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Abstract 
 

Concerning the great importance of the safety of recreational waters, a cross-sectional study at 

Addis Ababa, Debre Zeit and Ambo was carried out over a three month period of time from May-

July, 2008. 

A total of 72 water samples from two natural bathing lakes and six outdoor swimming pools (18 

and 54 samples respectively) were collected and analyzed for total (TC), fecal coliforms (FC), 

fecal streptococci (FS), hetrotrophic bacteria (HPC), S. aureus , PH, Temperature,  Free 

chlorine and Turbidity  The results of swimming pools and natural recreational water bodies 

were checked respectively  against well established standards of  WHO,(2006) and BSI,(1991). 

 The analyses demonstrated that, out of the 54 samples of six outdoor swimming pools, the 

compliance of the bathing water to the microbiological standards of WHO ranges from 

52(96.3%) for S. aureus, 44 (81.5%) for TC, 43(79.6%) for HPC, and 38(70.4%)  for FC and 

were found  un acceptable. The amount of polluted TC/FC/FS/ S. aureus Ambo Ethiopia hotel 

was the highest followed by Ghion hotels with high TC/ S. aureus count, Air force officers club 

hotel is the least with low count in all except high HPC  

Additionally, the free chlorine residue level tested, all of the samples from the swimming pool 

were  less than the required  guide line value of 1mg/l, that  is <1.0 mg l-1(100%) ., 75.9% of the 

pool samples passed the turbidity levels only 24.1% were in line with the WHO guide level. 

Higher PH (>7.8)   33.3%   (alkaline) were observed from AFOCHSP where as in 33.3% of the 

samples had PH between 7.2-7.8.and the remaining samples had PH less than 7.2. The number 

of microbiologically unacceptable samples from natural bathing Lakes for FS was 4 (22.2%). 

The compliance level for FS from Lake Babogaya and Hora were 33.3% and 11.1% respectively. 

The compliance of the lake water for TC and FC was not as such high and generally good.  
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From these results it was shown that all of the outdoor swimming pools examined were 

contaminated and most of the bacteriological and physicochemical parameters measured were 

not in harmony with the reference values set out by WHO. This is mainly due to the current 

absence of, monitoring (supervision), proper disinfection and/or lack of control over related 

parameters to efficient disinfection processes. 

 

The study findings suggest that  the observed  problems will be minimized by  promoting  good 

hygiene education and practices for swimmers, encouraging proper pre-swim showering, 

applying a better and strict supervision, providing training and education for operators, 

monitoring the biological and chemical conditions(maintaining the proper conditions) of the 

pool at regular intervals.   

  

 Keywords: swimming pools, Microbiological indicators, swimming infection, recreational water 

quality 
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1. Introduction 

Recreational water includes any coastal and estuarine water, natural fresh water environs such 

as rivers or streams, lakes, dams, public pool and spas (PHA, 2007). Recreational waters 

generally contain a mixture of pathogenic and non-pathogenic microorganisms. These 

microorganisms may be derived from sewage effluents, the recreational population using the 

water (from defecation and/or shedding), livestock (cattle, sheep, etc.), industrial processes, 

farming activities, domestic animals and wildlife. In addition, recreational waters may also 

contain free-living pathogenic microorganisms that cause gastrointestinal infections or 

infections of the upper respiratory tract (WHO, 2003). 

Recreational water illnesses (RWIs) are illnesses that are spread by swallowing, breathing, or 

having contact with contaminated water from swimming pools, spas, Lakes, rivers, or the 

ocean. RWIs can cause a wide variety of symptoms including intestinal, skin, ear, eye, 

respiratory, and neurologic infections. Currently, poor pool maintenance, the emergence of 

chlorine-resistant germs, and pool staff and swimmers that are ill-informed about RWIs is a 

challenge for the public health community and increases the complexity of any plan to 

prevent the spread of RWIs (CDC, 2008).  

People from developed and developing countries enjoy around or nearby of water bodies such 

as beaches, Lakes, pools and the like. Nowadays, large numbers of people are taking up 

recreational activities in and around water, and these are becoming part of leisure and tourism 

around the world. Swimming is recognized as one of the most beneficial forms of sport, 

recreational activities and rehabilitative treatments (WHO, 2006).  

Water based recreation (swimming), however, can expose people to a variety of health risks. 

The hazards that are encountered in recreational water environments vary from site to site, as 

do to the nature and extent of exposure, the type of water, geographical location and local 

conditions. Most available information relates to health outcomes arising from exposure 

through swimming and ingestion of water (WHO, 2003). The hazards are linked to physical, 

microbial and chemical agents.  
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The transmission of waterborne diseases is still a matter of major concern, despite worldwide 

efforts and modern technology being utilized (Venter, 2000). To this very end, a number of 

studies evaluating the microbiological quality of swimming pool water have been documented 

(Mossel, 1986; Alico and Dragonjiac, 1986; Galbrainth, 1980). It is established that, unless 

there is efficient recreational water management system, the use of recreational water pause 

spread of infectious diseases caused by the presence of pathogenic microbes within the water 

bodies (Otto, 2006). Consequently, recreational water use is attracting the public, concerned 

professionals, regulatory agencies, and the tourist industry (WHO, 2006).  

Although there are water bodies which are regularly visited by local and foreign people in 

Ethiopia, there is little, if any information about their bacteriological (microbial) quality, not 

the least about the presence of guideline level (standards) towards the safe use of recreational 

water. 

Under this circumstance, it is neither possible to know the gravity of the problem, nor manage 

the possible health related risks of recreational water bodies. It is, therefore, imperative to 

collect information about these water bodies so as to assess the recreational quality in relation 

to microbial contamination of health significance. The information thus obtained would help 

to create awareness, develop guideline in order to control or manage the possible health 

related problem.  

The present work, therefore, aims at evaluating different water bodies in the city recreational 

center in terms of the microbial load. The finding will serve as a baseline data for stakeholders 

and the public for possible interaction in terms of better management of the recreational areas 

is the country. 
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1.1. General Objective 

The main purpose of this study was to; 

• determine the microbiological and related physicochemical quality of the selected 

recreational waters of six outdoor swimming pools and two natural bathing lakes in 

Addis Ababa, Ambo and Debre Zeit.  

1.2. Specific objectives 

The specific objectives of this study were to; 

• Evaluate the level of specific bacteriological indicator species (TC, FC, FS, S. aureus 

and HPC) from selected recreational waters. 

 

• Analyze the bacteriological related physicochemical quality (Temperature, pH, 

Turbidity and Free Chlorine residual) of selected recreational water. 

 

 

• Compare bacteriological quality of the selected recreational waters with existing 

standards of WHO and BSI 

 

• Generate base line data on water quality status in the study area 
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2. Literature Review 

2. 1. Infectious diseases from Water Exposure 

Most of the mortality and morbidity associated with water-related disease in developing 

countries is related directly or indirectly to infectious agents. Humans become infected by 

ingesting pathogenic bacteria, viruses or parasites in water polluted by human or animal feces 

or urine (Cheesbrough, 2001). Some 3.4 million people, many of them young children, die 

each year from water-borne diseases, such as intestinal diarrhea (cholera, typhoid fever and 

dysentery), caused by microbiological- contaminated water supplies that are linked to 

deficient or non-existent sanitation and sewage disposal facilities. Globally, water-borne 

diseases are the second leading cause of death in children below the age of five years, while 

childhood mortality rates from acute respiratory infections ranks first (Ahmed, 2006). Hence, 

maintenance of the microbiological quality of drinking water has been used as an important 

means of preventing waterborne disease throughout the twentieth century (Barrell et al., 

2000).  

Although a lot of attention so far has been given to municipal and rural drinking water 

resources; and the provision of microbiologically safe and clean water for the population, an 

increasing interest has recently been focused on other water bodies that are linked with 

recreation. In particular, the health risk associated with the possible contamination of 

swimming pools and other water bodies by excreta from the users. There excreta may contain 

pathogens that may associated with gastrointestinal illness (WHO, 2006). 

Apart from the bathers, the water source may be polluted by direct animal contamination (e.g. 

from birds and rodents). Fecal matter is introduced into the water when a person has an AFR 

(accidental fecal release) through the release of formed stool or diarrhea into the water or 

residual fecal material on swimmers’ bodies is washed into the pool. 
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A considerable amount of epidemiological information have been documented in previous 

years concerning the effects of fecal contamination of bathing waters on the incidence of 

gastroenteritis and other transmissible diseases to bathers and other participants in water 

recreation (Kamizoulis and Saliba, 2004). As it has been documented by Given et al.,(2006)  

in   (He and He, 2008), it was estimated that between 627,800 and 1,479,200 excess 

gastrointestinal illnesses occur at beaches in Los Angeles and Orange Counties each year, 

corresponding to an annual economic loss of $21 or $51 million due to the illnesses.  

Surprisingly, more than 5000 beach closing and health advisory days were reported across 

California in 2005. Furthermore an increase in incidence of a number of diseases reported 

among both local populations and tourists who, rightly or wrongly, have been variously 

attributed to bathing in polluted waters (Kamizoulis and Saliba, 2004). 

Similarly as Thomann and Mueller, (1987) described in (Lin et al., 2008), the quality of 

bathing waters in the UK (United Kingdom) has become the major concern to water engineers 

and environmental managers in terms of public health. Pathogenic bacteria have always been 

the principal cause for spreading health related problems and diseases in bathing waters.  The 

most commonly reported RWI is diarrhea caused by protozoan parasites such as such as 

Cryptosporidium and Giardia, bacteria such as Shigella, and E. coli O157:H7, and viruses 

such as norovirus.   

Children, pregnant women, and people with compromised immune systems can suffer more 

severe illness from these infections. For instance, Cryptosporidium can be life threatening in 

persons with weakened immune systems (CDC, 2008). Waterborne transmission of 

pathogenic E. coli has been well documented for recreational waters and contaminated 

drinking-water. A well publicized waterborne outbreak of illness caused by E. coli O157:H7 

and Campylobacter jejuni occurred in the farming community of Walkerton in Ontario, 

Canada. The outbreak took place in May 2000 and led to 7 deaths and more than 2300 

illnesses (WHO, 2006).  From 1984 through 2002, in USA outbreaks of diarrheal 

recreational-water illness involving 19,000 people were well documented. 
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The spread of diarrheal RWIs is facilitated by poor pool maintenance and low public 

awareness of RWIs, and by the emergence of chlorine-resistant pathogens such as 

Cryptosporidium. In 2005, contact with an interactive fountain resulted in approximately 

4,000 cases of infection (Otto, 2006). 

In the past two decades, in many regions of the world, including the United States, a common 

water related diarrheal disease that is increasingly been recognized as a major public health 

problem is cryptosporidiosis. Cryptosporidium is generally found in drinking water, 

swimming pools and recreational streams that have been accidentally contaminated by human 

fecal wastes. Similar to the spread of cryptosporidium in the environment, Giardia is 

transmitted by discharges of fecal wastes into water, food, soil and other surfaces. 

The preventative hygienic measures that are being recommended to lower the overall 

incidence of the former disease applies here equally well (Ahmed, 2006). As it has been 

documented by (Otto, 2006), recreational water illness outbreaks, in the United States, from 

1991–2000 were: Gastroenteritis with chlorine sensitive pathogens E. coli 0157:H7 (6%), 

acute gastroenteritites (8%), others (Campylobacter, Norovirus, Salmonella) 6%, Giardiasis 

(9%),   Shigella (6%) and chlorine resistant pathogen C. parvum (66%). 

On the basis of World Health Organization (WHO) and the US Centers for Disease Control 

and Prevention (CDC), over 2 billion people, mostly living in developing countries, are at 

elevated risk to water related bacterial diseases. The major water related diseases include 

acute dehydrating diarrhea (cholera), abdominal illness (typhoid fever), acute diarrhea 

(dysentery) and chronic diarrhea (Brainerd diarrhea) (Ahmed, 2006).  

Furthermore, in developing countries up to 10 million people die every year as a direct result 

of the consumption of contaminated water (Toranzos et al., 2002). Still, large outbreaks, 

involving thousands of cases, have been reported in developing countries of Africa, Asia, and 

Mexico and have been linked to fecal contaminated water and inadequate chlorination (Moe, 

2002).  
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The health and well being of a population is directly affected by coverage of water supply and 

sanitation. In our country Ethiopia, over 60% of the communicable diseases are related to 

poor environmental health conditions arising from unsafe and inadequate water supply, poor 

hygienic and sanitation practice (Sofonias Kifle and Tsegaye Gadisa, 2006). Waters used for 

recreational purposes should be sufficiently free from microbiological, physical, and chemical 

hazards to ensure that there is negligible risk to the health and safety of the user (MSSC, 

1992). Swimming pool and other relevant recreational facilities may transmit a great number 

of infectious diseases if not properly designed constructed, operated and maintained. During 

swimming, the risk may be derived from microorganisms washed from the skin and body 

cavities in to the water (Tosti and Voltera, 1988). 

