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 Introduction of Pseudomonas aeruginosa and Biofilm 

Production

Water Treatment Methods Techniques 

Case Studies 



Introduction 

 Pseudomonas aeruginosa is a rod-shaped Gram-

negative opportunistic pathogen that may cause
human infections, and P. aeruginosa is also

considered to be the most important pseudomonad

in drinking water.

 Previous studies have reported that

P. aeruginosa could develop resistance to low levels of

chlorine used in water treatment. Furthermore, P.

aeruginosa is able to grow under a wide variety of

environmental conditions, especially in low-nutrient

water.





P. aeruginosa growing in nutrient-poor

water exhibited considerably diverse

properties compared to bacteria grown

in rich media under laboratory

conditions.

Additionally, several opportunistic

pathogens have been shown to

reactivate during long-term storage of

added chlorine Therefore, it is essential

to investigate the dynamics of

P. aeruginosa subjected to long-term

chlorine disinfection in drinking water

distribution systems.



WHAT IS PSEUDOMONAS AERUGINOSA?

Pseudomonas aeruginosa can be found in soil, water and on plants.  

It is an opportunistic pathogen which needs very little nutrients to 

survive.

 The bacterium almost never infects healthy tissues, yet there is 

hardly any tissue that it cannot infect if the body's defenses are 

compromised in some manner. 



HOW DOES CONTAMINATION OCCUR?

 Pseudomonas aeruginosa is a bacterial species which is

particularly good at forming biofilms.

 Its growth in drinking water can cause problems with colour,

taste, odour and turbidity if found in high numbers.

 Once established, biofilms can be difficult to eradicate from

manmade water systems, because they need a biodispersant (a

chemical to breakdown the biofilm) and/or physical removal

prior to disinfection.

Pseudomonas aeruginosa is very difficult to get rid of once

established in a vending machine, because of the inaccessibility

of many of the components.



HOW DOES CONTAMINATION OCCUR?

 Contamination of vending machines and water coolers by Pseudomonas aeruginosa results from the 

bacteria either being introduced via the mains supply or through poor cleaning or installation practices.

 Due to the often sporadic or low flow rates in these types of units, the bacteria can attach to the 

internal pipework surfaces and form a biofilm to protect themselves and then start to multiply
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WHAT IS THE LEGISLATION?

 There is no legislation relating directly to the presence of Pseudomonas aeruginosa, however 

it’s presence can encourage the growth of other bacteria which contravenes the Water 

Supply (Water Quality) Regulations. 

 The Water Supply Regulations and the Public Water Supplies (Scotland) Regulations set strict 

guidelines to the physical properties of drinking water. 

 They also state that drinking water should not contain certain chemicals or microorganisms. 

 This legislation is further enforced by the Workplace (Health, Safety and Welfare) Regulations, 

which state that every employer has a duty to supply "wholesome" drinking water. 



WHAT ARE THE HEALTH EFFECTS ?

 Pseudomonas aeruginosa has not been shown to cause any health effects following ingestion.

 It is more likely to cause problems with the taste and odour of drinking water. However, the 

biofilms that Pseudomonas aeruginosa form could harbor more dangerous bacteria, such as 

coliform organisms and E.coli. 



WHAT SHOULD BE DONE IF PSEUDOMONAS AERUGINOSA

IS DETECTED IN A VENDING MACHINE OR WATER 

TREATMENT SYSTEM?

As Pseudomonas aeruginosa can prove difficult to 
remove, care needs to be taken when dealing with the 
management of Pseudomonas aeruginosa
contamination.

Actions to take should include: 

• Discussions with your vending contractor regarding their 
procedures to minimise/remove the contamination. 

• A review of the location and usage of the machines. 

• A regular review of the water quality from your machines, 
ideally independent of your suppliers. 



