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Introduction

The quality of pharmaceuticals has been a concern of the World Health
Organization (WHO) since its inception. The setting of global standards is
requested in Article 2 of the WHO Constitution, which cites as one of the
Organization’s functions that it should “develop, establish and promote inter-
national standards with respect to food, biological, pharmaceutical and similar
products.”

Every government allocates a substantial proportion of its total health
budget to medicines. This proportion tends to be greatest in developing
countries, where it may exceed 40%.

Without assurance that these medicines are relevant to priority health needs
and that they meet acceptable standards of quality, safety and efficacy, any health
service is evidently compromised. In developing countries considerable admin-
istrative and technical effort is directed to ensuring that patients receive effective
medicines of good quality. It is crucial to the objective of health for all that a reli-
able system of medicines control be brought within the reach of every country.

The supply of essential medicines of good quality was identified as one of
the prerequisites for the delivery of health care at the International Conference
on Primary Health Care in Alma-Ata in 1978. Similarly, the Conference of
Experts on the Rational Use of Drugs, held in Nairobi in 1985, and WHQO’s
Revised Drug Strategy, adopted by the World Health Assembly in May 1986,
identified the effective functioning of national drug regulation and control
systems as the only means to assure safety and quality of medicines. Yet the
World Health Assembly continues to express great concern about the quality,
safety and efficacy of medicines, particularly those products or active pharma-
ceutical substances imported into, or produced in, developing countries. In
recent years counterfeit products have infiltrated certain markets in disquieting
proportions. Since the founding of WHO, the World Health Assembly has
adopted many resolutions requesting the Organization to develop international
standards, recommendations and instruments to assure the quality of medicines,
whether produced and traded nationally or internationally.

In response to these resolutions, the WHO Expert Committee on
Specifications for Pharmaceutical Preparations, which was originally created to
prepare The International Pharmacopoeia, has made numerous recommenda-
tions relevant to quality assurance and control. Most of these recommendations,
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even though they were made several years ago, are still valid. Thus far, however,
most have been available only as separate sets of recommendations contained
in annexes to various WHO Technical Reports. The recommendations are essen-
tial to all concerned with the quality assurance of medicines, but separate
publications over a period of years has made it difficult to recognize them as
complementary parts of a comprehensive system of quality assurance.

To provide easy access to this information, the appropriate annexes and
updates are reproduced in the volumes of this publication. They are supple-
mented with other material relevant to the quality assurance of pharmaceuti-
cals, some already issued in the form of WHO documents. The information is
presented in logical sequence as a series of administrative instruments and tech-
nical elements of an overall quality assurance system. Readers should bear in
mind that, in certain previously published texts, reference is made to WHO
guidelines and other documents that have since been updated. Some of these
updated texts are themselves included in the compendium.

Volume 1 of Quality assurance of pharmaceuticals: a compendium of guide-
lines and related materials was published by WHO in 1997. Material relating to
national drug regulations, product assessment and registration, The International
Pharmacopoeia and related activities, quality control laboratories, international
trade in pharmaceuticals and their distribution, counterfeit products, basic tests
for pharmaceutical products and training of technical personnel is collected and
reproduced in Volume 1. Volume 2, first published by WHO in 1999, repro-
duces guidelines related to good manufacturing practices (GMP) and to the
inspection of pharmaceutical manufacturers and drug distribution channels.
This volume was updated in 2004, and the current version constitutes the
second updated edition of Volume 2 including new texts and revisions adopted
to date as WHO guidelines.

Both for manufacturers and at national level, GMP are an important part
of a comprehensive system of quality assurance. They also represent the tech-
nical standard upon which is based the WHO Certification Scheme on the
Quality of Pharmaceutical Products Moving in International Commerce. The
first GMP text published by WHO was developed during 1967-69 upon
request by WHO’s Member States and was revised in 1975. In the 1980s and
early 1990s, several national and regional drug regulatory authorities issued or
revised guidelines reflecting the ongoing elaboration of the concept of GMP. In
addition, the WHO Certification Scheme on the Quality of Pharmaceutical
Products Moving in International Commerce was extended in 1988. Together,
these developments necessitated an update of the existing guidelines on GMP
published by WHO.

Revised and expanded GMP guidelines were prepared during 1989-90,
approved by the WHO Expert Committee on Specifications for Pharmaceuti-
cal Preparations in late 1990 and subsequently published by WHO. At that
time, Part One of these revised and expanded guidelines set out the philosophy
and essential elements of GMP; Part Two dealt with good practices in produc-
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tion and quality control. These two parts together represented the “core” of the
GMP guidelines published by WHO.

Their provisions were and still are fully consonant with those of other inter-
nationally recognized texts on GMP. GMP guidelines published by WHO are
to be regarded as advisory in nature and may need to be adapted to address
specific conditions in individual countries. However, if any departures from
recommended practices are introduced, the equivalence of such alternative
approaches should be validated.

In 1996, GMP guidelines were published by WHO for the validation of
manufacturing processes. These guidelines were prepared to explain and
promote the concept of validation embedded in the core GMP texts, and to
assist in establishing priorities and selecting approaches when a validation pro-
gramme is being developed. In 1997, the WHO Expert Committee on Specifi-
cations for Pharmaceutical Preparations approved an explanatory text on the
role and functions of the “authorized person” at manufacturing establishments
in the medicines industry. The core GMP guidelines define the authorized
person as the person responsible for the release of batches of finished products
for sale. The explanatory text is intended to assist manufacturers wishing to
strengthen their quality assurance systems. These concepts were integrated in
its revised text in 2003. The guidance on validation has been extensively revised
and expanded. The new text has been adopted in 2005 and is now included in
its revised form.

GMP guidelines published by WHO in 1992-2006 constitute in the first
instalment an ongoing series of applications of the principles of GMP to various
specialized areas. The series of the “main” GMP texts on the manufacture of
pharmaceutical active substances and excipients, were approved by the WHO
Expert Committee on Specifications for Pharmaceutical Preparations in 1992,
1997, and therafter.

Chapter 1 (“Main principles for pharmaceutical products”) includes the
core GMP guidelines, as well as GMP guidance texts for the heating, ventila-
tion and air-conditioning systems; validation; and water for pharmaceutical use
in their updated forms.

The two texts in Chapter 2 constitute the existing body of GMP guidance
for pharmaceutical starting materials. As strict application of full GMP is not
always practical or necessary for such materials, these texts outline the proce-
dures and practices that manufacturers should employ to ensure that the
methods, facilities and controls used for their production are operated or
managed so that pharmaceutical starting materials have the quality and purity
appropriate for use in finished pharmaceutical products.

On the other hand, certain specific kinds of pharmaceutical products
demand practices or procedures not described in the core GMP guidelines. For
example, section 17 in Part Three of the 1992 guidelines, updated in 2002 (to
be found in Chapter 3) stresses additional points necessary to minimize the risks
of microbiological, particulate and pyrogen contamination in sterile pharma-
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ceutical products. Other specialized GMP guidelines were subsequently
published by WHO for biological products, investigational pharmaceutical
products, herbal medicinal products, radiopharmaceuticals, etc.

The GMP guidelines for biological products have been approved by both
the WHO Expert Committee on Biological Standardization and the WHO
Expert Committee on Specifications for Pharmaceutical Preparations. Unlike
conventional pharmaceutical products which are normally produced and con-
trolled by means of reproducible chemical and physical techniques, biological
products are manufactured with biological materials and processes, such as the
cultivation of cells or the extraction of materials from living organisms. As such
materials and processes display inherent variability, the range and nature of man-
ufacturing by-products in biological products are likewise variable. For such
products, including allergens, antigens, vaccines, hormones, cytokines, enzymes,
human whole-blood and plasma derivatives, immune sera, immunoglobulins,
products of fermentation and diagnostic agents for in vitro use, full adherence
to the GMP guidelines for biological products is recommended for all produc-
tion steps, including those from which active ingredients are produced.

The GMP guidelines for the manufacture of investigational pharmaceutical
products for clinical trials in humans supplement both the core GMP guide-
lines for pharmaceutical products and “Guidelines for good clinical practice
(GCP) for trials on pharmaceutical products” (WHO Technical Report Series,
No. 850, 1995, pp. 97-137). These specialized GMP guidelines specifically
address those manufacturing practices that may be different for investigational
products (which are not usually manufactured in accordance with a set routine),
and which may be incompletely characterized during the initial stages of
clinical development.

The specialized GMP guidelines for the manufacture of herbal medicinal
products address the manufacture of products from material of plant origin,
which may be subject to contamination and deterioration and vary in its com-
position and properties. Furthermore, in the manufacture and quality control
of herbal medicinal products, procedures and techniques are often used that are
substantially different from those employed for conventional pharmaceutical
products. The newly revised text was adopted by the Expert Committee in 2005
(WHO Technical Report Series, No. 937, 2006, pp. 85-116).

The text on radiopharmaceuticals has been developed in close collabora-
tion with the International Atomic Energy Agency (IAEA). The text covers
radiopharmaceutical products that are prepared in hospital radiopharmacies,
centralized radiopharmacies, nuclear centres and insititutes or by industrial
manufacturers, as well as in positron emission tomography (PET) centres.

These five sets of specialized guidelines—for sterile, biological, investiga-
tional and herbal products and for radiopharmaceuticals—are reproduced in
Chapter 3 (Specific pharmaceutical products).

Inspection is closely related to other elements of the overall medicines
quality assurance system: GMP, licensing of manufacturing facilities, product

o



QAPIN 12/16/06 12:17 PM Page 5 $

INTRODUCTION

registration, etc. Without a competent inspectorate operating to high profes-
sional standards, neither GMP compliance nor licensing provisions can be effec-
tively enforced. In addition, inspection of manufacturing facilities is pivotal to
the operation of the WHO Certification Scheme on the Quality of Pharma-
ceutical Products Moving in International Commerce, which provides for the
issuance of an attestation that a given product is manufactured under GMP con-
ditions as established by periodic inspections.

A text on pre-approval inspections was developed to complement the text
on inspections, described below. These guidelines apply to the inspection of
manufacturing and quality control facilities prior to the issuing of a marketing
authorization for a pharmaceutical product.

A text entitled “Provisional guidelines on the inspection of pharmaceutical
manufacturers” was published by WHO in 1992 along with the core GMP
guidelines on pharmaceutical products. The provisional guidelines were
intended to promote the harmonization of inspection practices among WHO
Member States, and the Expert Committee noted that they would be of partic-
ular value to government inspectors operating within small national regulatory
authorities.

In general, the objective of inspecting pharmaceutical manufacturing facil-
ities is either to enforce general GMP compliance or to provide authorization
for the manufacture of specific pharmaceutical products, usually in relation to
an application for registration. The provisional guidelines are applicable mostly
to inspections of the first type, whether performed before a manufacturing
authorization is issued, or on a periodic, routine basis.

A further aspect of pharmaceutical inspection is monitoring the quality of
pharmaceutical products in distribution channels, that is, from the point of man-
ufacture to delivery to the recipient. In recent years the hazard posed by the
infiltration of counterfeit products has been identified in addition to problems
related to the inadequate stability of drug products and their improper handling
and storage. The text “Guidelines for inspection of drug distribution channels”,
part of the Thirty-fifth report of the WHO Expert Committee on Specifications
for Pharmaceutical Preparations, is included in this volume and provides
detailed advice to national drug regulatory authorities on the inspection of
distribution channels.

The provisional guidelines on the inspection of pharmaceutical manu-
facturers and the guidelines for inspection of drug distribution channels are
reproduced in Chapter 4 (“Inspections”).

With the worldwide acceptance of the ISO 9000-series standards address-
ing quality management and quality systems, a trend has emerged in some
Member States for non-commercial institutions such as certification bodies,
testing laboratories and the like to introduce principles of quality systems into
their internal operations. The same principles have begun to be applied to
governmental pharmaceutical inspectorates and medicines control laboratories.
The WHO Expert Committee on Specifications for Pharmaceutical Preparations
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recently recommended that further guidance in this area should address the
introduction of quality systems principles in the practice of pharmaceutical
inspections.

Following the publication of the guidance texts on inspections, additional
guidelines dealing with the quality system requirements for national good manu-
facturing practice inspectorates were adopted by the Expert Committee. This
guidance is one important tool when implementing GMP. The establishment
and operation of a quality system is an essential element in the mutual recogni-
tion among inspectorates. The quality system should include all activities
involved in the inspection.

To complement the set of guidance texts in this area, the Expert Committee
adopted a model layout for an inspection report, as well as a model certificate
of GMP for a manufacturing site.

Hazards affecting quality are to a certain extent covered and controlled
through the validation of critical operations and processes in the manufacture
of finished pharmaceutical products in accordance with GMP. However, GMP
do not cover the safety of the personnel engaged in manufacture, whereas the
application of hazard analysis and critical control point (HACCP) methodology
does. Traditionally, this concept has been applied to food safety management
systems. The same principles have increasingly also been adopted in other indus-
tries. The guidance reproduced in this volume, in Chapter 5 (Hazard and
risk analysis in pharmaceutical products), suggests their use also in the area of
pharmaceuticals.

Sampling is an essential element when surveying the national markets for
the quality of drug products in accordance with national drug quality surveil-
lance programmes of marketed products, whether registered for sale or com-
pounded in pharmacies. The Expert Committee adopted a revised guideline in
2004 primarily intended to assist governmental organizations, such as drug
control authorities (including inspectorates), quality control laboratories,
customs and police officials, but some of the general principles may also be
appropriate for procurement agencies, manufacturers and customers. The
guidance text is reproduced in Chapter 6 (“Sampling operations”).

An alphabetical index of subjects covered in Volume 2 of Quality assurance
of pharmaceuticals: a compendium of guidelines and related materials is included
at the end of this volume.
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Introduction

The first WHO draft text on good manufacturing practices (GMP) was pre-
pared in 1967 by a group of consultants at the request of the Twentieth World
Health Assembly (resolution WHA20.34). It was subsequently submitted to the
Twenty-first World Health Assembly under the title “Draft requirements for
good manufacturing practice in the manufacture and quality control of drugs
and pharmaceutical specialities” and was accepted.

The revised text was discussed by the WHO Expert Committee on
Specifications for Pharmaceutical Preparations in 1968 and published as an
annex to its twenty-second report. The text was then reproduced (with some
revisions) in 1971 in the Supplement to the second edition of The International
Pharmacopoeza.

In 1969, when the World Health Assembly recommended the first version
of the WHO Certification Scheme on the Quality of Pharmaceutical Products
Moving in International Commerce in resolution WHA22.50, it accepted at the
same time the GMP text as an integral part of the Scheme. Revised versions of
both the Certification Scheme and the GMP text were adopted in 1975 by
resolution WHA28.65. Since then, the Certification Scheme has been extended
to include the certification of:

— veterinary products administered to food-producing animals;

— starting materials for use in dosage forms, when they are subject to control
by legislation in both the exporting Member State and the importing
Member State;

— information on safety and efficacy (resolution WHA41.18, 1988).

In 1992, the revised draft requirements for GMP were presented in three parts,
of which only Parts One and Two are reproduced in this document (1).

“Quality management in the drug industry: philosophy and essential ele-
ments” outlines the general concepts of quality assurance as well as the princi-
pal components or subsystems of GMP, which are joint responsibilities of top
management and of production and quality control management. These include
hygiene, validation, self-inspection, personnel, premises, equipment, materials
and documentation.

“Good practices in production” (section 16) and “Good practices in quality
control” (section 17), provide guidance on actions to be taken separately by
production and by quality control personnel for the implementation of the
general principles of quality assurance.

These two parts were subsequently supplemented by further guidelines
which are integral parts of these good manufacturing practices for pharma-
ceutical products. All these texts are available on the web page of the
World Health Organization http://www.who.int/medicines/areas/quality_safety/
quality_assurance/production/en/index.html.

Considerable developments in GMP have taken place in the intervening
years, and important national and international documents, including new revi-

9
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sions, have appeared (2, 3, 4, 5). Thus the necessity to revise the main princi-
ples and incorporate the concept of validation.

General considerations

Licensed pharmaceutical products (marketing authorization) should be
manufactured only by licensed manufacturers (holders of a manufacturing
authorization) whose activities are regularly inspected by competent national
authorities. This guide to GMP shall be used as a standard to justify GMP status,
which constitutes one of the elements of the WHO Certification Scheme on the
Quality of Pharmaceutical Products Moving in International Commerce,
through the assessment of applications for manufacturing authorizations and as
a basis for the inspection of manufacturing facilities. It may also be used as train-
ing material for government drug inspectors, as well as for production, quality
control and quality assurance personnel in the industry.

The guide is applicable to operations for the manufacture of drugs in their
finished dosage forms, including large-scale processes in hospitals and the
preparation of supplies for use in clinical trials.

The good practices outlined below are to be considered general guides,'
and they may be adapted to meet individual needs. The equivalence of
alternative approaches to quality assurance, however, should be validated.
The guide as a whole does not cover safety aspects for the personnel engaged
in manufacture or environmental protection: these are normally governed
by national legislation. A new concept of hazard analysis related to the risks
in production and personnel safety is also newly recommended (Chapter 5).
The manufacturer should assure the safety of workers and take the necessary
measures to prevent pollution of the external environment. International
Nonproprietary Names (INNs) for pharmaceutical substances designated by
WHO should be used when available, together with other designated names.

Glossary

The definitions given below apply to the terms used in this guide. They may
have different meanings in other contexts.

active pharmaceutical ingredient (API)

Any substance or mixture of substances intended to be used in the manufac-
ture of a pharmaceutical dosage form and that, when so used, becomes an active
ingredient of that pharmaceutical dosage form. Such substances are intended to
furnish pharmacological activity or other direct effect in the diagnosis, cure,
mitigation, treatment, or prevention of disease or to affect the structure and
function of the body.

' The word “should” in the text means a strong recommendation.

10
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airlock

An enclosed space with two or more doors, which is interposed between two
or more rooms, e.g. of differing classes of cleanliness, for the purpose of con-
trolling the airflow between those rooms when they need to be entered. An
airlock is designed for use either by people or for goods and/or equipment.

authorized person

The person recognized by the national regulatory authority as having the respon-
sibility for ensuring that each batch of finished product has been manufactured,
tested and approved for release in compliance with the laws and regulations in
force in that country.

batch (or lot)

A defined quantity of starting material, packaging material, or product
processed in a single process or series of processes so that it is expected to be
homogeneous. It may sometimes be necessary to divide a batch into a number
of sub-batches, which are later brought together to form a final homogeneous
batch. In the case of terminal sterilization, the batch size is determined by the
capacity of the autoclave. In continuous manufacture, the batch must corre-
spond to a defined fraction of the production, characterized by its intended
homogeneity. The batch size can be defined either as a fixed quantity or as the
amount produced in a fixed time interval.

batch number (or lot number)

A distinctive combination of numbers and/or letters which uniquely identifies
a batch on the labels, its batch records and corresponding certificates of
analysis, etc.

batch records

All documents associated with the manufacture of a batch of bulk product or
finished product. They provide a history of each batch of product and of all
circumstances pertinent to the quality of the final product.

bulk product
Any product that has completed all processing stages up to, but not including,
final packaging.

calibration

The set of operations that establish, under specified conditions, the relationship
between values indicated by an instrument or system for measuring (especially
weighing), recording, and controlling, or the values represented by a material
measure, and the corresponding known values of a reference standard. Limits
for acceptance of the results of measuring should be established.

