 

infections. The concentration of S. Aureus and E. coli was high in all MCM hospital influents 

samples. 

Presence of high level total coliform and other indicators in MCM influent was indicative for 

presence of pathogenic bacteria. Prior to this treatment practice, the MCM wastewater was 

simply being treated in septic tanks before discharge to the adjacent water body found in the 

neighbouring community, which was not providing sufficient treatment and was causing extreem 
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pollution to the water body. The neighbouring community living around and adjacent to the 

water body that is receiving the wastewater from MCM and were using this water for many 

socioeconomic activities including crop irrigation, car washing, animal husbandry and for 

bathing and playing in some cases. This show that the previous improper/no wastewater 

treatments practice of MCM facility, was imposing a major public health and environmental 

problems to the neighbouring community. 

Presence of less indicator organisms and pathogenic bacteria in MCM hospital effluent samples 

than the raw wastewater samples is due to the efficient removal of pathogenic organisms by the 

compact onsite wastewater treatment process and the relative effectiveness of disinfectant used. 

Further study will be required to proof the proper functioning of compact onsite wastewater 

treatment process and if any problem investigated urgent maintenance should be done to release 

effluent within standard limit. The findings of this study showed that, the presence of a properly 

planned, sited, designed, installed, operated and maintained, compact on-site system can provide 

the level of treatment necessary to protect public health and meet water quality standards. Thus 

in MCM influent which finally joins the receiving water body in the community, limited amount 

of indicator and pathogenic bacteria were detected. This is due to the efficient removal of 

indicator and pathogenic bacteria by the compact on-site wastewater treatment practice of MCM. 

This compact onsite wastewater treatment plant is now underway and is being operated and 

maintained successfully by the MCM. The facility has set a positive and proactive example with 

this onsite wastewater treatment in health care facilities. The system can operate on a very small 

land area and produce consistently clean effluent that meets national standards and requires 

minimal day-to-day labour. The wastewater generated from all the patients of the facility, staffs 

and visitors are now being covered by the onsite WWTP, thus reducing the potential health and 
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environmental risks of this wastewater to the downstream residents. The receiving water body in 

the neighbouring community is now cleaner and safe thanks to this on-site WWTP practice by 

MCM. 

In addition to the efficient reduction of indicator organisms and pathogenic bacteria and 

associated public health burdens, it also provide better option in eliminating the previous odours 

and other nuisances related to inadequate plumbing, treatment processes, transportation or 

disposal of seepage which hopefully will be mimicked by more hospitals in other parts of the 

country. It was shown that treated wastewater from the onsite wastewater treatment plant of 

MCM is rather safe from the pathogenic bacteria. Thus, this type of treated wastewater could be 

used for several purposes: cleaning roads, watering flowers (guarding) and growing crops. 

However, for using of treated wastewater to grow food crops, the study of pathogenic 

contamination in certain food crops should be performed in order to assure food safety. 

 

In addition to its microbial indicators and pathogen reduction efficiency of this compact and 

mobile onsite wastewater plant for health care facilities, the manufacturer also recommends this 

WWTP and practice for its capacity of reduction/ removal of the organic matter, urinal wastes, 

solid nutrients, kitchen waste and other pollutants from business centres and other institutes for 

releasing better quality of wastewater to the receiving environment in the community and 

improve the socioeconomic burdens associated with institutional wastewater problems to the 

society.  
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5.2 Recommendation 

 

 Wastewater generated from health care facilities should be treated by appropriate 

wastewater treatment system before released into the environment in order to protect the 

community living along side of the wastewater released from the health facilities.  

 The presence of a properly planned, installed, operated and compact on-site system can 

provide the level of treatment necessary to protect public health and meet water quality 

standards. 

 The on-site wastewater treatment system practicing at MCM provides numerous benefits 

for many types of communities and conditions by the reducing the number of pathogenic 

and potentially pathogenic bacteria found in the facilities wastewater produced from the 

health care facilities  

  It can be considered as best alternative in developing and implementing policies and 

programs regarding the waste management problems of urban health care facilities in 

Addis Ababa and other health care facilities in the country. 

 To protect the health of urban community and improve associated socioeconomic 

burdens related to health care facilities waste management problems in Addis Ababa, 

local health and environmental protection offices or other responsible Authority should 

actively seek to understand how on-site systems function.  

 Hence the development of safe and effective management of biomedical waste along with 

handling protocols, institutional plans and policies, appropriate training and feedback 

programs on proper waste management and handling for all the healthcare workers are 

highly recommended. 
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