In addition, chemicals used for water treatment and disinfection purposes may either, by the 

nature or after reaction with other ingredients, present certain toxicological hazards to those in 

contact with water (bathers) or even simply working in indoor pools (Rigas et al.,1998).  

Likewise, some bacteria, most notably non-fecally-derived bacteria may accumulate in 

biofilms and present an infection hazard. Certain free living aquatic bacteria and amoebae can 

grow in pool, natural spa or hot tub waters, in pool or hot tub components or facilities 

including heating, ventilation and air conditioning (HVAC) systems or on other wet surfaces 

within the facility to a point at which some of them may cause a variety of respiratory, dermal 

or central nervous system infections or diseases.  

Outdoor pools may also be subject to microorganisms derived directly from pets and wildlife 

(WHO, 2006). Infections and illness due to recreational water contact are generally mild and 

so difficult to detect through routine surveillance systems. Even where illness is more severe, 

it may still be difficult to attribute to water exposure. Although water can contain unwanted 

chemicals (from natural sources and agricultural activities), targeted epidemiological studies, 

however, have shown a number of adverse health outcomes (including gastrointestinal and 

respiratory infections) to be associated with fecally polluted recreational water like rivers, 

streams or pools (WHO, 2003); (Cheesbrough, 2001). 
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In general infections associated with recreational water contact fall in to two major categories. 

The first group is gastroenteritis resulting from unintentional ingestion of water 

contaminated with fecal waters. Enteric microorganisms that have been shown to cause 

gastroenteritis from recreational water contact include Giardia, Cryptosporidium, Shigella, 

Salmonella, E. coli 0157:H7 and others. The second category of infectious or disease is 

associated mainly with microorganisms that are indigenous to the environment, which 

include the following: Pseudomonas aeruginosa, Staphylococcus sp., Legionella sp., 

Naegleria fowleri, Mycobacterium sp, and Vibrio sp. The illness caused by these organisms 

includes dermatitis or folliculitis, oitits externa, Pontiac fever, conjunctivitis and the like 

(APHA, 1998). 

For example, Staphylococcus is not considered to be a natural inhabitant of environmental 

waters and is usually unable to grow there. But Staphylococcus aureus is a common member 

of the human micro flora; it can produce disease based on the ability of the organisms to 

multiply and spread widely in tissues, and to produce extracellular enzymes and toxins. 

Multiplication in tissues can result in manifestations such as boils, skin sepsis, eye infections, 

otitis externa, ulcers, pneumonia and other infections.  It is resistant to many environmental 

influences and can survive for relatively long periods of time. The presence of staphylococci 

in recreational waters is considered to be mainly due to discharges from the mouth, nose, and 

throat of swimmers, as well as from their skin surface.  

Apart from S. aureus, the species S. epidermidis and S. saprophyticus are also associated with 

disease in humans. Usually, recreational waters with a high density of bathers present a risk of 

Staphylococcal infection that is comparable to the risk of gastrointestinal illness involved in 

bathing in water considered unsafe because of fecal pollution (MSSC, 1992); (WHO, 2006); 

(Cheesbrough, 2001). Members of the genus Entrococcus,  E. faecalis (formerly classified S. 

faecalis) is the main pathogen in the causing about 95% of entrococcal infections including 

infections of urinary tract, bilary  tract, ulcers, wounds (Cheesbrough, 2001).  

As part of recreational water, public swimming pool, water is not subject to the same potential 

fecal pollution as that in natural bathing place, it is more likely to be contaminated by 

microorganisms washed from bathers (Tosti and Volterra, 1988); (PHA, 2007).  
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Microbial contamination frequently introduced in water by bather secretions containing 

microorganisms shed from skin, mouth, nose and throat, urine, feces or by objects and clothes 

contaminated, making it a possible vehicle for the dissemination of diseases among swimmers 

(Sato et al., 1995). The organisms of concern are those associated with the skin, mouth or 

nose of bathers such as Staphylococcus aureus and other organisms like none tuberculosis 

Mycobacteria and Leptospira (APHA, 1998). 

Since, human health risks are dependent on both the source of the pathogens, the treatment 

applied and the exposure routes (Ottoson and Stenstrom , 2003), many of the outbreaks related 

to swimming pools would have been prevented or reduced if the pool had been well managed 

(Papadopoulou et al., 2008). 

Despite the fact that, it is possible to detect the presence of many pathogens in water, the 

method of isolation and enumeration of pathogens are often complex and time consuming. 

Hundreds of different microorganisms have been shown to be involved in waterborne disease 

out breaks; thus it is impractical to look for or monitor every possible microbial pathogen 

potentially present in water samples (WHO, 1984). On top of this constraint, target bacteria 

(pathogens) usually may not grow in culture media because they are frequently injured by 

exposure to environmental stressors, several of entric viruses cannot be cultured in the 

laboratory and the available methods for the detection of protozoan pathogens are notoriously 

inefficient.  

As a result, analysis for the presence of waterborne pathogen becomes complex and  does not 

insure complete safety of water for consumer (Toranzos et al., 2002). Hence, bacteriological 

examination offers the most sensitive test for the detection of recent and potentially dangerous 

pollution, thereby providing a hygienic assessment of water quality. Thus, the analysis for the 

presence of   indicators is considered as a useful attempt to determine the microbiological 

quality and public health safety of waters.  
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Even if, all of the researchers are not in agreement for best indicators in the assessment of the 

microbiological safety of bathing places, the following indicators are used in one or another 

way. Fecal coliforms (FC) and enterococci for indication of fecal contamination, 

microorganisms of skin, upper respiratory tract of bathers and total coliforms (TC) and 

heterotrophic bacteria for hygienic condition and fecal pollution are the best ones. Therefore, 

it has been proposed that no single indicator microorganism is suitable, so fecal indicators and 

microorganisms from the mouth, nose and skin areas of bathers should be considered 

concurrently in assessing the effect of chlorination and the safety of pool water (Martins et al,. 

1995). 

For  bacteriological tests of fecal pollution of water indicator groups are selected based on the 

following criteria; being numerous in feces of warm  animals but not in others, counted by 

means of simple, reliable tests, more resistant  to physical and chemical stress than pathogens 

and unable to grow outside the intestine (WHO, 1984). 

2.2 Commonly used microbial Indicators  

Microorganisms that are used to assess the microbial quality of swimming pool and similar 

environments include heterotrophic plate count HPC (a general measure of non-specific 

microbial levels), fecal indicators (such as TC, FC, Clostridium preferenges, Entrococcus,    

E. coli), Pseudomonas aeruginosa, Staphylococcus aureus and Legionella spp.   For health 

risks in pools and similar environments both fecal indicators and non-fecally-derived 

microorganisms should be examined.  

The absence of these organisms, however, does not guarantee safety, as some pathogens are 

more resistant to treatment than the indicators, and there is no perfect indicator organism 

(Martins et al., 1995); (WHO, 2006). 
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2.2.1. Total Coliforms bacteria (TC) 

Coliforms are members of family Entrobacterceace, which are aerobic and faculitatively 

anaerobic, gram negative, none spore forming, rod-shaped bacteria that ferment lactose with 

gas and acid production in 24-48h at 35 0C. Coliforms are a group of bacteria and make up 

around 10 percent of the intestinal micro flora of the human and warm blooded animal 

intestine. TC can originate mainly from intestinal tract of homoeothermic animals, and from 

non-entric environment. Because they can grow in natural waters, lack of correlation between 

the numbers of coliforms and those of pathogenic microorganisms and the detection of a 

typical strain are serious short comings for their general use as indicators of water quality. 

However, they are considered as indicators of possible fecal contamination. This group 

includes several species like Entrobacter, Klebsiella, Aeromonas and Esherichia coli 

(Toranzos et al., 2002). 

2.2.2. Fecal coliforms (Thermotolerant Coliforms) bacteria (FC) 

Fecal coliforms bacteria are a subset of the TC group, with the same definition as total 

coliforms bacteria except that they grow at 44.50C. Many countries have been adopted use of 

FC as indicator in their water quality standards and they have been recommended as the 

indicator of choice for evaluating the microbiological quality of recreational water. The 

reason for testing for fecal coliforms is that they are more restricted in their source to the 

gastro intestinal tract of warm blooded animals. Likewise, they have an excellent positive 

correlation with fecal contamination from warm blooded animals (Toranzos et al., 2002). FC 

are present in virtually all warm-blooded animals, including humans, in numbers far 

exceeding the numbers of pathogens (MSSC, 1992).  

Escherichia coli  comprises about 97 percent of the  fecal coliform organisms in human feces, 

with Klebsiella spp. comprising 1.5 percent and Enterobacter and Citrobacter spp. together 

comprising another 1.7 percent . In fresh waters, E. coli is the best available indicator of fecal 

contamination from warm-blooded animals (MSSC, 1992). Some strains of E. coli are 

considered as pathogenic. 
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2.2.3. Fecal Streptococci and Enterococci (FS) 

Fecal streptococci are useful indicators of microbial water quality. Similarly, they are often 

found in the gastrointestinal tract of warm blooded animals although not exclusively. The 

reason for FS selection is  that they show a high and close, relationship with health hazards, 

mainly gastrointestinal symptoms associated with bathing in aquatic environments, their die 

of is less rapid than that of coliforms in water and persistence patterns are similar to those of 

potential water borne pathogenic bacteria (Toranzos et al., 2002).  

Enterococci are large, ovoid, Gram-positive, non-capsulate and the majorities are non-motile 

bacteria that are generally present in chains (Cheesbrough, 2001). Shortly, the term 

enterococcus refers to those species of the fecal streptococcal group that grow at temperatures 

between 10 and 450C, survive exposure to 60°C for at least 30 minutes, and grow at pH 9.6 

and in 6.5 per cent NaCl (MSSC, 1992). 

2.2.4. Staphylococcus aureus  

Staphylococcus aureus is an aerobic or anaerobic, non-motile, non-spore-forming, catalase- 

and coagulase-positive, Gram-positive coccus that ferment glucose. They are usually arranged 

singly and in pairs, tetrads, short chains and irregular grape-like clusters. The genus 

Staphylococcus contains at least 15 different species. S. aureus is relatively widespread in the 

environment but is found mainly on the skin and mucous membranes of animals. Humans are 

the reservoir of S. aureus, and it is found on the anterior nasal mucosa (20–30% of adults at 

any one time (WHO, 2006a); and 40% or more of healthy people (Cheesbrough, 2001) in skin 

as well as in the feces of a substantial portion of healthy individuals.  S. aureus can shed by 

bathers under all conditions of swimming, and the bacteria can be found in surface films in 

pool water (WHO, 2006).  
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2.3 Chemical hazards 

Recreational water illness may result from chemicals found in water. All source recreational 

waters contain chemicals, some of which may be important with respect to pool, hot tub and 

spa safety. Pool water contain chemicals that can be derived from the source water (naturally), 

deliberate additions such as disinfectants and the pool users themselves. Hygienic safety is of 

outmost concern for the quality of swimming pool water.  Bather-derived chemical in pool 

include: urine, sweat, dirt, lotions, cosmetics, soap residues, etc. And disinfectants, pH 

correction chemicals, coagulants are some of chemicals which are observed as result of pool 

water management activities (WHO, 2006).  

2.3.1 Chlorinebased disinfectants. Chlorine in one of its various forms is the most widely 

used disinfectant, oxidant and bleach in swimming and drinking-water treatment. It has fast 

reaction and lasting disinfection potential. In water, chlorine reacts to form hypochlorous acid 

and hypochlorites. During its reaction with inorganic and organic water constituents chlorine 

is known to produce disinfection by-products (DBPs). Several DBPs have been identified as 

human carcinogens and are thought to cause allergic asthma. Effective disinfection depends 

upon contact between the disinfecting agent and the microorganisms to be inactivated for an 

adequate period of time (WHO, 1984).  

The active available disinfectant in the water is referred to as ‘residual’ or, in the case of 

chlorine, ‘free’ to distinguish it from combined chlorine (which is not a disinfectant) (WHO, 

2006).  Adequate routine disinfection should be achieved with a free chlorine residual level of 

at least 1 mg/liter throughout the pool. In a well-operated pool it is possible to achieve such a 

residual with maximum levels in any single point below 2 mg/liter for public pools and 3 

mg/liter for semi-public pools. Lower residuals (0.5 mg/liter) will be acceptable in 

combination with the additional use of ozone, whereas higher levels (2-3 mg/liter) may be 

required for spa and hydrotherapy pools.  
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The need to control the disinfectant residual in swimming pool is critical to achieve the 

required pool water microbiological quality standards. A concentration of residual chlorine in 

the uncombined state(disinfectant residual) , in the form of hypochlorous acid or hypochlorite 

ion or both  should be checked before and after closing of the pool (Glauner et al., 2005); 

(WHO, 2006).  

