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an on demand supply of purified water is essential for pharmaceutical laboratories 
to operate effectively, explains mark bosley, technical director
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Purified water is used for a wide range of applications 
in pharmaceutical laboratories, from drug formulations 
to glassware rinsing. In order for these to be carried 
out effectively and safely, the water used needs to be 
suitably processed and treated to eliminate microbial, 
chemical and endotoxin contaminants. The latest 
generation of water purification technology is now 
making this achievable more simply and cost effectively 
than was previously possible.

It is worth noting that water purity for these applications 
is normally measured in terms of either resistivity 
(expressed as Megohms centimetre or MΩ.cm) or 
conductivity (measured in microSiemens per centimetre 
or µS/cm), as the concentration of ionic contaminants 
will determine the level of electrical is conductance. 

In the pharmaceutical industry, water quality is regulated 
by various national and international bodies, specifying 
broadly three commonly used grades of water. 

United States Pharmacopoeia (USP) specify two grades 
– purified water (PW) and water for injection (WFI), 
whereas the European Pharmacopoeia (EP) specify an 
additional grade - highly purified water (HPW). 

These pharmacopoeia outline specific parameters 
and measuring criteria for the water used for certain 
applications, however, they do not typically detail the 
system design considerations or maintenance regimes 
necessary to achieve these quality levels. This falls within 
the remit of a number of validating bodies, such as the 
US Food and Drug Administration (FDA), which aim to 
ensure compliance with standards by checking that 
system design, installation, monitoring and maintenance 
procedures are in place to facilitate consistent and 
traceable performance to the relevant standards. 

In addition to these organisations, a number of 
documents are available, such as the Current Good 
Manufacturing Practice (CGMP) and the ISPE Water 
and Steam Guide, which also provide assistance for 
organisations with purified water requirements.

When designing a water purification system, one of the 
main concerns of pharmaceutical laboratories is that the 
solution chosen, from generation through to storage and 
including the distribution network, is able to be validated 
in relation to the appropriate standards. The latest 
purification technology makes this possible by offering 
a flexible range of solutions able to meet the 

Measuring quality
Design criteria
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requirements of any laboratory; from systems that 
produce a few litres per hour, to those that provide 
thousands of litres per hour.

The design of any water treatment system is generally 
based on a number of variables including the quality of 
the source water, the required output quality, and other 
considerations such as operating costs. A PW system is 
generally fed from a potable water source, while a WFI 
system is usually fed by a PW system with a resistivity of 
typically between 0.5 and 5.0MΩ.cm. The quality of mains 
water can vary enormously in both chemical composition 
and the concentration of ionic contamination, so the exact 
method used to produce purified water from mains water 
may change geographically and seasonally. 

However, the core technologies used for removing ions 
from water are generally reverse osmosis (RO) and ion 
exchange in the form of electro-deionisation (EDI or 
CEDI). Purification systems typically comprise a pre-
treatment stage, followed by RO, which removes the bulk 
of the contaminants, followed by further purification 
stages utilising EDI.

Pre-treatment is essentially used to remove particulate 
and organic matter from the mains water and to remove 
any contaminants that would otherwise interfere with 

the RO process. Particulate matter can be removed in a 
variety of ways including sand or multimedia filtration, 
or by finer cartridge-type filters. 

Filters are commonly used in series, with each filtration 
stage taking out smaller particles than the previous 
stage. Where the raw water quality is particularly poor 
and has a high fouling potential, Ultrafiltration, using 
membrane technologies, has become increasingly 
popular and is more cost effective. 

The feed water for an RO system is typically softened 
to prevent the build up of calcium deposits on the RO 
membranes, and, therefore, enabling the process to 
take place effectively and efficiently. This is normally 
achieved using softening resins that remove the 
hardness by exchanging calcium ions, which are the main 
contributor to hardness, with sodium ions. The process is 
reversible, which allows the softener to be automatically 
regenerated in-situ by passing a brine solution over the 
exhausted softener resin, thereby replacing the captured 
calcium ions and recharging the resin with sodium ions. 

Usually, a twin softener is used comprising two vessels 
containing softener resin to provide 100% redundancy. 

A range of solutions is now available 
to produce varying levels of water 
purity for different applications

Pre-treatment
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It is beneficial to have two vessels with the capacity 
to treat 100% of the flow each, operating in parallel; 
under normal conditions each vessel would treat 50% 
of the duty flow, however, when one vessel goes into 
regeneration then the other takes the full flow until the 
regeneration cycle is complete. In this set up, neither 
vessel contains static water under normal conditions, 
minimising the potential for bacterial proliferation. 
Regeneration can be set to take place either on a time 
elapsed or volume of water treated basis.

Another process used in the pre-treatment stage is 
carbon filtration, which has the dual function of 
removing free chlorine, frequently present as a 
disinfectant in drinking water, and reducing the level of 
dissolved organics. Both of these are important for RO 
treatment as free chlorine irreversibly degrades the RO 
membranes, and organic matter can lead to fouling. 
Where raw water is particularly rich in organic matter, 
then a further process, similar in operation to softening, 
utilising organic scavenging ion-exchange resins is used 
to remove the organic contaminants. 

