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ABSTRACT 

Microorganisms are ubiquitous. Even decorative water fountains have the potential to 

harbour pathogens. As diseases can be transmitted via water medium, some of these 

pathogens in decorative water fountain may cause severe diseases to humans. This research 

was conducted to determine the presence of microorganisms in decorative water fountains in 

Kuching. There were 14 water samples obtained from different locations in Kuching, either 

indoor or outdoor. Water samples collection and direct inoculation method were employed to 

elucidate the presence of microorganisms. BBL Crystal Identification System was used for 

further identification of types of microorganism present. The results indicated that II out of 

14 (78.6%) of the water samples were contaminated with microorganisms. 3 out of the 11 

polluted samples (27.2%) contained pathogenic bacteria. This suggest that most of the water 

fountain in Kuching are polluted but those that contain pathogenic bacteria are much less. 

The results indicated presence of gram negative bacteria in all of the } I contaminated water 

samples. Preliminary screening identified the presence of Klebsiella pneumoniae, Klebsiella 

oxytoca and Vibrio cholerae, but rescreening showed negative results. It can be concluded 

that decorative water fountains in Kuching are contaminated with microorganisms, which 

may cause health hazard to the community . 
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CHAPTER 1 

1. INTRODUCTION 

1.1 Background Study 

Decorative water fountains (water display items) are becoming increasingly popular in 

public places and many of the more high profile commercial properties such as restaurants, 

hotels and shopping malls. Decorative water fountains may have dirt and microbiological 

growth, yet they may not always show as dirty water or discoloured surface appearance 

(CorrView, 2007). 

Decorative water fountains are not designed to be bathed in or for interaction. 

Therefore, theoretically there is less risk of direct contamination. However, there still remains 

a risk from contact, shredding of fecal organisms as people especially children are drawn to 

the water feature (Havelaar et ai, 200 I). 

According to Mason (2007), decorative water fountains are often rejected in hospital 

settings. Particular concern is for patients with weak immune systems, who are especially 

susceptible to infections. The mist that falling water naturally generates could spread 

waterborne pathogens into the air, where inhalation can cause illnesses. 

Children are especially attracted to the water fountains. I fthere is a water-display item 

around, children will be very excited watching it and usually they end up playing with the 

fountain water. A significant question arise, does the water contain any harmful 

microorganisms? Therefore, this research was in order to investigate the presence of 

microorganisms in the water and to measure safety of the water display items. 



1.2 Rationale 

Mandatory guidelines and microbiological standards has mainly focused upon 

swimming pools, hydrotherapy, spa pools and interactive water features due to the risk of 

fecal contamination from humans and animals. However, there is little concern for the 

potential risk from decorative water fountains. They are increasing in popularity and such 

ornaments can be found within buildings, such as offices to create a tranquil atmosphere, as a 

design feature in hotel receptions or displayed in public gardens as well as exhibited for sale 

in garden centers (The Chartered Institute of Environmental Health Cymru-Wales, n.d). 

The rationale for doing this research was because decorative water fountain may 

contain pathogens that can cause illnesses and even death. Many people are still unaware 

about it and perhaps this research will benefit them. Parents with little children should be 

aware of this issue because children are usually attracted to play with water fountain, which 

may increase the risk of disease transmission. Besides, people with low immune system, 

particularly in hospitals are more susceptible to infection. This research would be useful for 

the healthcare settings. The hospital administrator can take note of the risk of disease 

transmission associated with water fountain and take the necessary precautions. The 

municipal council and premise in charge must also take responsibility for the safety and 

cleanliness of their decorative water fountains. 



1.3 Statement of the Problem 

Decorative water fountains are nice to see, but unfortunately it could be one of the 

reservoirs for bacteria and other microorganisms. Water flows at room temperature and it is 

continually reused, creating a suitable breeding conditions for potential molds and pathogens. 