Higher or lower level of free chlorine may be required based on the type of pool. Due to the 

nature of hot tubs (warmer water, often accompanied by aeration and a greater user to water 

volume ratio), acceptable free chlorine levels tend to be higher than in swimming pools. It is 

recommended that acceptable levels of free chlorine continue to be set at the local level, but in 

public and semi-public pools these should not exceed 3 mg/l and in public/semi-public hot 

tubs these should not exceed 5 mg/l. Lower free chlorine concentrations may be health 

protective when combined with other good management practices (e.g. pre-swim showering, 

effective coagulation and filtration, etc.) or when ozone or UV is also used (WHO, 2006). 

2.3.2 Hydrogen ion concentration   pH has a direct impact on the recreational users of water 

only at very low or very high values. Under very low or high values, pH may have effects on 

the skin and eyes. Primary irritation of the skin appears to be linked to high pH, although the 

mechanism is unclear. Water of high pH could have an adverse effect on hair condition by 

causing the hair fibers to swell and by cleaving the cystine bridges between adjacent 

polypeptide chains of hair protein. However, the impact will also be dictated by the buffering 

capacity of the water (WHO, 2003). pH has an impact on the disinfection ability of chlorine. 

Chlorine disinfection efficiency becomes low with increasing pH. So the pH value of 

swimming pool water must be maintained within the recommended range to ensure optimal 

disinfection and coagulation. For heavily used pools, the pH value should be measured 

continuously and adjusted automatically. For less frequently used pools, it is sufficient to 

measure the pH manually. 
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2.3.3  Turbidity is an expression of the optical property of water that causes light to be 

scattered and is measured by determining the degree of light scattering by particulates present 

in the samples. Turbidity in water is caused by the presence of suspended matter such as clay, 

silt, organic and inorganic matter, plankton, and other microscopic organisms. Unpleasant 

odors and tastes of water have been associated with high turbidities (Lechevallier et al., 

1981). Factors influencing turbidity readings are the particle size and shape of Suspended 

solids (SS), the presence of phytoplankton, the presence of dissolved humic substances and 

the presence of dissolved mineral substances. Consequently, a high turbidity reading can be 

recorded without necessarily involving a high SS concentration (Bilotta and Brazier, 2008). 

Turbidity measurement expressed in   Nephelometric Turbidity Units (NTU) (Lewis, 1996). 

In all processes in which disinfection is practiced, the turbidity must be always below, 

preferably 1 NTU and always less than 5 NTU; otherwise the particulate matter will interfere 

with the efficiency of disinfection, partly by exerting a disinfectant demand and partly by 

shielding microorganisms, even in the presence of a residual disinfectant otherwise sufficient 

to ensure a kill. To exceed turbidity limits suggests both a significant deterioration in water 

quality and a significant health hazard (WHO, 1984).  

Nevertheless a turbidity of 1 NTU was recommended, and up to 5 NTU were allowed if the 

supplier could demonstrate that turbidity did not interfere with disinfection, prevent the 

maintenance of effective disinfectant in the distribution system, or interfere with 

microbiological determinations (Lechevallier et al., 1981). 
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2.4 Current status of recreational waters 

Water based recreational activities have long been recognized as having a positive influence 

on health and well being and the use of water for relaxation, exercise and pleasure will 

continue to grow.  

Currently, in natural recreational sites and ecologically similar areas, the rapid development to 

accommodate mass tourism has resulted in deterioration of the quality of adjacent water 

bodies (Kamizoulis and Saliba, 2004). Similarly, there has been a steady increase in the 

number of swimming, spa and other types of pools both in public and private worldwide in 

recent years (QGQH, 2004). This condition is similar in Ethiopia. It is essential, therefore, to 

ensure that recreational bathing waters become safer and healthier.  For the effective 

prevention and control of RWI, require researches into related issues, sound environmental 

health interventions, education for the public and industry.  

In order to fill the gaps of microbiological quality of recreational waters existing in the 

country, the current study focused on evaluating the level of microbiological quality and   

some physicochemical characteristics of selected recreational waters (outdoor swimming 

pools and natural bathing Lakes). For this purpose, the presence or absence of the multiple 

bacterial indicators of fecal pollution (total coliforms, fecal coliforms, and fecal Streptococci) 

and indigenous human skin bacteria (Staphylococci) were evaluated. Additionally, the pH, 

Temperature, Free chlorine, Total chlorine and Turbidity of the water samples were tested.   
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3. Materials and Methods 

3.1. Description of the study area 

The study was cross sectional to compare microbial quality (bacteriological) of water samples 

from selected two natural bathing water bodies and six outdoor swimming pools in Addis 

Ababa and Oromiya Regions, Ethiopia. The study was conducted between May -July, 2008. 

The six different outdoor swimming pools were three teaching and three main outdoor pools 

that are located at Addis Ababa (Gihon Hotels), Debre Zeit (Air Force Officers Cub Hotels) 

and Ambo (Ambo Ethiopia Hotel). The swimming pools are found within the hotels and 

operating throughout the year giving recreational and sport services to hotel guests and 

visitors. All outdoor swimming pools were made of concrete and had rectangular shape and 

different sizes and depth, ranging from 0.684m2 , 60cm -1m (teaching pool) to 4375m2 , 2-5m 

(Sport/Main pool)  respectively. The swimming pools of Air force club are supplied with 

fresh ground water (Debre Zeit), Ghion hotels with hot spring thermal water together with 

drinking municipal water supply (Addis Ababa) and Ambo, Ethiopia hotel with hot spring 

thermal water only (Ambo). The main swimming pool and children teaching pools were 

constructed separately side by side and have different water system except that of Ambo 

Ethiopian hotel outdoor pool.  

                

 Fig1: AFOCH Outdoor swimming pool, 2008      Fig 2: AETH Outdoor swimming pool, 2008 
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In all of the outdoor swimming pools, the microbiological qualities of their water were not 

regularly checked by health authorities. Chlorine and its derivatives and copper sulfate are 

chemicals which are used for the treatment of water in all of the pools.  

The pool operators and life guards add chlorine manually without testing the pH, residual 

chlorine and turbidity level of the water. In most teaching pools, the water is filled  and 

withdrawn within three to four days interval whereas in the main swimming pool the water is 

retained for at least one month to withdraw (GHs, Addis Ababa), more than a month in 

(AFOCH, Debre Zeit) and weekly in (AETH, Ambo). 

Only the Air Force Officer’s Club Hotel (AFOCH) swimming pool uses both filtration and 

chemical disinfection system. The pool water is retained for long time by circulating the water 

after disinfection. In all of the swimming pools, it is compulsory to take shower before 

swimming in the pool. This is to remove traces of sweat, urine, fecal matter, cosmetics and 

other potential water contaminants but lacks strict control over the bathers. 

              

             Fig 3:   Lake Babogaya, Debre Zeit, 2008 

Fresh water bathing places of the sample area include two of the creator Lakes of Bishoftu 

(Debre Zeit) area. Among the seven volcanic explosion lakes located about 45 Km East from 

the capital (AA), Babogaya and Hora were selected since they are easy for sample 

transportation and visited by large number of people during weekends.  
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Lake Hora and Babogaya are used as recreational water and the local inhabitants used it for 

washing and cooking. Both Lakes are found about 1-2 km apart from each other with an 

altitude, 1600m ASL and 8050’N 390E, respectively. The surface area of Lake Hora is 1.0km2 

where as that of Babogaya is 0.7km2. These Lakes do not have major river inlet and outlet 

(FAO, 1974).  The two Lakes are surrounded by vegetations with beautiful landscape. Both of 

the creator Lakes are facing imminent danger because of accelerated human impact in and 

around them. Hotels and resorts have already been built around the rims of Lakes Hora, 

Babogaya, with more to be constructed in the future. Lake Babogaya is facing the possible 

danger of environmental degradation. 

         

 Fig 4: Lake Hora, Debre Zeit , 2008.                           Fig 5:  Lake Hora, Debre Zeit, 2008. 

3.2. Sampling and Sample collection 

The sampling program was designed to determine variations in bathing water quality during 

the three-month monitoring period (May-July, 2008). Recreational water bodies, which are 

frequently visited by most, and those which are easily accessible by public and sample 

transport are randomly selected.  

 

A total of 54 water samples from outdoor swimming pools, 9 (nine) from each site and 18 

water samples from natural water bodies 9(nine from each site were collected. Triplicate 

water samples collected from each recreational site based on APHA, (1998) and WHO, 

(2006) guidelines for recreational water quality assessment.   
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All samples were collected during the peak of bathing periods (weekends)   by using a sterile 

glass bottles with capacity of 1L containing sodium thiosulphate (for those using chlorine for 

disinfection) in enough concentration for complete neutralization of residual chlorine (1ml of 

10% Na2S2O3). Free and total chlorine, pH and water temperature were determined on the 

spot at the time of sample collection. The samples were collected from a depth of 20-40cm, at 

a point about 50cm away from the pool edge and 1m away of Lake shore. Each location was 

sampled systematically at two weeks interval during the maximum bathing time and day 

(2:00-9:30 PM, Friday-Sunday) (APHA, 1998; WHO, 2006). 

The  collected samples were transferred to AAU, Science Faculty, Applied Microbiology 

laboratory by keeping the samples at 4oC, using appropriate insulated coolers(Ice box) 

according to “Standard methods” (APHA,1998). Samples were processed immediately after 

arrival within 1-6h from sample collection time to avoid the death and growth of organisms.  

3.3 Sample Analyses 

3.3.1 Microbiological Analyses 

The microbiological parameters determined were, HPC, TC, FC, FS and S. aureus. Samples 

for microbial indicators(TC, FC, FS)  were analyzed  by 100ml membrane filteration 

technique, using 0.47mm diameter,0.45 µm pore size filters (Gelman Sciences sterilized 

membrane)  as specified in standard methods (APHA,1998).  For TC, the 100ml filtration 

technique was used with membrane Lauryl Sulfate (mLS) medium (PARK) incubated at 370C 

for 24hr.; and Yellow colonies were counted as TC. Similarly, for FC the 100ml filtration 

technique also was used with membrane Lauryl Sulfate (mLS) medium (PARK) incubated at 

44.5oC for 24hr.; Yellow colonies were counted as FC. Likewise, FS was detected using M 

Entrococcus agar.  

M Entrococcus agar for fecal Streptococci was prepared according to the APHA, (1998) 

guideline from the following ingredients (g/l): (Tryptose 20.0g, Yeast extract 5.0g, Glucose 

2.0g, Di Potassium phosphate, (K2HPO4) 4.0g, Sodium azide, (NaN3) 0.4g, 2,3,5-Triphenyl 

Tetazolium Chloride 0.1g, Agar 10.0g, Reagent grade water 1L). All the ingredients heated 

with sterilized (121oC at 15mins.) distilled water to dissolve then the solution was dispensed 
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in to Petri dishes and waited until to solidify then the filters were prepared as before and 

incubated at 440C for 24-48 hrs. All black colonies were counted as FS (APHA, 1998). 

For counts of S. aureus Spread plate technique was used (APHA, 1998) from the original 

sample 0.1 ml aliquots were spread- plated in duplicates on pre dried surface of Manitol Salt 

Agar (MSA), (PARK). Plates were incubated at 37oc for 24-72 hrs; Golden yellow colonies 

were counted as Staphylococci.  Similarly for heterotrophic plate count (HPC), similar 

procedures were followed in that 0.1 ml aliquots of water samples were spread- plated in 

duplicates on pre- dried surface of Plate Count Agar (PCA), (FLUKA). Plates were incubated 

at 37oC for 24 -48 hrs for colony counting (WHO, 2006; APHA, 1998). All available colonies 

were counted. The sterility of the media was cheeked by keeping uninoculated control plate 

side by side. 

 

 

 

 

Fig 6: TC Yellow colonies at 37oC                                Fig 7: FC yellow colonies at 44.5oC  

  

                                              

 Fig 8: S. aureus, yellow colonies on MSA at 37oC           Fig 9: Main swimming pool, Ambo                      

               

21 

 



                               

Fig 10:  Natural spa, Ambo               Fig 11: FS on M-entrococcus, black colonies at 44.4OC 

   3.3.2 Physicochemical analyses 

The physicochemical parameters of the samples were analyzed and measured in terms of 

Turbidity, pH, Temperature, Residual chlorine levels (free chlorine) and Total chlorine. 

Chlorine was determined at the pool side by using the diethyl-p-phenylene diamine (DPD1 

and DPD3) palin test , Wagtech international (0.1-1.0mg/l) comparator disc-Wag-WE10210, 

Wag-WE10212chlorine. Temperature and PH were also measured at the pool side by portable 

370 PH meter JENWAY, EU. Turbidity was measured colorometrically using a 

Spectrophotometer (DR/2010 HACH, Loveland, USA) at the laboratory following HACH 

instructions.  

