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Preface
Pharmaceutical companies typically require considerable resources in terms of time,
money, and specialized personnel to validate a manufacturing facility, and this can
be overwhelming to a small company or plant with limited resources. The cost of
validating a plant has increased over the years, reflecting higher standards required
by the regulatory authorities or by companies adopting inefficient and ineffective
validation practices. Because of the latter problem, the word “validation” still has a
negative connotation in the pharmaceutical industry and is still understood by some
as unrestrained bureaucracy, paperwork, and procedures whose roots and logic are
obscure and which serve only to slow progress. In short, validation provides no
beneficial contribution to a project — it only adds cost.
To analyze and investigate this problem in more depth, this book focuses on
validation aspects pertaining to the startup of a new or upgraded manufacturing
facility. The “theory, practice, and tools of facility validation” are defined.
A scenario is sketched of facility construction costs continuing to escalate with
ever-decreasing resources and time allocated to many projects; tied in with this are
many far-reaching changes taking place in the application of the current good
manufacturing practice (cGMP) regulations relating to the pharmaceutical industry.
Regulatory authorities are expecting the rigor of control of pharmaceutical manufacturing to continuously improve over time. This is forcing companies to evaluate
their validation programs to investigate ways of streamlining the process of validation. Methods that satisfy quality needs, business needs, and regulatory requirements
are used to ensure that the industry remains competitive and compliant in an effective
and efficient manner.
Various policies, guidelines, and regulations relating to GMP in the pharmaceutical industry worldwide, particularly those regulations affecting the various aspects
of facility validation, are defined and described. The relationship between validation
and GMP is then further expanded on to define the scope and extent of regulatory
requirements for validation.
Validation concepts, definitions, and terminology associated with GMP and
validation is discussed in an effort to provide some consistency to avoid confusion and
misinterpretation of regulatory expectations within the industry. The philosophy and
key principles of validation (life-cycle approach to validation and qualification practices)
are detailed. What it takes to set up an infrastructure for implementing a validation
program to address all of the essential validation disciplines is also presented.
The life-cycle approach is presented for the qualification and validation of a
pharmaceutical manufacturing facility explaining the sequence of relevant engineering and validation activities typically followed in a project. Common pitfalls and
problems associated with facility validation projects are presented to highlight the
various difficulties and constraints that a validation team has to manage.
© 2004 by CRC Press LLC



Twenty steps and good validation practices are advocated to reduce project
resource requirements, project costs, and time schedules, improve commissioning
and validation efficiencies, with efficient start-up of the plant.
The various benefits of implementing the good validation practices to address
the most common problems associated with facility validation projects are
expounded. The book warns of dire consequences if companies do not adopt and
follow these best practices.
This book makes a solid case for the benefits of companies following a simple,
practical, scientific validation program that is based on common sense. It demonstrates
that design, engineering, commissioning, and validation activities can be integrated
and streamlined to accelerate the start-up effort, reduce the validation effort and costs,
produce superior documentation, and ensure that product is produced in a cGMPcompliant facility. It proves that even though the original focus of validation was to
satisfy regulatory expectations, facility validation has in fact become a good business
and engineering practice that enhances reliability, cost, and quality. Properly executed
validation pays for itself, often in nonfinancial ways.
Validation professionals are challenged to never allow themselves to become
complacent about investigating and employing new approaches and technologies
and must continue to develop standards and guidelines for increasing the quality,
effectiveness, and value of validation activities and to make these available to help
companies to keep their good validation practices current in order to control the cost
of validation. In this way validation will take the lead, refocus, and begin to dispel
the negative perceptions and reverse this disturbing trend toward unnecessary or
inefficient facility validation activities to provide positive impact to the corporate
bottom line.
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Introduction
In the past decade, many far-reaching changes have taken place in the application
of the current good manufacturing practice (cGMP) regulations relating to the
pharmaceutical industry. The words “current” and “good” in cGMP create the
expectation for the rigor of control of pharmaceutical manufacturing to continuously
improve over time, and convey the notion that as soon as a practice becomes
recognized as valuable in assuring the quality of drug products, that practice becomes
the standard for the industry. Thus, continuous quality improvement is ingrained in
the cGMP concept.
In this environment, the pharmaceutical industry also constantly seeks improved
manufacturing efficiencies to attain marketplace strategic advantage with “cost of
goods” and “speed to market” imperatives and increasingly more costly capital
expenditures are devoted to achieving this competitive advantage. These strategies
often include building new or modernizing existing manufacturing facilities. The
design, construction, commissioning, and validation of these pharmaceutical facilities are significant challenges for project managers, as well as engineering and quality
professionals. Constantly caught in a dilemma of budget and schedule constraints,
companies have to deliver a quality end product that complies with all building,
environmental, health and safety codes, laws, and regulations and in addition they
must also comply with one very important legal criterion: They must be validated
to meet the cGMP regulations.
Historically, the legal requirement for validation in the pharmaceutical industry
originated in 1978 in the U.S. with the Food and Drug Administration (FDA) issuing
amendments to the Code of Federal Regulations (CFR) that set forth current cGMP
regulations (FDA CFR Title 21)1 for the manufacturing, processing, packaging, or
holding of human and veterinary drugs. This precipitated a widespread rush by
pharmaceutical manufacturers to institute formalized validation programs suited to
their individual needs, financial capabilities, and company philosophies.
These regulations have been written in such a way as to leave the interpretation
to the user, and confusion and misinterpretation by the industry on the scope and
extent of this validation requirement has led to ever-increasing costs of bringing
pharmaceutical facilities in compliance with these cGMPs.
The cost of validating a facility is determined by the time spent on documentation,
the development of protocols and SOPs, and the time spent on actual fieldwork, data
collection, and analysis.2 These costs have increased over the years, reflecting higher
standards required by the regulatory authorities, because industry has adopted inefficient and costly blanket validation compliance strategies. As a result, there is a
continuing struggle and challenge to meet regulatory requirements, keep overhead
costs down, and run a profitable business. For interest, a good rule of thumb is that,
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for typical pharmaceutical plant expansion projects, total “validation costs may run
from 4 to 8% of the total project cost.”3
For a new or upgraded facility, commissioning and facility validation is the
foundation for assuring success in future manufacturing process validation. Before
you begin validating a manufacturing process, an acceptable facility and the utilities
and equipment to support manufacturing operations must be in place.
Facility qualification and validation activities will establish and provide documentary evidence that:
•
•

