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This book uses a large number of actual engineering cases and photos, and combines that with the theoretical experience
of the International Society for Pharmaceutical Engineering (ISPE\)‘ and the American Society of Mechanical Engineers Bio-
processing Equipment ( ASME BPE) to introduce the basic concepts and design approaches of pharmaceutical water systems
in a vivid and accurate manner. This book is based on the céhcepts of the “quality by design, prevention of microbial con-
tamination and particles contamination” to introduce the rationale of design, installation, commissioning and validation of
pharmaceutical water systems. It also provides the readers with the quality control specifications for materials used in a Phar-
maceutical Water Systems to ensure it can provide the pharmaceutical water and pure steam required for pharmaceutical pro-
duction stably.

This book is of particular relevance to technicians who are engaged in researching, designing and manufacturing clean

stainless steel fluid process systems. At the same time, it can be used as reference material for majors related to pharmaceu-

tical engineering etc.
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Pharmaceutical water systems are an important subject in the Good Manufacturing Practice.
Compared with developed countries. With gradual development of design. installation and validation
activities. the pharmaceutical water systems are becoming the leading element in new or renovated
projects of the modern pharmaceutical industry. All pharmaceutical enterprises will make the
design, installation and validation activities the key of drug quality assurance. and realize that phar-
maceutical water systems with reliable quality can provide competitive advantages of consistent
quality assurance and cost savings for the enterprises.

For the pharmaceutical industry, pharmaceutical water systems is very important not only due
to compliance requirements of regulations and product quality in the pharmaceutical industry. but
also for the development of science and technology. and the benefits of cutting edge knowhow on
drug quality improvement and risk control. With the continuous technological development of envi-
ronmental protection. energy conservation and process safety in world, the design concepts and
quality standards of pharmaceutical water systems have changed accordingly; this requires the phar-
maceutical enterprises to adapt to the new requirements of the water generation equipment and stor-
age and distribution systems. The original purpose for writing this book was to promote the under-
standing of the continuously improved quality requirements of pharmaceutical water systems, and
the challenges faced by product manufacturing companies in pharmaceutical industry at present.

As a direct practitioner of design. installation and validation of pharmaceutical fluid process

~systems in the pharmaceutical industry, the author of this book has a rich technical expertise and
practical experience with respect to pharmaceutical water systems, with 1000 success project
cases. The book provides an overview of the practical methods used in the day to day purified water
systems., water for injection systems and pharmaceutical steam systems operations. These methods
comply with advanced international advanced GMP regulations and guidelines and standardized ap-
plications of relevant content. including current innovative methods such as risk assessment
concepts and GEP management. The book is an excellent reference text for pharmaceutical water
systems. and a must read for those seeking to improve the level of design and validation activities in

the pharmaceutical industry. -

The author
January, 2017 in Shanghai, China



Foreword

Pharmaceutical Water Systems is a practical reference text that will facilitate a comprehensive
understanding of pharmaceutical water systems; it provides clear explanations of pharmaceutical
technologies, chemical principles, physical chemistry, pharmacopoeia, the Good Manufacturing
Practice and relevant scientific theory and engineering technology. This book uses practical examples
of unit operation, cleaning technology and microbiology to demonstrate the basic characteristics of
pharmaceutical water systems in a comprehensive and vivid manner.

The Good Manufacturing Practice (2010 Revision) was formally issued and implemented in
the Chinese mainland on March 1%, 2011. Many advanced design concepts and process analytical
technologies are promoted in the pharmaceutical industry. The author published Pharmaceutical
Water Systems (First Edition in Chinese) in 2012; it was widely accepted by the industry. and
provided a comprehensive theory summary and practical experience insights for pharmaceutical en-
terprises and institutions of higher education.

After five years. the author edited and compiled Pharmaceutical Water Systems ( First
Edition in English) using a more comprehensive and in depth approach with successful system op-
eration examples chosen from thousands of actual pharmaceutical water systems. This book intro-
duces new and innovative technological concepts. including WFI generation with the purification
method, online microorganism detecting technology, design and practice of WFI systems at normal
temperature. residual chlorine removal technology with UV radiation, rouge remediation and pre-
vention, ete. It is expected that this book will help practitioners in the pharmaceutical industry ac-
quire a deeper and more visual understanding of pharmaceutical water systems., and promote the
popularization of design. manufacturing and validation ability of pharmaceutical water systems in
the industry.