11
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clean area

An area with defined environmental control of particulate and microbial cont-
amination, constructed and used in such a way as to reduce the introduction,
generation, and retention of contaminants within the area.

consignment (or delivery)

The quantity of a pharmaceutical(s), made by one manufacturer and supplied
at one time in response to a particular request or order. A consignment
may comprise one or more packages or containers and may include material
belonging to more than one batch.

contamination

The undesired introduction of impurities of a chemical or microbiological
nature, or of foreign matter, into or on to a starting material or inter-
mediate during production, sampling, packaging or repackaging, storage or
transport.

critical operation
An operation in the manufacturing process that may cause variation in the
quality of the pharmaceutical product.

cross-contamination
Contamination of a starting material, intermediate product or finished product
with another starting material or product during production.

finished product
A finished dosage form that has undergone all stages of manufacture, including
packaging in its final container and labelling.

in-process control

Checks performed during production in order to monitor and, if necessary, to
adjust the process to ensure that the product conforms to its specifications. The
control of the environment or equipment may also be regarded as a part of in-
process control.

intermediate product
Partly processed product that must undergo further manufacturing steps before
it becomes a bulk product.

large-volume parenterals

Sterile solutions intended for parenteral application with a volume of 100 ml or
more in one container of the finished dosage form.

12
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manufacture

All operations of purchase of materials and products, production, quality
control, release, storage and distribution of pharmaceutical products, and the
related controls.

manufacturer
A company that carries out operations such as production, packaging, repack-
aging, labelling and relabelling of pharmaceuticals.

marketing authorization (product licence, registration certificate)

A legal document issued by the competent drug regulatory authority that estab-
lishes the detailed composition and formulation of the product and the phar-
macopoeial or other recognized specifications of its ingredients and of the final
product itself, and includes details of packaging, labelling and shelf-life.

master formula

A document or set of documents specifying the starting materials with their
quantities and the packaging materials, together with a description of the pro-
cedures and precautions required to produce a specified quantity of a finished
product as well as the processing instructions, including the in-process controls.

master record
A document or set of documents that serve as a basis for the batch documen-
tation (blank batch record).

packaging

All operations, including filling and labelling, that a bulk product has to undergo
in order to become a finished product. Filling of a sterile product under aseptic
conditions or a product intended to be terminally sterilized, would not normally
be regarded as part of packaging.

packaging material

Any material, including printed material, employed in the packaging of a
pharmaceutical, but excluding any outer packaging used for transportation
or shipment. Packaging materials are referred to as primary or secondary
according to whether or not they are intended to be in direct contact with the
product.

pharmaceutical product

Any material or product intended for human or veterinary use presented in its
finished dosage form or as a starting material for use in such a dosage form, that
is subject to control by pharmaceutical legislation in the exporting state and/or
the importing state.

13
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production

All operations involved in the preparation of a pharmaceutical product, from
receipt of materials, through processing, packaging and repackaging, labelling
and relabelling, to completion of the finished product.

qualification

Action of proving that any premises, systems and items of equipment work cor-
rectly and actually lead to the expected results. The meaning of the word
“validation” is sometimes extended to incorporate the concept of qualification.

quality assurance
See page 16.

quality control
See page 17.

quarantine

The status of starting or packaging materials, intermediates, or bulk or finished
products isolated physically or by other effective means while a decision is
awaited on their release, rejection or reprocessing.

reconciliation
A comparison between the theoretical quantity and the actual quantity.

recovery

The introduction of all or part of previous batches (or of redistilled solvents and
similar products) of the required quality into another batch at a defined stage
of manufacture. Tt includes the removal of impurities from waste to obtain a
pure substance or the recovery of used materials for a separate use.

reprocessing

Subjecting all or part of a batch or lot of an in-process drug, bulk process inter-
mediate (final biological bulk intermediate) or bulk product of a single batch/
lot to a previous step in the validated manufacturing process due to failure to
meet predetermined specifications. Reprocessing procedures are foreseen as
occasionally necessary for biological drugs and, in such cases, are validated and
pre-approved as part of the marketing authorization.

reworking

Subjecting an in-process or bulk process intermediate (final biological bulk
intermediate) or final product of a single batch to an alternate manufacturing
process due to a failure to meet predetermined specifications. Reworking is
an unexpected occurrence and is not pre-approved as part of the marketing
authorization.
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self-contained area
Premises which provide complete and total separation of all aspects of an oper-
ation, including personnel and equipment movement, with well established pro-
cedures, controls and monitoring. This includes physical barriers as well as
separate air-handling systems, but does not necessarily imply two distinct and
separate buildings.

specification

A list of detailed requirements with which the products or materials used or
obtained during manufacture have to conform. They serve as a basis for quality
evaluation.

standard operating procedure (SOP)

An authorized written procedure giving instructions for performing operations
not necessarily specific to a given product or material (e.g. equipment opera-
tion, maintenance and cleaning; validation; cleaning of premises and environ-
mental control; sampling and inspection). Certain SOPs may be used to
supplement product-specific master and batch production documentation.

starting material
Any substance of a defined quality used in the production of a pharmaceutical
product, but excluding packaging materials.

validation

Action of proving, in accordance with the principles of GMP, that any proce-
dure, process, equipment, material, activity or system actually leads to the
expected results (see also qualification).

Quality management in the drug industry

In the drug industry at large, quality management is usually defined as the aspect
of management function that determines and implements the “quality policy”,
i.e. the overall intention and direction of an organization regarding quality, as
formally expressed and authorized by top management. The basic elements of
quality management are:

— an appropriate infrastructure or “quality system”, encompassing the orga-
nizational structure, procedures, processes and resources;

— systematic actions necessary to ensure adequate confidence that a product
(or service) will satisfy given requirements for quality. The totality of these
actions is termed “quality assurance”.

Within an organization, quality assurance serves as a management tool. In
contractual situations, quality assurance also serves to generate confidence in
the supplier. The concepts of quality assurance, GMP and quality control are
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interrelated aspects of quality management. They are described here in order to
emphasize their relationship and their fundamental importance to the produc-
tion and control of pharmaceutical products.

1. Quality assurance

1.1 Principle. “Quality assurance” is a wide-ranging concept covering all
matters that individually or collectively influence the quality of a product. It is
the totality of the arrangements made with the object of ensuring that pharma-
ceutical products are of the quality required for their intended use. Quality
assurance therefore incorporates GMP and other factors, including those
outside the scope of this guide such as product design and development.

1.2 The system of quality assurance appropriate to the manufacture of pharma-
ceutical products should ensure that:

(a) pharmaceutical products are designed and developed in a way that takes
account of the requirements of GMP and other associated codes such as
those of good laboratory practice (GLP)' and good clinical practice
(GCP);

(b) production and control operations are clearly specified in a written form
and GMP requirements are adopted;

(c) managerial responsibilities are clearly specified in job descriptions;

(d) arrangements are made for the manufacture, supply and use of the correct
starting and packaging materials;

(e) all necessary controls on starting materials, intermediate products, and
bulk products and other in-process controls, calibrations, and validations
are carried out;

(f)  the finished product is correctly processed and checked, according to the
defined procedures;

(g) pharmaceutical products are not sold or supplied before the authorized
persons (see also sections 9.11 and 9.12) have certified that each produc-
tion batch has been produced and controlled in accordance with the
requirements of the marketing authorization and any other regulations rel-
evant to the production, control and release of pharmaceutical products;

(h) satisfactory arrangements exist to ensure, as far as possible, that the phar-
maceutical products are stored by the manufacturer, distributed, and sub-
sequently handled so that quality is maintained throughout their shelf-life;

' This is a code governing the testing of chemicals to obtain data on their properties and ensuring safety
with respect to human health and the environment. It is different from that described in “Good labora-
tory practices in governmental drug control laboratories” in the Thirtieth report of the WHO Expert Com-
mittee on Specifications for Pharmaceutical Preparations (WHO Technical Report Series, No. 748, 1987,
Annex 1).
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(i)  there is a procedure for self-inspection and/or quality audit that regularly
appraises the effectiveness and applicability of the quality assurance
system,;

(j)  deviations are reported, investigated and recorded;

(k) there is a system for approving changes that may have an impact on
product quality;

() regular evaluations of the quality of pharmaceutical products should be
conducted with the objective of verifying the consistency of the process
and ensuring its continuous improvement.

1.3 The manufacturer must assume responsibility for the quality of the pharma-
ceutical products to ensure that they are fit for their intended use, comply with
the requirements of the marketing authorization and do not place patients at
risk due to inadequate safety, quality or efficacy. The attainment of this quality
objective is the responsibility of senior management and requires the participa-
tion and commitment of staff in many different departments and at all levels
within the company, the company’s suppliers, and the distributors. To achieve
the quality objective reliably there must be a comprehensively designed and cor-
rectly implemented system of quality assurance incorporating GMP and quality
control. It should be fully documented and its effectiveness monitored. All parts
of the quality assurance system should be adequately staffed with competent
personnel, and should have suitable and sufficient premises, equipment, and
facilities.

2. Good manufacturing practices for pharmaceutical
products (GMP)

2.1 Good manufacturing practice is that part of quality assurance which ensures
that products are consistently produced and controlled to the quality standards
appropriate to their intended use and as required by the marketing autho-
rization. GMP are aimed primarily at diminishing the risks inherent in any
pharmaceutical production. Such risks are essentially of two types: cross-
contamination (in particular of unexpected contaminants) and mix-ups
(confusion) caused by, for example, false labels being put on containers. Under

GMP:

(a) all manufacturing processes are clearly defined, systematically reviewed in
the light of experience, and shown to be capable of consistently manu-
facturing pharmaceutical products of the required quality that comply with
their specifications;

(b) qualification and validation are performed;

(c) all necessary resources are provided, including:

(i) appropriately qualified and trained personnel;
(ii) adequate premises and space;
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(iii) suitable equipment and services;

(iv) appropriate materials, containers and labels;

(v) approved procedures and instructions;

(vi) suitable storage and transport;

(vii) adequate personnel, laboratories and equipment for in-process
controls;

(d) instructions and procedures are written in clear and unambiguous
language, specifically applicable to the facilities provided;

(e) operators are trained to carry out procedures correctly;

(f) records are made (manually and/or by recording instruments) during
manufacture to show that all the steps required by the defined procedures
and instructions have in fact been taken and that the quantity and quality
of the product are as expected; any significant deviations are fully recorded
and investigated;

(g) records covering manufacture and distribution, which enable the complete
history of a batch to be traced, are retained in a comprehensible and acces-
sible form;

(h) the proper storage and distribution of the products minimizes any risk to
their quality;

(i)  a system is available to recall any batch of product from sale or supply;

(j)  complaints about marketed products are examined, the causes of quality
defects investigated, and appropriate measures taken in respect of the
defective products to prevent recurrence.

3. Sanitation and hygiene

3.1 A high level of sanitation and hygiene should be practised in every aspect
of the manufacture of drug products. The scope of sanitation and hygiene covers
personnel, premises, equipment and apparatus, production materials and con-
tainers, products for cleaning and disinfection, and anything that could become
a source of contamination to the product. Potential sources of contamination
should be eliminated through an integrated comprehensive programme of san-
itation and hygiene. (For personal hygiene see section 11, and for sanitation see
section 12, “Premises”.)

4. Qualification and validation

4.1 In accordance with GMP, each pharmaceutical company should identify
what qualification and validation work is required to prove that the critical
aspects of their particular operation are controlled.

4.2 The key elements of a qualification and validation programme of a company
should be clearly defined and documented in a validation master plan.
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4.3 Qualification and validation should establish and provide documentary
evidence that:

(a) the premises, supporting utilities, equipment and processes have been
designed in accordance with the requirements for GMP (design qualifica-
tion, or DQ);

(b) the premises, supporting utilities and equipment have been built and
installed in compliance with their design specifications (installation quali-
fication, or 1Q);

(c) the premises, supporting utilities and equipment operate in accordance
with their design specifications (operational qualification, or OQ);

(d) a specific process will consistently produce a product meeting its pre-
determined specifications and quality attributes (process validation, or PV,
also called performance qualification, or PQ).

4.4 Any aspect of operation, including significant changes to the premises, facil-
ities, equipment or processes, which may affect the quality of the product,
directly or indirectly, should be qualified and validated.

4.5 Qualification and validation should not be considered as one-off exercises.
An ongoing programme should follow their first implementation and should be
based on an annual review.

4.6 The commitment to maintain continued validation status should be stated
in the relevant company documentation, such as the quality manual or valida-
tion master plan.

4.7 The responsibility of performing validation should be clearly defined.

4.8 Validation studies are an essential part of GMP and should be conducted
in accordance with predefined and approved protocols.

4.9 A written report summarizing the results recorded and the conclusions
reached should be prepared and stored.

4.10 Processes and procedures should be established on the basis of the results
of the validation performed.

4.11 Tt is of critical importance that particular attention is paid to the valida-
tion of analytical test methods, automated systems and cleaning procedures.

5. Complaints

5.1 Principle. All complaints and other information concerning potentially
defective products should be carefully reviewed according to written procedures
and the corrective action should be taken.

5.2 A person responsible for handling the complaints and deciding the mea-
sures to be taken should be designated, together with sufficient supporting staff
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to assist him or her. If this person is different from the authorized person, the
latter should be made aware of any complaint, investigation or recall.

5.3 There should be written procedures describing the action to be taken,
including the need to consider a recall, in the case of a complaint concerning a
possible product defect.

5.4 Special attention should be given to establishing whether a complaint was
caused because of counterfeiting.

5.5 Any complaint concerning a product defect should be recorded with all the
original details and thoroughly investigated. The person responsible for quality
control should normally be involved in the review of such investigations.

5.6 If a product defect is discovered or suspected in a batch, consideration
should be given to whether other batches should be checked in order to deter-
mine whether they are also affected. In particular, other batches that may
contain reprocessed product from the defective batch should be investigated.

5.7 Where necessary, appropriate follow-up action, possibly including product
recall, should be taken after investigation and evaluation of the complaint.

5.8 All decisions made and measures taken as a result of a complaint should be
recorded and referenced to the corresponding batch records.

5.9 Complaints records should be regularly reviewed for any indication of spe-
cific or recurring problems that require attention and might justify the recall of
marketed products.

5.10 The competent authorities should be informed if a manufacturer is con-
sidering action following possibly faulty manufacture, product deterioration,
counterfeiting or any other serious quality problems with a product.

6. Product recalls

6.1 Principle. There should be a system to recall from the market, promptly
and effectively, products known or suspected to be defective.

6.2 The authorized person should be responsible for the execution and coor-
dination of recalls. He/she should have sufficient staff to handle all aspects of
the recalls with the appropriate degree of urgency.

6.3 There should be established written procedures, which are regularly
reviewed and updated, for the organization of any recall activity. Recall opera-
tions should be capable of being initiated promptly down to the required level
in the distribution chain.

6.4 An instruction should be included in the written procedures to store
recalled products in a secure segregated area while their fate is decided.
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6.5 All competent authorities of all countries to which a given product has been
distributed should be promptly informed of any intention to recall the product
because it is, or is suspected of being, defective.

6.6 The distribution records should be readily available to the authorized
person, and they should contain sufficient information on wholesalers and
directly supplied customers (including, for exported products, those who have
received samples for clinical tests and medical samples) to permit an effective
recall.

6.7 The progress of the recall process should be monitored and recorded.
Records should include the disposition of the product. A final report should be
issued, including a reconciliation between the delivered and recovered quanti-
ties of the products.

6.8 The effectiveness of the arrangements for recalls should be tested and eval-
uated from time to time.

7. Contract production and analysis

7.1 Principle. Contract production and analysis must be correctly defined,
agreed and controlled in order to avoid misunderstandings that could result in
a product or work or analysis of unsatisfactory quality.

General

7.2 All arrangements for contract manufacture and analysis, including any pro-
posed changes in technical or other arrangements, should be in accordance with
the marketing authorization for the product concerned.

7.3 The contract should permit the contract giver to audit the facilities of the
contract accepter.

7.4 In the case of contract analysis, the final approval for release must be given
by the authorized person.

The contract giver

7.5 The contract giver is responsible for assessing the competence of the con-
tract accepter in successfully carrying out the work or tests required, for
approval for contract activities, and for ensuring by means of the contract that
the principles of GMP described in this guide are followed.

7.6 The contract giver should provide the contract accepter with all the
information necessary to carry out the contracted operations correctly in accord-
ance with the marketing authorization and any other legal requirements. The
contract giver should ensure that the contract accepter is fully aware of any
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problems associated with the product, work or tests that might pose a hazard
to premises, equipment, personnel, other materials or other products.

7.7 The contract giver should ensure that all processed products and materials
delivered by the contract accepter comply with their specifications or that the
product has been released by the authorized person.

The contract accepter

7.8 The contract accepter must have adequate premises, equipment, knowl-
edge, and experience and competent personnel to carry out satisfactorily the
work ordered by the contract giver. Contract manufacture may be undertaken
only by a manufacturer who holds a manufacturing authorization.

7.9 The contract accepter should not pass to a third party any of the work
entrusted to him or her under the contract without the contract giver’s prior
evaluation and approval of the arrangements. Arrangements made between the
contract accepter and any third party should ensure that the manufacturing and
analytical information is made available in the same way as between the origi-
nal contract giver and contract accepter.

7.10 The contract accepter should refrain from any activity that may adversely
affect the quality of the product manufactured and/or analysed for the contract
giver.

The contract

7.11 There must be a written contract between the contract giver and the con-
tract accepter which clearly establishes the responsibilities of each party.

7.12 The contract must clearly state the way in which the authorized person, in
releasing each batch of product for sale or issuing the certificate of analysis,
exercises his or her full responsibility and ensures that each batch has been man-
ufactured in, and checked for, compliance with the requirements of the
marketing authorization.

7.13 Technical aspects of the contract should be drawn up by competent

persons suitably knowledgeable in pharmaceutical technology, analysis and
GMP.

7.14 All arrangements for production and analysis must be in accordance with
the marketing authorization and agreed by both parties.

7.15 The contract should describe clearly who is responsible for purchasing,
testing and releasing materials and for undertaking production and quality
controls, including in-process controls, and who has responsibility for sampling
and analysis. In the case of contract analysis, the contract should state whether
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or not the contract accepter should take samples at the premises of the
manufacturer.