•
•

The premises, facilities, and equipment have been designed in accordance
with the requirements of cGMP. This constitutes design qualification (DQ).
The facilities and equipment have been built and installed in compliance
with their design specifications. This constitutes installation qualification (IQ).
The facilities, utilities, and equipment operate in accordance with their
design specifications. This constitutes operational qualification (OQ).
The facilities, utilities, or equipment that can affect product quality
performs as intended, meeting predetermined acceptance criteria. This
constitutes performance qualification (PQ).4

Process validation can commence once the facility has been validated (IQ + OQ
+ PQ). A specific process will consistently produce a product meeting predetermined
specifications and quality attributes. This constitutes process validation (PV).4
These qualification and validation activities play a crucial role in delivering
operationally effective, safe, and efficient facilities, manufacturing process utilities,
and equipment, and also provide the medium by which compliance is achieved,
demonstrated, and retained.
Facility validation represents the last phase of the design and construction of a
pharmaceutical facility and is beset by the following major problems:
•

•

Validation activities form a significant percentage of time and money
in most pharmaceutical capital projects, and the cost of validating and
maintaining facilities designed to meet cGMP requirements is spiraling
out of control. These costs have increased over the years, reflecting
higher standards required by the regulatory authorities as interpreted,
and also because industry has adopted inefficient and costly blanket
validation compliance strategies. This is because most organizations lack
a clear understanding of the reason for validation, fail to develop procedures to allow them to conduct efficient validation, and rarely allow
sufficient time and resources to plan for validation activities.
Compared to disciplines like chemistry and engineering, validation is a
relatively new technology, and many of the people in key senior management positions today do not fully appreciate the extent and scope of
validation, the resources required, and its beneficial contribution to a
project. This means that validation project teams are often under resourced
for the scope and duration of projects.
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•

•

Advancing manufacturing technology makes new facilities increasingly
more complex and brings higher expectations for output, quality, and
efficiency. Fears of plant shut-downs and possible financial losses are
forcing validation teams to qualify or validate noncritical cGMP systems
that really only require commissioning.
Plant commissioning is a vital element in the process of delivering new
facilities and represents the last phase of the design and construction of
a pharmaceutical facility before validation. Project system and equipment
commissioning activities are often not planned sufficiently well and
timelines allocated for execution are underestimated. This, together with
varying commissioning practices and methodologies, results in costly
delays and stressful implementation when project teams undermanage the
tasks of starting up and turning over facilities. This lack of effective
commissioning and the consequent slippage in the project time line can
restrict the amount of time left to do the validation.

Pharmaceutical industries, regulatory authorities, institutions, and corporations
in places such as the U.S., Europe, and Japan are harmonizing their regulations and
practices relating to cGMP, and nations worldwide are gradually adopting these
rules, regulations, and practices.
As GMPs must remain current, so too must there be continuous quality
improvement over time in what could be termed good validation practice (GVP).
Ways of streamlining the process of validation, with methods that satisfy quality
needs, business needs, and regulatory requirements must be investigated to
ensure that the industry remains competitive and compliant in an effective and
efficient manner.
This book presents the author’s experience in validating upgraded manufacturing facilities and proposes methodologies to improve, integrate, and streamline the
facility validation approaches to control the cost and time of validation, with the
resultant efficient start-up of pharmaceutical manufacturing facilities.
This book presents, reviews, analyzes, and discusses the following:
•

•

•

Chapter 1: The Regulatory Requirements for Validation in the Pharmaceutical Industry
• The regulatory requirements of good manufacturing practice (GMP)
• The relationship between validation and GMP
• The impact of changing regulations on the scope and extent of validation
• The future of GMP
Chapter 2: The Fundamentals and Essentials of Validation
• Validation concepts, definitions, and terminology
• The philosophy and key principles of validation
• Organizing and planning for validation
• The essential validation disciplines
Chapter 3: The Practice of Facility Validation
• A typical life-cycle approach for the qualification and validation of a
pharmaceutical manufacturing facility
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•

•

•

Chapter 4: Twenty Tools Recommended for Facility Validation
• Common problems associated with facility validation
• Good validation practice
Chapter 5: Good Validation Practice
• Benefits of following good validation practice
• Consequences of not following good validation practice
Chapter 6: Conclusions and Future Directions

This book offers the industry an opportunity to rethink current practices regarding
this powerful and valuable quality system, viz. validation, so that we can address
problems and shortcomings, identify inefficient validation activities, and implement
new approaches to reduce costs and improve efficiency. The book identifies opportunities for improving the following critical areas in a facility validation project: project
organizational structure, project team responsibilities, project scope definition, project
planning and scheduling, commissioning program, construction turn-over and plant
startup, documentation management, and maintenance of validation status.
Validation is a function of risk aversion and the cost of validation is related to
the amount of (quality) risk that we wish to avert.5 This book demonstrates that
design, engineering, commissioning, and validation activities can be integrated and
streamlined to accelerate the startup effort, reduce the validation effort and costs,
produce superior documentation, and ensure that product is produced in a cGMPcompliant facility. It also proves that even though the original focus of validation
was to satisfy regulatory expectations, facility validation has in fact become a good
business and engineering practice that enhances reliability, cost, and quality.
The information presented in this book will provide:
•