RO enables ions to be removed from water efficiently 
and effectively by applying a pressurised water feed to a 

specialised membrane, through which purified water (the 
permeate) passes with up to 98% of minerals and salts 
being rejected. The water containing the rejected ionic 
salts is called the concentrate and is usually run to drain 
or reclaimed if there is an appropriate use for it, cutting 
costs considerably.

RO membranes can typically operate at an efficiency of 
up to 75% recovery, dependant on feed water quality. In 
addition to demineralising the water, the RO membrane 
can also remove over 99% of micro-organisms. 

With 98% of ionic contaminants removed, the next 
stage of the process is to target the remaining ions. The 
conventional method of achieving this was to use cation 
or anion specific ion exchange resins, which selectively 
exchange either positive or negatively charged ionic 
species for hydrogen or hydroxyl ions. When exhausted, 
these resins are regenerated using acid and caustic soda. 
However, a more efficient process that does not require 
the use of hazardous chemicals is now preferred, known 
as electrodeionisation (EDI). This process combines 
ion exchange resins sandwiched between charged 
membranes. Under an applied voltage the potential 
difference set up across the membranes attracts the 

Reverse Osmosis (RO)

Deionisation
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charged ionic contaminants out of the water and towards 
their respective electrodes where they are rejected in a 
waste stream. The process is also self-regenerating due 
to the production, in-situ, of small amounts of hydrogen 
and hydroxyl ions, which help to maintain the ion 
exchange resins in a regenerated state. 

Following EDI, the water typically has a resistivity in the 
range 10-18 MΩ.cm. The removal of dissolved carbon 
dioxide, prior to the EDI cell, will further enhance the 
system performance at this stage and can be achieved 
either by the use of specialised membrane degassers.

In addition to achieving water quality of the required 
standard for laboratory processes, it is crucial that the 
supply is accessible to technicians wherever in the lab 
it is needed, introducing the requirement for either a 
number of self contained individual units at different 
positions throughout the laboratory or an extensive 
ringmain distribution system, integrated into a lab’s 
design. 

With space a precious commodity in laboratory 
environments, either option needs to be as unobtrusive 

as possible while still offering the required quantity and 
quality of water. The quantity and pattern of water use 
are both important considerations in system design. 

This analysis of the patterns of daily usage is significant, 
as peaks and troughs in water requirements are not 
always considered, with technicians instead looking at 
total consumption levels, over a daily, weekly or monthly 
period. While a system may be able to deliver this 
volume, it may not be able to make available the large 
volumes of water required during peak times. 

In the same way that a system needs to be large enough 
to deliver the required amount of purified water, it also 
shouldn’t be any larger than necessary. Apart from 
the unnecessary space being taken up by an oversized 
system, performance can also be affected, with Reverse 
Osmosis potentially being less efficient where the plant is 
only operational for relatively short periods.  

Likewise, diversity should be taken into account, with an 
estimate made of the likely number of points that will be 
in use at any one time. If it is assumed that all points will 
be in use at once drawing maximum flow, then the result 
can be a hugely oversized system.

A suitable system
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Any effective water purification system should also be 
designed to maintain water quality as well as produce it. 
In particular, purified water (PW) storage and distribution 
systems must be hygienically designed. It is important 
to minimise the length of pipework between the source 
of PW generation and the points of use, where practical, 
and to avoid dead-legs or static water. After the purified 
water is generated, careful consideration must be given 
to the material of all wetted parts, as contaminants can 
leach out of many metals and plastics. 

Typically, sanitary welded 316L stainless steel piping 
with equivalent grade pumps, heat exchangers and 
components are used to store and distribute PW. The 
benefits of stainless steel are that it is relatively inert, 
can be installed in a crevice-free manner, and can be 
thermally disinfected at very high temperature.

To ensure that any pharmaceutical system maintains 
its quality, in terms of bacterial counts, it is essential 
that the system and distribution pipework can be easily 
and completely sanitised. For the distribution loop, 

sanitisation is commonly in the form of heat, using 
either hot water (>80oC) or pressurised steam, both of 
which are routinely available in most pharmaceutical 
environments. Ozone is highly effective and also widely 
used in this regard, however, the hazardous nature of 
ozone dictates that safety systems and monitoring are 
in place.

With purified water an essential raw material in many 
pharmaceutical laboratory processes, careful planning 
and attention to system design is essential to achieve a 
consistently high quality purified water supply that can 
meet the relevant standards demanded by the regulatory 
authorities. By using the latest purification technology 
an on demand supply of high quality purified water can 
be achieved simply and cost effectively, improving both 
processes and results significantly.

Sanitisation

Conclusion

Maintaining water quality

The latest purification technology 
makes this possible by offering 
a flexible range of solutions able 
to meet the requirements of any 
laboratory