In fact, bacterial contamination in an uncontrolled water feature can quickly soar to as much 

as 90,000 colony-forming units per milliliter (CFU/ml), according to Dr. Joe Boatman, owner 

ofQuality Environmental Services, an independent testing firm in Boulder, Colorado (Mason, 

2007). 

The presence of water and the right temperature make it a suitable environment for 

microorganisms to grow. Some of the microorganisms may pose health hazard and cause 

serious diseases. However, many people are still unaware about this fact and they have no 

qualms to play with the water. 

Therefore, our group members decided to do further research on this issue. The first 

problem to be considered in this study is the prevalence of the microorganisms in decorative 

water fountains. Through this research, the types of microorganisms present in decorative 

water fountains can also be identified to find out whether they are pathogenic and have the 

potential to cause infection. 

Beside that, some of the decorative water fountains are located indoor, while some of 

them are located outdoor. Therefore, it is necessary to know whether the location of the 

fountain affect the type of microorganisms present in the water fountain. As what we can 

observe, the decorative water fountains located outdoor are exposed to the more dirty 



environment, theoretically, they should contain greater amount of microorganisms compared 

to indoor water fountains. 

1.4 Objectives 

• To 	 determine the prevalence of microorganisms in decorative water fountain around 

Kuching city. 

• To 	 identify the presence of pathogenic bacteria In the water fountain that may cause 

illnesses to human. 

• Compare the prevalence of bacteria in water fountains based on locations, whether they are 

indoor or outdoor. 

1.5 Scope, Limitations & Assumptions 

The scope of our research is quite limited. In geographical aspect, our research is 

limited to specific numbers ofdecorative water fountains in Kuching city. As there are a lot of 

decorative water fountains in Kuching, it is not possible for our research group to obtain 

samples from each and every decorative water fountains, due to time constraints and limited 

number oflaboratory equipment and materials available. 

Every research study has their limitations. For this research, there are a few limitations 

that are encountered. Firstly, the decorative water fountains varies in sizes and shapes. 

Therefore, the water samples can only be taken from part of the decorative water fountains . 

The water sample that was collected may not be a representation ofthe whole water fountain 

due to non-homogenous presence of microorganisms in the water fountain. It is not possible 

for water sample to be taken from every comer of the water-display items since tools provided 



were limited. In addition, water samples were taken at different time of the day and the 

difference in temperature may cause the difference in the type bacteria detected. 

Besides that, due to limitation of the laboratory test that was available, there were 

some pathogens that could not be detected. For example, BBL Crystal test was one of the 

detection method that was used for this research. It can only detect gram negative 

Enterobacteriaceae isolates and non fermenting lactose bacilli, thus other bacteria that is not 

under this category cannot be detected using this test. 

., 




CHAPTER 2 


LITERATURE REVIEW 

Decorative water fountains have become a quite common feature in public areas and 

many of the more elaborate and high profile commercial properties, restaurants, hotels and 

shopping malls. Decorative fountains may have some maintenance problems such as dirt, 

scaling and microbiological growth. All air borne dirt and organisms making contact with the 

water can become trapped in the recirculating system, yet they may not always show as dirty 

water or discoloured surface appearance on the fountain (CorrView, 2007). 

The risk to the public's health from recreational waters has been well documented. 

Outbreaks of infectious diseases from waterborne pathogens such as Legionella, Protozoa 

such as Gardia and Cryptosporidium, viruses such as adenovirus and norovirus, has lead to 
, 

the necessity for risk assessments, monitoring and management based on advisory guidelines 

and legislation. Mandatory guidelines and microbiological standards has mainly focused upon 

swimming pools, hydrotherapy, spa pools and interactive water features due to the risk of 

fecal contamination from humans and animals. However, there is little concern for the 

potential risk from decorative water features (The Chartered Institute of Environmental Health 

Cymru-Wales, n.d). 