The Pharmaceutical Water Systems has 13 chapters; Chapter 1 to Chapter 3 are mainly cover-
ing laws and regulations. design concepts and unit operation; Chapter 4 to Chapter 7 introduce the
concept of quality by design as the starting point for a pharmaceutical water systems of high quality,
includir’lg purified water generation systems, WFI generation systems, storage and distribution sys-
tems and pure steam systems; Chapter 8 takes the prevention of microbial contamination as starting
port to systematically describe sanitation and sterilization technologies, and make detailed analyses
and summaries of various sanitation/sterilization measures; Chapter 9 and Chapter 10 take the pre-
vention of particles contamination as the starting point of a description of the hazards of rouge for-
mation and derouging measures. and propose reasonable suggestions for maintenance of pharmaceu-
tical water systems; Chapter 11 covers the principle of quality control with emphasis on the impor-

tance of welding. pickling and passivation; Chapter 12 and Chapter 13 are describing the process an-



alytical technology, commissioning and qualification methods of pharmaceutical water systems from
the perspective of automatic control technology and validation.

This book uses a large number of actual engineering cases and photos, and combines that with
the theoretical experience of the International Society for Pharmaceutical Engineering (ISPE) and
the American Society of Mechanical Engineers Bioprocessing Equipment (ASME BPE) to introduce
the basic concepts and design approaches of pharmaceutical water systems in a vivid and accurate
manner. This book is based on the concepts of the “quality by dcsién, prevenlion’of microbial con-
tamination and particles contamination” to introduce the rationale of design. installation, commis-
sioning and validation of pharmaceutical water systems. It also provides the readers with the quality
control specifications for materials used in a pharmaceutical water systems to ensure it can provide
the pharmaceutical water and pure steam required for pharmaceutical production stably.

The author thanks Gordon Farquharson. ISPE senior lecturer, for his support and encourage-
ment. Mr Gordon Farquharson devotes his enthusiasm to the transfer of scientific knowledge of wa-
ter and steam systems promoting the development of the pharmaceutical industry. At the same
time. the compilation of this book has been assisted by Dr Anthony Bevilacqua. head of R&.D at
Mettler Toledo. he is serving on USP Chemical Analysis Expert Committee and the ISPE Critical
Utilities COP Steering Committee. and has made great contributions to the development of pharma-
copoeia water. It is expected that this book will not only help the operators involved in the use and
maintenance of pharmaceutical water, but also meet the requirements of in—depth understanding of
pharmaceutical water systems by technicians who work on the design. installation, commissioning.,
validation and management of pharmaceutical water systems,

This book is authored by Gongchen Zhang. Relevant regulatory authorities. biopharmaceutical
enterprises. institutes of higher education. engineering consulting companies and brand suppliers
participated in the writing and proofreading of this book. All participant units and authors have exer-
ted great efforts to the compilation of Pharmaceutical Water Systems. The author thanks the fol-
lowing writers and entities who have participated in the compilation of this book.

Chapter 1 Pharmacopoeia and Regulations

Gordon Farquharson ISPE Germany
Mars Ho ISPE China
Anthony Charles Bevilacqua Mettler Toledo USA

Yu Dechao Innovent USA
Chapter 2 Design Concept

Harry Jost Neumo 7 Germany
L.ong Zhaozhong Haoxin China
Lili CNBG China
Wilfried Kappel Kappel Consult Germany
Gao Qiang AustarPharma USA
Chapter 3 Unit Operation and Components

Heiko Maehnert KPA Germany
Shen Yanmin Grundfos Denmar
Mareike Monninger Gemu Germany

Chen Yankun Nerve China



Chapter 4 Generation of Purified Water

Xu Jingfeng lonpure
Wang Xujian Rocksensor
Wang Tao Hanovia

Chapter 5 Generation of Water for Injection

Timo Heino Finn Aqua

George Gsell Meco

Shi Tao Pall

Ren Hongyu Aqua Chem

Chapter 6  Storage and Distribution Systems

John M. Hyde Hyde Engineering+ Consulting
Per Ake Olsson Alfalaval

Li Xiaotian Austar

Chapter 7 Pharmaceutical Steam System

Timo Heino Finn Aqua
Matt Feldman Yula
Gao Xiaoliang Glparma

Chapter 8 Sanitation and Sterilization Technology

Morven McAlister Pall
Huang Kaixun Huazhong University of Science and Technology
Zhang Heng Wuhan Institute of Technology