7.16 Manufacturing, analytical, distribution records and reference samples
should be kept by, or be available to, the contract giver. Any records relevant
to assessing the quality of a product in the event of complaints or a suspected
defect must be accessible and specified in the defect/recall procedures of the
contract giver.

7.17 The contract should describe the handling of starting materials, inter-
mediate and bulk products and finished products if they are rejected. It should
also describe the procedure to be followed if the contract analysis shows that
the tested product must be rejected.

8. Self-inspection and quality audits

8.1 Principle. The purpose of self-inspection is to evaluate the manufacturer’s
compliance with GMP in all aspects of production and quality control. The self-
inspection programme should be designed to detect any shortcomings in the
implementation of GMP and to recommend the necessary corrective actions.
Self-inspections should be performed routinely, and may be, in addition, per-
formed on special occasions, e.g. in the case of product recalls or repeated rejec-
tions, or when an inspection by the health authorities is announced. The team
responsible for self-inspection should consist of personnel who can evaluate the
implementation of GMP objectively. All recommendations for corrective action
should be implemented. The procedure for self-inspection should be docu-
mented, and there should be an effective follow-up programme.

ltems for self-inspection

8.2 Wrritten instructions for self-inspection should be established to provide a
minimum and uniform standard of requirements. These may include question-
naires on GMP requirements covering at least the following items:

personnel;

premises including personnel facilities;
maintenance of buildings and equipment;

storage of starting materials and finished products;
equipment;

production and in-process controls;

quality control;

documentation;

sanitation and hygiene;

validation and revalidation programmes;
calibration of instruments or measurement systems;
recall procedures;

T T
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)
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(m) complaints management;
(n) labels control;
(o) results of previous self-inspections and any corrective steps taken.

Self-inspection team

8.3 Management should appoint a self-inspection team consisting of experts in
their respective fields and familiar with GMP. The members of the team may be
appointed from inside or outside the company.

Frequency of self-inspection

8.4 The frequency at which self-inspections are conducted may depend on
company requirements but should preferably be at least once a year. The
frequency should be stated in the procedure.

Self-inspection report

8.5 A report should be made at the completion of a self-inspection. The report
should include:

(a) self-inspection results;
(b) evaluation and conclusions;
(¢) recommended corrective actions.

Follow-up action

8.6 There should be an effective follow-up programme. The company manage-
ment should evaluate both the self-inspection report and the corrective actions
as necessary.

Quality audit

8.7 Tt may be useful to supplement self-inspections with a quality audit. A
quality audit consists of an examination and assessment of all or part of a quality
system with the specific purpose of improving it. A quality audit is usually con-
ducted by outside or independent specialists or a team designated by the
management for this purpose. Such audits may also be extended to suppliers
and contractors (see section 7, “Contract production and analysis”).

Suppliers’ audits and approval

8.8 The person responsible for quality control should have responsibility
together with other relevant departments for approving suppliers who can

24

o



QAP1 12/16/06 12:12 PM Page 25 $

MAIN PRINCIPLES FOR PHARMACEUTICAL PRODUCTS

reliably supply starting and packaging materials that meet established
specifications.

8.9 Before suppliers are approved and included in the approved suppliers’ list
or specifications, they should be evaluated. The evaluation should take into
account a supplier’s history and the nature of the materials to be supplied. If an
audit is required, it should determine the supplier’s ability to conform with
GMP standards.

9. Personnel

9.1 Principle. The establishment and maintenance of a satisfactory system of
quality assurance and the correct manufacture and control of pharmaceutical
products and active ingredients rely upon people. For this reason there must be
sufficient qualified personnel to carry out all the tasks for which the manu-
facturer is responsible. Individual responsibilities should be clearly defined and
understood by the persons concerned and recorded as written descriptions.

General

9.2 The manufacturer should have an adequate number of personnel with the
necessary qualifications and practical experience. The responsibilities placed on
any one individual should not be so extensive so as to present any risk to quality.

9.3. All responsible staff should have their specific duties recorded in written
descriptions and adequate authority to carry out their responsibilities. Their
duties may be delegated to designated deputies of a satisfactory qualification
level. There should be no gaps or unexplained overlaps in the responsibilities
of personnel concerned with the application of GMP. The manufacturer should
have an organization chart.

9.4 All personnel should be aware of the principles of GMP that affect them
and receive initial and continuing training, including hygiene instructions, rele-
vant to their needs. All personnel should be motivated to support the estab-
lishment and maintenance of high-quality standards.

9.5 Steps should be taken to prevent unauthorized people from entering pro-
duction, storage and quality control areas. Personnel who do not work in these
areas should not use them as a passageway.

Key personnel
9.6 Key personnel include the head of production, the head of quality control

and the authorized person. Normally, key posts should be occupied by full-time
personnel. The heads of production and quality control should be independent
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of each other. In large organizations, it may be necessary to delegate some of
the functions; however, the responsibility cannot be delegated.

9.7 Key personnel responsible for supervising the manufacture and quality
control of pharmaceutical products should possess the qualifications of a sci-
entific education and practical experience required by national legislation. Their
education should include the study of an appropriate combination of:

chemistry (analytical or organic) or biochemistry;
chemical engineering;

microbiology;

pharmaceutical sciences and technology;
pharmacology and toxicology;

physiology;

) other related sciences.
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They should also have adequate practical experience in the manufacture and
quality assurance of pharmaceutical products. In order to gain such experience,
a preparatory period may be required, during which they should exercise their
duties under professional guidance. The scientific education and practical expe-
rience of experts should be such as to enable them to exercise independent
professional judgement, based on the application of scientific principles and

understanding to the practical problems encountered in the manufacture and
quality control of pharmaceutical products.

9.8 The heads of the production and quality control generally have some
shared, or jointly exercised, responsibilities relating to quality. These may
include, depending on national regulations:

(a) authorization of written procedures and other documents, including
amendments;

monitoring and control of the manufacturing environment;

plant hygiene;

process validation and calibration of analytical apparatus;

training, including the application and principles of quality assurance;
approval and monitoring of suppliers of materials;

approval and monitoring of contract manufacturers;

designation and monitoring of storage conditions for materials and
products;

performance and evaluation of in-process controls;

retention of records;

monitoring of compliance with GMP requirements;

inspection, investigation and taking of samples in order to monitor factors
that may affect product quality.
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9.9 The head of the production generally has the following responsibilities:
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to ensure that products are produced and stored according to the appro-
priate documentation in order to obtain the required quality;

to approve the instructions relating to production operations, including
the in-process controls, and to ensure their strict implementation;

to ensure that the production records are evaluated and signed by a
designated person;

to check the maintenance of the department, premises, and equipment;
to ensure that the appropriate process validations and calibrations of
control equipment are performed and recorded and the reports made
available;

to ensure that the required initial and continuing training of production
personnel is carried out and adapted according to need.

9.10 The head of the quality control generally has the following
responsibilities:

(a)
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(h)

to approve or reject starting materials, packaging materials, and inter-
mediate, bulk and finished products in relation to their specifications;

to evaluate batch records;

to ensure that all necessary testing is carried out;

to approve sampling instructions, specifications, test methods and other
quality control procedures;

to approve and monitor analyses carried out under contract;

to check the maintenance of the department, premises and equipment;
to ensure that the appropriate validations, including those of analytical
procedures, and calibrations of control equipment are carried out;

to ensure that the required initial and continuing training of quality control
personnel is carried out and adapted according to need.

Other duties of the quality control are summarized in sections 17.3 and 17.4.

9.11 The authorized person is responsible for compliance with technical or reg-
ulatory requirements related to the quality of finished products and the approval
of the release of the finished product for sale.

9.12 The authorized person will also be involved in other activities, including
the following:

a
b
c
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(f)

implementation (and, when needed, establishment) of the quality system;
participation in the development of the company’s quality manual;
supervision of the regular internal audits or self-inspections;

oversight of the quality control department;

participation in external audit (vendor audit);

participation in validation programmes.

9.13 The function of the approval of the release of a finished batch or a product
can be delegated to a designated person with appropriate qualifications and
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experience who will release the product in accordance with an approved pro-
cedure. This is normally done by quality assurance by means of batch review.

9.14 The person responsible for approving a batch for release should always
ensure that the following requirements have been met:

(a) the marketing authorization and the manufacturing authorization require-
ments for the product have been met for the batch concerned,;

(b) the principles and guidelines of GMP, as laid down in the guidelines
published by WHO, have been followed,;

(c) the principal manufacturing and testing processes have been validated, if
different;

(d) all the necessary checks and tests have been performed and account taken
of the production conditions and manufacturing records;

(e) any planned changes or deviations in manufacturing or quality control
have been notified in accordance with a well defined reporting system
before any product is released. Such changes may need notification to, and
approval by, the drug regulatory authority;

(f) any additional sampling, inspection, tests and checks have been carried out
or initiated, as appropriate, to cover planned changes and deviations;

(g) all necessary production and quality control documentation has been com-
pleted and endorsed by supervisors trained in appropriate disciplines;

(h) appropriate audits, self-inspections and spot-checks are carried out by
experienced and trained staff;

(i) approval has been given by the head of quality control;

(j)  all relevant factors have been considered, including any not specifically
associated with the output batch directly under review (e.g. subdivision of
output batches from a common input, factors associated with continuous
production runs).

10. Training

10.1 The manufacturer should provide training in accordance with a written
programme for all personnel whose duties take them into manufacturing areas
or into control laboratories (including the technical, maintenance and cleaning
personnel) and for other personnel as required.

10.2 Besides basic training on the theory and practice of GMP, newly recruited
personnel should receive training appropriate to the duties assigned to them.
Continuing training should also be given, and its practical effectiveness period-
ically assessed. Approved training programmes should be available. Training
records should be kept.

10.3 Personnel working in areas where contamination is a hazard, e.g. clean
areas or areas where highly active, toxic, infectious or sensitizing materials are
handled, should be given specific training.
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10.4 The concept of quality assurance and all the measures which aid its
understanding and implementation should be fully discussed during the
training sessions.

10.5 Visitors or untrained personnel should preferably not be taken into the
production and quality control areas. If this is unavoidable, they should be given
relevant information in advance (particularly about personal hygiene) and the
prescribed protective clothing. They should be closely supervised.

10.6 Consultant and contract staff should be qualified for the services they
provide. Evidence of this should be included in the training records.

11. Personal hygiene

11.1 All personnel, prior to and during employment, as appropriate, should
undergo health examinations. Personnel conducting visual inspections should
also undergo periodic eye examinations.

11.2 All personnel should be trained in the practices of personal hygiene. A
high level of personal hygiene should be observed by all those concerned with
manufacturing processes. In particular, personnel should be instructed to wash
their hands before entering production areas. Signs to this effect should be
posted and instructions observed.

11.3 Any person shown at any time to have an apparent illness or open lesions
that may adversely affect the quality of products should not be allowed to handle
starting materials, packaging materials, in-process materials or drug products
until the condition is no longer judged to be a risk.

11.4 All employees should be instructed and encouraged to report to their
immediate supervisor any conditions (relating to plant, equipment or person-
nel) that they consider may adversely affect the products.

11.5 Direct contact should be avoided between the operator’s hands and start-
ing materials, primary packaging materials and intermediate or bulk product.

11.6 To ensure protection of the product from contamination, personnel should
wear clean body coverings appropriate to the duties they perform, including
appropriate hair covering. Used clothes, if reusable, should be stored in sepa-
rate closed containers until properly laundered and, if necessary, disinfected or
sterilized.

11.7 Smoking, eating, drinking, chewing, and keeping plants, food,
drink, smoking material and personal medicines should not be permitted in
production, laboratory and storage areas, or in any other areas where they might
adversely influence product quality.
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11.8 Personal hygiene procedures including the use of protective clothing
should apply to all persons entering production areas, whether they are tem-
porary or full-time employees or non-employees, e.g. contractors’ employees,
visitors, senior managers, and inspectors.

12. Premises

12.1 Principle. Premises must be located, designed, constructed, adapted, and
maintained to suit the operations to be carried out.

General

12.2 The layout and design of premises must aim to minimize the risk of errors
and permit effective cleaning and maintenance in order to avoid cross-contam-
ination, build-up of dust or dirt, and, in general, any adverse effect on the quality
of products.

12.3 Where dust is generated (e.g. during sampling, weighing, mixing and pro-
cessing operations, packaging of powder), measures should be taken to avoid
cross-contamination and facilitate cleaning.

12.4 Premises should be situated in an environment that, when considered
together with measures to protect the manufacturing process, presents
minimum risk of causing any contamination of materials or products.

12.5 Premises used for the manufacture of finished products should be suitably
designed and constructed to facilitate good sanitation.

12.6 Premises should be carefully maintained, and it should be ensured that
repair and maintenance operations do not present any hazard to the quality of
products.

12.7 Premises should be cleaned and, where applicable, disinfected according
to detailed written procedures. Records should be maintained.

12.8 Electrical supply, lighting, temperature, humidity and ventilation should
be appropriate and such that they do not adversely affect, directly or indirectly,
either the pharmaceutical products during their manufacture and storage, or the
accurate functioning of equipment.

12.9 Premises should be designed and equipped so as to afford maximum pro-
tection against the entry of insects, birds or animals. There should be a proce-
dure for rodent and pest control.

12.10 Premises should be designed to ensure the logical flow of materials and
personnel.
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Ancillary areas

12.11 Rest and refreshment rooms should be separate from manufacturing and
control areas.

12.12 Facilities for changing and storing clothes and for washing and toilet pur-
poses should be easily accessible and appropriate for the number of users.
Toilets should not communicate directly with production or storage areas.

12.13 Maintenance workshops should if possible be separated from production
areas. Whenever parts and tools are stored in the production area, they should
be kept in rooms or lockers reserved for that use.

12.14 Animal houses should be well isolated from other areas, with separate
entrance (animal access) and air-handling facilities.

Storage areas

12.15 Storage areas should be of sufficient capacity to allow orderly storage of
the various categories of materials and products with proper separation and seg-
regation: starting and packaging materials, intermediates, bulk and finished
products, products in quarantine, and released, rejected, returned or recalled
products.

12.16 Storage areas should be designed or adapted to ensure good storage con-
ditions. In particular, they should be clean, dry, sufficiently lit and maintained
within acceptable temperature limits. Where special storage conditions are
required (e.g. temperature, humidity) these should be provided, controlled,
monitored and recorded where appropriate.

12.17 Receiving and dispatch bays should be separated and protect materials
and products from the weather. Receiving areas should be designed and
equipped to allow containers of incoming materials to be cleaned if necessary
before storage.

12.18 Where quarantine status is ensured by storage in separate areas, these areas
must be clearly marked and their access restricted to authorized personnel. Any
system replacing the physical quarantine should give equivalent security.

12.19 Segregation should be provided for the storage of rejected, recalled, or
returned materials or products.

12.20 Highly active and radioactive materials, narcotics, other dangerous drugs,
and substances presenting special risks of abuse, fire or explosion should be
stored in safe and secure areas.

12.21 Printed packaging materials are considered critical to the conformity of
the pharmaceutical product to its labelling and special attention should be paid
to sampling and the safe and secure storage of these materials.
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12.22 There should normally be a separate sampling area for starting materials.
(If sampling is performed in the storage area, it should be conducted in such a
way as to prevent contamination or cross-contamination.)

Weighing areas

12.23 The weighing of starting materials and the estimation of yield by weigh-
ing should be carried out in separate weighing areas designed for that use, for
example with provisions for dust control. Such areas may be part of either
storage or production areas.

Production areas

12.24 Tn order to minimize the risk of a serious medical hazard due to cross-
contamination, dedicated and self-contained facilities must be available for the
production of particular pharmaceutical products, such as highly sensitizing
materials (e.g. penicillins) or biological preparations (e.g. live microorganisms).
The production of certain other highly active products, such as some antibi-
otics, hormones, cytotoxic substances and certain non-pharmaceutical products,
should not be conducted in the same facilities. In exceptional cases, the princi-
ple of campaign working in the same facilities can be accepted provided that
specific precautions are taken and the necessary validations (including cleaning
validation) are made. The manufacture of technical poisons, such as pesticides
and herbicides, should not be allowed in premises used for the manufacture of
pharmaceutical products.

12.25 Premises should preferably be laid out in such a way as to allow the pro-
duction to take place in areas connected in a logical order corresponding to the
sequence of the operations and to the requisite cleanliness levels.

12.26 The adequacy of the working and in-process storage space should permit
the orderly and logical positioning of equipment and materials so as to mini-
mize the risk of confusion between different pharmaceutical products or their
components, to avoid cross-contamination, and to minimize the risk of omis-
sion or wrong application of any of the manufacturing or control steps.

12.27 Where starting and primary packaging materials and intermediate or bulk
products are exposed to the environment, interior surfaces (walls, floors and
ceilings) should be smooth and free from cracks and open joints, should not
shed particulate matter, and should permit easy and effective cleaning and, if
necessary, disinfection.

12.28 Pipework, light fittings, ventilation points and other services should be
designed and sited to avoid the creation of recesses that are difficult to clean.
As far as possible, for maintenance purposes, they should be accessible from
outside the manufacturing areas.
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12.29 Drains should be of adequate size and designed and equipped to prevent
back-flow. Open channels should be avoided where possible, but if they are
necessary they should be shallow to facilitate cleaning and disinfection.

12.30 Production areas should be effectively ventilated, with air-control facili-
ties (including filtration of air to a sufficient level to prevent contamination and
cross-contamination, as well as control of temperature and, where necessary,
humidity) appropriate to the products handled, to the operations undertaken
and to the external environment. These areas should be regularly monitored
during both production and non-production periods to ensure compliance with
their design specifications.

12.31 Premises for the packaging of pharmaceutical products should be specif-
ically designed and laid out so as to avoid mix-ups or cross-contamination.

12.32 Production areas should be well lit, particularly where visual on-line con-
trols are carried out.

Quality control areas

12.33 Quality control laboratories should be separated from production areas.
Areas where biological, microbiological or radioisotope test methods are
employed should be separated from each other.

12.34 Quality control laboratories should be designed to suit the operations to
be carried out in them. Sufficient space should be given to avoid mix-ups and
cross-contamination. There should be adequate suitable storage space for
samples, reference standards (if necessary, with cooling), solvents, reagents and
records.

12.35 The design of the laboratories should take into account the suitability of
construction materials, prevention of fumes and ventilation. There should be
separate air supply to laboratories and production areas. Separate air-handling
units and other provisions are needed for biological, microbiological and
radioisotope laboratories.

12.36 A separate room may be needed for instruments to protect them against
electrical interference, vibration, contact with excessive moisture and other
external factors, or where it is necessary to isolate the instruments.

13. Equipment

13.1 Equipment must be located, designed, constructed, adapted, and main-
tained to suit the operations to be carried out. The layout and design of equip-
ment must aim to minimize the risk of errors and permit effective cleaning and
maintenance in order to avoid cross-contamination, build-up of dust or dirt,
and, in general, any adverse effect on the quality of products.
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13.2 Equipment should be installed in such a way as to minimize any risk of
error or of contamination.