TO AVOID PROBLEMS WITH CROSS-CONTAMINATION OF 

MACHINES

 It is extremely important to ensure 

that the staff responsible for the 

cleaning and sanitizing of vending 

machines or water coolers are 

correctly trained and are aware of 

the potential for contamination 

during the cleaning process. 



BIOFILM FORMATION 

 In aquatic environments, microorganisms have the ability to adhere to solid surfaces 

and form biofilms.

 Biofilms are bacterial communities embedded in a polysaccharide matrix, which 

gives them the opportunity to resist destruction by antibiotics, environmental stress, 

biocides and detergents.

 Bacterial regrowth in the distribution system may result from the detachment of biofilm 

bacteria, which increases the risk of infection in humans when the water is consumed.

 Generally, most water distribution systems are characterized by the presence of 

biofilms, regardless of purity, the type of pipe material used for distribution or the 

presence of a disinfectant.



BIOFILM FORMATION 

 Bacteria in drinking water systems can therefore grow in bulk water and as 

biofilms attached to the walls of pipes.

 Moreover, the development of biofilms inside water distribution pipes 

facilitates the propagation of mixed microbial populations and is considered 

the main source of planktonic bacteria in water supply systems.

 This problem is further aggravated by the presence of opportunistic pathogens 

such as Pseudomonas, Aeromonas, Klebsiella, Mycobacter, Escherichia coli, 

Helicobacter, Salmonella and Legionella spp. that may increase the health 

risks associated with the consumption of water from these sources.



BIOFILM FORMATION 



 Different materials - such as cast iron galvanised steel, stainless steel, copper and 

polyethylene - have been used to manufacture water distribution pipes and these 

materials favour biofilm formation in the water distribution systems.

 Differences in the pipe materials greatly favour the survival of different bacterial 

species.

 The presence of biofilms in drinking water distribution pipes usually leads to a 

number of undesirable effects on the quality of water that is supplied to consumers

 The development of biofilms in copper pipes facilitates cuprosolvency which 

increases the release of copper into the distribution system. Furthermore, increased 

carbon influences the growth of heterotrophic plate count bacteria which are also 

involved in the corrosion of copper.

 The corrosion of lead-containing plumbing materials increases the chances of lead 

contamination in tap water, which can cause adverse health effects in humans, 

especially children.



 Detachment of bacteria from the biofilms may affect the quality of the water.17 Therefore, 

the deterioration of the quality of drinking water as a result of biofilm formation is a major 

concern for most municipal supply agencies and communities. 

 Biofilms are present in spite of different treatment processes; the occurrence of biofilms in 

drinking water is attributed to bacterial resistance to disinfectants, ability of the bacterial 

species to resist chemical compounds released from pipe materials and species association 

which increases the proportion of viable cells.

 Moreover, the use of different disinfectant methods may have long-term effects on the 

biofilm community.

 Biofilms consisting of Pseudomonas aeruginosa and different faecal bacterial species have 

been detected in water distribution systems, even in countries that have more advanced 
water-treatment facilities.



WATER TREATMENT METHODS TECHNIQUES 

1- Chlorine Pump System

2-Automatic Backwash Sand filter

3-Automatic Backwash Activated Carbon filter 

4-Automatic Backwash Softener filter 

5-Reversr Osmosis Filter Unit

6-Ozone Generator System
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ACTIVATED CARBON

Activation by heating

Extremely porous with high surface area:  500 m2/g



ACTIVATED CARBON

Filtration

Particle size removal > 0.5 microns (bacteria, fungi)



ACTIVATED CARBON

Absorption: spontaneous movement of primarily

organic contaminants from water to

carbon matrix.

Pesticides, volatile organics
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Reverse Osmosis
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REVERSE OSMOSIS
Membrane permeable to 

Water only

Purified water

Contaminants to drain

pressure



SAND FILTER



ACTIVATED CARBON FILTER



SOFTENER FILTER 





DRINKING WATER TREATMENT SYSTEM FOR BOTTLED WATER 

AND BEVERAGES



CASE STUDY:
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