•

•

Practical approaches that may be used for integrating the commissioning
and validation of GMP facilities for companies new to validation or
companies with limited validation resources.
Guidelines to pharmaceutical manufacturers, engineering, quality, and
validation professionals for assessing the detail, efficiency, quality, and
cost of their programs and will describe some of the practical approaches
that may be used to facilitate new facility startup and operation.
A positive contribution to the future cGMP standards to be set by the
regulators of the pharmaceutical industry.
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Regulatory
1 The
Requirements for
Validation in the
Pharmaceutical Industry
1.1 THE REGULATORY REQUIREMENTS OF
GOOD MANUFACTURING PRACTICE (GMP)
0RVW FRXQWULHV KDYH ODZV DQG UHJXODWLRQV WKDW FRYHU WKH PDQXIDFWXUH VDOH DQG
GLVWULEXWLRQRIGUXJRUPHGLFLQDOSURGXFWV7KHVHODZVDQGUHJXODWLRQVDUHQRUPDOO\
JRYHUQHGE\VRPHIRUPRIKHDOWKUHJXODWRU\DXWKRULW\ZKRVHGXW\LWLVWRSURPRWH
KHDOWK DQG WR SURWHFW WKH SXEOLF IURP KHDOWK KD]DUGV 7KHVH UHJXODWRU\ DXWKRULWLHV
ZLOOZDQWWREHVXUHWKDWWKHSKDUPDFHXWLFDOSURGXFWVXVHGLQWKHLUFRXQWU\DUHVDIH
WRXVHHIÀFDFLRXVSURSHUO\PDGHDQGRIWKHULJKWTXDOLW\
$VDFRQVHTXHQFHJRYHUQPHQWUHJXODWRU\DXWKRULWLHVXVXDOO\KDYHDV\VWHPRI
UHJLVWUDWLRQRUOLFHQVLQJIRUGUXJSURGXFWVDQGZLOOQRWDOORZDPHGLFLQHWREHVROG
RUVXSSOLHGIRUXVHXQOHVVLWKDVEHHQSURSHUO\UHJLVWHUHGRUOLFHQVHG&RPSOLDQFH
ZLWKDVSHFLÀHG*03UHTXLUHPHQWLVXVHGE\PRVWFRXQWULHVDVWKHEDVLVIRUOLFHQVLQJ
PDQXIDFWXUHUVRISKDUPDFHXWLFDOSURGXFWV7KHDXWKRULWLHVDOVR ZDQWWRNQRZWKDW
LQ GD\WRGD\ SURGXFWLRQ WKH SURGXFW LV PDGH SURSHUO\ DQG WR WKH ULJKW TXDOLW\
VWDQGDUGV 7KDW LV WKH\ ZLOO ZDQW WR EH VXUH WKDW WKH PDQXIDFWXUHU LV ZRUNLQJ LQ
DFFRUGDQFHZLWKWKHSULQFLSOHVRIJRRGPDQXIDFWXULQJSUDFWLFH *03 
 *03 LV WKH DFURQ\P XVHG LQWHUQDWLRQDOO\ WR GHVFULEH D VHW RI SULQFLSOHV DQG
SURFHGXUHVZKLFKZKHQIROORZHGE\PDQXIDFWXUHUVRISKDUPDFHXWLFDORUWKHUDSHX
WLFJRRGVKHOSVHQVXUHWKDWWKHSURGXFWVPDQXIDFWXUHGZLOOKDYHWKHUHTXLUHGTXDOLW\
7KH *03V GHVFULEH WKH PHWKRGV HTXLSPHQW IDFLOLWLHV DQG FRQWUROV UHTXLUHG IRU
SURGXFLQJSKDUPDFHXWLFDOSURGXFWV*03UXOHVDUHGLUHFWHGSULPDULO\WRGLPLQLVKLQJ
WKH ULVNV LQKHUHQW LQ DQ\ SKDUPDFHXWLFDO SURGXFWLRQ ZKLFK FDQQRW EH SUHYHQWHG
FRPSOHWHO\WKURXJKWKHWHVWLQJRI ÀQDOSURGXFWV6XFKULVNVDUHHVVHQWLDOO\RIWZR
W\SHVFURVVFRQWDPLQDWLRQDQGPL[XSV7KHIHGHUDOUHJXODWLRQVDUHFDOOHG´FXUUHQWµ
JRRGPDQXIDFWXULQJSUDFWLFH F*03 UHJXODWLRQVWRHPSKDVL]HWKDWWKHH[SHFWDWLRQV
IRUFRPSOLDQFHDUHG\QDPLF
2IÀFLDO JRYHUQPHQW SXEOLFDWLRQV RQ *03 PD\ EH FDOOHG UHJXODWLRQV FRGHV
JXLGHVRUGLUHFWLYHV$WWKHSUHVHQWWLPHGLIIHUHQWFRXQWULHVDQGWUDGHEORFVWKURXJK
RXW WKH ZRUOG KDYH DGRSWHG UXOHV DQG UHJXODWLRQV UHODWLQJ WR *03 WKDW DW D KLJK
OHYHO DUH VLPLODU LQ VFRSH DQG HIIHFW &RXQWULHV VXFK DV &DQDGD -DSDQ DQG WKH
8QLWHG6WDWHVKDYHWKHLURZQVSHFLÀF*03UHJXODWLRQVEXWPDQ\RWKHUVKDYHDGRSWHG

© 2004 by CRC Press LLC



DQG DGDSWHG SROLFLHV JXLGHOLQHV DQG UHJXODWLRQV 7KH IROORZLQJ SXEOLFDWLRQV DUH
VRPHH[DPSOHVRI*03UHJXODWLRQVJXLGHVRUGLUHFWLYHV












7KH :RUOG +HDOWK 2UJDQL]DWLRQ :+2  (VVHQWLDO 'UXJV DQG 0HGLFLQH
3ROLF\ RQ *RRG 0DQXIDFWXULQJ 3UDFWLFH LQ 3KDUPDFHXWLFDO 3URGXFWLRQ
:+2 
7KH 3KDUPDFHXWLFDO ,QVSHFWLRQ &R2SHUDWLRQ 6FKHPH 3,&6  *XLGH WR
*RRG 0DQXIDFWXULQJ 3UDFWLFH IRU 0HGLFLQDO 3URGXFWV 3,&6 $XJXVW
 
7KH(XURSHDQ&RPPXQLW\ (& *XLGHWR*RRG0DQXIDFWXULQJ3UDFWLFH
0HGLFLQDO3URGXFWVIRU+XPDQDQG9HWHULQDU\8VH (&1RYHPEHU 
7KH)'$&XUUHQW*RRG0DQXIDFWXULQJ3UDFWLFH5HJXODWLRQVLQ0DQXIDF
WXULQJ3URFHVVLQJ3DFNLQJRU+ROGLQJRI'UXJV &)53DUW  )'$
$SULORULJLQDOO\SXEOLVKHGLQ 
7KH)'$&XUUHQW*RRG0DQXIDFWXULQJ3UDFWLFH5HJXODWLRQVIRU)LQLVKHG
3KDUPDFHXWLFDOV &)53DUW  )'$$SULORULJLQDOO\SXEOLVKHG
LQ 
7KH)'$*XLGDQFH'RFXPHQWIRU,QGXVWU\*RRG0DQXIDFWXULQJ3UDFWLFH
*XLGDQFHIRU$FWLYH3KDUPDFHXWLFDO,QJUHGLHQWV )'$$XJXVW 
7KH ,QWHUQDWLRQDO &RQIHUHQFH RQ +DUPRQLVDWLRQ ,&+  +DUPRQLVHG
7ULSDUWLWH*XLGHOLQH4$*RRG0DQXIDFWXULQJ3UDFWLFH*XLGHIRU$FWLYH
3KDUPDFHXWLFDO,QJUHGLHQWV>,&+ 6WHS 1RYHPEHU@