Chapter 9  Rouge Formation

Paul Lopolito Steris
Sun Yongjie Austar
[.uo Xiaoyan East China University of science and technology

Chapter 10 Derouging Stainless Steel Systems

Nissan Cohen Rohrback Cosasco Systems
Liu Chao Buchang Pharma
Wu Guangzhao Austar

Chapter 11 Quality Management

Yin Xuelin ISPE

Zhang Ping ISPE

Zhang Jinwei Olive association
Wang xuefeng Science Sun Pharma.

Chapter 12 Automatic Control Technology

Karl Scholz Rocksensor
Marc Klingler Burkert
Chen Yuewu Austar

Chapter 13 Validation
Christian Bachofen CB consultancy
Ma Yiling Austar

Jia Xiaoyan Austar

USA
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Finland
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China

Finland
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China
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China
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This book is translated by professional translation team. All participant translators have
exerted great efforts to the compilation of Pharmaceutical Water Systems. The author thanks the
following translators who have participated in the compilation of this book.

Professional translation team

Dumitru Cristescu Bogdan ~ Education institutions Romania
Zhang Yajie Olive association China
Zhang Jianli Austar " China
Chen Lijuan Austar China
Yang Yalan Austar China
Wang Ruiqing Austar China

This book is of particular relevance to technicians who are engaged in researching. designing
and manufacturing clean stainless steel fluid process systems, as well as the technical. production
and engineering maintenance personnel from the pharmaceutical, chemical, daily chemicals manu-
facturing and semiconductor industry. At the same time, it can be used as reference material for
majors related to materials chemistry. metal anticorrosion. pharmaceutical engineering. pharma-
ceutical preparation. bioengineering. etc. in institutes of higher education. Due to the limitation of
knowledge level of the author and urgent time, the inappropriateness and error may exist in the

book. The author will appreciate comments and suggestions from the readers regarding this book.

Gong Chen Zhang
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Process Manual . and participated in the editing of books such as Pharmaceutical
Engineering Process Design. Pharmaceutical Preparation Process Equipment and
Engineering Design. Microbial Control in Pharmaceutical Cleanrooms . Pharma-
ceutical Process Validation Manual . and Com pilation of EU GMP /GDP Regula-

tions.



Abbre viations

Abbreviations English
AHU Air Handing Unit )
AOAC Association of Official Analytical Chemists
AMV Analytical Method Validation
API Active Pharmaceutical Ingredient
ASME American Society of Mechanical Engineers

ASME BPE
ASTM
BD

Bl
BMS
CAPA
CCA
CCP
CD
CEHT
CFR
CFU
cGMP
CHO
CIP
ChP
C,/Cy
CPP
CQA
CsV

CVP

American Society of Mechanical Engineers Bioprocessing Equipment
American Society for Testing and Materials

Bowie-Dick

Biological Indicator

Building Management System

Corrective and Preventative Action

Component Criticality Assessment

Critical Control Point

Cycle Development

Clean Equipment Hold Time

Code for Federal Regulations

Colony Forming Unit

Current Good Manufacturing Practice

Chinese Hamster Ovary
Clean in Place

Chinese Pharmacopeia
Process Capability Index
Critical Process Parameter
Critical Quality Attribute
Computer System Validation

