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	 Preface
With the potential impact that Water for Injection (WFI) has on product quality and patient safety. it is imperative 
that WFI systems are designed, operated, and maintained properly to ensure the system operates within a state of 
control. Failure to produce WFI consistently and reliably can result in significant business impacts and potentially 
even worse, harm to patients. This ISPE Good Practice Guide: Membrane-Based Water for Injection Systems 
provides expert guidance on the design, operation, maintenance, and quality aspects of membrane-based WFI 
systems. The information presented in this Guide is the combination of proven technological solutions, microbial 
control methods, process analytical technology, and operations and maintenance practices.

What has become clear to the authors of this Guide is that there is not a single technical solution that works in all 
situations, for all companies, in all locations across the globe. Each situation poses individual challenges with the 
source water, with the physical space available, with the utilities available and with the overall needs of the process. 
Every application for WFI, whether using distillation or membrane-based technology, is different and every facility/
process has different needs. Developing a thorough understanding of the application and the needs of the process 
while also understanding the technology that is available will ensure the selection of robust and reliable solutions. 
Simply stating a single solution is the answer to make WFI by a membrane-based process, without going through the 
design process and determining the proper technical solution, can result in incorrect solutions and unreliable systems.

Improper sanitization practices and inadequate microbial control are the largest risks associated with the 
implementation of membrane-based WFI systems and as such an entire chapter of this Guide has been dedicated 
to microbial control. The increased scrutiny regarding microbial control is not debatable. Membrane-based systems 
lack the continuous lethal operating temperatures in distillation-based systems and rely on intermittent elevated 
temperature or alternative sanitization methods such as ozone for microbial control. Prior to the acceptance of 
alternative technologies by the European Pharmacopoeia, most companies have relied upon multi-effect and vapor 
compression distillation units to produce WFI. Once produced, this WFI has traditionally been stored hot before being 
distributed to the users as either hot or cold WFI. The benefit of hot generation and hot storage is that temperatures > 
70°C are lethal to microbes which can survive in low nutrient environments such as high purity water systems.

It is not the goal of this Guide to provide a recommended combination of unit operations and design solutions that 
can manufacture WFI in any application. The goal of this guide is to educate end users and document all the currently 
available technologies which when properly combined can reliably produce WFI.

It is recognized that industry standard evolve, and this Guide reflects an understanding of them as of the 
publication date. It is also recognized that a draft revision (R12) of Annex 1 of the European Union GMPs was 
issued in February 2020; after the Annex 1 revision is finalized, respective alignment updates will be made to this 
Guide if necessary.
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1	 Introduction
1.1	 Background

For nearly a century, production of Water for Injection (WFI) was universally accepted to be distillation based. 
During the latter portion of the twentieth century, as greater emphasis on costs and environmental concerns grew, 
pharmacopeias around the world began to focus on the quality attributes of WFI to allow for consideration of 
other production technologies. As a result of this enhanced focus which has occurred at different times, there are 
differences between pharmacopeias that have primarily resulted in pharmaceutical manufacturers defaulting to 
continued use of distillation and heat.

In 2017, the European Pharmacopoeia (Ph. Eur.) [1] joined the US [2], Japan [3], and many other regulatory bodies 
in accepting membrane-based technologies for WFI production, leaving the Chinese Pharmacopoeia (ChP) [4] as the 
only major pharmacopeia still requiring distillation. As a result, many companies are willing to consider membrane-
based WFI, which is the driving force behind the creation of this Guide.

There has been greater acceptance for alternatives to distillation-based systems as the membrane-based systems 
and online instrumentation technologies have improved significantly. In conjunction, there has also been a parallel 
evolution of expertise among engineers and operators, including Subject Matter Experts (SMEs) capable of 
establishing design, operation, and maintenance practices that ensure these systems can reliably deliver water 
meeting the Critical Quality Attributes (CQAs) of WFI.

The use of membrane-based technologies for WFI production is appealing for several reasons:

• Reduced carbon footprint

• Reduced capital costs

• Reduced operating costs

• Potential for improved water quality

• Reduced space requirement (floor and height)

Despite these pharmacopeial changes and industry advancements, regulatory agencies around the world have 
remained understandably cautious in their acceptance of alternative technologies for WFI production because of the 
potential risk to patient safety.

Other industries requiring high purity water have had more latitude to investigate alternative water purification 
technologies for one simple reason: the impact of these changes is measured in product yield and not patient lives. 
However, these industries have been able to demonstrate that membrane-based technologies are capable of reliably 
producing water far exceeding the compendial requirements for WFI. Of particular significance is the capability of 
these membrane-based systems to produce water at ambient temperatures that is free from bacteria.

The authors of this Guide are confident that suitable equipment and industry expertise exist for the pharmaceutical 
industry to produce WFI meeting compendial requirements utilizing membrane-based systems, provided there is 
sufficient in-house expertise to effectively operate, monitor, and maintain these systems. Therefore, understanding 
the risks associated with membrane-based WFI generation and ambient storage and distribution is critical, especially 
since some of these technologies are relatively new to WFI production.




