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My agenda today

• Why this is an important debate.

• Pharmacopoeia updated position.

• The ‘basic’ options available today.

• EP and Annex 1 – the connection.

• Making the right choice - identification and 

option selection.
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Why is this an important debate?

In the old days before Risk and Science Based thinking was the vogue, 

life was simple:

• For WFI we most often chose ONE way-

• Pharmacopoeias specified Distillation as the production method.

• We usually chose final purification by Multi-effect still.

• Generate WFI hot - ~ 80 degC

• Store hot.

• Circulate hot.

• Cool as required – in the process or by the water system.

Now it is more complex: WHY ?
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Why more complex?

• General push for less prescription where possible.

• Risk & science based thinking in the GMPs.

• Energy and sustainability thinking is considered.

• Open risk-based thinking is difficult – particularly in emerging 

markets.

• We have freedom to identify options and risks and make an 

informed choice.

• Technologies are improving fast.

• Knowledge of performance is improving – rapid OR real time 

quality attribute testing – Conductivity, TOC, TVC, endotoxin.
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Pharmacopoeias updated position.

The Pharmacopoeias for water for pharmaceutical use are 

dominated by:

• EP - European Pharmacopoeia

• USP – US Pharmacopoeia

• JP – Japanese Pharmacopoeia

Historically the EP required that the final stage of purification 

for WFI be distillation.

USP requires distillation or a process of equivalent capability 

(how to interpret this?).

JP allows distillation Distillation or RO + UF (Ultrafiltration)
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Reverse Osmosis in the Ph. Eur

“Monograph for Water for Injections”

Overview
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Pharmacopoeial monographs –
Bulk waters don’t change
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Changes to the EP
Purification method for WFI

After much review and debate, the new revision to the EP 

will allow Distillation or certain membrane technology.

However it is very likely that there will be additional GMP 

guidance in a revised Annex 1 of the EU GMP (2016).

Within the Pharmacopoeias, there is no differentiation 

between Multi-effect or Vapour Compression distillation 

processes.
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EMA position about WFI in 2002

▪ Decided that RO based systems were not as robust as 

distillation.

▪ Recommended to EP Commission that monograph remain 

with distillation for WFI. 

▪ Recommended to EP that monograph remain with 

membrane technology being allowed for HPW (highly 

purified water). 
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Reasons for EMA position in 2002

Reviewed evidence and found:

• RO & associated technologies lacked robustness of 

distillation.

• Most successful systems seemed to use a combination 

RO, UF and Ozone/Heat sanitisation with an effective 

management control.

• Membrane fouling was a risk (scaling & microbial).

• Membrane integrity failure was a risk.

• Lack of effective validation and monitoring of the 

membrane process.

Hence NO change recommended.
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EP thinks again in 2015

EP prepares a paper proposing a revision of the EP based on a European 

Pharmaceutical Commission endorsement in June 2013.

• Based on the EDQM, EMA Inspectors Working Party investigations undertaken 

in 2010.

It notes that membrane methods are not RO alone. Most systems include:

• RO + CEDI + UF + microbiological controls using Ozone and thermal 

sanitisation techniques.

Reference was also made to the micro-electronics industry:

• Here it was found that systems were:

• Bigger

• More consistently and heavily used – better water turn-over.

• Low lower conductivity and TOC limits than WFI seemed to be more 

bacteria static.
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EP reaches a conclusion in 2015
The production part of the monograph will change.

The specifications for the quality attributes (CQA) of WFI will NOT change.

Purification method will include options RO or Distillation based.

Users will be reminded that a successful system requires:

• That the manufacture (Pharma Co) is responsible for consistent production of 

water of the quality prescribed.

• GMP requires that the Pharma Co be responsible for:

• Design

• Operation

• Maintenance

• Qualification

• Validation

• Monitoring

As a consequence when implemented, HPW will disappear.
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Reverse Osmosis in the Ph. Eur

“Monograph for Water for Injections”

Some more detailed notes of the review and revision process
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Ph Eur sources and acknowledgements

Dr Susanne KEITEL, Director

European Directorate for the Quality of Medicines & HealthCare

Council of Europe

EDQM colleagues:

Emmanuelle Charton

Thomas Hecker

Mihaela Buda

Dr Ged Lee, Chair of the Ph. Eur. WAT Working Party

All specialists of the Ph. Eur. WAT Working Party
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Introduction to the Ph Eur

The purpose of the European Pharmacopoeia is to promote 

public health by the provision of recognised common 

standards for the quality of medicines and their components. 