Cleaning Validation Plan
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Abbreviations English
DCS Distributed Control System
DDS Detailed Design Specification
DEHT Dirty Equipment Hold Time
DNA Deoxyribonucleic Acid
DoE Design of Experiment i
DOP Dioctyl Phthalate(or Equivalent.Dispersed Oil Particulate)
DQ Design Qualification
DS Design Specification
ED;; 50 % Effective Dose
EDI Electrodeionization Deionization (US Filter)
EHS Environment Health Safety
ELISA Enzyme-linked Immuno Sorbent Assay
EMA European Medicines Agency
EMS Environmental Monitoring System
EP European Pharmacopoeia
EPA Environmental Protection Agency
ERP Enterprise Resource Planning
ETOP Engineering Turnover Packages
EU European Union
FAT Factory Acceptance Testing
FDA Food and Drug Administration
FDS Functional Design Specification
FMEA Failure Modes and Effects Analysis
FS Function Specification
FTA Fault Tree Analysis
FQCP Field Quality Control Plan
GAMP Good Automated Manufacturing Practice
GDP Good Document Practice
GEP Good Engineering Practice
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Abbreviations English
GLP Good Laboratory Practice
GMP Good Manufacturing Practice
GxP Good x Practice .
HACCP Hazard Analysis and Critical Control Points
HAZOP Hazard and Operability Analysis
HDS Hardware Design Specification
HEPA High Efficiency Particulate Air
HBV Hepatitis B Virus
HIV Human Immunodeficiency Virus
HMI Human Machine Interface
HPLC High Performance Liquid Chromatography
HVAC Heating. Ventilation, and Air Conditioning
I/0 Input and Output
ICsq The Half Maximal Inhibitory Concentration
ICH Int‘ernatio.nal Conference on Harn.lonization of Technical Requirements
for Registration of Pharmaceuticals for Human Use
IEC International Electro technical Commission
1Q Installation Qualification
1SO International Standards Organization
ISPE International Society for Pharmaceutical Engineering
IUPAC International Union of Pure and Applied Chemistry
LIMS Laboratory Information Management System
LOD Limit of Detection i
LOQ Limit of Quantizatity
MB/L Methylene Blue
MCB Master Cell Bank
ME? Manufacturing Execution System
M"}DD Minimum Treatment Daily Dosage
008 Out of Specification
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Abbreviations English

0Q Operational Qualification

OSD Oral Solid Dosage

P&.ID Piping and Instrumentation Diagrams

PAO Poly-alpha-olefin

PAT Process Analytical Technology

PBS Phosphate Buffer Saline

PCB Primary Cell Bank

PCR Polymerase Chain Reaction

PDA Parenteral Drug Association

PDI Pre-delivery Inspection

PEP Project Execution Plan

PFD Process Flow Diagram

PHA Preliminary Hazard Analysis

PIC/S Ph:zrmaceutilcal I‘nspiration Convention and Pharmaceutical Inspection
Co-operation Scheme

PLC Programmable Logic Controller

PM Project Managemnet

PP Polypropylene

PPE Personal Protective Equipment

PPQ Process Performance Qualification

PQ Performance Qualification

P8 Pure Steam

PTFE Polytetrafluoroethylene

PV Process Validation

PVC Polyvinyl Chloride

PVP Process Validation Plan

PW Purified Water

QA Quality Assurance

QbD Quality by Design
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Abbreviations English
QC Quality Control
QMS Quality Management System
QPP Quality and Project Plan
QRM Quality Risk Management
RA Risk Assessment
RABS Restricted Access Barrier System
RH Relative Humidity
RNA Ribonucleic Acid
RO Reverse Osmosis
RPN Risk Priority Number
RSD Relative Standard Deviation
RTM Requirements Traceability Matrix
RTP Rapid Transfer Port
SAL Sterility Assurance Level
SAT Site Acceptance Testing
SCADA Supervisory Control and Data Acquisition
SCR Source Code Review

SDA-PAGE
SDI
SDS
SFDA
SIA
SIP
SME
SMS
SMT
SOP
SV
™

Sodium Dodecyl Sulfate-polyacrylamide gel

Silt Density Index

Software Design Specification

State Food and Drug Administration
System Impact Assessment

Sterilize In Place

Subject Matter Expert

Software Module Specifications
Software Module Test

Standard Operating Procedure
Sindbis Virus

Traceability Matrix
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Abbreviations English
TOC Total Organic Carbon
TR Technical Report
UAF Unidirectional Airflow
UCL Upper Confidence Limil
UPS Uninterruptable Power Supply
URB User Requirements Brief
URS User Requirements Specification
USP United States Pharmacopoeia
uv Ultraviolet Light
VHP Vaporized Hydrogen Peroxide
VMP Validation Master Plan
VP Validation Plan
VSR Validation Summary Report
VSV Vesicular Stomatitis Virus
WCB Working Cell Bank
WFI Water for Injection
WHO World Health Organization
WIP Wetting in Place
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