The issue of potentially contaminated decorative water fountain was brought up since 

the I 980s. Some of them even caused disease outbreaks. Some examples of the diseases 

associated with contaminated water fountain were pontiac fever (Fenstersheib et al., 1990), 

legionnaire's disease (Hlady et al., 1993), cryptosporidiosis (Centers for Disease Control and 

Prevention, 1998) and Salmonella disease (Escartin et at., 2002). Another interesting case 



that needed to be highlighted was the nosocomial Legionnaire's disease that was traced to 

contamination of a decorative fountain in a hospital (Palmore et al., 2009). 

In the year 1988, an outbreak ofPontiac fever occurred. It affected 34 out of 56 people 

who attended a conference in a hotel in Santa Clara County, California. In this study, 

Legionella anisa was isolated from the decorative fountain in the hotel lobby. It was identified 

as the cause of the Pontiac fever outbreak though the outbreaks of Pontiac fever or 

Legionnaire's disease was never previously been associated with Legionella anisa. In 

addition, about 42% of the hotel employees had increased antibody titres against Legionella 

anisa. The disease may be caused by exposure to aerosols containing Legionella anisa and 

other Legionella species. This study raised concern about the water disinfection regimen and 

the degree of the spread of disease caused by water fountain (Fenstersheib et aI., 1990). 

Decorative water fountains are breeding grounds for bacteria. The most dangerous 

bacteria in a fountain is the Legionella bacteria. When it is inhaled, it can cause a potentially 

fatal respiratory infection called Legionnaires' disease (Chaves, 20 10). In the year 1993, a 

decorative water fountain in a hotel in Orlando, Florida, was found to be potentially causing 

outbreak of Legionnaire's disease. Legionella was discovered in the fountain water. Water 

fuuntain was one of the 55 environmental specimens tested positive for that microorganism. It 

was reported that all patient are exposed to a water fountain in the hotel. Monoclonal antibody 

subtyping and pulsed-field gel electrophoresis (PFGE) of genomic restriction fragments 

yielded similar pattern in both the environmental isolate and clinical isolate, which is 

Legionella pneumophila serogroup 1. Decorative fountain have the potential to cause 

Legionnaire pneumophila infection. Therefore, the need to carry out standard procedures for 

maintenance and disinfection of water fountain have to be emphasized (Hlady et aI., 1993). 



In the year 1998, an outbreak of Cryptosporidiosis in Minnesota was associated with a 

water sprinkler fountain. The implicated water sprinkler fountain was designed and built as an 

ornamental display in 1994. The zoo fountain in this outbreak was designed as a decorative 

display and not an interactive play area. However, children are attracted to the fountain 

especially on hot summer days. Children would commonly stand directly over the jets and 

soak their whole bodies. This can very well be the cause of contamination of the fountain and 

subsequent transmission related with ingestion of water. Besides, it was also a common 

practice to eat while walking in the fountain plaza which increases the risk of disease 

transmission (Centers for Disease Control and Prevention, 1998). 

In one of the study, the principal theme was to demonstrate that ornamental fountains, 

which attract people, have the potential to generate Salmonella-containing aerosols. 

Contaminated fountain water may increase the risk of airborne transmission of pathogens. 

This is because the water in these fountains is projected several meters high. Large aerosols 

may be formed in windy weather. The study further suggests that, since aerosol-transmitted 

infections with this pathogen have been demonstrated in various animals, such transmission 

might also affect humans. The access of animals to water fountains and the defecation of birds 

in the water can be important sources ofSalmonella and other pathogenic organisms (Escartin 

et al., 2002). 