$FFRUGLQJWRWKH:RUOG+HDOWK2UJDQL]DWLRQ
*03LVWKDWSDUWRITXDOLW\DVVXUDQFH 4$ ZKLFKHQVXUHVWKDWSURGXFWVDUHFRQVLVWHQWO\
SURGXFHGDQGFRQWUROOHGWRWKHTXDOLW\VWDQGDUGVDSSURSULDWHWRWKHLULQWHQGHGXVHDQG
DVUHTXLUHGE\WKHPDUNHWLQJDXWKRUL]DWLRQRUSURGXFWVSHFLÀFDWLRQ

7KH\JRIXUWKHUDQGVD\WKDW*03LVFRQFHUQHGZLWKERWKSURGXFWLRQDQGTXDOLW\
FRQWURO 4& 7DEOHVXPPDUL]HVWKH:+2EDVLFUHTXLUHPHQWVRI*03
7KH 3KDUPDFHXWLFDO ,QVSHFWLRQ &R2SHUDWLRQ 6FKHPH 3,&6  *XLGH WR *RRG
0DQXIDFWXULQJ 3UDFWLFH IRU 0HGLFLQDO 3URGXFWV $XJXVW   WKH (XURSHDQ
&RPPXQLW\ (&  *XLGH WR *RRG 0DQXIDFWXULQJ 3UDFWLFH 0HGLFLQDO 3URGXFWV IRU
+XPDQDQG9HWHULQDU\8VH  DQGWKHGUDIW&DQDGLDQ+HDOWK3URGXFWVDQG)RRG
%UDQFK ,QVSHFWRUDWH *RRG 0DQXIDFWXULQJ 3UDFWLFH *XLGHOLQHV -XQH   DOO
VXEVFULEHWRWKHVDPHTXDOLW\PDQDJHPHQWSKLORVRSK\DQGUHTXLUHWKHVDPHHVVHQWLDO
*03 HOHPHQWV DV GHVFULEHG LQ 7DEOH  7KLV KDUPRQL]DWLRQ LQLWLDWLYH IDFLOLWDWHV
WKHUHPRYDORIEDUULHUVWRWUDGHLQSKDUPDFHXWLFDOSURGXFWVSURPRWHVXQLIRUPLW\LQ
OLFHQVLQJGHFLVLRQVDQGHQVXUHVWKHPDLQWHQDQFHRIKLJKVWDQGDUGVRITXDOLW\DVVXU
DQFH LQ WKH GHYHORSPHQW PDQXIDFWXUH DQG FRQWURO RI SKDUPDFHXWLFDO SURGXFWV
WKURXJKRXWYDULRXVFRXQWULHV
7KH)'$&XUUHQW*RRG0DQXIDFWXULQJ3UDFWLFH5HJXODWLRQVDUHUHIHUHQFHGLQ
&KDSWHU96HFWLRQ D  % RIWKH)HGHUDO)RRG'UXJDQG&RVPHWLF$FW  
ZKLFKVWDWHV
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$GUXJRUGHYLFHVKDOOEHGHHPHGWREHDGXOWHUDWHGLILWLVDGUXJDQGWKHPHWKRGVXVHG
LQ RU WKH IDFLOLWLHV RU FRQWUROV XVHG IRU LWV PDQXIDFWXUH SURFHVVLQJ SDFNDJLQJ RU
KROGLQJ GR QRW FRQIRUP WR RU DUH QRW RSHUDWHG RU DGPLQLVWHUHG LQ FRQIRUPLW\ ZLWK
FXUUHQWJRRGPDQXIDFWXULQJSUDFWLFHWRDVVXUHWKDWVXFKGUXJPHHWVWKHUHTXLUHPHQWV
RI WKLV$FW DV WR VDIHW\ DQG KDV WKH LGHQWLW\ DQG VWUHQJWK DQG PHHWV WKH TXDOLW\ DQG
SXULW\FKDUDFWHULVWLFVZKLFKLWSXUSRUWVRULVUHSUHVHQWHGWRSRVVHVV

7KHVHF*03VZHUHVHWIRUWKE\ODZLQWKH&RGHRI)HGHUDO5HJXODWLRQV &)5 
QDPHO\7LWOH )RRGDQG'UXJV &)53DUWVDQGLQ7KH86ZDVWKH
ÀUVWFRXQWU\ZKHUHQRQFRPSOLDQFHZLWKUHJXODWRU\UHTXLUHPHQWVEHFDPHSURVHFXWDEOH
ZLWKWKH&RGHRI)HGHUDO5HJXODWLRQV
 &)5 3DUWV  DQG  UHJXODWLRQV FRQWDLQ WKH PLQLPXP FXUUHQW JRRG
PDQXIDFWXULQJSUDFWLFHIRUPHWKRGVWREHXVHGLQDQGWKHIDFLOLWLHVRUFRQWUROVWR