3.4. Statistical analysis of data 

Physicochemical and microbiological quality of the investigated recreational waters were 

compared and considered acceptable/unacceptable according to World Health Organization 

(WHO, 2006) and British Standard Institution (BSI, 1991) guideline levels for outdoor 

swimming pools and natural water bodies respectively. The results of water samples were 

analyzed using the software SPSS version 13.0 for windows. 
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4. Results and discussion 

In this study, a total of  72  water samples ,of which 54 samples  were taken from  six outdoor  

swimming pools of (Ghion, Ambo Ethiopia, and Air Force Officer’s Club) hotels and 18 

samples were from two natural recreational bathing Lakes of (Babogaya and Hora). The result 

of physicochemical and microbiological water quality parameters of  swimming pools were 

compared with WHO,(2006) standard and the microbiological parameters  of natural  bathing 

Lakes samples  were then compared to the standards of BSI, (1991).  

4.1. Microbiological parameters  

From mean bacteriological analysis of samples from six outdoor swimming pools presented, 

the highest mean TC was observed from Ghion main swimming pool 112.1±45.2 (is not 

significantly different from mean TC of Ghion teaching pool) and the lowest TC mean was 

seen from Air force officers Club hotels main swimming pool 14.4±3.1. On other hand, the 

maximum mean FC was observed from Ambo Ethiopia hotel spa 149.2±72.8 and the lowest 

from Air force officer’s club main swimming pool 7.9±3.4. (Table 1)  

Mean value of FS was highest in Ambo Ethiopia spa 11.7±2.2 (is not significantly different 

from mean FS of Ambo main pool), where as the lowest mean, observed at main pool of 

Ghion 3.2±0.9 (is not significantly different from Ghion (Teaching), and Air force (teaching) 

pools). Mean Staphylococcus count was highest at GHTSP 231.1±81.2 but it is significantly 

similar from Ambo spa and lowest at Air force officer’s club hotel teaching pool 24.6±0.44 

which is not significantly different from Air force main swimming pool (Table 1).  

HPC was highest at Air force officer’s club teaching pool 2261.1±343.6 while, the least was 

from Ghion hotels teaching pool 497.7±167.3 but, it is not significantly different from Ghion 

hotels (main), Air force officers (main), and Ambo Ethiopia hotel (main) pools (Table 1).  

 

23 

 



From the samples that were taken from two natural bathing Lakes of Babogaya and Hora, 

maximum mean value of TC were observed from Lake Hora 117.8±24.3 where as 73.2±7.6 at 

Lake Babogaya. More over the mean values of FC from Babogaya and Hora were 37.7±5.7 

and 44.3±9.55 respectively. On other hand the mean values for FS from Lake Babogaya and 

Hora were 103.3±32.7 and 66.8±8 in that order. Relatively similar mean results of S. aureus 

were recorded from the two lakes 53.6±17.1 at Lake Babogaya and 51.4±16.8 at Lake Hora. 

Mean HPC results from Lake Babogaya and Hora were 2618.8±377.6 and 1793.3±378.5 

respectively (Table 1). The range values of microbiological indicators were presented on 

(Table 1).  

There is significant difference among the samples of Ghion, Ambo Ethiopia and Air force 

officers’ club hotels for TC where as no significant difference between Ghion and Air force 

officers’ club hotels for FC while significantly high count of FC observed from Ambo 

Ethiopia hotel. There is variation on FS count among the different sample with the highest 

count where recorded from Ambo hotel water sample, followed by Air force officers club 

hotel (Table 1).  

Out of the total 54 samples tested for total coliforms from six outdoor swimming pools, (44) 

81.5% were contain >10 cfu /100ml which is above the limit values of WHO where as only 

(10) 18.5% of the samples were in accordance with the limit values<10cfu/100ml (Table 4).  

High level of TC which is significantly different among the samples of Ghion, Ambo Ethiopia 

and Air force officer’s hotel  (Table 1) resulted due  to possible fecal contamination of the 

pools from the bathers, animals (TC are highly available in excreta of warm blooded animal 

including humans). Additionally, TC are found within the natural environment, hence a 

possibility of getting from the natural environment (available in tropical water bodies and 

soil).  
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Table 1:  Mean levels of TC, FC, FS, S. aureus and HPC counts of outdoor swimming pools 

and natural water bodies , 2008 (n=3 for each) 

Outdoor swimming pools Natural recreational water 

bodies(Lakes) 

Ghion Hotels Ambo Ethiopia Hotel Air force officers  

Club Hotels 

Babogaya Hora 

paramete

rs 

Main Teach. Main Spa Main Teach.   

TC cfu 

/100ml 

112.1±

45.2 a   

HP       

97.7±  

34.2 a

HP 

43.8± 

6.8 b

P 

46.2±    

8.5 b

P 

14.4± 

3.1 c

LP 

30.4±  

16.1 b 

P 

73.2±     

7.6 b     

S 

117.8± 

24.3a

S 

FC cfu 

/100ml 

11.2± 

4.2 c

HP 

13.1±    

5.7 c       

HP 

36.0± 

8.1 b 

HP 

149.9± 

72.2 a

VHP 

7.9±   

3.4 c         

HP 

8.4±      

3.0 c 

HP 

37.7±     

5.7a

S 

44.3±   

9.55a

S 

FS cfu 

/100ml 

3.22± 

0.9 c 

S 

4.1±      

1.3 c 

S 

9.1±  

2.3 a 

S 

11.7±    

2.2 a 

S 

6.6±  

1.4 b

S 

4.0±       

10 c 

S 

103.3± 

32.7a

LS 

66.8±     

8.0ab

S 

S. aureus 

cfu /ml 

111.1±

47.5 b

VHP 

231.1± 

81.2 a 

VHP 

62.2± 

19.1 b

VHP 

226.7± 

67.6 a 

VHP 

26.8± 

7.9 c

HP 

24.6±    

0.4 c

HP 

53.6±    

17.1a

51.4±    

16.8a

HPC cfu 

/ml 

891.1±

312.6 c

P 

497.7± 

167.3 c

P 

943.3± 

260.5 c 

HP 

1421.1± 

352.6 b 

HP 

750± 

215 c 

P 

2261.1± 

343.6 a 

HP 

2618.8± 

377.6a

1793.3± 

378.5b

Keys: TC, Total Coliforms; FC, Fecal Coliforms; FS, Fecal Streptococcus; HPC, Hetrotrophic Plate Count 

;VHP, Very Highly Polluted; HP, Highly Polluted; P, Polluted; LP, Least Polluted; S, Safe; LS, Less Safe; 

VHP= >100x polluted than the standard, HP= >10X polluted than the standard, P= 3-9X polluted then the 

standard, LP= 1-2X polluted than the standard, S= relatively closer to the standard or less; letters a, b, ab, c, d 

indicates the relative   significance of the recorded values                         
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Table 2:  Water source, volume and sizes of the outdoor swimming pools natural water bodies 

Name of sample site         Water source Length 

/m 

Width 

/ m 

Depth 

/m  

Water 

volume 

/m3

Ghion Hotel main 

swimming pool 

Mixed (Hot spring thermal water and 

municipal drinking water) 

50 25 2-5 

AV.3.5 

4375 

Ghion Hotel teaching 

swimming pool 

Mixed (Hot spring thermal water and 

municipal drinking water) 

17 8 1 136 

Air force officers club 

Hotel main swimming 

pool 

Ground water  50 25 2-5 

Av.3.5 

4375 

Air force officers club 

Hotel teaching pool 

Ground water 12 7 1 84 

Ambo Ethiopia Hotel 

main swimming pool 

Hot spring thermal water 50 20 1.5-3 

Av.2.25 

2250 

Ambo Ethiopia Hotel 

natural spa 

Hot spring thermal water 1.20 1.20 0.6   0.864 

 

The observed weak controlling system of the related parameters (pH, turbidity) of swimming 

pools may contribute more for the removal or reduction of microbes. For instance, low 

available level of the disinfectant (weak disinfection process) in the pool during sampling 

time, or the presence of debris or organic particulate matter that serve as attachment sites 

(helps the microbes to withstand bad environmental condition) reduce the efficiency of 

disinfection process and may serve as source of nutrients for the growth of such microbes 

within the water system. High turbidity and less available chlorine were observed in most of 

the swimming pools samples may contribute a lot for the presence of TC not only for TC but 

also for other microbial parameters. The study of LeChevallier et al., (1988) indicated that 

attachment of bacteria to surfaces provide the primary means for bacteria to survive 

disinfection. Attachment to a surface alters the way a disinfectant interacts with a bacterium.  
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The possible presence of free living invertebrates, may serve as a refuge for TC, all may 

contribute in one or another for the Presence of TC. The research results of (King et al., 1988) 

indicated that coliforms and pathogenic bacteria have increased resistance to free chlorine 

residuals when ingested by protozoa. In the study, TC are observed in most of the 9 

consecutive samples of each pool which pass the limit values range from 33.3% to 100%. In 

certain countries like UK, total coliforms should not be detected in consecutive samples (Barrel 

et al., 2000).This shows that the swimming pool samples were far away from the 

recommended levels of WHO, (2006) for TC. Especially when the level of contaminants and 

the size of the pool compared, the teaching pools and the natural spa were relatively polluted 

than the main swimming pools (Table 2) 

Among the 54 samples of the outdoor swimming pools tasted for heterotrophic plate count, 

(43) 79.6% or ¾ of them were above for the required guideline values for HPC >200cfu/ml 

(Table: 4)   only (11) 20.4% were in line with the limit value. And the compliance level from 

each sample site rages from 66.6% to 88.8% (Table 5).  

Although there is no as such  high significant difference between the mean levels of HPC/ml 

at Ghion (main and teaching), Air force club (main), very high levels of HPC  were observed 

in Air force officers (teaching), Ambo Ethiopia hotel (spa and main) pools. This shows that 

their water treatment process (disinfection) is not as such promising or not in a position to 

destroy the possible presence of microbes that may enter to the system from the bathers or 

from the environment.  

In general when the mean levels of bacterial indicators compared with their respective water 

size (volume) of pools, all of the teaching pools contain less amount of water than the main 

pools (Table 2). Moreover, the teaching pool water is changed within every three to four days 

after disinfection treatments (chlorination) except Ambo main pools(weekly), but teaching 

pools were relatively contaminated or show greater compliance level in percentage than the 

main (Table 3 and Table 5).  As a result it can be said that the teaching pools and the natural 

spa were highly contaminated or polluted than the main pools.  
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Table 3: Statistical points and Bacteriological status of outdoor swimming pools 

Parameters              Ghion Hotels Air force officers Club Hotels Ambo Ethiopia Hotel  

 Main Stat. Teach Stat. Main Stat. Teach. Stat Main Stat. Spa Stat. 

TC/100ml 112.1± 

45.2 

HP 97.7±  

34.2  

HP 14.4± 

3.1  

LP 30.4±  

16.1  

HP 43.8± 

6.8  

HP 46.2±    

8.5  

 

HP 

FC/100ml 11.2±  

4.2  

HP 13.1±    

5.7    

HP 7.9±   

3.4    

 

HP 8.4±      

3.0  

HP 36.0± 

8.1  

VHP 149.9± 

72.2  

 

VHP 

FS/100 ml 3.22±  

0.9  
S 4.1±      

1.3  
S 6.6±  

1.4  

 

S 4.0±       

10 

S 9.1±  

2.3 

S 11.7±    

2.2  

 

S 

S. aureus 

/ml 

111.1± 

47.5  

VHP 231.1± 

81.2  
VHP 26.8± 

7.9  

P 24.6±    

0.4  

P 62.2± 

19.1  

HP 226.7± 

67.6  

 

VHP 

HPC /ml 891.1± 

312.6  

P 497.7± 

167.3 

P 750± 

215  

P 2261.1± 

343.6  

HP 943.3± 

260.5  

 

HP 1421.1± 

352.6  

. 

HP 

Total 

points 

 16  16  12  15  17  18 

Keys: TC, Total Coliforms; FC, Fecal Coliforms; FS, Fecal Streptococcus; HPC, Hetrotrophic Plate Count 

;VHP, Very Highly Polluted; HP, Highly Polluted; P, Polluted; LP, Least Polluted; S, Safe; LS, Less Safe; 

VHP= >100x polluted than the standard, HP= >10X polluted than the standard, P= 3-9X polluted then the 

standard, LP= 1-2X polluted than the standard; S= relatively closer to the standard or less; Points given   

VHP=5; HP=4; P=3; LP=2; S=0 

The reasons for this may be the size of teaching pool (smaller) and the large number of people 

(bather load) that hold at a time or per day than the main swimming pool. During sampling 

time, it was observed that all of the teaching pools and natural spa were relatively busy than 

that of the main. The pools were mostly occupied by people (trainees especially teenagers) 
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with low level of swimming ability and experience. There is a consistent correlation between 

bather density and heterotrophic bacteria (Mood, 1977) and this can be related as, there is a 

possibility to drink and spit the water from the pool during their exercise of swimming; this 

will contribute a lot to discharge microbes from the body (body discharges like mucus from 

the nose, saliva, sweat, fecal matter, dead skin).  