13.3 Fixed pipework should be clearly labelled to indicate the contents and,
where applicable, the direction of flow.

13.4 All service pipings and devices should be adequately marked and special
attention paid to the provision of non-interchangeable connections or adaptors
for dangerous gases and liquids.

13.5 Balances and other measuring equipment of an appropriate range and pre-
cision should be available for production and control operations and should be
calibrated on a scheduled basis.

13.6 Production equipment should be thoroughly cleaned on a scheduled basis.

13.7 Laboratory equipment and instruments should be suited to the testing pro-
cedures undertaken.

13.8 Washing, cleaning and drying equipment should be chosen and used so as
not to be a source of contamination.

13.9 Production equipment should not present any hazard to the products. The
parts of the production equipment that come into contact with the product must
not be reactive, additive, or absorptive to an extent that would affect the quality
of the product.

13.10 Defective equipment should be removed from production and quality
control areas. If this is not possible, it should be clearly labelled as defective to
prevent use.

13.11 Closed equipment should be used whenever appropriate. Where open
equipment is used or equipment is opened, precautions should be taken to min-
imize contamination.

13.12 Non-dedicated equipment should be cleaned according to validated
cleaning procedures between production of different pharmaceutical products
to prevent cross-contamination.

13.13 Current drawings of critical equipment and support systems should be
maintained.

14. Materials

14.1 Principle. The main objective of a pharmaceutical plant is to produce fin-
ished products for patients’ use from a combination of materials (starting and
packaging).

14.2 Materials include starting materials, packaging materials, gases, solvents,
process aids, reagents and labelling materials.

34

o



QAP1 12/16/06 12:12 PM Page 35 $

MAIN PRINCIPLES FOR PHARMACEUTICAL PRODUCTS

General

14.3 No materials used for operations such as cleaning, lubrication of equip-
ment and pest control, should come into direct contact with the product. Where
possible, such materials should be of a suitable grade (e.g. food grade) to
minimize health risks.

14.4 All incoming materials and finished products should be quarantined
immediately after receipt or processing, until they are released for use or
distribution.

14.5 All materials and products should be stored under the appropriate con-
ditions established by the manufacturer and in an orderly fashion to permit
batch segregation and stock rotation by a first-expire, first-out rule.

14.6 Water used in the manufacture of pharmaceutical products should be suit-
able for its intended use.

Starting materials

14.7 The purchase of starting materials is an important operation that should
involve staff who have a particular and thorough knowledge of the products and
suppliers.

14.8 Starting materials should be purchased only from approved suppliers and,
where possible, directly from the producer. It is also recommended that the
specifications established by the manufacturer for the starting materials be
discussed with the suppliers. It is of benefit that all critical aspects of the pro-
duction and control of the starting material in question, including handling,
labelling and packaging requirements as well as complaints and rejection pro-
cedures, are contractually agreed between the manufacturer and the supplier.

14.9 For each consignment, the containers should be checked for at least
integrity of package and seal and for correspondence between the order, the
delivery note, and the supplier’s labels.

14.10 All incoming materials should be checked to ensure that the consignment
corresponds to the order. Containers should be cleaned where necessary and
labelled, if required, with the prescribed information. Where additional labels
are attached to containers, the original information should not be lost.

14.11 Damage to containers and any other problem that might adversely affect
the quality of a material should be recorded and reported to the quality control
department and investigated.

14.12 1If one delivery of material is made up of different batches, each batch
must be considered as separate for sampling, testing and release.
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14.13 Starting materials in the storage area should be appropriately labelled.
Labels should bear at least the following information:

(a) the designated name of the product and the internal code reference where
applicable;

(b) the batch number given by the supplier and, on receipt, the control or
batch number given by the manufacturer, if any, documented so as to
ensure traceability;

(c) the status of the contents (e.g. on quarantine, on test, released, rejected,
returned, recalled);

(d) where appropriate, an expiry date or a date beyond which retesting is
necessary.

When fully validated computerized storage systems are used, not all of the above
information need be in a legible form on the label.

14.14 There should be appropriate procedures or measures to ensure the iden-
tity of the contents of each container of starting material. Bulk containers from
which samples have been drawn should be identified.

14.15 Only starting materials released by the quality control department and
within their shelf-life should be used.

14.16 Starting materials should be dispensed only by designated persons, fol-
lowing a written procedure, to ensure that the correct materials are accurately
weighed or measured into clean and properly labelled containers.

14.17 Each dispensed material and its weight or volume should be indepen-

dently checked and the check recorded.

14.18 Materials dispensed for each batch of the final product should be kept
together and conspicuously labelled as such.

Packaging materials

14.19 The purchase, handling and control of primary and printed packaging
materials should be as for starting materials.

14.20 Particular attention should be paid to printed packaging materials. They
should be stored in secure conditions so as to exclude the possibility of unau-
thorized access. Roll-feed labels should be used wherever possible. Cut labels
and other loose printed materials should be stored and transported in separate
closed containers so as to avoid mix-ups. Packaging materials should be issued
for use only by designated personnel following an approved and documented
procedure.

14.21 Each delivery or batch of printed or primary packaging material should
be given a specific reference number or identification mark.
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14.22 Outdated or obsolete primary packaging material or printed packaging
material should be destroyed and its disposal recorded.

14.23 All products and packaging materials to be used should be checked on
delivery to the packaging department for quantity, identity and conformity with
the packaging instructions.

Intermediate and bulk products

14.24 Tntermediate and bulk products should be kept under appropriate
conditions.

14.25 Intermediate and bulk products purchased as such should be handled on
receipt as though they were starting materials.

Finished products

14.26 Finished products should be held in quarantine until their final release,
after which they should be stored as usable stock under conditions established
by the manufacturer.

14.27 The evaluation of finished products and the documentation necessary for
release of a product for sale are described in section 17, “Good practices in
quality control”.

Rejected, recovered, reprocessed and reworked materials

14.28 Rejected materials and products should be clearly marked as such and
stored separately in restricted areas. They should either be returned to the sup-
pliers or, where appropriate, reprocessed or destroyed in a timely manner. What-
ever action is taken should be approved by authorized personnel and recorded.

14.29 The reworking or recovery of rejected products should be exceptional.
It is permitted only if the quality of the final product is not affected, if the spec-
ifications are met, and if it is done in accordance with a defined and authorized
procedure after evaluation of the risks involved. A record should be kept of the
reworking or recovery. A reworked batch should be given a new batch number.

14.30 The introduction of all or part of earlier batches, conforming to the
required quality, into a batch of the same product at a defined stage of manu-
facture should be authorized beforehand. This recovery should be carried out
in accordance with a defined procedure after evaluation of the risks involved,
including any possible effect on shelf-life. The recovery should be recorded.

14.31 The need for additional testing of any finished product that has been
reprocessed, reworked or into which a recovered product has been incorpo-
rated, should be considered by the quality control department.
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Recalled products

14.32 Recalled products should be identified and stored separately in a secure
area until a decision is taken on their fate. The decision should be made as soon
as possible.

Returned goods

14.33 Products returned from the market should be destroyed unless it is
certain that their quality is satisfactory; in such cases they may be considered
for resale or relabelling, or alternative action taken only after they have been
critically assessed by the quality control function in accordance with a written
procedure. The nature of the product, any special storage conditions it requires,
its condition and history, and the time elapsed since it was issued should all be
taken into account in this assessment. Where any doubt arises over the quality
of the product, it should not be considered suitable for reissue or reuse. Any
action taken should be appropriately recorded.

Reagents and culture media

14.34 There should be records for the receipt and preparation of reagents and
culture media.

14.35 Reagents made up in the laboratory should be prepared according to
written procedures and appropriately labelled. The label should indicate the
concentration, standardization factor, shelf-life, the date when restandardization
is due, and the storage conditions. The label should be signed and dated by the
person preparing the reagent.

14.36 Both positive and negative controls should be applied to verify the suit-
ability of culture media each time they are prepared and used. The size of the
inoculum used in positive controls should be appropriate to the sensitivity
required.

Reference standards

14.37 Whenever official reference standards exist, these should preferably
be used.

14.38 Official reference standards should be used only for the purpose
described in the appropriate monograph.

14.39 Reference standards prepared by the producer should be tested, released
and stored in the same way as official standards. They should be kept under the
responsibility of a designated person in a secure area.
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14.40 Secondary or working standards may be established by the application
of appropriate tests and checks at regular intervals to ensure standardization.

14.41 Reference standards should be properly labelled with at least the follow-
ing information:

14.42 All in-house reference standards should be standardized against an
official reference standard, when available, initially and at regular intervals
thereafter.

14.43 All reference standards should be stored and used in a manner that will
not adversely affect their quality.

(a) name of the material;

(b) batch or lot number and control number;
(c) date of preparation;

(d) shelf-life;

(e) potency;

(f) storage conditions.

Waste materials

14.44 Provision should be made for the proper and safe storage of waste mate-
rials awaiting disposal. Toxic substances and flammable materials should be
stored in suitably designed, separate, enclosed cupboards, as required by
national legislation.

14.45 Waste material should not be allowed to accumulate. It should be col-
lected in suitable receptacles for removal to collection points outside the build-
ings and disposed of safely and in a sanitary manner at regular and frequent
intervals.

Miscellaneous

14.46 Rodenticides, insecticides, fumigating agents and sanitizing materials
should not be permitted to contaminate equipment, starting materials, packag-
ing materials, in-process materials or finished products.

15. Documentation

15.1 Principle. Good documentation is an essential part of the quality assur-
ance system and, as such, should exist for all aspects of GMP. Its aims are to
define the specifications and procedures for all materials and methods of man-
ufacture and control; to ensure that all personnel concerned with manufacture
know what to do and when to do it; to ensure that authorized persons have all
the information necessary to decide whether or not to release a batch of a drug
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for sale, to ensure the existence of documented evidence, traceability, and to
provide records and an audit trail that will permit investigation. It ensures the
availability of the data needed for validation, review and statistical analysis. The
design and use of documents depend upon the manufacturer. In some cases
some or all of the documents described below may be brought together, but
they will usually be separate.

General

15.2 Documents should be designed, prepared, reviewed and distributed with
care. They should comply with the relevant parts of the manufacturing and mar-
keting authorizations.

15.3 Documents should be approved, signed and dated by the appropriate
responsible persons. No document should be changed without authorization
and approval.

15.4 Documents should have unambiguous contents: the title, nature and
purpose should be clearly stated. They should be laid out in an orderly fashion
and be easy to check. Reproduced documents should be clear and legible. The
reproduction of working documents from master documents must not allow any
error to be introduced through the reproduction process.

15.5 Documents should be regularly reviewed and kept up to date. When a
document has been revised, a system should exist to prevent inadvertent use of
the superseded version. Superseded documents should be retained for a spe-
cific period of time.

15.6 Where documents require the entry of data, these entries should be clear,
legible and indelible. Sufficient space should be provided for such entries.

15.7 Any alteration made to a document should be signed and dated; the alter-
ation should permit the reading of the original information. Where appropri-
ate, the reason for the alteration should be recorded.

15.8 Records should be made or completed when any action is taken and in
such a way that all significant activities concerning the manufacture of pharma-
ceutical products are traceable. Records should be retained for at least one year
after the expiry date of the finished product.

15.9 Data (and records for storage) may be recorded by electronic data-pro-
cessing systems or by photographic or other reliable means. Master formulae
and detailed standard operating procedures relating to the system in use should
be available and the accuracy of the records should be checked. If documenta-
tion is handled by electronic data-processing methods, only authorized persons
should be able to enter or modify data in the computer, and there should be a
record of changes and deletions; access should be restricted by passwords or
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other means and the entry of critical data should be independently checked.
Batch records stored electronically should be protected by back-up transfer on
magnetic tape, microfilm, paper print-outs or other means. It is particularly
important that, during the period of retention, the data are readily available.

Documents required
Labels

15.10 Labels applied to containers, equipment or premises should be clear,
unambiguous and in the company’s agreed format. It is often helpful in addi-
tion to the wording on the labels to use colours to indicate status (e.g. quaran-
tined, accepted, rejected, clean).

15.11 All finished drug products should be identified by labelling, as required
by the national legislation, bearing at least the following information:

(a) the name of the drug product;

(b) alist of the active ingredients (if applicable, with the INNs), showing the

amount of each present and a statement of the net contents (e.g. number

of dosage units, weight, volume);

the batch number assigned by the manufacturer;

the expiry date in an uncoded form;

any special storage conditions or handling precautions that may be neces-

sary;

(f)  directions for use, and warnings and precautions that may be necessary;

(g) the name and address of the manufacturer or the company or the person
responsible for placing the product on the market.

AA,-\
cac

—
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15.12 For reference standards, the label and/or accompanying docu-
ment should indicate potency or concentration, date of manufacture, expiry
date, date the closure is first opened, storage conditions and control number, as
appropriate.

Specifications and testing procedures

15.13 Testing procedures described in documents should be validated in the
context of available facilities and equipment before they are adopted for routine
testing.

15.14 There should be appropriately authorized and dated specifications,
including tests on identity, content, purity and quality, for starting and packag-
ing materials and for finished products; where appropriate, they should also be
available for intermediate or bulk products. Specifications for water, solvents
and reagents (e.g. acids and bases) used in production should be included.
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15.15 Each specification should be approved, signed and dated, and maintained
by quality control, quality assurance unit or documentation centre. Specifica-
tions for starting materials, intermediates, and bulk, finished products and pack-
aging materials are referred to in sections 15.18-15.21.

15.16 Periodic revisions of the specifications may be necessary to comply with
new editions of the national pharmacopoeia or other official compendia.

15.17 Pharmacopoeias, reference standards, reference spectra and other refer-
ence materials should be available in the quality control laboratory.

Specifications for starting and packaging materials

15.18 Specifications for starting, primary and printed packaging materials
should provide, if applicable, a description of the materials, including:

(a) the designated name (if applicable, the INN) and internal code reference;
(b) the reference, if any, to a pharmacopoeial monograph;
(c) qualitative and quantitative requirements with acceptance limits.

Depending on the company’s practice other data may be added to the specifi-
cation, such as:

(a) the supplier and the original producer of the materials;

(b) a specimen of printed materials;

(c) directions for sampling and testing, or a reference to procedures;
(d) storage conditions and precautions;

(e) the maximum period of storage before re-examination.

Packaging material should conform to specifications, and should be compatible
with the material and/or with the drug product it contains. The material should
be examined for compliance with the specification, and for defects as well as
for the correctness of identity markings.

15.19 Documents describing testing procedures should state the required fre-
quency for re-assaying each starting material, as determined by its stability.

Specifications for intermediate and bulk products
15.20 Specifications for intermediate and bulk products should be available.

The specifications should be similar to specifications for starting materials or
for finished products, as appropriate.

Specifications for finished products

15.21 Specifications for finished products should include:
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(a) the designated name of the product and the code reference, where

applicable;

(b) the designated name(s) of the active ingredient(s) (if applicable, with the
INN(s));

(¢c) the formula or a reference to the formula;

(d) a description of the dosage form and package details;

(e) directions for sampling and testing or a reference to procedures;

(f) the qualitative and quantitative requirements, with acceptance limits;

(g) the storage conditions and precautions, where applicable;

(h) the shelf-life.

Master formulae

15.22 A formally authorized master formula should exist for each product and
batch size to be manufactured.

15.23 The master formula should include:

(a) the name of the product, with a product reference code relating to its
specification;

(b) a description of the dosage form, strength of the product and batch size;

(c) alist of all starting materials to be used (if applicable, with the INNs), with
the amount of each, described using the designated name and a reference
that is unique to that material (mention should be made of any substance
that may disappear in the course of processing);

(d) a statement of the expected final yield with the acceptable limits, and of
relevant intermediate yields, where applicable;

(e) a statement of the processing location and the principal equipment to
be used;

(f) the methods, or reference to the methods, to be used for preparing and
operating the critical equipment, e.g. cleaning (especially after a change in
product), assembling, calibrating, sterilizing, use;

(g) detailed step-wise processing instructions (e.g. checks on materials, pre-
treatments, sequence for adding materials, mixing times, temperatures);

(h) the instructions for any in-process controls with their limits;

(i)  where necessary, the requirements for storage of the products, including
the container, the labelling, and any special storage conditions;

(j)  any special precautions to be observed.

Packaging instructions

15.24 Formally authorized packaging instructions should exist for
each product, pack size and type. These should normally include, or make
reference to:
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(a) the name of the product;

(b) a description of its pharmaceutical form, strength and, where applicable,
method of application;

(c) the pack size expressed in terms of the number, weight or volume of the
product in the final container;

(d) a complete list of all the packaging materials required for a standard batch
size, including quantities, sizes and types, with the code or reference
number relating to the specifications for each packaging material;

(e) where appropriate, an example or reproduction of the relevant printed
packaging materials and specimens, indicating where the batch number
and expiry date of the product have been marked,;

(f)  special precautions to be observed, including a careful examination of the
packaging area and equipment in order to ascertain the line clearance
before and after packaging operations;

(g) a description of the packaging operation, including any significant sub-
sidiary operations, and equipment to be used;

(h) details of in-process controls with instructions for sampling and accep-
tance limits.

Batch processing records

15.25 A batch processing record should be kept for each batch processed. Tt
should be based on the relevant parts of the currently approved specifications
on the record. The method of preparation of such records should be designed
to avoid errors. (Copying or validated computer programmes are recommended.
Transcribing from approved documents should be avoided.)

15.26 Before any processing begins, a check should be made that the equip-
ment and work station are clear of previous products, documents, or materials
not required for the planned process, and that the equipment is clean and suit-

able for use. This check should be recorded.

15.27 During processing, the following information should be recorded at the
time each action is taken, and after completion the record should be dated and
signed by the person responsible for the processing operations:

(a) the name of the product;

(b) the number of the batch being manufactured;

(c) dates and times of commencement, of significant intermediate stages, and
of completion of production;

(d) the name of the person responsible for each stage of production;

(e) the initials of the operator(s) of different significant steps of production
and, where appropriate, of the person(s) who checked each of these oper-
ations (e.g. weighing);
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(f) the batch number and/or analytical control number and the quantity of
each starting material actually weighed (including the batch number and
amount of any recovered or reprocessed material added);

(g) any relevant processing operation or event and the major equipment used;

(h) the in-process controls performed, the initials of the person(s) carrying
them out, and the results obtained;

(i)  the amount of product obtained at different and pertinent stages of man-
ufacture (yield), together with comments or explanations for significant
deviations from the expected yield;

(j) notes on special problems including details, with signed authorization for
any deviation from the master formula.

Batch packaging records

15.28 A batch packaging record should be kept for each batch or part batch
processed. It should be based on the relevant parts of the approved packaging
instructions, and the method of preparing such records should be designed to
avoid errors. (Copying or validated computer programmes are recommended.
Transcribing from approved documents should be avoided.)