TABLE 1.1
WHO GMP Requirements for Pharmaceutical Products














$OOPDQXIDFWXULQJSURFHVVHVDUHFOHDUO\GHÀQHGV\VWHPDWLFDOO\UHYLHZHGLQWKHOLJKWRI
H[SHULHQFHDQGVKRZQWREHFDSDEOHRIFRQVLVWHQWO\PDQXIDFWXULQJSKDUPDFHXWLFDOSURGXFWVRI
WKHUHTXLUHGTXDOLW\WKDWFRPSO\ZLWKWKHLUVSHFLÀFDWLRQV
&ULWLFDOVWHSVRIPDQXIDFWXULQJSURFHVVHVDQGVLJQLÀFDQWFKDQJHVWRWKHSURFHVVDUHYDOLGDWHG
$OOQHFHVVDU\IDFLOLWLHVIRU*03DUHSURYLGHGLQFOXGLQJ
$SSURSULDWHO\TXDOLÀHGDQGWUDLQHGSHUVRQQHO
$GHTXDWHSUHPLVHVDQGVSDFH
6XLWDEOHHTXLSPHQWDQGVHUYLFHV
&RUUHFWPDWHULDOVFRQWDLQHUVDQGODEHOV
$SSURYHGSURFHGXUHVDQGLQVWUXFWLRQV
6XLWDEOHVWRUDJHDQGWUDQVSRUW
$GHTXDWHSHUVRQQHOODERUDWRULHVDQGHTXLSPHQWIRULQSURFHVVFRQWUROVXQGHUWKH
UHVSRQVLELOLW\RIWKHSURGXFWLRQPDQDJHPHQW
,QVWUXFWLRQVDQGSURFHGXUHVDUHZULWWHQLQDQLQVWUXFWLRQDOIRUPLQFOHDUDQGXQDPELJXRXV
ODQJXDJHVSHFLÀFDOO\DSSOLFDEOHWRWKHIDFLOLWLHVSURYLGHG
2SHUDWRUVDUHWUDLQHGWRFDUU\RXWSURFHGXUHVFRUUHFWO\
5HFRUGVDUHPDGHPDQXDOO\DQGRUE\UHFRUGLQJLQVWUXPHQWVGXULQJPDQXIDFWXUHWRVKRZWKDW
DOOVWHSVUHTXLUHGE\WKHGHÀQHGSURFHGXUHVDQGLQVWUXFWLRQVKDYHLQIDFWEHHQWDNHQDQGWKDW
WKHTXDQWLW\DQGTXDOLW\RIWKHSURGXFWDUHDVH[SHFWHG$Q\VLJQLÀFDQWGHYLDWLRQVDUHIXOO\
UHFRUGHGDQGLQYHVWLJDWHG
5HFRUGVFRYHULQJPDQXIDFWXUHDQGGLVWULEXWLRQZKLFKHQDEOHWKHFRPSOHWHKLVWRU\RIDEDWFKWR
EHWUDFHGDUHUHWDLQHGLQDFRPSUHKHQVLEOHDQGDFFHVVLEOHIRUP
7KHSURSHUVWRUDJHDQGGLVWULEXWLRQRIWKHSURGXFWVPLQLPL]HVDQ\ULVNWRWKHLUTXDOLW\
$V\VWHPLVDYDLODEOHWRUHFDOODQ\EDWFKRIDSURGXFWIURPVDOHRUVXSSO\
&RPSODLQWVDERXWPDUNHWHGSURGXFWVDUHH[DPLQHGWKHFDXVHRITXDOLW\GHIHFWVLQYHVWLJDWHGDQG
DSSURSULDWHPHDVXUHVWDNHQLQUHVSHFWRIWKHGHIHFWLYHSURGXFWVDQGWRSUHYHQWUHRFFXUUHQFH

6RXUFH:RUOG+HDOWK2UJDQL]DWLRQ :+2 (VVHQWLDO'UXJVDQG0HGLFLQH3ROLF\RQ*RRG0DQXIDF
WXULQJ3UDFWLFHLQ3KDUPDFHXWLFDO3URGXFWLRQ$YDLODEOHKWWSZZZZKRLQWPHGLFLQHVRUJDQL]D
WLRQTVPDFWLYLWLHVTXDOLW\DVVXUDQ«RUJJPSKWP
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TABLE 1.2
FDA Requirements for GMP














6XESDUW$*HQHUDOSURYLVLRQV
6XESDUW%2UJDQL]DWLRQDQGSHUVRQQHO
6XESDUW&%XLOGLQJVDQGIDFLOLWLHV
'HVLJQDQGFRQVWUXFWLRQIHDWXUHV
/LJKWLQJ
9HQWLODWLRQDLUÀOWUDWLRQKHDWLQJDQGFRROLQJ
3OXPELQJ
6HZDJHDQGUHIXVH
:DVKLQJDQGWRLOHWIDFLOLWLHV
6DQLWDWLRQ
0DLQWHQDQFH
6XESDUW'(TXLSPHQW
(TXLSPHQWGHVLJQVL]HDQGORFDWLRQ
(TXLSPHQWFRQVWUXFWLRQ
(TXLSPHQWFOHDQLQJDQGPDLQWHQDQFH
$XWRPDWLFPHFKDQLFDODQGHOHFWURQLFHTXLSPHQW
)LOWHUV
6XESDUW(&RQWURORIFRPSRQHQWVDQGGUXJSURGXFWFRQWDLQHUVDQGFORVXUHV
6XESDUW)3URGXFWLRQDQGSURFHVVFRQWUROV
6XESDUW*3DFNDJLQJDQGODEHOLQJFRQWURO
6XESDUW++ROGLQJDQGGLVWULEXWLRQ
6XESDUW,/DERUDWRU\FRQWUROV
6XESDUW-5HFRUGVDQGUHSRUWV
6XESDUW.5HWXUQHGDQGVDOYDJHGGUXJSURGXFWV

6RXUFH )RRG DQG 'UXJ $GPLQLVWUDWLRQ )'$  &XUUHQW *RRG 0DQXIDFWXULQJ
3UDFWLFH 5HJXODWLRQV IRU )LQLVKHG 3KDUPDFHXWLFDOV  &)5 3DUW   5RFNYLOOH
0'$YDLODEOHKWWSZZZFIVDQIGDJRY

EHXVHGIRUWKHPDQXIDFWXUHSURFHVVLQJSDFNDJLQJRUKROGLQJRIDGUXJWRDVVXUH
WKDWVXFKGUXJPHHWVWKHUHTXLUHPHQWVRIWKH$FWDVWRVDIHW\LGHQWLW\VWUHQJWKDQG
TXDOLW\DQGSXULW\FKDUDFWHULVWLFV
)RU WKH SXUSRVHV RI WKLV ERRN WKH IRFXV LV RQO\ RQ WKRVH SDUWLFXODU 3DUW 
UHJXODWLRQVDIIHFWLQJIDFLOLW\XWLOLW\DQGHTXLSPHQWYDOLGDWLRQQDPHO\VXESDUWV&
DQG'DUHUHIHUHQFHGLQIXOO7DEOHVXPPDUL]HVWKHYDULRXVVXESDUWKHDGLQJVIRU
&)53DUWUHJXODWLRQV
,QWKHIROORZLQJVHFWLRQVWKH*03UHJXODWLRQVIURPYDULRXVRUJDQL]DWLRQVDQG
FRXQWULHVDIIHFWLQJIDFLOLW\XWLOLW\DQGHTXLSPHQWDUHHYDOXDWHGDQGH[SDQGHGRQWR
HOXFLGDWHWKHLULPSDFWRQIDFLOLW\YDOLGDWLRQ