 

Table 4: Range values and frequencies of TC, FC, and FS, S. aureus, HPC of all swimming 

pools, 2008(n=3 for each) 

 

                               Standards WHO,2006                        Bacteriologic

al parameter  0* >0 <10 

cfu* 

>10cfu <40 

cfu* 

>40

cfu 

<200

cfu* 

>200cfu Total    

FC/100ml 16 38  

(70.4%) 

      54 

S. aureus/ml      2 52  

(96.3%) 

      54 

TC/100ml   10 44 

(81.5%) 

    54 

FS/100ml             54  

(100%) 

-   54 

 

HPC/ml       11 

 

43  

Keys: *WHO, 2006 standards; TC, Total Coliforms; FC, Fecal Coliforms; FS, Fecal Streptococcus; HPC, 

Hetrotrophic Plate Count  
 

 

   (79.6%)   

 

54 
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Additionally, HPC also includes those microbes which are found in water as natural 

inhabitants, street and work place soil, dust, animal droppings, insects and others all may 

contribute for the proliferation of heterotrophic microbes with in water body by serving as 

source of food and shelter.  

HPC can be used for evaluation of hygienic conditions of swimming pools. HPC measurement 

in water bodies is used to indicate the effectiveness of water treatment process, to measure 

number of re growth organisms and to investigate aesthetic quality. Hence high level of HPC 

resulted due to the availability of nutrients, presence of optimum conditions like temperature 

and lack of sufficient level of free residual disinfectant. Possible over growth of microbes, and 

weak hygienic conditions were relative observed at Ambo Ethiopia (main and Spa) and Air 

force club Hotel teaching pool (Table 3). Similar study in South America, Martins et al. 

(1995) examined 60 swimming pools, finding a frequency of positive results up to 70.4% 

(THC) and positive relation among the levels of microorganisms, the bather load and the water 

temperature. 

 

At the Ethiopia hotel, Ambo the compliance shows similarity 88.8% for each spa and main 

swimming pool, this may be due to the elevated temperature of pool water (source of water 

may contribute for this which is hot spring thermal water,) above 300C (close to the 36.1oC of 

HPC) and the over flow of water from the spa enters directly to the main swimming pool (spa 

water is mixed with main swimming pool water) (Fig: 10). 

 

According to (Barrel et al., 2000) research findings, an occasional higher count of HPC is 

acceptable as long as no thermotolerant coliforms or E. coli are present and the operating 

conditions of the pool are satisfactory. This is applicable for Air force club teaching 

swimming pool which has high counts of HPC but lower FC. Others show consistent higher 

counts, which may suggest that this could be due to unsatisfactory operating conditions.  

The observed samples for fecal coliforms (38) 70.4% of outdoor swimming pool water were 

above the recommended level. But 16 (29.6%) of the samples were negative for the presence 

of FC in 100ml (Table 4).The compliance level range from 33.3% to 88.8% (Table 5). FC 

are restricted and found in great quantities in intestines and feces of human and warm blooded 
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animals, they may  entered the pool either accidentally, from contaminated skin, or 

deliberately, from the swimmers and other warm blooded animals. FC presence is an 

indication that recent fecal material. High level of compliance were seen from water samples 

of Ambo Ethiopia hotel main swimming pool and natural spa (88.8% each) this is may be the 

observed of high temperature from its source (thermal water) that fever the growth FC since 

they can resist 44.4OC and the temperature is also comfortable for bathers, may shade or 

discharge large amount of FC since bathers stay more time within the spa and swimming 

pools. Other factors which have been discussed for TC, HPC may contribute for the presence 

of FC in the swimming pool samples 

Fecal coliforms easily reduced (minimized) from swimming pools effectively with the 

presence of proper level of free residual chorine, pH and turbidity. But such conditions were 

not properly controlled in most of the swimming pools; as a result there presence may also 

indicate failure of the treatment process at the time of sampling (QGQH, 2004). 

Fecal Streptococcus and Enterococci   FS refers to those Streptococci generally present in the 

feces of humans and animals (WHO, 2003).  The examined water samples from the outdoor 

pools showed that, FS contamination level were good. Even though, more recent work 

suggests that gastrointestinal disease is more strongly associated with the presence of 

Entrococci than E. coli (Barrel et al., 2000), in all of our samples, the risk might be relatively 

low. All of the samples were shows less than 40cfu/100ml. High risk of infection might be 

resulted when the presence of FS in 100ml exceeds 40cfu (WHO, 2003; WHO, 2006).  

The observed amount of FS source may be from bathers themselves or animals. Since the 

pool is outdoor one it is exposed to different animals of the surrounding either domestic or 

wild (birds). Bathers can shed high concentrations of Enterococci on the order of 6x105 cfu 

per person in the first 15min exposure period. Significant reductions bacteria shed per bather 

40% were observed in the subsequent bathing cycles (Elmir et al., 2007).  
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Table 5: Compliance levels to WHO, (2006) Standards of Microbiological parameters of outdoor 

swimming Pools, 2008 

Compliance of bacteriological water qualities of the studied site to WHO 

,2006 standards 

Outdoor  swimming pools 

Ghion Hotels Ambo Ethiopia Hotels Air Force Officers Club 

Hotel 

Parameters Total No 

of 

samples 

Main Teaching Main Spa Main Teaching 

HPC/ml  

≤200cfu/ml*       

9 6 

(66.6%) 

7 

(77.7%) 

8 

(88.8%) 

8 

(88.8%) 

6 

(66.6%) 

8 

(88.8%) 

TC/100ml 

≤10cfu/100ml* 

9 7 

(77.7%) 

6 

(66.6%) 

9 

(100%) 

9 

(100%) 

3 

(33.3%) 

4 

(44.4%) 

FC/100ml 

0cfu/100ml* 

9 6 

(66.6%) 

7 

(77.7%) 

8 

(88.8%) 

8 

(88.8%) 

3 

(33.3%) 

6 

(66.6%) 

FS/100ml 

≤40cfu/100ml* 

9 0 

(0%) 

0 

(0%) 

0 

(0%) 

0 

(0%) 

0 

(0%) 

 

0 

(0%) 

S. aureus/ml 

0cfu/ml* 

9 9 

 (100%) 

9 

(100%) 

9 

(100%) 

9 

(100%) 

Keys: HPC; Hetrotrophic Plate Count; TC, Total Coliforms; FC, Fecal Coliforms; FS, Fecal Streptococcus; *, 

WHO standard 

 

  

 

 

8 6 

(88.8%) (66.6%) 
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Table 6: Physicochemical microbiological comparison of mean values of Ghion, Air force club, 

Ambo Ethiopia hotel outdoor swimming pools AA, 2008 (n=3 for each) with limit values. 

 

Keys: * Values above guideline values; ± Values under guideline values; 1 , Main swimming pool; 2 ,Teaching 

pool; I , Natural Spa; TC, Total Coliforms; FC, Fecal Coliforms; FS, fecal streptococcus; HPC, Hetrotrophic 

Plate Count; Temp, temperature; GHs, Ghion Hotels; NTU, Nephelometric Turbidity Unit; FAU, Formazine 

Attenuation units; CFU, colony forming units 

 

Parameters Mean values of 

Ghion Hotel1&2

Mean values of Air  

force club Hotel1&2

Mean values of 

Ambo Eth Hotel1&I

Mean  values 

elsewhere (Rigas 

et al., 1998) 

Limit values 

WHO 

TC1 112.1±45.2* 14.4±3.1* 43.8±6.8*  8±13 ≤10 cfu/100 

ml 

FC1 11.2±4.2* 7.9±3.4* 36.0±8.1* 6±11 0cfu/100ml 

FS1 3.22±.9 6.6±1.4 9.1±2.3  ≤40cfu/100ml 

S. aureus1 111.1±47.5* 26.8±7.9* 62.2±19.1* 1±1 ≤1cfu/ml 

HPC1 891.1±312.6* 750±215* 943.3±260.5* 6±1 ≤200cfu/ml 

Temp.1 21.98±0.15 23.1±0.61 30.4±0.06  Max 400C 

pH1 7.64±0.22 8.81±0.03* 6.8±0.04* 7.31 7.2-7.8 

Turbidity1 6.22±1.5* 11.0±0.8* 9.9±0.8* 2.07±0.68 1-5 NTU 

Free Cl2
1 0.1±0.0± 0.18±0.02± 0.1±0.0± 0.43±0.06 1-1.2 

TC2 97.7±34.2* 30.4±16.1* 46.2±8.5 I * 2±3 ≤10 cfu/100 

ml 

FC2 13.1±5.7* 8.4±3.0* 149.9±72.8 I * 0 0cfu/100ml 

FS2 4.1±1.3 4.0±1 11.7±2.2 I  ≤40cfu/100ml 

S. aureus2 231.1±81.2* 24.6±0.44* 226.7±67.6 I * 5±5 ≤1cfu/ml 

HPC2 497.7±167.3* 2261.1±343.6* 1421.1±352.6 I * 20±20 ≤200cfu/ml 

Temp.2 22.89±0.5 24.6±0.44 35.2±1.12 I  Max 400C 

pH2 7.75±0.4 8.2±0.08* 6.5±0.08 I * 7.21 7.2-7.8 

Turbidity2 7.8±2.12* 9.44±0.8* 8.8±1.2 I 0.14±0.02 1-5NTU 

Free Cl2
2 0.1±0.0± 0.13±0.02± 0.1±0.0 I ± 2.43±0.06 1-1.2 
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Among the 54 total samples 52 (96.3%) were positive for Staphylococcus aureus   and had 

greater than 0cfu/ml. only 2(3.7%) contain 0cfu/1ml (Table: 4). Staphylococcus is often found 

in water when bathers are present and is associated with flaking skin, dandruff and nasal 

secretions (QGQH, 2004). There is no significant variation among the different samples for S. 

aureus at Ghion (main and Teaching) and Ambo Spa which is very highly polluted than Ambo 

main pools then Air force main and teaching  relatively less polluted. 

In this study, S. aureus count was relatively higher than fecal coliforms and fecal Streptococci 

in all of the outdoor swimming pools (Table 4). Similar study conducted by (Tosti and 

Volterra, 1988) in two swimming pools of Italy shows that Staphylococcus and Pseudomonas 

are more numerous than fecal coliforms and fecal Streptococcus. This shows that the presence 

of S. aureus and fecal indicators (FC, FS) means that swimming pools examined presented 

both fecal and non-fecal contaminants. The higher percentage of isolation of S. aureus 

compared to fecal coliforms can be explained by the ecology of these bacteria as a normal 

inhabitant of the skin, nose, mouth and throat and its higher resistance to chlorine and 

environmental conditions (Croone and Tee, 1974; Alico and Dragonjiac, 1986).  

Bathers can transport significant amounts of S. aureus to the water column, so this may 

indicate that bathers may not take proper shower  (pre showering) before swimming to reduce 

the amount of bacteria that is shed per bather at a particular period of time (lack of hygiene of 

bathers before entering the water).  Additionally, high microbial loads that sometimes occur in 

pools may be due to incorrect management, the number of persons exceeding the capacity of 

the water system (bather load), or the low level of free chlorine may contribute for the 

presence of S. aureus not only this, the level of free residual chlorine measured fails to 

remove chlorine sensitive organisms such as fecal bacteria.  

Bacteriological contamination of swimming pools from various sources is not sole problem of 

developing countries which commonly lacks the technology, manpower, poor management of 

pools and etc; rather it is a problem of developed countries too. In South Australia, Esterman 

et al. (1984) surveyed 100 public and private swimming pools finding 18% of the pools with 

at least one unacceptable bacteriological result, but no significant difference between public 

and private pools was observed. 
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Furthermore, from 12 public swimming pools examined by Leoni et al. (1999) in Bologna, 

Italy, 34.2% did not conform to the recommended microbiological limits, 21.1% exceeded 200 

cfu/ml-1 for HPC at 36 0C. Statistical analysis of (Marins et al., 1995) also showed that the 

microbial variables studied TC, HPC, FS, S. aureus presented significant correlation with 

bathers load and water temperature. As well, in Iran, from 11 public swimming pools, 18.2% 

of the samples exhibited high rates of THC, TC and FC (Hajjartabar, 2004).  

Generally, in this study, the levels of bacteriological quality of tested samples from our six 

swimming pools were microbiologically unacceptable and all pools were contaminated by 

indicator species. From the total of 54 samples tested, the levels of S. aureus, TC, FC and 

HPC were above the recommended limit values in decreasing order 96.3% for S. aureus 

81.5% for TC, 79.6% for HPC, 70.4% for FC and 0% for FS. (Table 4) Closer results were 

observed in Greece; Rigas et al. (1998) surveyed 11 outdoor and indoor pools in Athens, 

finding 45–91% microbiological compliance to the DIN 19643, and predominance of S. 

aureus and P. aeruginosa.  

In another way, by considering the relative presence (amount) of TC /FC/FS/ S. aureus, in all 

of the tested outdoor pools, Ambo is more polluted then followed by Ghion with high TC/ S. 

aureus count then Air force club hotel is the least with low count in all except high HPC 

count in its Teaching pool. Specifically among the six pools Ambo spa was highly polluted by 

all tested microbial parameters followed by Ambo main pool next to this relatively higher 

pollution rate observed at Ghion (main and teaching pools) besides this, Air force officers 

club teaching pool polluted higher than its main pool which was relatively the least polluted. 