15.29 Before any packaging operation begins, checks should be made that the
equipment and work station are clear of previous products, documents or mate-
rials not required for the planned packaging operations, and that equipment is
clean and suitable for use. These checks should be recorded.

15.30 The following information should be recorded at the time each action is
taken, and the date and the person responsible should be clearly identified by
signature or electronic password:

(a) the name of the product, the batch number and the quantity of bulk
product to be packed, as well as the batch number and the planned quan-
tity of finished product that will be obtained, the quantity actually obtained
and the reconciliation;

(b) the date(s) and time(s) of the packaging operations;

(c) the name of the responsible person carrying out the packaging operation;
(d) the initials of the operators of the different significant steps;

(e) the checks made for identity and conformity with the packaging instruc-

tions, including the results of in-process controls;

(f) details of the packaging operations carried out, including references to
equipment and the packaging lines used, and, when necessary, the instruc-
tions for keeping the product unpacked or a record of returning product
that has not been packaged to the storage area;

(g) whenever possible, samples of the printed packaging materials used,
including specimens bearing the approval for the printing of and regular
check (where appropriate) of the batch number, expiry date, and any addi-
tional overprinting;
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(h) notes on any special problems, including details of any deviation from the
packaging instructions, with written authorization by an appropriate
person;

(i)  the quantities and reference number or identification of all printed pack
aging materials and bulk product issued, used, destroyed or returned
to stock and the quantities of product obtained to permit an adequate
reconciliation.

Standard operating procedures (SOPs) and records

15.31 Standard operating procedures and associated records of actions taken
or, where appropriate, conclusions reached should be available for:

equipment assembly and validation;

analytical apparatus and calibration;

maintenance, cleaning and sanitization;

personnel matters including qualification, training, clothing and hygiene;
environmental monitoring;

pest control;

complaints;

recalls;

returns.
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15.32 There should be standard operating procedures and records for the
receipt of each delivery of starting material and primary and printed packaging
material.

15.33 The records of the receipts should include:

a) the name of the material on the delivery note and the containers;
b) the “in-house” name and/or code of the material if different from (a);
c) the date of receipt;
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d) the supplier’s name and, if possible, manufacturer’s name;
e) the manufacturer’s batch or reference number;

f) the total quantity, and number of containers received;

g) the batch number assigned after receipt;

(h) any relevant comment (e.g. state of the containers).

15.34 There should be standard operating procedures for the internal labelling,
quarantine and storage of starting materials, packaging materials and other
materials, as appropriate.

15.35 Standard operating procedures should be available for each instrument
and piece of equipment (e.g. use, calibration, cleaning, maintenance) and placed
in close proximity to the equipment.
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15.36 There should be standard operating procedures for sampling, which
specify the person(s) authorized to take samples.

15.37 The sampling instructions should include:

(a) the method of sampling and the sampling plan;

(b) the equipment to be used;

(c) any precautions to be observed to avoid contamination of the material or
any deterioration in its quality;

(d) the amount(s) of sample(s) to be taken;

e) instructions for any required subdivision of the sample;

(f)  the type of sample container(s) to be used, and whether they are for aseptic
sampling or for normal sampling, and labelling;

(g) any specific precautions to be observed, especially in regard to the sam-
pling of sterile or noxious material.

15.38 There should be a standard operating procedure describing the details
of the batch (lot) numbering system, with the objective of ensuring that each
batch of intermediate, bulk or finished product is identified with a specific batch
number.

15.39 The standard operating procedures for batch numbering that are applied
to the processing stage and to the respective packaging stage should be related
to each other.

15.40 The standard operating procedure for batch numbering should ensure
that the same batch numbers will not be used repeatedly; this applies also to
reprocessing.

15.41 Batch-number allocation should be immediately recorded, e.g. in a
logbook. The record should include at least the date of allocation, product iden-
tity and size of batch.

15.42 There should be written procedures for testing materials and products at
different stages of manufacture, describing the methods and equipment to be
used. The tests performed should be recorded.

15.43 Analysis records should include at least the following data:

(a) the name of the material or product and, where applicable, dosage form;

(b) the batch number and, where appropriate, the manufacturer and/or
supplier;

(c) references to the relevant specifications and testing procedures;

(d) test results, including observations and calculations, and reference to any
specifications (limits);

(e) date(s) and reference number(s) of testing;

(f) the initials of the persons who performed the testing;
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(g) the date and initials of the persons who verified the testing and the calcu-
lations, where appropriate;

(h) a clear statement of release or rejection (or other status decision) and the
dated signature of the designated responsible person.

15.44 Written release and rejection procedures should be available for materi-
als and products, and in particular for the release for sale of the finished product
by an authorized person.

15.45 Records should be maintained of the distribution of each batch of a
product in order, e.g. to facilitate the recall of the batch if necessary.

15.46 Records should be kept for major and critical equipment, as appropri-
ate, of any validations, calibrations, maintenance, cleaning, or repair operations,
including dates and the identity of the people who carried these operations out.

15.47 The use of major and critical equipment and the areas where products
have been processed should be appropriately recorded in chronological
order.

15.48 There should be written procedures assigning responsibility for cleaning
and sanitation and describing in sufficient detail the cleaning schedules,
methods, equipment and materials to be used and facilities and equipment to
be cleaned. Such written procedures should be followed.

16. Good practices in production

16.1 Principle. Production operations must follow clearly defined procedures
in accordance with manufacturing and marketing authorizations, with the objec-
tive of obtaining products of the requisite quality.

General

16.2 All handling of materials and products, such as receipt and cleaning, quar-
antine, sampling, storage, labelling, dispensing, processing, packaging and dis-
tribution, should be done in accordance with written procedures or instructions
and, where necessary, recorded.

16.3 Any deviation from instructions or procedures should be avoided as far as
possible. If deviations occur, they should be done in accordance with an
approved procedure. The authorization of the deviation should be approved in
writing by a designated person, with the involvement of the quality control
department, when appropriate.

16.4 Checks on yields and reconciliation of quantities should be carried
out as necessary to ensure that there are no discrepancies outside acceptable
limits.
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16.5 Operations on different products should not be carried out simultaneously
or consecutively in the same room or area unless there is no risk of mix-up or
cross-contamination.

16.6 At all times during processing, all materials, bulk containers, major items
of equipment, and where appropriate, the rooms and packaging lines being used
should be labelled or otherwise identified with an indication of the product or
material being processed, its strength (where applicable) and the batch number.
Where applicable, this indication should also mention the stage of production.
In some cases it may be useful to record also the name of the previous product
that has been processed.

16.7 Access to production premises should be restricted to authorized
personnel.

16.8 Normally, non-medicinal products should not be produced in areas or with
equipment destined for the production of pharmaceutical products.

16.9 In-process controls are usually performed within the production area.
The performance of such in-process controls should not have any negative effect
on the quality of the product or another product (e.g. cross-contamination or
mix-up).

Prevention of cross-contamination and bacterial contamination
during production

16.10 When dry materials and products are used in production, special pre-
cautions should be taken to prevent the generation and dissemination of dust.
Provision should be made for proper air control (e.g. supply and extraction of
air of suitable quality).

16.11 Contamination of a starting material or of a product by another material
or product must be avoided. This risk of accidental cross-contamination arises
from the uncontrolled release of dust, gases, particles, vapours, sprays or organ-
isms from materials and products in process, from residues on equipment, from
intruding insects, and from operators’ clothing, skin, etc. The significance of
this risk varies with the type of contaminant and of the product being con-
taminated. Among the most hazardous contaminants are highly sensitizing
materials, biological preparations such as living organisms, certain hormones,
cytotoxic substances, and other highly active materials. Products in which con-
tamination is likely to be most significant are those administered by injection or
applied to open wounds and those given in large doses and/or over a long time.

16.12 Cross-contamination should be avoided by taking appropriate technical
or organizational measures, for example:
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(a) carrying out production in dedicated and self-contained areas (which may
be required for products such as penicillins, live vaccines, live bacterial
preparations and certain other biologicals);

(b) conducting campaign production (separation in time) followed by appro-
priate cleaning in accordance with a validated cleaning procedure;

(c) providing appropriately designed airlocks, pressure differentials, and air
supply and extraction systems;

(d) minimizing the risk of contamination caused by recirculation or re-entry
of untreated or insufficiently treated air;

(e) wearing protective clothing where products or materials are handled;
(f)  using cleaning and decontamination procedures of known effectiveness;
(g) using a “closed system” in production;

(h) testing for residues;

(i)  using cleanliness status labels on equipment.

16.13 Measures to prevent cross-contamination and their effectiveness should
be checked periodically according to standard operating procedures.

16.14 Production areas where susceptible products are processed should
undergo periodic environmental monitoring (e.g. for microbiological monitor-
ing and particulate matter where appropriate).

Processing operations

16.15 Before any processing operation is started, steps should be taken to
ensure that the work area and equipment are clean and free from any starting
materials, products, product residues, labels or documents not required for the
current operation.

16.16 Any necessary in-process controls and environmental controls should be
carried out and recorded.

16.17 Means should be instituted of indicating failures of equipment or of ser-
vices (e.g. water, gas) to equipment. Defective equipment should be withdrawn
from use until the defect has been rectified. After use, production equipment
should be cleaned without delay according to detailed written procedures and
stored under clean and dry conditions in a separate area or in a manner that
will prevent contamination.

16.18 Time limits for storage of equipment after cleaning and before use should
be stated and based on data.

16.19 Containers for filling should be cleaned before filling. Attention should
be given to avoiding and removing any contaminants such as glass fragments
and metal particles.

16.20 Any significant deviation from the expected yield should be recorded and
investigated.

50

o



QAP1 12/16/06 12:12 PM Page 51 $

MAIN PRINCIPLES FOR PHARMACEUTICAL PRODUCTS

16.21 Checks should be carried out to ensure that pipelines and other pieces
of equipment used for the transportation of products from one area to another
are connected in a correct manner.

16.22 Pipes used for conveying distilled or deionized water and, where appro-
priate, other water pipes should be sanitized and stored according to written
procedures that detail the action limits for microbiological contamination and
the measures to be taken.

16.23 Measuring, weighing, recording, and control equipment and instruments
should be serviced and calibrated at prespecified intervals and records main-
tained. To ensure satisfactory functioning, instruments should be checked daily
or prior to use for performing analytical tests. The date of calibration and ser-
vicing and the date when recalibration is due should be clearly indicated, prefer-
ably on a label attached to the instrument.

16.24 Repair and maintenance operations should not present any hazard to the
quality of the products.

Packaging operations

16.25 When the programme for packaging operations is being set up, parti-
cular attention should be given to minimizing the risk of cross-contamination,
mix-ups or substitutions. Different products should not be packaged in close
proximity unless there is physical segregation or an alternative system that will
provide equal assurance.

16.26 Before packaging operations are begun, steps should be taken to ensure
that the work area, packaging lines, printing machines and other equipment are
clean and free from any products, materials or documents used previously and
which are not required for the current operation. The line clearance should be
performed according to an appropriate procedure and checklist, and recorded.

16.27 The name and batch number of the product being handled should be
displayed at each packaging station or line.

16.28 Normally, filling and sealing should be followed as quickly as possible by
labelling. If labelling is delayed, appropriate procedures should be applied to
ensure that no mix-ups or mislabelling can occur.

16.29 The correct performance of any printing (e.g. of code numbers or expiry
dates) done separately or in the course of the packaging should be checked and
recorded. Attention should be paid to printing by hand, which should be
rechecked at regular intervals.

16.30 Special care should be taken when cut labels are used and when over-
printing is carried out off-line, and in hand-packaging operations. Roll-feed
labels are normally preferable to cut labels in helping to avoid mix-ups. On-line
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verification of all labels by automated electronic means can be helpful in pre-
venting mix-ups, but checks should be made to ensure that any electronic code
readers, label counters, or similar devices are operating correctly. When labels
are attached manually, in-process control checks should be performed more
frequently.

16.31 Printed and embossed information on packaging materials should be dis-
tinct and resistant to fading or erasing.

16.32 Regular on-line control of the product during packaging should include
at least checks on:

(a) the general appearance of the packages;

(b) whether the packages are complete;

(c) whether the correct products and packaging materials are used,;
(d) whether any overprinting is correct;

(e) the correct functioning of line monitors.

Samples taken away from the packaging line should not be returned.

16.33 Products that have been involved in an unusual event during packaging
should be reintroduced into the process only after special inspection, investi-
gation and approval by authorized personnel. A detailed record should be kept
of this operation.

16.34 Any significant or unusual discrepancy observed during reconciliation of
the amount of bulk product and printed packaging materials and the number
of units produced should be investigated, satisfactorily accounted for, and
recorded before release.

16.35 Upon completion of a packaging operation, any unused batch-coded
packaging materials should be destroyed and the destruction recorded. A doc-
umented procedure requiring checks to be performed before returning unused
materials should be followed if uncoded printed materials are returned to stock.

17. Good practices in quality control

17.1 Quality control is the part of GMP concerned with sampling, specifica-
tions and testing, and with the organization, documentation and release proce-
dures which ensure that the necessary and relevant tests are actually carried out
and that materials are not released for use, nor products released for sale or
supply, until their quality has been judged to be satisfactory. Quality control is
not confined to laboratory operations but must be involved in all decisions con-
cerning the quality of the product.

17.2 The independence of quality control from production is considered
fundamental.
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17.3 Each manufacturer (the holder of a manufacturing authorization) should
have a quality control function. The quality control function should be inde-
pendent of other departments and under the authority of a person with appro-
priate qualifications and experience, who has one or several control laboratories
at his or her disposal. Adequate resources must be available to ensure that all
the quality control arrangements are effectively and reliably carried out. The
basic requirements for quality control are as follows:

(a) adequate facilities, trained personnel and approved procedures must be
available for sampling, inspecting, and testing starting materials, packag-
ing materials, and intermediate, bulk, finished products, and where appro-
priate for monitoring environmental conditions for GMP purposes;

(b) samples of starting materials, packaging materials, intermediate products,
bulk products and finished products must be taken by methods and per-
sonnel approved of by the quality control department;

(c) qualification and validation must be performed;

(d) records must be made (manually and/or by recording instruments) demon-
strating that all the required sampling, inspecting and testing procedures
have actually been carried out and that any deviations have been fully
recorded and investigated;

(e) the finished products must contain ingredients complying with the quali-
tative and quantitative composition of the product described in the mar-
keting authorization; the ingredients must be of the required purity, in their
proper container and correctly labelled;

(f) records must be made of the results of inspecting and testing the materi-
als and intermediate, bulk and finished products against specifications;
pro- duct assessment must include a review and evaluation of the relevant
production documentation and an assessment of deviations from specified
procedures;

(g) no batch of product is to be released for sale or supply prior to certifica-
tion by the authorized person(s) that it is in accordance with the require-
ments of the marketing authorization. In certain countries, by law, the
batch release is a task of the authorized person from production together
with the author- ized person from quality control;

(h) sufficient samples of starting materials and products must be retained to
permit future examination of the product if necessary; the retained
product must be kept in its final pack unless the pack is exceptionally
large.

17.4 Quality control as a whole will also have other duties, such as to establish,
validate and implement all quality control procedures, to evaluate, maintain, and
store the reference standards for substances, to ensure the correct labelling
of containers of materials and products, to ensure that the stability of the
active pharmaceutical ingredients and products is monitored, to participate
in the investigation of complaints related to the quality of the product, and to
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participate in environmental monitoring. All these operations should be carried
out in accordance with written procedures and, where necessary, recorded.

17.5 Assessment of finished products should embrace all relevant factors,
including the production conditions, the results of in-process testing, the man-
ufacturing (including packaging) documentation, compliance with the specifi-
cation for the finished product, and an examination of the finished pack.

17.6 Quality control personnel must have access to production areas for sam-
pling and investigation as appropriate.

Control of starting materials and intermediate, bulk and
finished products

17.7 All tests should follow the instructions given in the relevant written test
procedure for each material or product. The result should be checked by the
supervisor before the material or product is released or rejected.

17.8 Samples should be representative of the batches of material from which
they are taken in accordance with the approved written procedure.

17.9 Sampling should be carried out so as to avoid contamination or other
adverse effects on quality. The containers that have been sampled should be
marked accordingly and carefully resealed after sampling.

17.10 Care should be taken during sampling to guard against contamination or
mix-up of, or by, the material being sampled. All sampling equipment that
comes into contact with the material should be clean. Some particularly
hazardous or potent materials may require special precautions.

17.11 Sampling equipment should be cleaned and, if necessary, sterilized before
and after each use and stored separately from other laboratory equipment.

17.12 Each sample container should bear a label indicating:

17.13 Out-of-specification results obtained during testing of materials or prod-
ucts should be investigated in accordance with an approved procedure. Records
should be maintained.

(a) the name of the sampled material;

(b) the batch or lot number;

(c) the number of the container from which the sample has been taken;
(d) the number of the sample;

(e) the signature of the person who has taken the sample;

(f) the date of sampling.
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Test requirements
Starting and packaging materials

17.14 Before releasing a starting or packaging material for use, the
quality control manager should ensure that the materials have been tested for
conformity with specifications for identity, strength, purity and other quality
parameters.

17.15 An identity test should be conducted on a sample from each container
of starting material (see also section 14.14).

Tt is permissible to sample only a proportion of the containers where a val-
idated procedure has been established to ensure that no single container of start-
ing material has been incorrectly labelled.

This validation should take account of at least the following aspects:

— the nature and status of the manufacturer and of the supplier and their
understanding of the GMP requirements;

— the quality assurance system of the manufacturer of the starting material;

— the manufacturing conditions under which the starting material is produced
and controlled; and

— the nature of the starting material and the medicinal products in which it
will be used.

Under such a system it is possible that a validated procedure for exemption
from the requirement for identity testing of each incoming container of starting
material could be accepted for the following:

— starting materials coming from a single product manufacturer or plant; or

— starting materials coming directly from a manufacturer, or in the manufac-
turer’s sealed container where there is a history of reliability, and regular
audits of the manufacturer’s quality assurance system are conducted by the
purchaser (the manufacturer of the medicinal product) or by an officially
accredited body.

It is improbable that such a procedure could be satisfactorily validated for
either:

— starting materials supplied by intermediaries, such as brokers, where the
source of manufacture is unknown or not audited; or
— starting materials for use in parenteral products.

17.16 Each batch (lot) of printed packaging materials must be examined fol-
lowing receipt.

17.17 In lieu of testing by the manufacturer, a certificate of analysis may be
accepted from the supplier, provided that the manufacturer establishes the reli-
ability of the supplier’s analysis through appropriate periodic validation of the
supplier’s test results (see sections 8.8 and 8.9) and through on-site audits of the
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supplier’s capabilities. (This does not affect section 17.15.) Certificates must be
originals (not photocopies) or otherwise have their authenticity assured. Cer-
tificates must contain at least the following information (6):

(a) identification (name and address) of the issuing supplier;

(b) signature of the competent official, and statement of his or her qualifica-
tions;

(¢c) the name of the material tested;

(d) the batch number of the material tested;

(e) the specifications and methods used;

(f) the test results obtained;

(g) the date of testing.