1.1.1 BUILDINGS

AND

FACILITIES

(OHPHQW  3UHPLVHV  RI WKH :+2 *03 3DUW )RXU &KDSWHU  3UHPLVHV DQG
(TXLSPHQW  RI WKH (& *XLGDQFH GRFXPHQW DQG 6XESDUW & RI WKH IHGHUDO &)5
VHFWLRQVWRGHDOZLWKF*03UHTXLUHPHQWVDVVRFLDWHGZLWKEXLOGLQJV
DQGIDFLOLWLHV
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7KHVHUHJXODWLRQVDUHRISULPHFRQFHUQZKHQDQHZIDFLOLW\LVEHLQJGHVLJQHG
DQG EXLOW RU ZKHQ VLJQLÀFDQW FKDQJHV DUH EHLQJ PDGH WR H[LVWLQJ V\VWHPV 7KH
SKDUPDFHXWLFDOIDFLOLW\VKRXOGEHGHVLJQHGDQGFRQVWUXFWHGLQDPDQQHUWKDWSHUPLWV
FOHDQOLQHVV DQG RUGHUOLQHVV DQG SUHYHQWV FRQWDPLQDWLRQ 5HJXODU PDLQWHQDQFH LV
UHTXLUHGWRSUHYHQWGHWHULRUDWLRQRIWKHSUHPLVHV7KHXOWLPDWHREMHFWLYHRIDOOWKHVH
HQGHDYRUVLVSURGXFWTXDOLW\
)DFLOLW\ SUREOHPV DUH TXLWH FRPPRQO\ OLVWHG LQ REVHUYDWLRQV V  PDGH E\
)'$ LQYHVWLJDWRUV ZKHQ FRQGXFWLQJ *03 FRPSOLDQFH DXGLWV RI SKDUPDFHXWLFDO
PDQXIDFWXUHUV7RTXRWHVRPHFRPPRQREVHUYDWLRQH[DPSOHV










7KH URRP ZDV QRW GHVLJQHG DQG FRQVWUXFWHG WR IDFLOLWDWH FOHDQLQJ DQG
GLVLQIHFWLRQV
7KH+9$&DQGGXVWFROOHFWLRQV\VWHPVDUHQRWYDOLGDWHG
7KHUH DUH QR DSSURYHG SURFHGXUHV IRU PDLQWDLQLQJ WKH +9$& DQG GXVW
FRQWUROV\VWHPVWKURXJKRXWWKHSODQW
7KHUHDUHQRWHPSHUDWXUHRUKXPLGLW\VSHFLÀFDWLRQVIRUWKHDUHD
6HQVRUVIRUPRQLWRULQJZDUHKRXVHWHPSHUDWXUHKDYHQRWEHHQFDOLEUDWHG
VLQFHWKHLULQVWDOODWLRQWKUHH\HDUVDJR
$LUUHFLUFXODWHGLQWKHFRPSUHVVLQJDUHDKDVQHYHUEHHQWHVWHGIRUSDUWLFX
ODWHPDWWHU9DOLGDWLRQRIWKHDLUKDQGOLQJV\VWHPLVLQDGHTXDWH
7KHUHLVLQDGHTXDWHVHJUHJDWLRQRIPDQXIDFWXULQJRUWHVWLQJDUHDVIRUKLJK
ULVNSURGXFWVIURPRWKHUPDQXIDFWXULQJDUHDV
7KHUH LV PDOIXQFWLRQLQJ RI WKH YHQWLODWLRQ V\VWHP UHVXOWLQJ LQ SRVVLEOH
PLJUDWLRQRIPDWHULDOVEHWZHHQPDQXIDFWXULQJDUHDV
7HPSHUDWXUHDQGKXPLGLW\QRWFRQWUROOHGRUPRQLWRUHGZKHUHUHTXLUHG

0DQ\FRPSDQLHVIRFXVRQWKHIDFLOLW\DQGHTXLSPHQWSUREOHPVRQO\ZKHQWKH\UHFHLYH
DQ )'$ ZDUQLQJ OHWWHU DQG DUH SUHSDUHG WR PDNH FDSLWDO H[SHQGLWXUHV SURPSWO\
,WLVLPSRUWDQWWKDWVXFKFRPSDQLHVGRQRWORVHVLJKWRIWKHUHDOSUREOHPVPRVWRIWHQ
WKHFRQWUROV\VWHPVWKDWVKRXOGKDYHSUHYHQWHGWKHSUREOHPVLQWKHÀUVWSODFHIDLOHG

