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After organic and inorganic chemical impurities are removed, bacterial growth can still occur, 
even though very pure water provides an extremely harsh environment with minimal nutrient 
content. Remaining trace impurities, materials of construction in contact with the pure water 
and debris from dead bacteria can act as sources of food and biofilms. If this bacterial growth 
is not minimized, it can cause significant difficulties in the day-to-day operation of  
the laboratory. The bacteria themselves are not the only problem; they also produce 
endotoxins and nucleases. endotoxins are fragments of cell membrane that are released 
during bacterial cell metabolism, and when cells die. endotoxins – the most common  
pyrogens – are powerful immune stimulants, raising body temperature if they are injected 
into the bloodstream. They also cause serious interference in many laboratory techniques 
where water or prepared reagents will come into contact with DnA or RnA and can be 
affected by nucleases in the water. 

Bacteria in purified water can cause serious problems for the laboratory user. They can 
directly interfere with microbiological and molecular biological applications and also, among 
others, block filters, take up active sites in solid-liquid reactions and act as a source of organic 
contamination.

Maintaining Microbial Integrity 
in Pure Water

Endotoxins cause 
serious interference 
in many laboratory 
techniques

What is a biofilm?

Biofilm bacterial cell colonies secrete a slimy tacky 
polysaccharide coating

 The polysaccharide coating

 • encourages the attachment of other organisms

 • Is a trapping device for nutrients

 • Protects the biofilm
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Purification technologies

Various purification technologies, both alone and in series, remove or degrade bacteria and their by-products. Anion exchange 
resin inactivate bacteria and can reduce TVc by over 95%.  charged species such as endotoxins are effectively taken up by 
anion and mixed-bed resins for most of the resin’s  useful life. even endotoxin concentrations as high as 10,000 eU/ml can be 
removed. The resins  need to be replaced once they start to saturate, to avoid re-releasing these contaminants into the water.

Micro-filters and ultra-micro-filters, with cut-offs of 0.2 and 0.05µm respectively, are excellent for removing micro-organisms, 
but less effective at removing endotoxins. only positively-charged filters or ultrafilters are highly efficient at removing 
endotoxins.

exposure to ultraviolet light is also very effective at destroying micro-organisms. Relatively low doses of ultraviolet light 
greatly reduce overall bacterial levels, minimizing the challenge on downstream purification processes. UV light with a 
wavelength of 254nm initially inactivates bacterial cells, preventing them from replicating; higher doses are lethal. UV 
light with a wavelength of 185nm also oxidises endotoxins and other large molecules such as Rnase and Dnase which are 
particularly troublesome to remove from water for molecular biological applications. Autoclaving inactivates Dnase but not 
Rnase, and while chemical treatment with DePc will remove both, it is toxic, expensive and time-consuming, while generating 
ionic and organic contamination. however, the combination of photo-oxidation with 185nm UV light followed by an ultrafilter 
removes both enzymes as well as endotoxins and bacteria. 

Technologies used to control micro-organisms

Recirculation

A dynamic water storage system, in which all of the purified water – including the contents of any reservoir – is recirculated 
through active purification technologies, is preferable to storing the water statically in a reservoir. Recirculation of the water 
disrupts the establishment of colonies and biofilm and enables repeat exposure to UV light and/or passage through a filter to 
ensure that the background level of organisms remains low. As the recirculation process can slightly warm the water, periodic 
recirculation (e.g. 5 minutes every hour) can be used to minimize this effect. contamination levels well below 1 cFU/ml are 
routinely seen over long periods using this approach. 

Sanitization

To maintain long-term bacterial integrity it is important to periodically sanitize the water purification system. The most 
common approach is to use an oxidant such as chlorine or peracetic acid. As well as killing bacteria directly they also disrupt 
biofilm within the system. It is essential that as much as possible of the system is sanitized in this way. This will minimize 
subsequent bacterial re-growth and reduce the need for frequent sanitizations. When operated with planned maintenance 
regimes and sanitization protocols, the water purification and storage system can produce water with low bacterial and 
endotoxin specifications throughout its operational life.

Microporous filter Ultrafilter Reverse Osmosis Ion exchange Activated carbon Ultraviolet light

Micro-organisms ✓✓✓ ✓✓✓ ✓✓ ✓* ✓* ✓✓✓

Endotoxins ✓ ✓✓✓ ✓✓ ✓✓* ✓* ✓

Key
✓✓✓ excellent removal
✓✓ good removal
✓ Partial removal

* Initial high efficiency