(Table 3) Air force club hotel pools uses filtration technique besides the disinfection processes 

hence this disinfection system may fever the low level of pollution (contamination) by 

microbes. 

A number of reasons associated to the observed quality. Lack of control over the bather 

density, hygienic condition of bathers, water temperature PH, level of free chlorine presence 

of particulate matters with in the water body were observed at sampling time.  More over a 

number of indicator or pathogenic bacteria have been known for their resistant to disinfection 

treatments. Additionally, many of the swimming pools are not isolated from the green areas 
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and playing yards and some have shared areas with restaurants. So, one can find different 

organic wastes dumped in or floating on the surface of the swimming water in the pool (Al-

khatib and salah, 2003). Hence this can be source of particulates in the swimming pool and 

this may fever the growth of microorganisms, or serve as a source of microorganisms besides 

its influence on the turbidity of the pool water. 

Table 7: Comparison of Physicochemical microbiological levels of Two natural bathing 

Lakes at DZ, 2008 (n=3 for each) with limit values. 

 

 

Sample site Parameter Mean values  Limit values of 

BSI,  1991 

cfu/100ml 

Status 

TC 73.2±7.6 ≤500 S 

FC 37.7±5.7 ≤100 S 

FS 103.3±32.7* ≤100 LS 

S. aureus 53.6±17.1 NA  

HPC 2618.8±377.6 NA  

Temp. oC 24.2±0.07 NA  

pH 8.9±0.1 NA  

 

Lake Babogaya 

Turbidity NTU 17.4±2.63 NA   

TC 117.8±24.3   ≤500 S 

FC 44.3±9.55 ≤100 S 

FS 66.8±8.0* ≤100 S 

S. aureus 51.4±16.8 NA  

HPC 1793.3±378.5 NA  

Temp.  oC 24.0±0.31 NA  

pH 8.83±0.022 NA  

 

Lake Hora 

Turbidity NTU 21.2±4.02 NA  

Keys: *, values above guideline values; NA, Not Available; TC, Total coliforms; FC, Fecal 

Coliforms; FS, Fecal Streptococcus; HPC, Hetrotrophic Plate Count; Temp, Temperature; NTU, 

Nephelometric Turbidity Unit 

 

36 

 



The natural bathing Lakes tasted for the available parameters, only the FS level  fairly exceed 

the guideline values  of BSI 100cfu/100ml.The FS mean level at Lake Babogaya were 

103.3±32.2 where as the mean level for similar parameter at lake Hora were 66.8±8.0 

(Table7). The compliance level ranges from 11.1% to 33.3% (Table 9). From the 18 samples 

(from both Lakes) tested for 22.2% were above the limit value of BSI >100cfu/100ml (Table 

8). The source of such indicators may include fecal contamination by warm blooded animals 

like birds wild and or domestic animals, including humans. There is a possibility to get 

Entrococcus, in tropical freshwater environments because, they have a capacity to remain 

active and even grow in tropical freshwater environments (Muniz et al., 1989; Hardina and 

Fujioka, 1991).  

Table 8: Range values and frequencies and percentages of TC, FC, and FS, from two 

natural bathing Lakes, 2008(n=3 for each)   

 

 
  BSI,1991 standard of bathing water quality  
Microbial 

parameters 

cfu/100ml 

≤500* >500 ≤100* >100 Total samples of both 

Lakes 

TC  18 0   

 

18 

FC  

 

 

 

 

 

 

 

 
          
 
 

 

 

 

Keys: *, Values above the guideline values; TC, Total Coliforms; FC, Fecal Coliforms; FS, Fecal Streptococcus  

 

 

 

 

 

18 0 18 

FS    

 

14 4 

(22.2%) 
 

 

18 
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Table 9:  Compliance to Standards of BSI, 1991 Microbiological parameters for Natural 

bathing Lake water, 2008(n=3 for each). 

 

 

 
Compliance of bacteriological water qualities of the studied sites  

             Natural bathing lakes 

                 Babogaya                 Hora 

Parameters 

cfu/100ml 

positive Negative Total 

sample 

Positive Negative Total sample 

TC  0 9 9 0 9 9 

FC  0 9 9 0 

 

 

 

 

 

 
9 9 

FS 

 

 3 6 9 1 8 

        (33.3%)*  (11.1%)* 

9 

Keys: *   Standards of BSI; TC, Total Coliforms; FC, Fecal Coliforms; FS, Fecal Streptococcus 

 

4.2. Physicochemical parameters  

The uppermost temperature was recorded from the Ambo Ethiopia hotel spa 35.2±1.12 where 

as Ghion hotels main swimming pool was the least 21.98±0.15 which is not statistically 

significant from Ghion hotel (teaching) and Air force club (main) pools. pH was highest at 

Air force officer’s club hotel main swimming pool 8.81±0.03 (alkaline) and the smallest mean 

amount was from Ambo Ethiopia hotel spa 6.5±0.08. The maximum turbidity was observed at 

Air force officer’s club hotels main swimming pool 11.0±0.8 where as the least was from 

Ghion hotels main swimming pool 6.22±1.5 which is not significantly different from Ghion 

(teaching) and Air force club (Teaching) (Table 10).  
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Out of the total tested samples for free chlorine, all of the samples had a concentration less 

than 1ppm1(mg/l). But,  the maximum mean  free chlorine were observed from  AFOCH 

main swimming pool  which was 0.18±0.02  where as the minimum mean values were 

observed from  GHMSP,GHTSP,AETHMSP and AETH spa  which was  0.1±0.0 (Table 10) .  

The mean Temperature and pH of Lake Babogaya and Hora were almost similar. Both have 

alkaline pH 8.9±0.1 (Babogaya) 8.83±0.02 (Hora), Temperature 24.2±0.07 (Babogaya) 

24.0±0.31 (Hora). But Lake Babogaya was less turbid 17.4±2.63 than Lake Hora 21.2±4.02 

(Table 10). 

Table 10:  Mean levels of Physicochemical parameters of outdoor swimming pools and natural 

water bodies 2008 (n=3 for each) 

Outdoor swimming pools Natural recreational 

water bodies(Lakes) 

Ghion Hotels Ambo Ethiopia 

Hotel 

Air force officers  

Club hotels 

Physico

chemic

al 

parame

ters Main Teach. Main Spa Main Teach. 

Babogaya Hora 

TOC 21.98±

0.15d

22.89±  

0.5 d
30.4± 

0.06 b
35.2±1.1a 23.1± 

0.6 d
24.6±0.4 c 24.2±0.07 a 24.0±0.31a 

pH 7.64± 

0.22 c
7.75±0.4 c 6.8± 

0.04 d

6.5±0.08 c 8.8± 

0.03 a

8.2±0.08 b 8.9±0.1 a 8.83±  

0.02a  

Turbidity 

FAU= 

(NTU) 

6.22± 

1.5 b
7.8±    

2.12 a b

9.9±  

0.8 a b

8.8±1.2 a b 11±   

0.8 a

9.4±0.8 a b 17.4±  

2.63ab 

21.2±4.02a  

Free Cl2 

Mg/L 

0.1±0.0 c 0.1±0.0 c0.1± 

0.0 c
0.1±  

0.0 c

0.18± 

0.02 a
0.13±  

0.02 b

Not treated Not treated 

     Keys: letters a, b, ab, c, d indicates the relative   significance of the recorded values                         

From the tested outdoor swimming pools temperature was higher at Ambo Ethiopia natural 

spa then followed by the main swimming pool of Ambo,  Air force club teaching pool has 

greater temperature than the main (Air force) which is almost equal to the main and teaching 

pools of Ghion. 

39 

 



Turbidity was highest at main pool (Air force) then followed by teaching (Air force) which is 

relatively equal to Ghion (teaching), Ambo (spa and main pools) the least was recorded at 

Ghion main pool whereas, pH was greater at Air force (main) followed by teaching (Air 

force) which was greater than both of Ghion and Ambo pools. 

Table 11: Compliance level and percentages of physicochemical parameters of outdoor 

swimming pools, 2008 (n=3 for each). 

 

Physico- 

chemical 

parameters 

      Limit values or  Standard (WHO,2006) Total 

Samp

les 

<1 1-3* <1 1-5* >5 < 7.1 7.2-7.8* > 7.9 < 39* > 40   

54 

Free Cl2

Mg l-1
54 

100% 

0 

 

Keys: *, Standard levels of WHO, (2006) 

 

 

 

        54 

Turbidity 

FAU=NTU 

  0 13 41 

(75.9%)   

 

     54 

pH        

 

18 18  

 

18  

33.3% 

  

 

      

54 

Temperature 

0C 

         54 0 54 
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From the total 54 outdoor swimming pool samples (41) of them 75.9% were above the guide 

line level (>5FAU) where as the remaining 13(24.1%) were shows turbidity measurements 

between 1-5 FAU (Table: 11). The sources of the observed turbidity may include presence of 

organic or inorganic suspended materials from street or working place soil, dust, pollen, 

microorganisms like algae and etc. Since the pools are outdoor (exposed to every type of 

pollution), particulate matters from the environment easily may fall or enter to the pools. 

Moreover the observed relatively high turbidity at Air force officers club pools (both main 

and teaching) and that of Ambo (main and spa) may be due to the position of the pools which 

is near to the main road and the surrounding trees nearby of the pools. The nature of Source of 

water (ground water) may also contribute for higher value of turbidity besides the number of 

bathers. Additionally Debre Zeit is known as part of Rift valley area; Air force club pools may 

be polluted by dusts (soils) which can be easily blown by wind long distances. The presence 

of particulate matter in water may shield microorganisms from the effects of disinfectants.  

Chlorine is used to disinfect swimming pools and   must be present continually and in 

sufficient concentrations in order to protect against survival of newly introduced pathogens. 

The total number of samples taken at pools that used chlorine as a disinfectant was 54. And 

all of samples 54(100%) held free chlorine residue that is below the limit level of WHO, 

(2006). (Table: 11) 

The reasons for such low level of free residual chlorine might be, using less amount and 

concentration of chlorine which may be incomparable to the volume of water, presence high 

level of organic matter, microbial load, at higher temperature and in outdoor swimming pools, 

chlorine easily evaporate (Ambo) and held unavailable. Physicochemical parameters of the 

water have strong influence on the efficiency of disinfection process. Factors like pH, 

turbidity of the water, concentration of chlorine and contact time, influence the efficiency of 

disinfection with chlorine (Galal, 1996).  

The mean pH was highest at Air force officer’s club hotel main swimming pool 8.81±0.03 

(alkaline) and the smallest amount was from Ambo Ethiopia hotels spa 6.5±0.008 (Table:10). 

Out of the 54 samples taken from the outdoor swimming pools had pH 7.2-7.8 (33.3%) and 

>7.8(33.3%) (Table: 11).  

41 

 



The observed pH in the pools occurred possibly from nature of water source surface or ground 

water. The swimming pools studied uses ground water (thermal hot spring water (Ambo and 

Ghion), and non thermal ground water, (Air force club hotel)). But Ghion hotels also use 

drinking municipal (surface) water besides thermal hot spring water. (Table 2) Surface water 

at high land areas possesses pH closer to 7 hence; this may be the reason for the observed pH 

at Ghion pools.  Debre Zeit is found in rift valley regions and Air force club hotel uses ground 

water for its outdoor swimming pools, since water bodies of Rift valley regions known to 

contain alkaline pH (e.g. Lake Hora and Babogaya, (Table 11) this ground water possibly 

resulted the pool to have higher pH. Moreover, since all of the swimming pools uses chlorine 

for disinfection, to increase the efficiency of chlorine WHO, (2006) recommends the pH of 

pool water between 7.2 and 7.8. 
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5. Conclusion and Recommendations 

5.1. Conclusion 

The bacteriological results from this study (especially the outdoor swimming pools) showed that 

most of the bacteriological parameters measured(TC, FC, S. aureus, HPC) were not in harmony 

with the reference values set out by WHO, (2006) and most of the outdoor swimming pools 

investigated were grossly polluted. Specifically, Ambo Pools were relatively polluted at highest 

level followed by Ghion hotels pools then the least polluted was Air force officer’s club hotels.  

Similarly, the physicochemical parameters measured from outdoor swimming pools (Free cl2, 

Turbidity) were not in accordance with WHO limit values. 

The swimming pools water is affected mainly due to the current absence of strict regulations, 

monitoring (supervision) and control system, good sanitation, hygiene education, proper 

disinfection and/or lack of control over related parameters to efficient disinfection processes. 