In the year 2007, a study was done on a restaurant outbreak of Legionnaires' disease 

associated with a decorative fountain. It was believed that the source of this outbreak was the 

decorative fountain in Restaurant A for a number of reasons. The colony count observed in 

the fountain, while very high, should be viewed as supportive but not decisive evidence of the 

fountain being the source. The fountain in Restaurant A was one of the many potential sources 



investigated early in the outbreak. The initial assessment of the fountain in Restaurant A led 

them to conclude that it was an unlikely source because it appeared to generate very little 

aerosol. Besides, at that point only two of the patients were reported having eaten at 

Restaurant A. Later, they found a stronger epidemiological link. The period of time when the 

fountain was out of operation appeared to correspond with the period on the epidemic curve 

when there were no cases. Consequently, the fountain in Restaurant A was permanently 

removed (O'Loughlin, 2007). 

In another study, it was found that aerosol-producing devices, evaporative condensers, 

whirlpool spas, humidifiers, decorative fountain, potable water aerolised by shower heads and 

tap water faucets have the potential to transmit disease. Monoclonal antibody subtyping and 

pulsed-field gel electrophoresis (PFGE) were used to test the environmental isolate. In the 

investigation, one of the three decorative water fountain in downtown Providence, Rhode 

Island, were tested positive for Legionella pneumophila serogroup 1 [Lpl] antigen. Some 

knowledge about the transmission of the diseases can be obtained from this study, though the 

disease is not associated with massive outbreak (Centers tor Disease Control and Prevention, 

1994). 

According to Havelaar et at. (200 I), water fountains may also be susceptible to 

environmental contamination from plants and earth. When the water becomes contaminated 

and in the absence of a cleaning and disinfection regime, bacteria can establish itselt~ 

subsequent water tlow is reduced and they are difficult to be eradicated with basic cleaning 

techniques. The study seeks to identity if pathogenic bacteria are present in the water 

contained within these features and whether there is a risk to health which needs to be 

assessed and managed in order to prevent the risk. The aim of the study is to collect samples 

{\ 



of water from decorative water features and analyze for the presence of Escherichia coli and 

Legionella species. 

In one study that was conducted, the water samples with a detectable level of 

Escherichia coli were taken from water decorative features. It is difficult to deduce an 

infective level of any particular pathogen found in water because the risk largely depends on 

the infectivity and invasiveness of the pathogen as well as the susceptibility and immunity of 

the individual exposed. In light of this, it is concluded that any water containing pathogenic 

organisms cannot be considered safe. The majority of the decorative water features were 

prone to splashing and producing water aerosols at heights which children may make contact 

and inhale the aerosols. Aerosolisation spreads pathogens to the surrounding environment. It 

is not known precisely the infective dose of Legionella but it is certain that susceptible 

humans exposed to a low dose of Legionella even for only a few minutes may become 

infected (World Health Organisation, 2001). 

According to Escartin et al. (2002), certain human activities may be contributing 

factors in the transmission of waterborne diseases. An example is the use of raw sewage to 

irrigate crops. This may lead to poor-quality water that contaminates food. For instance, street 

vendors sometimes spray sliced fruits with the same water they have used to rinse their hands 

and the external parts of the fruits before peeling. The source of that water may be, when the 

opportunity exists, any water fountains near the vendor. These fountains may be located in 

city squares, parks and other places to which animals such as dogs and pigeons have direct 

access. Statistical analysis (Chi-square test) showed that there is a correlation between the 

presence of Coi({orms and Escherichia coli in the 100 samples analysed from water fountains. 

The presence of animals in the area near the fountains that were sampled is consistent with the 

fmding of Escherichia coli and Coi({orm bacteria in the water. Thus, fecal contamination 



could be considered as an important factor in the sanitary quality of the ornamental fountains 

studied for this research. According to Havelaar el al. (200 I), Escherichia coli is an ideal 

organism to indicate faecal contamination of water sources, because it is easily detectable and 

does not grow in natural water and behaves similarly to waterborne pathogens. 