1.1.1.1 GMP Principles
7KHIROORZLQJ*03SULQFLSOHVDSSO\WRGHVLJQDQGFRQVWUXFWLRQIHDWXUHVOLJKWLQJ
XWLOLWLHVYHQWLODWLRQDLUÀOWUDWLRQKHDWLQJDQGFRROLQJSOXPELQJVHZDJHDQGUHIXVH
ZDVKLQJDQGWRLOHWIDFLOLWLHVVDQLWDWLRQDQGPDLQWHQDQFH
3UHPLVHV PXVW EH ORFDWHG GHVLJQHG FRQVWUXFWHG DGDSWHG DQG PDLQWDLQHG WR
VXLWWKHRSHUDWLRQVWREHFDUULHGRXW7KHOD\RXWDQGGHVLJQPXVWDLPWRPLQLPL]H
WKHULVNRIHUURUVDQGSHUPLWHIIHFWLYHFOHDQLQJDQGPDLQWHQDQFHLQRUGHUWRDYRLG
FURVVFRQWDPLQDWLRQEXLOGXSRIGXVWRUGLUWDQGLQJHQHUDODQ\DGYHUVHHIIHFWRQ
WKH TXDOLW\ RI SURGXFWV %XLOGLQJV VKDOO EH RI VXLWDEOH VL]H FRQVWUXFWLRQ DQG
ORFDWLRQ WR IDFLOLWDWH FOHDQLQJ PDLQWHQDQFH DQG SURSHU RSHUDWLRQV > &)5
 D @2SHUDWLRQVFDQRIWHQEHVRFURZGHGWKDWSURSHUFOHDQLQJLVQRWSRVVLEOH
RUSURGXFWVDUHVRFORVHWRJHWKHUWKDWPL[XSSRVVLELOLWLHVDUHLQFUHDVHG
%XLOGLQJVVKDOOKDYHDGHTXDWHVSDFHIRUWKHRUGHUO\SODFHPHQWRIHTXLSPHQWDQG
PDWHULDOV WR SUHYHQW PL[XSV DQG FRQWDPLQDWLRQ > &)5  E @ &URZGHG
FRQGLWLRQVDQGLQDGHTXDWHVSDFHKDYHFRQWULEXWHGWRSURGXFWPL[XSV
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7KH ÁRZ RI PDWHULDOV VKDOO EH GHVLJQHG WR SUHYHQW FRQWDPLQDWLRQ > &)5
 E FRQW @ 7KH NH\ KHUH LV WR SUHYHQW FRQWDPLQDWLRQ *HQHUDOO\ LWHPV
VKRXOGQRWPRYHEDFNDQGIRUWKIURPOHVVFOHDQDUHDVWRPRUHFOHDQDUHDV
2SHUDWLRQV VKDOO EH SHUIRUPHG ZLWKLQ VSHFLÀFDOO\ GHÀQHG DUHDV RI DGHTXDWH
VL]H > &)5  F @ 7KH IDFLOLW\ VKRXOG EH GHVLJQHG DQG FRQVWUXFWHG LQ D
PDQQHUVXFKWKDWLWSHUPLWVFOHDQOLQHVVDQGRUGHUOLQHVVDQGSUHYHQWVFRQWDPLQDWLRQ
$OOPDWHULDOVRIFRQVWUXFWLRQVKRXOGEHORZRUQRQÀEHUVKHGGLQJFRPSDWLEOHZLWK
FOHDQLQJDQGVDQLWL]LQJDJHQWVDQGPXVWEHVPRRWKDQGHDV\WRFOHDQ7KHIDFLOLW\
PXVWKDYHDGHTXDWHVSDFHSURYLGHGIRUDOORSHUDWLRQVFRQGXFWHGLQWKHDUHD(TXLS
PHQW DQG SURFHVV ÁRZ PXVW EH GHVLJQHG WR DOORZ D ORJLFDO ÁRZ WKDW ZLOO DYRLG
PL[XSVRIFRPSRQHQWVGUXJSURGXFWVFORVXUHVODEHOLQJLQSURFHVVPDWHULDOVRU
FURVVFRQWDPLQDWLRQ 0DWHULDOV DQG SHUVRQQHO ÁRZ VKRXOG PLQLPL]H SHUVRQQHO
H[SRVXUHWRFULWLFDORSHUDWLRQVSUHYHQWSURGXFWPL[XSVPDLQWDLQPLFURELRORJLFDO
LQWHJULW\RIFULWLFDOSURFHVVLQJ]RQHVDQGSUHYHQWPL[LQJRIFOHDQDQGGLUW\LWHPV
3HUVRQQHO ÁRZ VKRXOG PLQLPL]H SRWHQWLDO SHRSOHSURGXFW H[SRVXUH DQG DOORZ IRU
SHUVRQQHOJRZQLQJGHJRZQLQJ
7R SUHYHQW FRQWDPLQDWLRQ RU PL[XSV WKHUH VKDOO EH VHSDUDWH RU GHÀQHG DUHDV
RURWKHUFRQWUROV\VWHPVIRU
 5HFHLSWVLGHQWLÀFDWLRQVWRUDJHDQGZLWKKROGLQJIURPXVHRIPDWHULDOV FRP
SRQHQWVGUXJSURGXFWFRQWDLQHUVFORVXUHVDQGODEHOLQJ SHQGLQJVDPSOLQJ
WHVWLQJRUH[DPLQDWLRQEHIRUHUHOHDVHIRUPDQXIDFWXULQJRUSDFNDJLQJ
 +ROGLQJUHMHFWHGPDWHULDOVEHIRUHGLVSRVLWLRQ
 6WRUDJHRIUHOHDVHGPDWHULDOV>&)5 F FRQW @
 6WRUDJHRILQSURFHVVPDWHULDOV>&)5 F FRQW @
 0DQXIDFWXULQJDQGSURFHVVLQJRSHUDWLRQV
 3DFNDJLQJDQGODEHOLQJRSHUDWLRQV>&)5 F FRQW @
 4XDUDQWLQHVWRUDJHEHIRUHUHOHDVHRIGUXJSURGXFWV
 6WRUDJH RI GUXJ SURGXFWV DIWHU UHOHDVH > &)5  F FRQW @
3UHPLVHVVKRXOGSUHIHUDEO\EHODLGRXWLQDZD\WKDWDOORZVSURGXFWLRQ
WRWDNHSODFHLQDUHDVFRQQHFWHGLQDORJLFDORUGHUFRUUHVSRQGLQJWRWKH
QRUPDO VHTXHQFH RI RSHUDWLRQV 6WRUDJH DUHDV VKRXOG EH RI VXIÀFLHQW
GHVLJQDQGFDSDFLW\WRDOORZIRUWKHRUGHUO\VWRUDJHDQGVHJUHJDWLRQRI
WKHYDULRXVFDWHJRULHVRIPDWHULDOVDQGSURGXFWVVWDUWLQJDQGSDFNDJLQJ
PDWHULDOVLQWHUPHGLDWHEXONDQGÀQLVKHGSURGXFWVSURGXFWVLQTXDUDQ
WLQH UHOHDVHG UHMHFWHG UHWXUQHG RU UHFDOOHG 6WRUDJH DUHDV VKRXOG EH
GHVLJQHG DQG FRQWUROOHG WR HQVXUH JRRG VWRUDJH FRQGLWLRQV 5HFHLYLQJ
DQGGLVSDWFKED\VVKRXOGSURWHFWPDWHULDOVDQGSURGXFWVIURPWKHZHDWKHU