This situation could result in hazards for the swimmers and the surrounding communities due to 

the spread of microorganisms, including opportunistic pathogens. Samples of pool water from 

public and semipublic pools must meet and constantly checked for quality criteria including 

bacteriological, visual and chemical standards at appropriate intervals. Strict legislation with the 

aim of insuring the safety of pool users is highly required. 
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5.2. Recommendation 

  Based on the research findings the following recommendations can be drawn: 

 Samples of pool water should be constantly checked for quality criteria of 

bacteriological, visual and chemical standards at appropriate intervals by responsible 

bodies 

 

 Awareness raising has paramount importance among user groups and should concern 

both to the hazards that they may reasonably encounter together with the hazards that 

may present to other users. 

 

 To control the possible adverse health outcomes from recreational water activities, it 

needs guidelines, standards and limits that can be converted into locally (i.e., 

nationally or regionally) appropriate standards and associated management of sites to 

ensure a safe, healthy and aesthetically pleasing environment. 

 

 Further extensive work and investigations are required on other recreational bodies 

such as Sheraton Addis and Hilton Addis that include additional parameters and the 

seasonal variations by using biochemical and genetic methods. 
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Annex: 1 Table showing Physicochemical, bacteriological levels of Ghion Hotels Main Swimming Pool 

 

Sample 
Site 

Water type and 
source 

Microbial parameter S1 S2 S3 AVG 

       
TC/100ml 33 300 14 115.6 
FC/100ml 13 40 3 18.66 
FS/100ml 1 9 2 4 
S. aureus /1ml 50 50 110 70 
FC/FS 13 4.44 1.5 4.665 
APC/1ml @36±1OC 360 900 1190 816.66 
APC/1ml @20±1OC 110 340 680 376.66 
Bather densities 15 30 37 27.3 
To 22.4 21.8 21 21.7 
PH 7.57 7.66 7.55 7.59 
Turbidity 2 13 4 6.33 
Free chlorine(DPD1) 0.1 0.1 0.1 0.1 

 
 
 
GHMSP1 

 
 
 
Hot spring thermal 
water and  urban 
drinking water  

Total   Chlorine(DPD3) 0.3 0.1 0.1 0.16 
Sample 
Site 

Water type and 
source 

Microbial parameter S1 

Sample 
Site 

Water type and 
source 

Microbial parameter S1 S2 S3 AVG 

TC/100ml 17 280 12 103 
FC/100ml 0 20 5 8.66 
FS/100ml 2 4 1 2.33 
S. aureus /1ml 10 20 320 116.66 
FC/FS 0.5 5 5 3.72 
APC/1ml @36±1OC 160 390 1600 716.66 
APC/1ml @20±1OC 50 120 150 106.66 
Bather densities 15 30 37 27.33 
To 22.3 22 22 22.1 
PH 7.6 7.71 7.6 7.63 
Turbidity 9 5 13 9 
Free chlorine(DPD1) 0.1 0.1 0.1 0.1 

 
 
 
GHMSP3 

 
 
 
Hot spring thermal 
water and  urban 
drinking water 

Total Chlorine(DPD3) 0.15 0.1 0.1 0.11 
 

Key: GHMSP; Ghion Hotels Main Swimming Pool 

 

 

 

 

S2 S3 AVG 

TC/100ml 44 297 12 117.66 
FC/100ml 0 14 4 6.33 
FS/100ml 3 0 6 3 
S. aureus /1ml 40 390 10 146.66 
FC/FS 0.33 14 1.5 2.11 
APC/1ml @36±1OC 240 3000 180 1140 
APC/1ml @20±1OC 70 210 30 103.33 
Bather densities 15 30 37 27.33 
To 22.6 22 21.8 22.13 
PH 7.74 7.71 7.65 7.7 
Turbidity 1 6 3 3.33 
Free chlorine(DPD1) 0.1 0.1 0.1 0.1 

 
 
 
GHMSP2 

 
 
Hot spring thermal 
water and  urban 
drinking water 

Total Chlorine(DPD3) 0.15 0.1 0.1 0.11 



Annex: 2 Table showing Physicochemical, bacteriological levels of Ghion Hotels Teaching Swimming Pool 

Sample 
Site 

Water type and 
source 

 Microbial parameter S1 S2 S3 AVG 

TC/100ml 27 300 10 112.33 
 FC/100ml 0 12 4 5.66 
 FS/100ml 4 3 0 2.66 
 S. aureus /1ml 90 700 200 330 
 FC/FS 0.25 4 4 2.13 
APC/1ml @36±1OC 300 650 1420 790 
APC/1ml @20±1OC 90 60 190 113.33 
Bather densities 19 27 32 26 
  To 22.9 22.8 23 22.9 
PH 7.56 7.63 7.89 7.69 
 Turbidity 7 5 2 4.66 
Free chlorine(DPD1) 0.1 0.1 0.1 0.1 

 
 

GHTSP1 

 
 
 

Hot spring thermal 
water and  urban 

drinking water 

Total  Chlorine(DPD3) 0.2 0.1 0.1 0.13 
 Sample 
Site 

Water type and 
source 

Microbial parameter S1 S2 S3 AVG 

TC/100ml 16 180 140 112 

FC/100ml 0 8 53 20.66 

FS/100ml   0 7 13 7 

S. aureus /1ml 110 580 230 306.6 
FC/FS 0 1.14 4.08 2.95 
APC/1ml @36±1OC 40 530 1160 576.66 
APC/1ml @20±1OC 0 140 430 190 
Bather densities 19 27 32 26 
To 23.1 22.7 22.9 22.9 
PH 7.78 7.64 7.88 7.76 
Turbidity 3 4 10 5.66 
Free chlorine(DPD1) 0.1 0.1 0.1 0.1 

 
 
 
 
GHTSP2 

 
 
 
Hot spring thermal 
water and  urban 
drinking water 

Total Chlorine(DPD3) 0.2 0.1 0.1 0.13 
Sample 
Site 

Water type and 
source 

Microbial parameter S1 S2 S3 AVG 

TC/100ml 10 160 36 68.66 
FC/100ml 0 11 27 13 
FS/100ml 2 5 0 2.66 
S. aureus /1ml 10 40 120 56.66 
FC/FS 0.5 2.2 27 4.88 
APC/1ml @36±1OC 100 0 280 126.6 
APC/1ml @20±1OC 30 60 130 73.33 
Bather densities 19 27 32 26 
To 23 22.8 22.7 22.8 
PH 7.78 7.79 7.91 7.83 
Turbidity 3 16 20 13 
Free chlorine(DPD1) 0.1 0.1 0.1 0.1 

 
 
GHTSP3 

 
 
Hot spring thermal 
water and  urban 
drinking water 

Total Chlorine(DPD3) 0.2 0.1 0.1 0.1 
 

Key; GHTSP; Ghion Hotels Teaching Swimming Pool 

 

 

 

 

 



Annex: 3 Table showing Physicochemical, bacteriological levels of Ambo Ethiopia Hotel Main Swimming Pool 

Sample 
Site 

Water type and 
source 

Microbial parameter S1 S2 S3 AVG 

TC/100ml 80 19 32 43.66 
FC/100ml 78 36 34 49.33 
FS/100ml 8 3 6 5.66 
S. aureus 1ml 50 20 60 43.33 
FC/FS 9.75 12 5.66 8.72 
APC/1ml @36±1OC 160 690 1100 650 
APC/1ml @20±1OC 0 240 460 233.33 
Bather densities 13 24 41 26 
To 30.0 30.5 30.6 30.36 
PH 6.89 6.85 6.78 6.84 
Turbidity 8 8 12 9.33 
Free chlorine(DPD1) 0.1 0.1 0.1 0.1 

 
 
AETHMSP1 

 
 
Hot spring thermal 
water 

Total Chlorine(DPD3) 0.1 0.1 0.1 0.1 
Sample 
Site 

Water type and 
source 

Microbial parameter S1 S2 S3 AVG 

TC/100ml 64 53 30 49 
FC/100ml 70 0 20 30.33 
FS/100ml 20 13 17 16.66 
S. aureus 1ml 10 70 190 90 
FC/FS 3.5 0.077 1.18 1.82 
APC/1ml @36±1OC 400 2700 700 1266.66 
APC/1ml @20±1OC 150 990 490 543.33 
Bather densities 13 24 41 26 
To 30.6 30.6 30.3 30.5 
PH 6.86 6.90 6.75 6.83 
Turbidity 9 10 10 9.66 
Free chlorine(DPD1) 0.1 0.1 0.1 0.1 

 
 
AETHMSP2 

 
 
Hot spring thermal 
water 

Total Chlorine(DPD3) 0.1 0.1 0.1 0.1 
Sample 
Site 

Water type and 
source 

Microbial parameter S1 S2 S3 AVG 

TC/100ml 50 46 20 38.66 
FC/100ml 34 19 32 28.33 
FS/100ml 1 2 12 5 
S. aureus 1ml 30 20 110 53.33 
FC/FS 34 9.5 2.66 5.66 
APC/1ml @36±1OC 440 700 1600 913.33 
APC/1ml @20±1OC 210 270 780 420 
Bather densities 13 24 41 26 
To 30.3 30.4 30.5 30.4 
PH 6.83 6.74 6.85 6.80 
Turbidity 10 7 8 8.33 
Free chlorine(DPD1) 0.1 0.1 0.1 0.1 

 
 
AETHMSP3 

 
 
 
Hot spring thermal 
water 

Total Chlorine(DPD3) 0.1 0.1 0.1 0.1 
 

Key: AETHMSP; Ambo Ethiopia Hotel Main Swimming Pool 

 

 

 

 

 

 



 

Annex: 4 Table showing Physicochemical, bacteriological levels of Ambo Ethiopia Hotel Spa pool 

Sample 
Site 

Water type and 
source 

Microbial parameter S1 S2 S3 AVG 

TC/100ml 83 39 16 46 
FC/100ml 24 0 16 13.66 
FS/100ml 16 2 8 8.66 
S. aureus /1ml 60 20 130 70 
FC/FS 1.5 0.5 2 1.58 
APC/1ml @36±1OC 620 130 2100 950 
APC/1ml @20±1OC 190 80 950 406.66 
Bather densities 13 24 41 26 
To 30.5 30.2 31.5 30.73 
PH 6.76 6.68 6.54 6.66 
Turbidity 13 8 14 11.66 
Free chlorine(DPD1) 0.1 0.1 0.1 0.1 

 
 
AETHTSPa1 

 
 
Hot spring thermal 
water 

Total Chlorine(DPD3) 0.1 0.1 0.1 0.1 
Sample 
Site 

Water type and 
source 

Microbial parameter S1 S2 S3 AVG 

TC/100ml 39 26 56 40.33 
FC/100ml 70 52 352 158 
FS/100ml 7 20 10 12.33 
S. aureus /1ml 50 390 290 243.33 
FC/FS 10 2.6 35.2 12.8 
APC/1ml @36±1OC 2600 820 950 1456.66 
APC/1ml @20±1OC 1300 300 400 666.66 
Bather densities 6 3 3 3 
To 37.2 37.6 37.9 37.56 
PH 6.69 6.34 6.10 6.38 
Turbidity 8 9 5 7.33 
Free chlorine(DPD1) 0.1 0.1 0.1 0.1 

 
 
AETHSPa2 

 
 
Hot spring thermal 
water 

Total Chlorine(DPD3) 0.1 0.1 0.1 0.1 
Sample 
Site 

Water type and 
source 

Microbial parameter S1 S2 S3 AVG 

TC/100ml 18 54 84 52 
FC/100ml 110 64 660 278 
FS/100ml 12 22 8 14 
S. aureus /1ml 140 320 640 366.66 
FC/FS 9.16 2.91 82.5 19.86 
APC/1ml @36±1OC 3400 900 1270 1856.66 
APC/1ml @20±1OC 1280 190 390 620 
Bather densities 4 6 7 5.66 
To 36.7 37.8 37.5 37.33 
PH 6.59 6.35 6.20 6.38 
Turbidity 5 13 5 7.66 
Free chlorine(DPD1) 0.1 0.1 0.1 0.1 

 
 
AETHSPa3 

 
 
Hot spring thermal 
water 

Total Chlorine(DPD3) 0.1 0.1 0.1 0.1 
 

Keys: AETH Spa; Ambo Ethiopia Hotel Spa 

 

 

 

 

 



Annex: 5 Table showing Physicochemical, bacteriological levels of Air Force Officers Club Hotels Main Swimming Pool 

Sample 
Site 

Water type and 
source 

Microbial parameter S1 S2 S3 AVG 

TC/100ml 7 8 15 10 
FC/100ml 0 0 6 2.33 
FS/100ml 0 14 9 8 
S. aureus /1ml 10 30 60 33.33 
FC/FS - 0.07 0.67 0.29 
APC/1ml @36±1OC 160 1810 0 656.66 
APC/1ml @20±1OC 30 300 1040 456.66 
Bather densities 12 17 9 12.66 
To 21 25 24.3 23.43 
PH 8.74 8.81 8.88 8.81 
Turbidity 14 10 7 10.33 
Free chlorine(DPD1) 0.2 0.3 0.1 0.2 

 
 
AFOCHMSP1 

 
 