According to Joseph (2006), ornamental fountains and water features are increasingly 

being displayed in healthcare facilities. They serve as landmarks, wayfinding elements and 

create positive distractions. Many designers believed that water features make patients feel 

connected to the nature and help to decrease stress. However, such features are often strongly 

rejected by the infection-control department in the hospital because these decorative items 

may grow microorganisms that can potentially cause nosocomial infections due to inhalation 

ofaerosolised bacteria such as Legionella. 

At that time, there are no documented cases of hospital-acquired Legionnaires' disease 

or any other waterborne infectious diseases that resulted from the indoor placement of a water 

fountain or water feature in hospital spaces (Roger, 2006). However, few years later, the first 

occurrence of nosocomial Legionnaire's disease traced to contamination of a decorative 

fountain in a hospital was reported. (Palmore el at., 2009). 

In November 2007, two cases of pneumonia due to Legionella pneumophila serogroup 

1 were reported on the stem cell transplantation unit in patients with leukemia who had been 

hospitalized continuously for more than 2 weeks. Patient interviews and review of medical 

records identified only 2 sources of exposure to water in the two weeks preceding onset of 

symptoms, which were the water supplies in the patients' rooms and a decorative fountain in 

the radiation oncology suite. The fountain, supplied by the building's municipal water source, 

had 2 layers of waterfalls which were potential sources of aerosols. Laboratory confirmation 



ofLegionella pneumophila serogroup I infection in both patients was made by positive results 

of culture and polymerase chain reaction assay of bronchoalveolar lavage fluid. Besides, a 

urine test revealed Legionella antigen for one of the patient (Palmore et aI., 2009). 

In one of the study conducted, contamination of a 30-months-old decorative tountain 

was likely facilitated by stagnant water in the pipes that supply water to the fountain for a 

period of 4 months before restarting the water flow. Despite being equipped with a filter and 

an ozone generator, the combination of which should have minimized colonization with 

Legione/la species, the fountain became heavily contaminated with Legionella pneumophila. 

Initial contamination probably occurred due to mixing of filtered water with unfiltered 

municipal water in the lower basin of the fountain. Stagnation in the pipe when the fountain 

was off was likely to promote development of biofilm (an aggregate of microorganisms in 

which cells adhere to each other or to a surface), an environment in which Legionella species 

particularly thrive and resistant to disinfection. When the fountain was restarted, water that 

had stagnated for 4 months in a pipe was recirculated through the fountain. The two patients 

were exposed to the fountain four months after the tountain was restarted (Palmore et aI., 

2009). 

Previous studies have also suggested that the preventative measures can be done to 

decrease risk of water fountain causing diseases. Most of the fountains sampled had little or 

no routine maintenance although this is recommended by fountain manufacturers and by the 

American Society of Heating, Refrigeration, and Air-conditioning Engineers (ASHRAE). 

ASHRAE guidelines are non-specific for fountain maintenance and are not disseminated 

widely in the restaurant industry. Proper care and maintenance of ornamental water features, 

such as decorative fountains, is essential to prevent outbreaks of Legionnaire's disease and 



can be achieved by increasing awareness among tountain operators of the importance of 

adequate maintenance (O'Loughlin, 2007). Risk of infections among people who are passively 

and involuntarily exposed to contaminated aerosols generated by ornamental fountains can be 

decreased by a strict regimen of disinfection and by better education about the health risks of 

having contact with such aerosols (Escartin et ai., 2002). In addition, preventative measures 

such as exclusion of people from decorative water displays which are not designed for 

recreational purpose should be enforced (Centers for Disease Control and Prevention, 1998). 

There is a potential risk to the public health from these decorative water features if 

they are not managed and maintained correctly. Nichols (2006) and Jones et al. (2006) agreed 

that the foremost effective way of minimising the risk to the public's health from outbreaks of 

infectious diseases is through risk assessment and risk management. Correct management of 

the water decorative features would ensure that cleaning schedules and methods employed for 

cleaning minimises the risk of contamination. Caution must be taken when treating the water 

with disinfectants because of splashing. 