In-process control

17.18 In-process control records should be maintained and form a part of the
batch records (see section 15.25).

Finished products

17.19 For each batch of drug product, there should be an appropriate labora-
tory determination of satisfactory conformity to its finished product specifica-
tion prior to release.

17.20 Products failing to meet the established specifications or any other rele-
vant quality criteria should be rejected.

Batch record review

17.21 Production and quality control records should be reviewed as part of the
approval process of batch release. Any divergence or failure of a batch to meet
its specifications should be thoroughly investigated. The investigation should, if
necessary, extend to other batches of the same product and other products that
may have been associated with the specific failure or discrepancy. A written
record of the investigation should be made and should include the conclusion
and follow-up action.

17.22 Retention samples from each batch of finished product should be kept
for at least one year after the expiry date. Finished products should usually be
kept in their final packaging and stored under the recommended conditions. If
exceptionally large packages are produced, smaller samples might be stored in
appropriate containers. Samples of active starting materials should be retained
for at least one year beyond the expiry date of the corresponding finished
product. Other starting materials (other than solvents, gases, and water) should
be retained for a minimum of two years if their stability allows. Retention
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samples of materials and products should be of a size sufficient to permit at least
two full re-examinations.

Stability studies

17.23 Quality control should evaluate the quality and stability of finished phar-
maceutical products and, when necessary, of starting materials and intermedi-
ate products.

17.24 Quality control should establish expiry dates and shelf-life specifications
on the basis of stability tests related to storage conditions.

17.25 A written programme for ongoing stability determination should be
developed and implemented to include elements such as:

(a) a complete description of the drug involved in the study;

(b) the complete set of testing parameters and methods, describing all tests
for potency, purity, and physical characteristics and documented evidence
that these tests indicate stability;

(c) provision for the inclusion of a sufficient number of batches;

(d) the testing schedule for each drug;

(e) provision for special storage conditions;

(f) provision for adequate sample retention;

(g) asummary of all the data generated, including the evaluation and the con-

clusions of the study.

17.26 Stability should be determined prior to marketing and following any sig-
nificant changes in processes, equipment, packaging materials, etc.
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1. Introduction

Heating, ventilation and air-conditioning (HVAC) play an important role in
ensuring the manufacture of quality pharmaceutical products. A well designed
HVAC system will also provide comfortable conditions for operators. These
guidelines mainly focus on recommendations for systems for manufacturers of
solid dosage forms. The guidelines also refer to other systems or components
which are not relevant to solid dosage form manufacturing plants, but which
may assist in providing a comparison between the requirements for solid dosage-
form plants and other systems.

HVAC system design influences architectural layouts with regard to items
such as airlock positions, doorways and lobbies. The architectural components
have an effect on room pressure differential cascades and cross-con-tamination
control. The prevention of contamination and cross-contamina-tion is an essen-
tial design consideration of the HVAC system. In view of these critical aspects,
the design of the HVAC system should be considered at the concept design
stage of a pharmaceutical manufacturing plant.

Temperature, relative humidity and ventilation should be appropriate and
should not adversely affect the quality of pharmaceutical products during their
manufacture and storage, or the accurate functioning of equipment.

This document aims to give guidance to pharmaceutical manufacturers and
inspectors of pharmaceutical manufacturing facilities on the design, installation,
qualification and maintenance of the HVAC systems. These guidelines are
intended to complement those provided in Good manufacturing practices for
pharmaceutical products (1) and should be read in conjunction with the parent
guide. The additional standards addressed by the present guidelines should
therefore be considered supplementary to the general requirements set out in
the parent guide.

2. Scope of document

These guidelines focus primarily on the design and good manufacturing prac-
tices (GMP) requirements for HVAC systems for facilities for the manufacture
of solid dosage forms. Most of the system design principles for facilities
manufacturing solid dosage forms also apply to other facilities such as those
manufacturing liquids, creams and ointments. These guidelines do not cover
requirements for manufacturing sites for the production of sterile pharmaceu-
tical products.

These guidelines are intended as a basic guide for use by GMP inspectors.
They are not intended to be prescriptive in specifying requirements and design
parameters. There are many parameters affecting a clean area condition and it
is, therefore, difficult to lay down the specific requirements for one particular
parameter in isolation.

Many manufacturers have their own engineering design and qualification
standards and requirements may vary from one manufacturer to the next.
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Figure 1. The guidelines address the various system criteria
according to the sequence set out in this diagram

GMP MANUFACTURING

ENVIRONMENT
PRODUCT PERSONNEL ENVIRONMENT
PROTECTION PROTECTION PROTECTION
Contamination Prevent contact Avoid dust
(product & staff) with dust discharge
Protect from product Prevent contact with Avoid fume
cross-contamination fumes discharge
Correct temperature Acceptable comfort Avoid effluent
& humidity conditions discharge
SYSTEMS

{

SYSTEM VALIDATION

GMP, Good manufacturing practice.

Design parameters should, therefore, be set realistically for each project, with a
view to creating a cost-effective design, yet still complying with all regulatory
standards and ensuring that product quality and safety are not compromised.

The three primary aspects addressed in this manual are the roles that the
HVAC system plays in product protection, personnel protection and environ-
mental protection (Fig. 1).
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3. Glossary

The definitions given below apply to terms used in these guidelines. They may
have different meanings in other contexts.

acceptance criteria
Measurable terms under which a test result will be considered acceptable.

action limit

The action limit is reached when the acceptance criteria of a critical parameter
have been exceeded. Results outside these limits will require specified action
and investigation.

air-handling unit (AHU)
The air-handling unit serves to condition the air and provide the required air
movement within a facility.

airlock

An enclosed space with two or more doors, which is interposed between two
or more rooms, e.g. of differing classes of cleanliness, for the purpose of
controlling the airflow between those rooms when they need to be entered. An
airlock is designed for and used by either people or goods (PAL, personnel
airlock; MAL, material airlock).

alert limit

The alert limit is reached when the normal operating range of a critical para-
meter has been exceeded, indicating that corrective measures may need to be
taken to prevent the action limit being reached.

as-built
Condition where the installation is complete with all services connected and
functioning but with no production equipment, materials or personnel present.

at-rest

Condition where the installation is complete with equipment installed and
operating in a manner agreed upon by the customer and supplier, but with no
personnel present.

central air-conditioning unit (see air-handling unit)

change control

A formal system by which qualified representatives of appropriate disciplines
review proposed or actual changes that might affect a validated status. The
intent is to determine the need for action that would ensure that the system is
maintained in a validated state.
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clean area (clean room)’

An area (or room) with defined environmental control of particulate and micro-
bial contamination, constructed and used in such a way as to reduce the intro-
duction, generation and retention of contaminants within the area.

commissioning

Commissioning is the documented process of verifying that the equipment and
systems are installed according to specifications, placing the equipment into
active service and verifying its proper action. Commissioning takes place at the
conclusion of project construction but prior to validation.

containment
A process or device to contain product, dust or contaminants in one zone,
preventing it from escaping to another zone.

contamination

The undesired introduction of impurities of a chemical or microbial nature, or
of foreign matter, into or on to a starting material or intermediate, during pro-
duction, sampling, packaging or repackaging, storage or transport.

critical parameter or component

A processing parameter (such as temperature or humidity) that affects the
quality of a product, or a component that may have a direct impact on the
quality of the product.

cross-contamination
Contamination of a starting material, intermediate product or finished product
with another starting material or material during production.

design condition

Design condition relates to the specified range or accuracy of a controlled vari-
able used by the designer as a basis for determining the performance require-
ments of an engineered system.

design qualification (DQ)
DQ is the documented check of planning documents and technical specifica-
tions for conformity of the design with the process, manufacturing, GMP and
regulatory requirements.

" Note: Clean area standards, such as ISO 14644-1 provide details on how to classify air cleanliness by
means of particle concentrations, whereas the GMP standards provide a grading for air cleanliness in
terms of the condition (at-rest or operational), the permissible microbial concentrations, as well as other
factors such as gowning requirements. GMP and clean area standards should be used in conjunction
with each other to define and classify the different manufacturing environments.
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direct impact system

A system that is expected to have a direct impact on product quality. These
systems are designed and commissioned in line with good engineering practice
(GEP) and, in addition, are subject to qualification practices.

facility
The built environment within which the clean area installation and associated
controlled environments operate together with their supporting infrastructure.

good engineering practice (GEP)
Established engineering methods and standards that are applied throughout the
project life-cycle to deliver appropriate, cost-effective solutions.

indirect impact system

This is a system that is not expected to have a direct impact on product quality,
but typically will support a direct impact system. These systems are designed
and commissioned according to GEP only.

infiltration
Infiltration is the ingress of contaminated air from an external zone into a clean
area.

installation qualification (1Q)

IQ is documented verification that the premises, HVAC system, supporting util-
ities and equipment have been built and installed in compliance with their
approved design specification.

no-impact system

This is a system that will not have any impact, either directly or indirectly, on
product quality. These systems are designed and commissioned according to
GEP only.

non-critical parameter or component

A processing parameter or component within a system where the operation,
contact, data control, alarm or failure will have an indirect impact or no impact
on the quality of the product.

normal operating range

The range that the manufacturer selects as the acceptable values for a parame-
ter during normal operations. This range must be within the operating range.
operating limits

The minimum and/or maximum values that will ensure that product and safety
requirements are met.
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operating range
Operating range is the range of validated critical parameters within which
acceptable products can be manufactured.

operational condition

This condition relates to carrying out room classification tests with the normal
production process with equipment in operation, and the normal staff present
in the room.

operational qualification (OQ)

OQ is the documentary evidence to verify that the equipment operates in accor-
dance with its design specifications in its normal operating range and performs
as intended throughout all anticipated operating ranges.

oral solid dosage (OSD)
Usually refers to an OSD plant that manufactures medicinal products such as
tablets, capsules and powders to be taken orally.

performance qualification (PQ)

PQ is the documented verification that the process and/or the total process
related to the system performs as intended throughout all anticipated operating
ranges.

point extraction
Air extraction to remove dust with the extraction point located as close as
possible to the source of the dust.

pressure cascade
A process whereby air flows from one area, which is maintained at a higher
pressure, to another area at a lower pressure.

qualification

Qualification is the planning, carrying out and recording of tests on equipment
and a system, which forms part of the validated process, to demonstrate that it
will perform as intended.

relative humidity

The ratio of the actual water vapour pressure of the air to the saturated water
vapour pressure of the air at the same temperature expressed as a percentage.
More simply put, it is the ratio of the mass of moisture in the air, relative to the
mass at 100% moisture saturation, at a given temperature.
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standard operating procedure (SOP)

An authorized written procedure, giving instructions for performing operations,
not necessarily specific to a given product or material, but of a more general
nature (e.g. operation of equipment, maintenance and cleaning, validation,
cleaning of premises and environmental control, sampling and inspection).
Certain SOPs may be used to supplement product-specific master and batch
production documentation.

turbulent flow

Turbulent flow, or non-unidirectional airflow, is air distribution that is intro-
duced into the controlled space and then mixes with room air by means of
induction.

unidirectional airflow (UDAF)

Unidirectional airflow is a rectified airflow over the entire cross-sectional area
of a clean zone with a steady velocity and approximately parallel streamlines
(see also turbulent flow). (Modern standards no longer refer to laminar flow,
but have adopted the term unidirectional airflow.)

validation
The documented act of proving that any procedure, process, equipment, mate-
rial, activity or system actually leads to the expected results.

validation master plan (VMP)

VMP is a high-level document which establishes an umbrella validation plan for
the entire project, and is used as guidance by the project team for resource and
technical planning (also referred to as master qualification plan).

4. Protection
4.1 Product and personnel

4.1.1 Areas for the manufacture of pharmaceuticals, where pharmaceutical
starting materials and products, utensils and equipment are exposed to the envi-
ronment, should be classified as “clean areas”.

4.1.2 The achievement of a particular clean area classification depends on a
number of criteria that should be addressed at the design and qualification
stages. A suitable balance between the different criteria will be required in order
to create an efficient clean area.

4.1.3 Some of the basic criteria to be considered should include:

e building finishes and structure
® air filtration
e air change rate or flushing rate
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room pressure

location of air terminals and directional airflow
temperature

humidity

material flow

personnel flow
equipment movement
process being carried out
outside air conditions
occupancy

type of product.

4.1.4 Air filtration and air change rates should ensure that the defined clean
area classification is attained.

415 The air change rates should be determined by the manufacturer
and designer, taking into account the various critical parameters. Primarily the
air change rate should be set to a level that will achieve the required clean area
classification.

4.1.6 Air change rates normally vary between 6 and 20 air changes per hour
and are normally determined by the following considerations:

level of protection required

the quality and filtration of the supply air

particulates generated by the manufacturing process
particulates generated by the operators

configuration of the room and air supply and extract locations
sufficient air to achieve containment effect

sufficient air to cope with the room heat load

sufficient air to maintain the required room pressure.

4.1.7 In classifying the environment, the manufacturer should state whether this
is achieved under “as-built” (Fig. 2), “at-rest” (Fig. 3) or “operational” (Fig. 4)
conditions.

4.1.8 Room classification tests in the “as-built” condition should be carried out
on the bare room, in the absence of any equipment or personnel.

4.1.9 Room classification tests in the “at-rest” condition should be carried out
with the equipment operating where relevant, but without any operators.
Because of the amounts of dust usually generated in a solid dosage facility most
clean area classifications are rated for the “at-rest” condition.

4.1.10 Room classification tests in the “operational” condition should be
carried out during the normal production process with equipment operating,
and the normal number of personnel present in the room. Generally a room
that is tested for an “operational” condition should be able to be cleaned up to
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Figure 2. “As-built” condition
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Figure 3. “At-rest” condition
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Figure 4. “Operational” Condition
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the “at-rest” clean area classification after a short clean-up time. The clean-up
time should be determined through validation and is generally of the order of
20 minutes.

4.1.11 Materials and products should be protected from contamination and
cross-contamination during all stages of manufacture (see also section 5.5 for
cross-contamination control). Note: contaminants may result from inappropri-
ate premises (e.g. poor design, layout or finishing), poor cleaning procedures,
contaminants brought in by personnel, and a poor HVAC system.

4.1.12 Airborne contaminants should be controlled through effective
ventilation.

4.1.13 External contaminants should be removed by effective filtration of the
supply air. (See Fig. 5 for an example of a shell-like building layout to enhance
containment and protection from external contaminants.)

4.1.14 Internal contaminants should be controlled by dilution and flushing of
contaminants in the room, or by displacement airflow. (See Figs 6 and 7 for
examples of methods for the flushing of airborne contaminants.)

4.1.15 Airborne particulates and the degree of filtration should be considered
critical parameters with reference to the level of product protection required.
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Figure 5. Shell-like containment control concept
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Note: The process core is regarded as the most stringently controlled clean zone which is protected by being
surrounded by clean areas of a lower classification.

4.1.16 The level of protection and air cleanliness for different areas should be
determined according to the product being manufactured, the process being
used and the product’s susceptibility to degradation (Table 1).

4.2 Air filtration

Note: The degree to which air is filtered plays an important role in the preven-
tion of contamination and the control of cross-contamination.

4.2.1 The type of filters required for different applications depends on the
quality of the ambient air and the return air (where applicable) and also on the
air change rates. Table 2 gives the recommended filtration levels for different
levels of protection in a pharmaceutical facility. Manufacturers should deter-
mine and prove the appropriate use of filters.
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Figure 6. Turbulent dilution of dirty air
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Figure 7. Unidirectional displacement of dirty air
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Table 1. Examples of levels of protection

Level Condition Example of area

Level 1 General Area with normal housekeeping and maintenance, e.g. ware-
housing, secondary packing

Level 2 Protected Area in which steps are taken to protect the exposed phar-
maceutical starting material or product from contamination or
degradation, e.g. manufacturing, primary packing, dispensing

Level 3 Controlled Area in which specific environmental conditions are defined,
controlled and monitored to prevent contamination or degra-
dation of the pharmaceutical starting material or product

Table 2. Levels of protection and recommended filtration

Level of protection Recommended filtration
Level 1 Primary filters only (e.g. EN779 G4 filters)
Level 2 and 3 Production facility operating on 100% outside air: primary plus

secondary filters (e.g. EN779 G4 plus F8 filters)

Level 2 and 3 Production facility operating on recirculated plus ambient air,
where potential for cross-contamination exists: Primary plus sec-
ondary plus tertiary filters (e.g. EN779 G4 plus F8 plus
EN1822 H13 filters)

Note: The filter classifications referred to above relate to the EN1822 and EN779 test standards (EN 779 relates
to filter classes G1 to F9 and EN 1822 relates to filter classes H10 to U16).

4.2.2 Filter classes should always be linked to the standard test method because
referring to actual filter efficiencies can be very misleading (as different test
methods each result in a different value for the same filter) (Fig. 8).

4.2.3 Inselecting filters, the manufacturer should have considered other factors,
such as particularly contaminated ambient conditions, local regulations and
specific product requirements. Good prefiltration extends the life of the more
expensive filters downstream.

4.2.4 Materials for components of an HVAC system should be selected with
care so that they do not become the source of contamination. Any component
with the potential for liberating particulate or microbial contamination into the
air stream should be located upstream of the final filters.

4.2.5 Ventilation dampers, filters and other services should be designed and
positioned so that they are accessible from outside the manufacturing areas
(service voids or service corridors) for maintenance purposes.
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Figure 8. Comparison of filter test standards

EU Percentage EN?779?&?
Class (integral 2EN
value) 1822
99.9999 u16
5
99.9995 U115
14 99.995 H14
13 99.95 H13
12
11 Percentage 99.5 H12
10 (average) 95 H11
9 95 85 F9/H10
8 90 75 F8
85 F7
7 80
75
6 70 F6
65
60
55
5 50 F5
45
Percentage 40
(average) 35
4 95 30 G4
90 25
3 85 20 G3
80
75
2 70 G2
65
G1
f ! ! ! ‘
Eurovent Class - Arrestance Dust spot MPPS, DEHS CEN/TC/195
Eurovent 4/5 (2-9) (%) efficiency Aerosol WG1-G1-F9
Eurovent 4/9 (2-9) ASHRAE 52/76 EN1822 WG2-H10-16

Eurovent 4/4 (10-14)

BS6540 Part 1
(1985)

EN, European norm (Euronorm); EU, European Union.
This figure gives a rough comparison between the different filter standards (filter classes should always
be connected to the standard test method).
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4.2.6 Personnel should not be a source of contamination.

4.2.7 Directional airflow within production or packing areas should assist in
preventing contamination. Airflows should be planned in conjunction with
operator locations, so as to minimize contamination of the product by the oper-
ator and also to protect the operator from dust inhalation.