 
Ground water 

Total Chlorine(DPD3) 0.3 0.4 0.1 0.266 
Sample 
Site 

Water type and 
source 

Microbial parameter S1 S2 S3 AVG 

TC/100ml 4 8 24 12 
FC/100ml 1 0 5 2.33 
FS/100ml 0 1 3 1.66 
S. aureus /1ml 10 20 70 33.33 
FC/FS 1 1 1.66 1.40 
APC/1ml @36±1OC 150 220 790 386.66 
APC/1ml @20±1OC 60 0 230 96.66 
Bather densities 12 17 9 12.66 
To 20.9 25.1 23.2 23.06 
PH 8.69 8.86 8.74 8.76 
Turbidity 11 9 14 11.33 
Free chlorine(DPD1) 0.2 0.2 0.1 0.16 

 
 
AFOCHMSP2 

 
 
 
Ground water 

Total Chlorine(DPD3) 0.3 0.25 0.1 0.21 
Sample 
Site 

Water type and 
source 

Microbial parameter S1 S2 S3 AVG 

TC/100ml 18 14 32 32 
FC/100ml 1 0 18 6.66 
FS/100ml 0 7 7 5 
S. aureus /1ml 30 10 0 13.66 
FC/FS 1 0.7 7 1.33 
APC/1ml @36±1OC 1170 1390 1060 1206.66 
APC/1ml @20±1OC 830 570 0 467 
Bather densities 12 17 9 12.66 
To 21.1 25.1 22.3 22.83 
PH 8.76 8.87 8.90 8.84 
Turbidity 12 12 10 11.33 
Free chlorine(DPD1) 0.2 0.2 0.1 0.16 

 
 
AFOCHMSP3 

 
 
 
Ground water 

Total Chlorine(DPD3) 0.3 0.2 0.1 0.2 
 

Keys: AFOCHMSP; Air Force Officers Club Hotels Main Swimming Pool 

 

 

 

 

 

 



Annex: 6 Table showing Physicochemical, bacteriological levels of Air Force Officers Club Hotels Teaching Swimming Pool 

Sample 
Site 

Water type and 
source 

Microbial parameter S1 S2 S3 AVG 

TC/100ml 0 28 156 61.66 
FC/100ml 13 0 29 14.33 
FS/100ml 5 6 9 6.66 
S. aureus /1ml 20 40 0 20.33 
FC/FS 2.6 0.17 3.22 2.02 
APC/1ml @36±1OC 3120 0 2710 1943.66 
APC/1ml @20±1OC 1060 390 860 770 
Bather densities 10 23 13 15.33 
To 25 25.6 24.7 25.1 
PH 8.08 8.15 8.83 8.35 
Turbidity 6 12 9 9 
Free chlorine(DPD1) 0.2 0.1 0.1 0.13 

 
 
AFOCHTSP1 

 
 
Ground water 

Total Chlorine(DPD3) 0.3 0.15 0.1 0.18 
Sample 
Site 

Water type and 
source 

Microbial parameter S1 S2 S3 AVG 

TC/100ml 24 17 10 17 
FC/100ml 11 0 8 6.66 
FS/100ml 2 3 0 2 
S. aureus /1ml 50 10 20 26.66 
FC/FS 5.5 0.3 8 4.6 
APC/1ml @36±1OC 2100 2700 3480 2760 
APC/1ml @20±1OC 1010 790 1130 796.66 
Bather densities 10 23 13 15.33 
To 24 25.6 25.7 25.1 
PH 8.10 8.20 8.3 8.2 
Turbidity 8 11 7 8.66 
Free chlorine(DPD1) 0.2 0.1 0.1 0.13 

 
 
 
AFOCHTSP2 

 
 
 
Ground water 

Total Chlorine(DPD3) 0.3 0.15 0.1 0.18 
Sample 
Site 

Water type and 
source 

Microbial parameter S1 S2 S3 AVG 

TC/100ml 10 0 27 12.66 
FC/100ml 3 0 9 4.33 
FS/100ml 0 2 7 3.33 
S. aureus 1ml 40 30 10 26.66 
FC/FS 3 0.5 1.29 1.6 
APC/1ml @36±1OC 1840 1670 2730 2080 
APC/1ml @20±1OC 530 400 1010 646.66 
Bather densities 10 23 13 15.33 
To 21.6 25.6 24 23.73 
PH 8.04 8.20 8.00 8.08 
Turbidity 9 13 10 10.66 
Free chlorine(DPD1) 0.2 0.1 0.1 0.13 

 
 
AFOCHTSP3 

 
 
 
Ground water 

Total Chlorine(DPD3) 0.3 0.1 0.1 0.16 
 

Keys: AFOCHTSP; Air Force Officers Club Hotels Teaching Swimming Pool 

 

 

 

 

 

 



 

Annex: 7 Table showing Physicochemical, bacteriological levels of natural bathing Lake Babogaya, Debre Zeit 

Sample 
Site 

Water type and 
source 

Microbial parameter S1 S2 S3 AVG 

TC/100ml 56 58 78 64 
FC/100ml 18 50 36 34.66 
FS/100ml 24 76 0 33.66 
S. aureus /1ml 20 10 40 23.33 
FC/FS 0.75 0.66 36 12.47 
APC/1ml @36±1OC 500 4200 3640 2780 
APC/1ml @20±1OC 0 2280 1910 1397 
Bather densities 55 69 32 52 
To 24.5 24.1 24.0 24.2 
PH 8.96 9.11 9.00 9.02 
Turbidity 9 29 13 17 
Free chlorine(DPD1) - - - - 

 
 
LB1 

 
 
 
 
Lake water 

Total Chlorine(DPD3) - - - -- 
Sample 
Site 

Water type and 
source 

Microbial parameter S1 S2 S3 AVG 

TC/100ml 120 78 89 95.66 
FC/100ml  66 34 56 52 
FS/100ml 72 320 115 169 
S. aureus /1ml 70 0 140 70.33 
FC/FS 0.92 0.12 0.4 0.31 
APC/1ml @36±1OC 3380 2610 2390 2793.33 
APC/1ml @20±1OC 1870 1160 0 1010.33 
Bather densities 55 69 32 52 
To 24.3 24.3 24.0 24.2 
PH 8.99 9.12 8.13 8.75 
Turbidity 11 17 25 17.66 
Free chlorine(DPD1)     

 
 
LB2 

 
 
 
 
Lake water 

Total Chlorine(DPD3)     
Sample 
Site 

Water type and 
source 

Microbial parameter S1 S2 S3 AVG 

TC/100ml 76 40 64 60 
FC/100ml 40 22 17 26.33 
FS/100ml 46 192 83 107 
S. aureus /1ml 90 0 110 67 
FC/FS 0.87 0.11 0.2 0.25 
APC/1ml @36±1OC 1400 2940 2510 2283.33 
APC/1ml @20±1OC 0 700 820 507 
Bather densities 55 69 32 52 
To 24.0 24.6 24.3 24.6 
PH 9.00 9.14 8.96 9.03 
Turbidity 10 28 15 17.66 
Free chlorine(DPD1)     

 
 
LB3 

 
 
 
 
Lake water 

Total Chlorine(DPD3)     
 

Key; LB; Lake Babogaya 

 

 

 

 

 



 

 

Annex: 8 Table showing Physicochemical, bacteriological levels of natural bathing Lake Hora , Debre Zeit 

Sample 
Site 

Water type and 
source 

Microbial parameter S1 S2 S3 AVG 

TC/100ml 122 160 256 179.33 
FC/100ml 80 54 16 50 
FS/100ml 114 66 74 84.66 
S. aureus /1ml 40 0 80 40.33 
FC/FS 0.71 0.82 0.23 0.59 
APC/1ml @36±1OC 600 2790 1680 1690 
APC/1ml @20±1OC 0 900 600 500.00 
Bather densities 36 17 8 20.33 
To 24.5 24.9 25.0 24.8 
PH 8.74 8.88 8.83 8.82 
Turbidity 14 33 20 22.33 
Free chlorine(DPD1)     

 
 
LH1 

 
 
 
 
Lake water 

Total Chlorine(DPD3)     
Sample 
Site 

Water type and 
source 

Microbial parameter S1 S2 S3 AVG 

TC/100ml 66 36 140 80.66 
FC/100ml 54 12 95 53.66 
FS/100ml 68 32 50 50 
S. aureus /1ml 80 30 0 37 
FC/FS 0.79 1.06 1.9 1.07 
APC/1ml @36±1OC 1280 0 2290 1190.33 
APC/1ml @20±1OC 330 670 1090 696.66 
Bather densities 36 17 8 20.33 
To 24.4 22.5 23 23.33 
PH 8.76 8.96 8.81 8.84 
Turbidity 15 38 11 21.33 
Free chlorine(DPD1)     

 
 
LH2 

 
 
 
 
Lake water 

Total Chlorine(DPD3)     
Sample 
Site 

Water type and 
source 

Microbial parameter S1 S2 S3 AVG 

TC/100ml 48 58 174 93.33 
FC/100ml 30 26 32 29.33 
FS/100ml 51 57 89 65.66 
S. aureus/1ml 80 150 0 77 
FC/FS 0.59 0.46 0.36 0.45 
APC/1ml @36±1OC 1200 2900 3400 2500 
APC/1ml @20±1OC 300 0 820 373.66 
Bather densities 36 17 8 20.33 
To 24.7 24.0 23 23.9 
PH 8.83 8.84 8.80 8.82 
Turbidity 6 40 16 20.66 
Free chlorine(DPD1) - -   

 
 
LH3 

 
 
 
 
Lake water 

Total Chlorine(DPD3) - --   

 

Key: LH; Lake Hora, 

 


	 
	 
	Thesis ack..pdf
	Acknowledgements 
	Table of Contents 
	Acronyms 
	List of Tables 
	 
	 
	List of Figures 
	Abstract 

	Thesis body.pdf
	1.1. General Objective 
	1.2. Specific objectives 
	2. 1. Infectious diseases from Water Exposure 
	2.2 Commonly used microbial Indicators  
	 
	2.2.1. Total Coliforms bacteria (TC) 
	2.2.2. Fecal coliforms (Thermotolerant Coliforms) bacteria (FC) 
	2.2.3. Fecal Streptococci and Enterococci (FS) 
	2.2.4. Staphylococcus aureus  
	 
	2.3 Chemical hazards 
	 
	 
	 
	2.4 Current status of recreational waters 
	3.1. Description of the study area 
	3.2. Sampling and Sample collection 
	3.3 Sample Analyses 
	3.3.1 Microbiological Analyses 
	   3.3.2 Physicochemical analyses 


	3.4. Statistical analysis of data 
	 
	4.1. Microbiological parameters  
	Name of sample site
	        Water source
	Length /m
	Width / m
	Depth /m 
	Water volume /m3
	Ghion Hotel main swimming pool
	Mixed (Hot spring thermal water and municipal drinking water)
	50
	25
	2-5 AV.3.5
	4375
	Ghion Hotel teaching swimming pool
	Mixed (Hot spring thermal water and municipal drinking water)
	17
	8
	1
	136
	Air force officers club Hotel main swimming pool
	Ground water 
	50
	25
	2-5 Av.3.5
	4375
	Air force officers club Hotel teaching pool
	Ground water
	12
	7
	1
	84
	Ambo Ethiopia Hotel main swimming pool
	Hot spring thermal water
	50
	20
	1.5-3 Av.2.25
	2250
	Ambo Ethiopia Hotel natural spa
	Hot spring thermal water
	1.20
	1.20
	0.6  
	0.864
	Parameters
	             Ghion Hotels
	Air force officers Club Hotels
	Ambo Ethiopia Hotel 
	Stat.
	Teach
	Stat.
	Main
	Stat.
	Teach.
	Stat
	Main
	Stat.
	Spa
	Stat.
	TC/100ml
	HP
	HP
	LP
	HP
	HP
	HP
	FC/100ml
	HP
	HP
	HP
	HP
	VHP
	VHP
	FS/100 ml
	S
	S
	S
	S
	S
	S
	S. aureus /ml
	VHP
	VHP
	P
	P
	HP
	VHP
	HPC /ml
	P
	P
	P
	HP
	HP
	HP
	Total points
	16
	16
	12
	15
	17
	18
	Keys: TC, Total Coliforms; FC, Fecal Coliforms; FS, Fecal Streptococcus; HPC, Hetrotrophic Plate Count ;VHP, Very Highly Polluted; HP, Highly Polluted; P, Polluted; LP, Least Polluted; S, Safe; LS, Less Safe; VHP= >100x polluted than the standard, HP= >10X polluted than the standard, P= 3-9X polluted then the standard, LP= 1-2X polluted than the standard; S= relatively closer to the standard or less; Points given   VHP=5; HP=4; P=3; LP=2; S=0 
	 
	4.2. Physicochemical parameters  
	     Keys: letters a, b, ab, c, d indicates the relative   significance of the recorded values                         

	5.1. Conclusion 
	5.2. Recommendation 
	 Declaration 