Such standards are to be appropriate as a basis for the safe 

use of medicines by patients.
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Ph Eur - Organisation

Introduction

General notices

General chapters

General monographs

Individual monographs
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3 waters in the old Ph Eur WAT 
Monographs

© 216

Water,purified
(Ph.Eur.0008)

PW

WaterforInjections
(Ph.Eur.0169)

WFI

Water,highlypurified
(Ph.Eur.1927)

HPW

DEFINITION

➢for preparation of

Medicines other than
those that are required
to be both sterile and
apyrogenic, unless
otherwise justified and
authorised

➢for preparation of

Medicines for parenteral
administration (bulkWFI)
and for dissolving or
diluting substances/
Preparations for parenteral
administration(SWFI)

➢intended for use where

Water of high biological
quality is needed,
except where WFI is
required

DrKeitel ©2016 EDQM, Council of Europe. All rights reserved.
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WFI history in Ph Eur

1969
Ist Ed. Purified Water
Physico/chem tests

1973
WFI introduced
Distillation only

1983
2nd Ed. WFI changes

Distillation only

1997
3rd Ed. WFI changes

LAL introduced

1999
Monitoring changes 

initiated

2000
3rd Ed. Rev to production section (TOC, 

Conductivity, Bioburden)

2002
4th Ed. HPW added, no 

change to WFI

CHMP/CVMP – Guidance on 
quality of water for pharma 

use adopted.

2008
Regulatory event. RO used for WFI 

production for Vet product

2008
Reflection paper on WFI by RO. 

Regulatory concerns expressed about 
biofilm and microbial safety

2009
135th Session of the Ph Eur Commission.

Ph Eur requested to take lead on changing the 
WFI  monograph

2016
New production WFI 
monograph published

2017
New production WFI 
monograph published
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Ph Eur WFI Actions 1: 2010 RO 
technology survey
Objective

• To gather data and information to support responses.

• Specific questions about the system, maintenance, biofilm, membrane 

efficiency.

Many companies reported favourably:

• RO not sufficient alone – RO part of purification pathway coupling several 

purification modules/steps.

• Additional microbial treatment includes UV light, heat and ozone.

• System design features to help avoid biofilm.

• Regular sanitisation regime needed (heat/chemicals).

Systems used – great diversity

• Degasser, softening, ultrafiltration.

• Filtration – softener – RO – EDI – UF.

• Softener – microfiltration - - 3 x RO.

• Double pass RO.
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Ph Eur Actions 2: 2011 EDQM expert 
workshop
Objective

• Is there sufficient data to re-open the NON-distillation debate?

• Review the need for a new WFI monograph.

• Provide discussion platform for industry and regulators.

• Identify the implications for the monographs and general chapters.

Experience from pharma companies. Critical parameters for microbial control:

• Adherent bio-film a big risk. Essential to consider roughness, flow rates, dead-legs, 

and the evolution of membrane technologies.

• Feed-water quality (avoid surface water sources).

• Evolution of membranes, specifically those tolerant to thermal sanitisation.

• Sanitisation strategies (thermal and chemical).

• Close monitoring of membrane ageing.

Position of the PH Eur Commission.

• Progress in the development of water purification technology has to be considered.

• Issue a mandate to the Ph Eur water w/p to review WFI Monograph (0169), 

including the need for additional on-line monitoring.
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Ph Eur Reflection paper WAT WP (2013)

Summarised the current status of alternative production techniques, 

based on scientific and technical evidence.

Reviewed all the evidence supporting a revision to the WFI monograph.

Also refers to the USP and JP.

• USP “- distillation or a purification process proven to be equal to 

or superior to distillation.”

• JP allows distillation OR RO followed by UF.

Recognises the microbial concerns…...

• But concludes not neccessarily  an issue provided control 

mechanisms are in place.

• Properly operated membrane systems, initial water pre-treatment, 

disigns to minimise bio-film,  continuous in-process control, and 

increased use of rapid microbial enumerationand identification 

techniques.
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Ph Eur decision in June 2013

At 146th Session of the European Pharmacopoeia Commission 

• Endorses the Reflection Paper on WFI.

• Agreement to work on revision of the WFI production Monograph (0169).

• Acknowledgement that design, failure mode, and maintenance of water 

systems are critical to ensuring appropriate quality of water is consistently 

produced.

AND

That is is necessary for the GMP & GDP Inspectors Working group (EMA) and 

the CHMP/CVMP Quality working group to jointly agree roles and 

responsibilities in ensuring satisfactory water system performance.
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The new WFI Monograph (0169)

Was adopted during the 154th meeting of Ph Eur Commission on 15-16th

March 2016.

Will be published in Ph Eur supplement 9.1, and will become effective in 

April 2017.

Allows Reverse Osmosis linked with other purification techniques:

• Expectation that the membrane based approach will be equal or 

better than distillation.

• Not just water quality, but also robustness of the system.

• The supervisory authority must be informed before 

implementation.

• GMP guidance will be included in the new Annex 1 of the EU 

GMP  (currently in revision May 2016).
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The new WFI Monograph (0169)

Water for injections in bulk

PRODUCTION

Water for injections in bulk is obtained from water that complies with the regulations on 

water intended for human consumption laid down by the competent authority or from 

purified water.

It is produced either:

-by distillation in an apparatus of which the parts in contact with the water are of neutral 

glass, quartz or a suitable metal and which is fitted with an effective device to prevent the 

entrainment of droplets; the first portion of the distillate obtained when the apparatus begins 

to function is discarded and the distillate is collected; or

-by reverse osmosis, which may be single-pass or double-pass, coupled with other suitable 

techniques such as deionisation and/or ultrafiltration.