4.2.8 HVAC air distribution components should be designed, installed and
located to prevent contaminants generated within the room from being spread.

4.2.9 Supply air diffusers of the high induction type (e.g. those typically used
for office-type air-conditioning) should where possible not be used in clean areas
where dust is liberated. Air diffusers should be of the non-induction type, intro-
ducing air with the least amount of induction so as to maximize the flushing
effect. (See Figs 9-11 for illustrations of the three types of diffuser.)

4.2.10 Whenever possible, air should be exhausted from a low level in rooms
to help provide a flushing effect.

4.3 Unidirectional airflow

4.3.1 Unidirectional airflow (UDAF) should be used where appropriate to
provide product protection by supplying a clean air supply over the product,
minimizing the ingress of contaminants from surrounding areas.

Figure 9. Induction diffuser (not recommended)
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Figure 10. Perforated plate diffuser (recommended)
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Figure 11. Swirl diffuser (recommended)
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4.3.2 Where appropriate, the unidirectional airflow should also provide pro-
tection to the operator from contamination by the product.

4.3.3 Sampling of materials such as starting materials, primary packaging mate-
rials and products, should be carried out in the same environmental conditions
that are required for the further processing of the product.

4.3.4 In a weighing booth situation, the aim of the design using UDAF should
be to provide dust containment.

4.3.5 A dispensary or weighing booth should be provided with unidirectional
airflow for protection of the product and operator.

4.3.6 The source of the dust and the position in which the operator normally
stands should be determined before deciding on the direction of unidirectional
flow.

Example: In Fig. 12 the dust generated at the weighing station is immediately
extracted through the perforated worktop, thus protecting the operator from
dust inhalation, but at the same time protecting the product from contamina-
tion by the operator by means of the vertical unidirectional airflow stream.

Figure 12. Operator protection at weighing station
Supply air Renigrxn air

UDA flow IR 2 - .
distributor | > i it : ]

UDA, Unidirectional air.
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4.3.7 The unidirectional flow velocity should be such that it does not disrupt
the sensitivity of balances in weighing areas. Where necessary the velocity may
be reduced to prevent inaccuracies during weighing, provided that sufficient
airflow is maintained to provide containment.

4.3.8 The position in which the operator stands relative to the source of
dust liberation and airflow should be determined to ensure that the operator is
not in the path of an airflow that could lead to contamination of the product
(Fig. 13).

4.3.9 Once the system has been designed and qualified with a specific layout
for operators and processes, this should be maintained in accordance with an

SOP.

4.3.10 There should be no obstructions in the path of a unidirectional flow
airstream that may cause the operator to be exposed to dust.

Fig. 14 illustrates the incorrect use of a weighing scale which has a solid back.
The back of the weighing scale should not block the return air path as this causes
air to rise vertically, resulting in a hazardous situation for the operator.

Fig. 15 illustrates a situation where an open bin is placed below a vertical uni-
directional flow distributor. The downward airflow should be prevented from
entering the bin, and then being forced to rise again, as this would carry dust
up towards the operator’s face.

Fig. 16 shows that a solid worktop can sometimes cause deflection of the verti-
cal unidirectional airflow resulting in a flow reversal. A possible solution would
be to have a 100mm gap between the back of the table and the wall, with the
air being extracted here.

4.3.11 The manufacturer should select either vertical or horizontal unidirec-
tional flow (Fig. 17) and an appropriate airflow pattern to provide the best pro-
tection for the particular application.

4.4 |nfiltration

4.4.1 Air infiltration of unfiltered air into a pharmaceutical plant should not be
the source of contamination.

4.4.2 Manufacturing facilities should be maintained at a positive pressure rela-
tive to the outside, to limit the ingress of contaminants. Where facilities are to
be maintained at negative pressures relative to the ambient pressure to prevent
the escape of harmful products to the outside (such as penicillin and hormones),
special precautions should be taken.

4.4.3 The location of the negative pressure facility should be carefully consid-
ered with reference to the areas surrounding it, particular attention being given
to ensuring that the building structure is well sealed.
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Figure 13. Operator protection by horizontal airflow
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Figure 14. Operator subject to powder inhalation due to
obstruction
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Figure 15. Operator subject to powder contamination due to
airflow reversal in bin
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Figure 16. Operator subject to powder inhalation due to worktop
obstruction
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UDAF, Unidirectional airflow.

Figure 17. Diagram indicating horizontal and vertical unidirectional
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4.4.4 Negative pressure zones should, as far as possible, be encapsulated by sur-
rounding areas with clean air supplies, so that only clean air can infiltrate into
the controlled zone.

4.5 Cross-contamination

4.5.1 Where different products are manufactured at the same time, in different
areas or cubicles, in a multiproduct OSD manufacturing site, measures should
be taken to ensure that dust cannot move from one cubicle to another.

4.5.2 Correct directional air movement and a pressure cascade system can assist
in preventing cross-contamination. The pressure cascade should be such that
the direction of airflow is from the clean corridor into the cubicles, resulting in
dust containment.

4.5.3 The corridor should be maintained at a higher pressure than the cubicles,
and the cubicles at a higher pressure than atmospheric pressure.

4.5.4 Containment can normally be achieved by application of the displacement
concept (low pressure differential, high airflow), or the pressure differential
concept (high pressure differential, low airflow), or the physical barrier concept.

4.5.5 The pressure cascade regime and the direction of airflow should be appro-
priate to the product and processing method used.

4.5.6 Highly potent products should be manufactured under a pressure cascade
regime that is negative relative to atmospheric pressure.

4.5.7 The pressure cascade for each facility should be individually assessed
according to the product handled and level of protection required.

4.5.8 Building structure should be given special attention to accommodate the
pressure cascade design.

4.5.9 Airtight ceilings and walls, close fitting doors and sealed light fittings
should be in place.

Displacement concept (low pressure differential, high airflow)

Note: This method of containment is not the preferred method, as the
measurement and monitoring of airflow velocities in doorways is difficult. This
concept should ideally be applied in production processes where large amounts
of dust are generated.

4.5.10 Under this concept the air should be supplied to the corridor, flow
through the doorway, and be extracted from the back of the cubicle. Normally
the cubicle door should be closed and the air should enter the cubicle through
a door grille, although the concept can be applied to an opening without a door.
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4.5.11 The velocity should be high enough to prevent turbulence within the
doorway resulting in dust escaping.

4.5.12 This displacement airflow should be calculated as the product of the
door area and the velocity, which generally results in fairly large air quantities.

Pressure differential concept (high pressure differential,
low airflow)

Note: The pressure differential concept may normally be used in zones where
little or no dust is being generated. It may be used alone or in combination with
other containment control techniques and concepts, such as a double door
airlock.

4.5.13 The high pressure differential between the clean and less clean zones
should be generated by leakage through the gaps of the closed doors to the
cubicle.

4.5.14 The pressure differential should be of sufficient magnitude to ensure
containment and prevention of flow reversal, but should not be so high as to
create turbulence problems.

4.5.15 In considering room pressure differentials, transient variations, such as
machine extract systems, should be taken into consideration.

Note: The most widely accepted pressure differential for achieving containment
between two adjacent zones is 15 Pa, but pressure differentials of between 5 Pa
and 20Pa may be acceptable. Where the design pressure differential is too low
and tolerances are at opposite extremities, a flow reversal can take place. For
example, where a control tolerance of 3 Pa is specified, the implications of the
upper and lower tolerances on containment should be evaluated.

4.5.16 The pressure differential between adjacent rooms could be considered
a critical parameter, depending on the outcome of risk analysis. The limits for
the pressure differential between adjacent areas should be such that there is no
risk of overlap, e.g. 5Pa to 15 Pa in one room and 15 Pa to 30Pa in an adjacent
room, resulting in no pressure cascade, if the first room is at the maximum tol-
erance and the second room is at the minimum tolerance.

4.5.17 Low pressure differentials may be acceptable when airlocks (pressure
sinks or pressure bubbles) are used.

4.5.18 The effect of room pressure tolerances are illustrated in Fig. 18.

4.5.19 The pressure control and monitoring devices used should be calibrated
and qualified. Compliance with specifications should be regularly verified and
the results recorded. Pressure control devices should be linked to an alarm
system set according to the levels determined by a risk analysis.
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Figure 18. Examples of pressure cascades
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4.5.20 Manual control systems, where used, should be set up during commis-
sioning and should not change unless other system conditions change.

4.5.21 Airlocks can be important components in setting up and maintaining
pressure cascade systems.

4.5.22 Airlocks with different pressure cascade regimes include the cascade
airlock, sink airlock and bubble airlock (Figs 19-21).

e Cascade airlock: high pressure on one side of the airlock and low pressure
on the other.

e Sink airlock: low pressure inside the airlock and high pressure on both outer
sides.

¢ Bubble airlock: high pressure inside the airlock and low pressure on both
outer sides.

4.5.23 Doors should open to the high pressure side, and be provided with self-
closers. Door closer springs, if used, should be designed to hold the door closed
and prevent the pressure differential from pushing the door open. Sliding doors
are not recommended.

4.5.24 Central dust extraction systems should be interlocked with the appro-
priate air handling systems, to ensure that they operate simultaneously.
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Figure 19. Example of cascade airlock
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Figure 20. Example of sink airlock
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Figure 21. Example of bubble airlock
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4.5.25 Room pressure imbalance between adjacent cubicles which are linked
by common dust extraction ducting should be prevented.

4.5.26 Air should not flow from the room with the higher pressure to the room
with the lower pressure, via the dust extract ducting (this would normally occur
only if the dust extraction system was inoperative).

Physical barrier concept

4.5.27 Where appropriate, an impervious barrier to prevent cross-contamina-
tion between two zones, such as barrier isolators or pumped transfer of mate-

rials, should be used.

4.5.28 Spot ventilation or capture hoods may be used as appropriate.
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4.6 Temperature and relative humidity

4.6.1 Temperature and relative humidity should be controlled, monitored and
recorded, where relevant, to ensure compliance with requirements pertinent to
the materials and products, and to provide a comfortable environment for the
operator where necessary.

4.6.2 Maximum and minimum room temperatures and relative humidity should
be appropriate.

4.6.3 Temperature conditions should be adjusted to suit the needs of the oper-
ators while wearing their protective clothing.

4.6.4 The operating band, or tolerance, between the acceptable minimum and
maximum temperatures should not be made too close.

4.65 Cubicles, or suites, in which products requiring low humidity are
processed, should have well-sealed walls and ceilings and should also be sepa-
rated from adjacent areas with higher humidity by means of suitable airlocks.

4.6.6 Precautions should be taken to prevent moisture migration that increases
the load on the HVAC system.

4.6.7 Humidity control should be achieved by removing moisture from the air,
or adding moisture to the air, as relevant.

4.6.8 Dehumidification (moisture removal) may be achieved by means of either
refrigerated dehumidifiers or chemical dehumidifiers.

4.6.9 Appropriate cooling media for dehumidification such as low temperature
chilled water/glycol mixture or refrigerant should be used.

4.6.10 Humidifiers should be avoided if possible as they may become a source
of contamination (e.g. microbiological growth). Where humidification is
required, this should be achieved by appropriate means such as the injection
of steam into the air stream. A product-contamination assessment should be
done to determine whether pure or clean steam is required for the purposes of
humidification.

4.6.11 Where steam humidifiers are used, chemicals such as corrosion
inhibitors or chelating agents, which could have a detrimental effect on the
product, should not be added to the boiler system.

4.6.12 Humidification systems should be well drained. No condensate should
accumulate in air-handling systems.

4.6.13 Other humidification appliances such as evaporative systems, atomizers
and water mist sprays, should not be used because of the potential risk of micro-
bial contamination.
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4.6.14 Duct material in the vicinity of the humidifier should not add contami-
nants to air that will not be filtered downstream.

4.6.15 Air filters should not be installed immediately downstream of
humidifiers.

4.6.16 Cold surfaces should be insulated to prevent condensation within the
clean area or on air-handling components.

4.6.17 When specifying relative humidity, the associated temperature should
also be specified.

4.6.18 Chemical driers using silica gel or lithium chloride are acceptable, pro-
vided that they do not become sources of contamination.

5. Dust control

5.1 Wherever possible, the dust or vapour contamination should be removed
at source. Point-of-use extraction, i.e. as close as possible to the point where the
dust is generated, should be employed.

5.2 Point-of-use extraction should be either in the form of a fixed high veloc-
ity extraction point or an articulated arm with movable hood or a fixed extrac-
tion hood.

5.3 Dust extraction ducting should be designed with sufficient transfer veloc-
ity to ensure that dust is carried away, and does not settle in the ducting.

5.4 The required transfer velocity should be determined: it is dependent on the
density of the dust (the denser the dust, the higher the transfer velocity should
be, e.g. 15-20m/s).

5.5 Airflow direction should be carefully chosen, to ensure that the operator
does not contaminate the product, and so that the operator is not put at risk by
the product.

5.6 Dust-related hazards to which the operators may be subjected should be
assessed. An analysis of the type of dust and toxicity thereof should be done
and the airflow direction determined accordingly.

5.7 Point extraction alone is usually not sufficient to capture all of the conta-
minants, and general directional airflow should be used to assist in removing
dust and vapours from the room.

5.8 Typically, in a room operating with turbulent airflow, the air should be intro-
duced from ceiling diffusers and extracted from the room at low level to help
give a flushing effect in the room.

5.9 The low-level extraction should assist in drawing air downwards and away
from the operator’s face. The extract grilles should be positioned strategically
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Figure 22. Protective garments

to draw air away from the operator, but at the same time to prevent the opera-
tor from contaminating the product.

5.10 When planning the system for the extraction of vapours, the density of the
vapour should be taken into account. If the vapour is lighter than air, the extract
grilles should be at a high level, or possibly at both high and low levels.

5.11 When dealing with particularly harmful products, additional steps, such
as handling the products in glove boxes or using barrier isolator technology,

should be used.

5.12 When working with exposed products such as hormones or highly potent
products, operators should wear totally enclosed garments, as indicated in
Fig. 22. Operators should also be equipped with an air-breathing system that
provides a supply of filtered and conditioned air. The air supply to this type of
breathing apparatus should normally be through an air compressor. Filtration,
temperature and humidity need to be controlled to ensure operator safety and
comfort.

5.13 The rates at which fresh air is supplied to the facility should comply with
national, regional and/or international regulations, to provide operators with an
acceptable level of comfort and safety and also to remove odours or fumes.
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5.14 The rate of fresh airflow should also be determined by leakage from the
building, for pressure control purposes.

6. Protection of the environment
6.1 Dust in exhaust air

6.1.1 Exhaust air discharge points on pharmaceutical equipment and facilities,
such as from fluid bed driers and tablet-coating equipment, and exhaust air from
dust extraction systems, carry heavy dust loads and should be provided with
adequate filtration to prevent contamination of the ambient air.

6.1.2 Where the powders are not highly potent, final filters on a dust exhaust
system should be fine dust filters with a filter classification of F9 according to
EN779 filter standards.

6.1.3 Where harmful substances such as penicillin, hormones, toxic powders
and enzymes are manufactured, the final filters on the dust exhaust system
should be HEPA filters with at least an H12 classification according to EN1822
filter standards, as appropriate.

6.1.4 For exhaust systems where the discharge contaminant is considered par-
ticularly hazardous, it may be necessary to install two banks of HEPA filters in
series, to provide additional protection should the first filter fail.

6.1.5 When handling hazardous compounds, safe-change filter housings, also
called “bag-in-bag-out” filters, should be used.

6.1.6 All filter banks should be provided with pressure differential indication
gauges to indicate the filter dust loading.

6.1.7 Filter pressure gauges should be marked with the clean filter resistance
and the change-out filter resistance.

6.1.8 Exhaust filters should be monitored regularly to prevent excessive filter
loading that could force dust particles through the filter media, or could cause
the filters to burst, resulting in contamination of the ambient air.

6.1.9 Sophisticated computer-based data monitoring systems may be installed,
with which preventive maintenance is planned by trend logging (This type of
system is commonly referred to as a building management system (BMS), build-
ing automation system (BAS) or system control and data acquisition (SCADA)
system.)

6.1.10 An automated monitoring system should be capable of indicating any
out-of-specification condition without delay by means of an alarm or similar
system.

6.1.11 Where reverse-pulse dust collectors are used for removing dust from
dust extraction systems, they should usually be equipped with cartridge filters
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containing a compressed air lance, and be capable of continuous operation
without interrupting the airflow.

6.1.12 Alternative types of dust collectors (such as those operating with a
mechanical shaker, requiring that the fan be switched off when the mechanical
shaker is activated) should be used in such a manner that there is no risk of
cross-contamination. There should be no disruption of airflow during a pro-
duction run as the loss of airflow could disrupt the pressure cascade.

6.1.13 Mechanical-shaker dust collectors should not be used for applications
where continuous airflow is required.

6.1.14 When wet scrubbers are used, the dust-slurry should be removed by a
suitable drainage system.

6.1.15 The quality of the exhaust air should be determined to see whether
the filtration efficiency is adequate with all types of dust collectors and wet
scrubbers.

6.1.16 Where necessary, additional filtration may be provided downstream of
the dust collector.

6.2 Fume removal

6.2.1 The systems for fume, dust and effluent control should be designed,
installed and operated in such a manner that they do not become possible
sources of contamination or cross- contamination, e.g. an exhaust-air discharge
point located close to the HVAC system fresh air inlet.

6.2.2 Fumes should be removed by means of wet scrubbers or dry chemical
scrubbers (deep-bed scrubbers).

6.2.3 Wet scrubbers for fume removal normally require the addition of various
chemicals to the water to increase the adsorption efficiency.

6.2.4 Deep-bed scrubbers should be designed with activated carbon filters or
granular chemical adsorption media. The chemical media for deep-bed scrub-
bers should be specific to the effluent being treated.

6.2.5 The type and quantity of the vapours to be removed should be known to
enable the appropriate filter media, as well as the volume of media required to
be determined.

7. HVAC systems and components
Note: The required degree of air cleanliness in most OSD manufacturing facil-

ities can normally be achieved without the use of high-efficiency particulate air
(HEPA) filters, provided the air is not recirculated. Many open product zones
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Figure 23. Air-handling system with chemical drying
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of OSD form facilities are capable of meeting ISO 14644-1 Class 8, “at-rest”
condition, measured against particle sizes of 0.5pum and 5um, but cleanliness
may not be classified as such by manufacturers.

7.1 General

7.1.1 There should be no failure of a supply air fan, return air fan, exhaust air
fan or dust extract system fan. Failure can cause a system imbalance, resulting
in a pressure cascade malfunction with a resultant airflow reversal.

7.1.2 A schematic diagram of the airflow for a typical system serving a low
humidity suite is represented in Fig. 23.

7.1.3 Air should be dried with a chemical drier (e.g. a rotating desiccant wheel
which is continuously regenerated by means of passing hot air through one
segment of the wheel).