:HLJKLQJRIVWDUWLQJPDWHULDOVXVXDOO\VKRXOGEHFDUULHGRXWLQDVHSDUDWH
ZHLJKLQJ URRP GHVLJQHG IRU WKDW XVH 3UHPLVHV IRU WKH SDFNDJLQJ RI
SURGXFWVVKRXOGEHVSHFLÀFDOO\GHVLJQHGDQGFRQVWUXFWHGVRDVWRDYRLG
PL[XSVDQGFURVVFRQWDPLQDWLRQ
 &RQWURODQGODERUDWRU\RSHUDWLRQV>&)5 F FRQW @&RQWURO
ODERUDWRULHVVKRXOGEHGHVLJQHGWRVXLWWKHRSHUDWLRQVWREHFDUULHGRXWLQ
WKHPDQGDUHQRUPDOO\VHSDUDWHGIURPSURGXFWLRQDUHDV6HSDUDWHURRPV
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PD\EHQHFHVVDU\WRSURWHFWVHQVLWLYHLQVWUXPHQWVIURPYLEUDWLRQHOHFWULFDO
LQWHUIHUHQFHRUKXPLGLW\
 $VHSWLF SURFHVVLQJ ZKLFK LQFOXGHV DSSURSULDWH FRQGLWLRQV > &)5
 F FRQW @ 7KH PDQXIDFWXUH RI VWHULOH SURGXFWV LV VXEMHFW WR
VSHFLDOEXLOGLQJDQGFRQVWUXFWLRQUHTXLUHPHQWVIRUVSHFLDOL]HGZRUNDUHDV
WKDW ZLOO PLQLPL]H WKH ULVNV RI PLFURELRORJLFDO FRQWDPLQDWLRQ DQG RI
SDUWLFXODWHDQGS\URJHQFRQWDPLQDWLRQ
2SHUDWLRQVUHODWLQJWRWKHPDQXIDFWXUHSURFHVVLQJDQGSDFNDJLQJRISHQLFLOOLQ
VKDOOEHSHUIRUPHGLQIDFLOLWLHVVHSDUDWHIURPWKRVHXVHGIRURWKHUGUXJSURGXFWVIRU
KXPDQ XVH > &)5  G @ 'HGLFDWHG DQG VHOIFRQWDLQHG IDFLOLWLHV PXVW EH
DYDLODEOHIRUWKHSURGXFWLRQRISDUWLFXODUSURGXFWVVXFKDVKLJKO\VHQVLWL]LQJPDWHULDOV
OLNHSHQLFLOOLQDQGFHUWDLQKRUPRQHVF\WRWR[LFVDQGELRORJLFDOSUHSDUDWLRQV
$GHTXDWHOLJKWLQJVKDOOEHSURYLGHGLQDOODUHDV>&)5@7KHOHYHO
RILOOXPLQDWLRQVKRXOGEHDSSURSULDWHVXFKWKDWLWDOORZVZRUN WREHDFFRPSOLVKHG
VDWLVIDFWRULO\DQGGRHVQRWDGYHUVHO\DIIHFWGLUHFWO\RULQGLUHFWO\WKHSURGXFWVGXULQJ
WKHLUPDQXIDFWXUHDQGVWRUDJH
$OOXWLOLWLHVWKDWFRXOGDIIHFWSURGXFWTXDOLW\ HJVWHDPJDVFRPSUHVVHGDLU
KHDWLQJ YHQWLODWLRQ DQG DLU FRQGLWLRQLQJ  VKRXOG EH TXDOLÀHG DQG DSSURSULDWHO\
PRQLWRUHG DQG DFWLRQ WDNHQ ZKHQ OLPLWV DUH H[FHHGHG 'UDZLQJV IRU WKHVH XWLOLW\
V\VWHPVVKRXOGEHDYDLODEOH>,&+4$*03*XLGDQFHIRU$FWLYH3KDUPDFHXWLFDO
,QJUHGLHQWV6HFWLRQ,9%@
$V D SUHUHTXLVLWH IRU SURFHVV YDOLGDWLRQ RWKHU DVSHFWV RI PDQXIDFWXUH PXVW
EH YDOLGDWHG LQFOXGLQJ FULWLFDO VHUYLFHV ZDWHU DLU QLWURJHQ SRZHU VXSSO\ HWF
>:+2*03LQ3KDUPDFHXWLFDO3URGXFWLRQ&KDSWHU2QHVXEVHFWLRQ´9DOLGDWLRQ
RI 0DQXIDFWXULQJ 3URFHVVHVµ (OHPHQW @  3URFHVV XWLOLWLHV FRPLQJ LQWR GLUHFW
FRQWDFWZLWKSURGXFWVKRXOGQRWFRQWDPLQDWHRUDIIHFWWKHTXDOLW\RIWKHSURGXFW
,W LV LQWHUHVWLQJ WR QRWH WKDW WKLV SULQFLSOH LV RQO\ UHÁHFWHG LQ *03V IRU DFWLYH
SKDUPDFHXWLFDOLQJUHGLHQWVDQGLVQRWVWLSXODWHGLQDQ\*03IRUÀQLVKHGSKDUPD
FHXWLFDOSURGXFWV
$GHTXDWHYHQWLODWLRQVKDOOEHSURYLGHG>&)5 D FRQW @
(TXLSPHQWIRUDGHTXDWHFRQWURORYHUDLUSUHVVXUHPLFURRUJDQLVPVGXVWKXPLGLW\
DQGWHPSHUDWXUHVKDOOEHSURYLGHGZKHQDSSURSULDWH>&)5 E @
$LUÀOWUDWLRQV\VWHPVLQFOXGLQJSUHÀOWHUVDQGSDUWLFXODWHPDWWHUDLUÀOWHUVVKDOO
EHXVHGZKHQDSSURSULDWHRQDLUVXSSOLHVWRSURGXFWLRQDUHDV,IDLULVUHFLUFXODWHG
WRSURGXFWLRQDUHDVPHDVXUHVVKDOOEHWDNHQWRFRQWUROUHFLUFXODWLRQRIGXVWIURP
SURGXFWLRQ,QDUHDVZKHUHDLUFRQWDPLQDWLRQRFFXUVGXULQJSURGXFWLRQWKHUHVKDOO
EHDGHTXDWHH[KDXVWV\VWHPVWRFRQWUROFRQWDPLQDQWV>&)5 F @
7HPSHUDWXUHKXPLGLW\DQGYHQWLODWLRQVKRXOGEHDSSURSULDWHDQGVXFKWKDWWKH\
GR QRW DGYHUVHO\ DIIHFW HLWKHU GLUHFWO\ RU LQGLUHFWO\ WKH SURGXFWV GXULQJ WKHLU
PDQXIDFWXUHDQGVWRUDJH>3,&6@$GHTXDWHYHQWLODWLRQDLUÀOWUDWLRQDQGH[KDXVW
V\VWHPV VKRXOG EH SURYLGHG ZKHUH DSSURSULDWH 7KHVH V\VWHPV VKRXOG EH GHVLJQHG
DQG FRQVWUXFWHG WR PLQLPL]H ULVNV RI FRQWDPLQDWLRQ DQG FURVVFRQWDPLQDWLRQ DQG
VKRXOGLQFOXGHHTXLSPHQWIRUFRQWURORIDLUSUHVVXUHPLFURRUJDQLVPVGXVWKXPLGLW\
DQGWHPSHUDWXUHDVDSSURSULDWHWRWKHVWDJHRIPDQXIDFWXUH
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