Correct operation monitoring and maintenance of the system are essential.

In order to ensure the appropriate quality of the water, validated procedures, in-process 

monitoring of the electrical conductivity, and regular total organic carbon and microbial 

monitoring are applied.
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EP and Annex 1 – the connection.

There is now likely to be a stronger link between the EP and 

the GMP (EU GMP Annex 1):

• When the EP permits WFI by membrane (RO+UF), the 

GMP will reinforce that a successful system will require 

effective control of the process, including:

• QRM principles.

• Microbial control, with a strong focus on bio-film risk.

• Full use of quality attribute testing.

• Effective monitoring of physical process parameters 

such as flow, pressure, temperature, etc
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So now we can see the available 
WFI production options in Ph Eur
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WFI - So what is IN and OUT?

RO + EDI

Multi-effect
Vapour compression
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Most common options available -
WFI
Make it Store it Circulate it Use it

ME Distillation
80 degC

80 degC 80 degC 80 degC

VC Distillation
40 degC

20 degC
Micro control 
periodic thermal 
Or
80 degC

20 degC
Micro control 
periodic thermal 
Or
80 degC

20 degC
Or
80 degC

RO + DI + UF
20 degC
Micro control 
periodic thermal

20 degC
Micro control 
periodic thermal 
or Ozone

20 degC
Micro control 
periodic thermal 
or Ozone

20 degC
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Multiple Effect Distillation

FEEDWATER

IN

BLOWDOWN

OUT

CONDENSATE

OUT

DISTILLATE

PUMP

STEAM

IN 6-8 barG

EVAPORATOR

DEMISTER

VENT OUT

COOLING WATER

OUT

COOLING WATER

IN

DISTILLATE

OUT

150 C

EFFECT

1

EFFECT

2

EFFECT

3
CONDENSER

120 C115 C

110 C      

0.7 bar



© PharmOut 2016

Vapour compression distillation
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Vapour Compression Distillation

DISTILLATE

COOLER

FEEDWATER

IN

BLOWDOWN

OUT

CONDENSATE

OUT

STEAM

IN

DISTILLATE

OUT

BLOWDOWN

COOLER

DECARBONATOR

COMPRESSOR

EVAPORATOR
DISTILLATE

PUMP

RECIRC

PUMP

FEED

HEATER

VENT OUT

DEMISTER
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Some references 

Advances in vapor compression technology for the production of USP 

WFI. Gsell, Nunez, and Smith-Palmer. ISPE Pharmaceutical Engineering March/April 2013, Vol 33, N0 2.

Methods of producing WFI. Brush and Zoccolante. ISPE Pharmaceutical 

Engineering July/August 2009, Vol 29, No 4.

Water systems utilizing mutiple effect and vapor compression 

technologies compared. George Gsell. ISPE Pharmaceutical Engineering March/April 2004, Vol 

24, No 2.

EMEA (now EMA): Note for guidance on quality of water for 

pharmaceutical use. CPMP/QWP/158/01 & EMEA/CVMP/115/01; London May 2002.

Reliability study for membrane processed WFI. Kojima, Okada, Sasaki, Oba, Fujise, 

Kusuyama. PDA Journal of GMP & Validation in Japan Vol 13, No 2; 2011.

Background document for revision of monograph Water for injections 

(0169), based on the Reflection Paper endorsed by the European Pharmacopoeia Commission at its 

146th Session, June 2013.
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Distillation Options
Some Specific Differences

Feed water needs to be close to 
purified water

Cooling water is required

Separate condenser is used

No compressor required

Distillate and blowdown pumps usually 
not required

Plant steam @  6-8 barg

Electrical requirements are minimal

ASME coded pressure vessels

Feed water deionised

No cooling water required

No separate condenser

Compressor is required

Distillate and blowdown pumps are required

Plant steam at  2.4-3.1 barg

More electrical requirements for compressor drive

Not a ASME coded vessel

Multi-Effect Vapor Compression



© PharmOut 2016

Skid Mounted HPV & WFI Water Generator 

 Typical unit purification steps (all capable of thermal sanitisation):
 Softening.

 Chlorine removal.

 Reverse osmosis.

 Continuous Electro-deionisation.

 Ultra-filtration
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Biofilm and the microbial 

contamination risk
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Biofilm Formation

Mark Wiencek, Rohm & Haas Company, Spring House, PA  19477

May 2016 © 2016 38
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Biofilms Can Shed In Water Flow

May 2016 © 2016 39
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Thanks for your attention 
Questions???
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This presentation has been prepared

and delivered by:-

Gordon J Farquharson

Principal

Critical Systems Ltd

Consulting in Safety & Quality Critical Systems

Guildford, Surrey, GU1 2SY, UK

tel +44 (0)1252 703 663

gjf@critical-systems.co.uk

www.critical-systems.co.uk
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