In the hospital setting, decorative water fountains should be avoided especially in 

high-risk patient-care areas to prevent waterborne infection. If there is fountain, it must be 

made sure that the water temperature is kept cold and the fountain should be frequently 

maintained and cleaned. Ensuring regular maintenance and inspection of water supply system 

to prevent stagnation and back flow of water, and for temperature control can help to prevent 

waterborne infection. Besides, using proper water treatment, regular cleaning and 

maintenance of faucet aerators can also help to prevent and control waterborne infection 

caused by Legionella (Malone et at., 2007). According to Rogers (2006), if basic precautions 

were observed, decorative fountains would pose minimal health risk in hospital settings. Some 



precautions that should be taken are to avoid the use of submerged lighting, carry out regular 

fountain cleaning and maintenance in accordance with manufacturer's instructions, avoid 

placing water fountains in areas that house high-risk patients, install a glass barrier or 

maintain an appropriate distance between the water feature and the general public to minimize 

potential contact with droplets or aerosols. 

However, one study strongly rejected the use of water fountain in the hospital setting. 

Fountains and other water features are a potential source of nocosomial Legionnaire's disease 

despite standard maintenance and sanitizing methods. The fountain which was believed to 

cause the disease outbreak was drained following the collection of specimens and it will be 

removed. Decorative fountains and water features present unacceptable risk in hospitals 

serving patients with low immunity (Palmore et aI., 2009) . 

..., 




CHAPTER 3 

MATERIALS AND METHODS 

For this research, a lab study using scientific and systematic approach was conducted. 

Before doing the real sampling, a pilot study was conducted. This was to verify that the 

method was well-designed and reliable, hence ensuring the validity of the test result. For the 

pilot study, some of the water samples tested were drain water, tap water and distilled water. 

From the laboratory test conducted, result showed that the tap water and distilled water were 

free from bacteria, while drain water had gram negative bacilli. The distilled water served as a 

control sample in our study. 

After the pilot study was done, the real water sampling for this research was 

conducted. Water samples were collected from decorative water fountains from different 

locations around the city (Table I). The criteria in choosing sampling points were: 

1. places with many visitors. 

11. places with higher risk for public to be in contact with contaminated water. 


Ill. in Kuching city only. 


IV. fountains with no visible aquatic creatures. 

There were 14 samples altogether. The places chosen were Sarawak General Hospital, 

lalan P. Ramlee, Merdeka Palace Hotel, Aquarium Bandaraya, Tugu Pahlawan, Riverside Cat 

Statue, Grand Magharita Hotel, After 3 restaurant, Boulevard, Spring, One T 1, the Banquet 

and Waterfront Kuching. The pictures of the sites for water sampling are included in appendix 

A. 



Table 1: Sites for water sample collection 

Radiotherapy unit of SOH 

1(b) Dental unit of SOH 

2 1alan P. Ramlee 

3 Waterfront 

4 Merdeka Palace Hotel 

5 Aquarium Bandaraya 

6 Tugu Pahlawan 

7 Riverside Cat Statue 

8 Orand Magherita Hotel 

9 After Three 

10 The Spring 

11 OneT1 

12 Boulevard 

13 Banquet 

1 r 



The fountain water was drawn using a pipette and transferred to an eppendorf tube 

(Figure I). This method was repeated for sampling of other water fountains. The eppendorf 

tubes were previously autocIaved to ensure that they were sterile. The volume of sample 

collected was Iml for each water fountain. Standard procedures were observed to ensure that 

there is no contamination of the water sample collected. 

Figure 1: Eppendorftube 

After the water samples were collected, it was labeled properly and placed in a sterile 

container. Then, each sample from different water fountains were transferred to sterile 

.~nutrient agar plates. 

A spreader was used to ensure the water sample was evenly spread out on the agar 

(Figure 2). This is to prevent overcrowding of bacteria and to enable easier identification of 

the bacterial colony. 