7.1.4 The figure illustrates the chemical drier handling part of the fresh air/
return air mixture on a by-pass flow. The location of the chemical drier should
be considered in the design phase. Examples of appropriate locations include:
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— full flow of fresh/return air;

— partial handling of fresh/return air (by-pass airflow);
— return air only;

— fresh air only; or

— pre-cooled air with any of the above alternatives.

7.1.5 Possible additional components that may be required should be consid-
ered depending on the climatic conditions and locations. These may include
items such as:

— frost coils on fresh air inlets in very cold climates to preheat the air;

— snow eliminators to prevent snow entering air inlets and blocking airflow;
— dust eliminators on air inlets in arid and dusty locations;

— moisture eliminators in humid areas with high rainfall; and

— fresh air pre-cooling coils for very hot or humid climates.

7.1.6 Appropriate alarm systems should be in place to alert personnel if a crit-
ical fan fails.

7.1.7 Low-level return or exhaust air grilles are usually preferred. However,
where this is not possible, a higher air change rate may be needed to achieve a
specified clean area classification, e.g. where ceiling return air grilles are used.

7.1.8 There may be alternative locations for return air. For example, referring
to Fig. 24, room D (low-level return air) and room E (ceiling return air).

The airflow schematics of the two systems (Figs 24 and 25) indicate air-handling
units with return air or recirculated air, having a percentage of fresh air added.
Fig. 25 is a schematic diagram of an air-handling system serving rooms with
horizontal unidirectional flow, vertical unidirectional flow and turbulent flow,
for rooms A, B and C, respectively.

The airflow diagram in Fig. 24 is an example of a typical system with a lower
clean area classification.

Note: There are two basic concepts of air delivery to pharmaceutical
production facilities: a recirculation system, and a full fresh air system (100%
outside air supply).

7.2 Recirculation system

7.2.1 There should be no risk of contamination or cross-contamination (includ-
ing by fumes and volatiles) due to recirculation of air.

7.2.2 Depending on the airborne contaminants in the return-air system it
may be acceptable to use recirculated air, provided that HEPA filters are
installed in the supply air stream to remove contaminants and thus prevent
cross-contamination. The HEPA filters for this application should have an
EN1822 classification of H13.
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Figure 24. Air-handling system with high-efficiency particulate air
filters in air-handling unit
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Figure 26. Full fresh-air system
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7.2.3 HEPA filters may not be required where the air-handling system is serving
a single product facility and there is evidence that cross-contamination would
not be possible.

7.2.4 Recirculation of air from areas where pharmaceutical dust is not gener-
ated such as secondary packing, may not require HEPA filters in the system.

7.2.5 HEPA filters may be located in the air-handling unit or placed terminally.

7.2.6 Air containing dust from highly toxic processes should never be recircu-
lated to the HVAC system.

7.3 Full fresh-air systems

Fig. 26 indicates a system operating on 100% fresh air and would normally be
used in a facility dealing with toxic products, where recirculation of air with
contaminants should be avoided.

7.3.1 The required degree of filtration of the exhaust air depends on the exhaust
air contaminants and local environmental regulations.
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Figure 27. Full fresh-air system with energy recovery
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7.3.2 Energy-recovery wheels should normally not be used in multiproduct
facilities. When such wheels are used they should not become a source of
possible contamination (see Fig. 27). Note: Alternatives to the energy-recovery
wheels, such as crossover plate heat exchangers and water-coil heat exchangers,
may be used in multiproduct facilities.

7.3.3 The potential for air leakage between the supply air and exhaust air as it
passes through the wheel should be prevented. The relative pressures between
supply and exhaust air systems should be such that the exhaust air system oper-
ates at a lower pressure than the supply system.

8. Commissioning, qualification and maintenance

8.1 Commissioning

8.1.1 Commissioning should include the setting up, balancing, adjustment and
testing of the entire HVAC system, to ensure that it meets all the requirements,
as specified in the user requirement specification (URS), and capacities as
specified by the designer or developer.

8.1.2 The installation records of the system should provide documented evi-
dence of all measured capacities of the system.
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Figure 28. Qualification is a part of validation
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8.1.3 The data should include items such as the design and measurement figures
for airflows, water flows, system pressures and electrical amperages. These
should be contained in the operating and maintenance manuals (O & M
manuals).

8.1.4 Acceptable tolerances for all system parameters should be specified prior
to commencing the physical installation.

8.1.5 Training should be provided to personnel after installation of the system,
and should include operation and maintenance.

8.1.6 O & M manuals, schematic drawings, protocols and reports should be
maintained as reference documents for any future changes and upgrades to the
system.

8.1.7 Commissioning should be a precursor to system qualification and process
validation.

8.2 Qualification

8.2.1 Validation is a many-faceted and extensive activity and is beyond the
scope of these guidelines. Qualification and validation guidelines are included
in: Expert Committee on Specifications for Pharmaceutical Preparations. Fortieth
report. Geneva, World Health Organization, 2005 (WHO Technical Report
Series, No. 937), Annex 4 (see also Fig. 28).

Manufacturers should qualify HVAC systems using a risk-based approach. The
basic concepts of qualification of HVAC systems are set out below.

8.2.2 The qualification of the HVAC system should be described in a valida-
tion master plan (VMP).
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8.2.3 Tt should define the nature and extent of testing and the test procedures
and protocols to be followed.

8.2.4 Stages of the qualification of the HVAC system should include DQ, 1Q,
OQ and PQ.

8.2.5 Critical and non-critical parameters should be determined by means of a
risk analysis for all HVAC installation components, subsystems and controls.

8.2.6 Any parameter that may affect the quality of the pharmaceutical product,
or a direct impact component, should be considered a critical parameter.

8.2.7 All critical parameters should be included in the qualification process.

Note: A realistic approach to differentiating between critical and non-critical
parameters is required, to avoid making the validation process unnecessarily
complex.

Example:

o The humidity of the room where the product is exposed should be considered
a critical parameter when a bumidity-sensitive product is being manufactured.
The humidity sensors and the humidity monitoring system should, therefore,
be qualified. The heat transfer system, chemical drier or steam humidifier, which
is producing the humidity controlled air, is further removed from the product
and may not require operational qualification.

o A room cleanliness classification is a critical parameter and, therefore, the room
air change rates and HEPA filters should be critical parameters and require
qualtfication. Items such as the fan generating the airflow and the primary and
secondary filters are non-critical parameters, and may not require operational
qualtfication.

8.2.8 Non-critical systems and components should be subject to GEP and may
not necessarily require qualification.

8.2.9 A change control procedure should be followed when changes are
planned to the direct impact HVAC system, its components and controls that
may affect critical parameters.

8.2.10 Acceptance criteria and limits should be defined during the design stage.

8.2.11 The manufacturer should define design conditions, normal operating
ranges, operating ranges, and alert and action limits.

8.2.12 Design condition and normal operating ranges should be identified and
set to realistically achievable parameters.

8.2.13 All parameters should fall within the design condition range during
system operational qualification. Conditions may go out of the design condition
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Figure 29. System operating ranges
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range during normal operating procedures but they should remain within the
operating range.

8.2.14 Out-of-limit results (e.g. action limit deviations) should be recorded and
form part of the batch manufacturing records.

8.2.15 The relationships between design conditions, operating range and
qualified acceptance criteria are given in Fig. 29.

8.2.16 A narrow range of relative humidities coupled with a wide range of tem-
peratures is unacceptable as changes in temperature will automatically give rise
to variations in the relative humidity.

8.2.17 For a pharmaceutical facility, based on a risk assessment, some of the
typical HVAC system parameters that should be qualified may include:

— temperature

— relative humidity

— supply air quantities for all diffusers

— return air or exhaust air quantities

— room air change rates

— room pressures (pressure differentials)
— room airflow patterns

— unidirectional flow velocities

— containment system velocities

— HEPA filter penetration tests

— room particle counts

— room clean-up rates

— microbiological air and surface counts where appropriate
— operation of de-dusting

— warning/alarm systems where applicable.
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Table 3. Part A: schedule of tests to demonstrate compliance (for
reference purposes only)

Schedule of tests to demonstrate continuing compliance

Test parameter Clean room  Max. time Test procedure

class interval
Particle count test All classes 6 months Dust particle counts to be carried
(Verification of out and printouts of results pro-
cleanliness) duced.

No. of readings and positions of
tests to be in accordance with ISO
14644-1 Annex B

Air pressure difference  All classes 12 months Log of pressure differential readings

(To verify absence of to be produced or critical plants

cross-contamination) should be logged daily, preferably
continuously. A 15 Pa pressure dif-
ferential between different zones is

recommended.
In accordance with ISO 14644-3
Annex B5*
Airflow volume All classes 12 months Airflow readings for supply air and
(To verify air change return air grilles to be measured and
rates) air change rates to be calculated.
In accordance with ISO 14644-3
Annex B13*
Airflow velocity All Classes 12 Months Air velocities for containment sys-
(To verify laminar flow or tems and laminar flow protection
containment conditions) systems to be measured.
In accordance with ISO 14644-3
Annex B4*

8.2.18 The maximum time interval between tests should be defined by the
manufacturer. The type of facility under test and the product level of protec-
tion should be considered.

Note: Table 3 gives intervals for reference purposes only. The actual test periods
may be more frequent or less frequent, depending on the product and process.

8.2.19 Periodic requalification of parameters should be done at regular inter-
vals, e.g. annually.

8.2.20 Requalification should also be done when any change, which could affect
system performance, takes place.

8.2.21 Clean-up or recovery times normally relate to the time it takes to “clean
up” the room from one condition to another, e.g. the relationship between “at-
rest” and “operational” conditions in the clean area may be used as the criteria
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Table 3. Part B: recommended optional strategic tests (ISO 14644)

Schedule of tests to demonstrate continuing compliance

Test parameter Cleanroom  Max. time Test procedure

class interval
Filter leakage tests All classes 24 months Filter penetration tests to be carried
(To verify filter integrity) out by a recognized authority to

demonstrate filter media and filter
seal integrity. Only required on
HEPA filters. In accordance with ISO
14644-3 Annex B6*

Containment leakage All classes 24 months Demonstrate that contaminant
(To verify absence of is maintained within a room by
cross-contamination) means of:

e airflow direction smoke tests

® room air pressures.

In accordance with ISO 14644-3

Annex B4*
Recovery All classes 24 months Test to establish time that a clean
(To verify clean- room takes to return from a con-
up time) taminated condition to the specified

clean room condition. This should
not take more than 15 min. In accor-
dance with ISO 14644-3 Annex B13*

Airflow visualization All classes 24 months Tests to demonstrate airflows:
(To verify required e from clean to dirty areas
airflow patterns) e do not cause cross-contamination

e uniformly from laminar flow units.
Demonstrated by actual or video-
taped smoke tests.

In accordance with ISO 14644-3
Annex B7*

for clean-up tests. Therefore, the clean-up time can be expressed as the time
taken to change from an “operational” condition to an “at rest” condition.

8.3 Maintenance

8.3.1 There should be a planned preventive maintenance programme, proce-
dures and records for the HVAC system. Records should be kept.

8.3.2 Maintenance personnel should receive appropriate training.
8.3.3 HEPA filters should be changed either by a specialist or a trained person.
8.3.4 Any maintenance activity should be assessed critically to determine any

impact on product quality including possible contamination.
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8.3.5 Maintenance activities should normally be scheduled to take place outside
production hours, and any system stoppage should be assessed with a view to
the possible need for requalification of an area as a result of an interruption of
the service.
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Validation is an essential part of good manufacturing practices (GMP). It is,
therefore, an element of the quality assurance programme associated with a
particular product or process. The basic principles of quality assurance have as
their goal the production of products that are fit for their intended use. These

principles are as follows:

' Supplementary guidelines on good manufacturing practices: validation. In: WHO Expert Committee on
Specifications for Pharmaceutical Preparations. Fortieth report. Geneva, World Health Organization,

2006 (WHO Technical Report Series, No. 937), Annex 4.
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Quality, safety and efficacy must be designed and built into the product.
Quality cannot be inspected or tested into the product.

e FEach critical step of the manufacturing process must be validated. Other
steps in the process must be under control to maximize the probability that
the finished product consistently and predictably meets all quality and design
specifications.

Validation of processes and systems is fundamental to achieving these goals. It

is by design and validation that a manufacturer can establish confidence that

the manufactured products will consistently meet their product specifications.
Documentation associated with validation includes:

— standard operating procedures (SOPs)
— specifications

— validation master plan (VMP)

— qualification protocols and reports

— validation protocols and reports.

The implementation of validation work requires considerable resources such as:

Time: generally validation work is subject to rigorous time schedules.
Financial: validation often requires the time of specialized personnel and
expensive technology.

® Human: validation requires the collaboration of experts from various disci-
plines (e.g. a multidisciplinary team, comprising quality assurance, engineer-
ing, manufacturing and other disciplines, depending on the product and
process to be validated).

These guidelines aim to give guidance to inspectors of pharmaceutical
manufacturing facilities and manufacturers of pharmaceutical products on the
requirements for validation. The main part covers the general principles of val-
idation and qualification. In addition to the main part, appendices on validation
and qualification (e.g. cleaning, computer and computerized systems, equip-
ment, utilities and systems, and analytical methods) are included.

2. Scope

2.1 These guidelines focus mainly on the overall concept of validation and are
intended as a basic guide for use by GMP inspectors and manufacturers. It is
not the intention to be prescriptive in specific validation requirements. This doc-
ument serves as general guidance only, and the principles may be considered
useful in its application in the manufacture and control of active pharmaceuti-
cal ingredients (APIs) and finished pharmaceutical products. Validation of
specific processes and products, for example in sterile product manufacture,
requires much more consideration and a detailed approach that is beyond the
scope of this document.

102

o



QAP1 12/16/06 12:12 PM Page 103 $

MAIN PRINCIPLES FOR PHARMACEUTICAL PRODUCTS

2.2 There are many factors affecting the different types of validation and it is,
therefore, not intended to define and address all aspects related to one partic-
ular type of validation here.

2.3 Manufacturers should plan validation in a manner that will ensure regula-
tory compliance and ensuring that product quality, safety and consistency are
not compromised.

2.4 The general text in the main part of these guidelines may be applicable
to validation and qualification of premises, equipment, utilities and systems,
and processes and procedures. More specific principles of qualification and
validation are addressed in the appendices. Semi-automatic or fully automatic
clean-in-place (CIP) systems and other special cases should be treated
separately.

3. Glossary

The definitions given below apply to the terms used in these guidelines. They
may have different meanings in other contexts.

calibration

The set of operations that establish, under specified conditions, the relationship
between values indicated by an instrument or system for measuring (for
example, weight, temperature and pH), recording, and controlling, or the values
represented by a material measure, and the corresponding known values of a
reference standard. Limits for acceptance of the results of measuring should be

established.

cleaning validation

Documented evidence to establish that cleaning procedures are removing
residues to predetermined levels of acceptability, taking into consideration
factors such as batch size, dosing, toxicology and equipment size.

commissioning

The setting up, adjustment and testing of equipment or a system to ensure that
it meets all the requirements, as specified in the user requirement specification,
and capacities as specified by the designer or developer. Commissioning is
carried out before qualification and validation.

computer validation

Documented evidence which provides a high degree of assurance that a com-
puterized system analyses, controls and records data correctly and that data pro-
cessing complies with predetermined specifications.
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concurrent validation
Validation carried out during routine production of products intended for sale.

design qualification (DQ)
Documented evidence that the premises, supporting systems, utilities, equip-
ment and processes have been designed in accordance with the requirements

of GMP.

good engineering practices (GEP)
Established engineering methods and standards that are applied throughout the
project life-cycle to deliver appropriate, cost-effective solutions.

installation qualification (1Q)

The performance of tests to ensure that the installations (such as machines, mea-
suring devices, utilities and manufacturing areas) used in a manufacturing
process are appropriately selected and correctly installed and operate in accor-
dance with established specifications.

operational qualification (OQ)
Documented verification that the system or subsystem performs as intended
over all anticipated operating ranges.

performance qualification (PQ)

Documented verification that the equipment or system operates consistently and
gives reproducibility within defined specifications and parameters for prolonged
periods. (In the context of systems, the term “process validation” may also be

used.)

process validation

Documented evidence which provides a high degree of assurance that a specific
process will consistently result in a product that meets its predetermined spec-
ifications and quality characteristics.

prospective validation

Validation carried out during the development stage on the basis of a risk analy-
sis of the production process, which is broken down into individual steps; these
are then evaluated on the basis of past experience to determine whether they
may lead to critical situations.

qualification

Action of proving and documenting that any premises, systems and equipment
are properly installed, and/or work correctly and lead to the expected results.
Qualification is often a part (the initial stage) of validation, but the individual
qualification steps alone do not constitute process validation.
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retrospective validation
Involves the evaluation of past experience of production on the condition that
composition, procedures, and equipment remain unchanged.

revalidation
Repeated validation of an approved process (or a part thereof) to ensure con-
tinued compliance with established requirements.

standard operating procedure (SOP)

An authorized written procedure giving instructions for performing operations
not necessarily specific to a given product or material but of a more general
nature (e.g. equipment operation, maintenance and cleaning; validation; clean-
ing of premises and environmental control; sampling and inspection). Certain
SOPs may be used to supplement product-specific master batch production
documentation.

validation
Action of proving and documenting that any process, procedure or method
actually and consistently leads to the expected results.

validation master plan (VMP)

The VMP is a high-level document that establishes an umbrella validation plan
for the entire project and summarizes the manufacturer’s overall philosophy and
approach, to be used for establishing performance adequacy. It provides infor-
mation on the manufacturer’s validation work programme and defines details of
and timescales for the validation work to be performed, including a statement
of the responsibilities of those implementing the plan.

validation protocol (or plan) (VP)

A document describing the activities to be performed in a validation, including
the acceptance criteria for the approval of a manufacturing process—or a part
thereof—for routine use.

validation report (VR)

A document in which the records, results and evaluation of a completed vali-
dation programme are assembled and summarized. It may also contain propos-
als for the improvement of processes and/or equipment.

verification

The application of methods, procedures, tests and other evaluations, in addi-
tion to monitoring, to determine compliance with the GMP principles.
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worst case

A condition or set of conditions encompassing the upper and lower processing
limits for operating parameters and circumstances, within SOPs, which pose the
greatest chance of product or process failure when compared to ideal condi-
tions. Such conditions do not necessarily include product or process failure.

4. Relationship between validation and qualification

Validation and qualification are essentially components of the same concept.
The term qualification is normally used for equipment, utilities and systems, and
validation for processes. In this sense, qualification is part of validation.

5. Validation
5.1 Approaches to validation

5.1.1 There are two basic approaches to validation—one based on evidence
obtained through testing (prospective and concurrent validation), and one
based on the analysis of accumulated (historical) data (retrospective validation).
Whenever possible, prospective validation is preferred. Retrospective validation
is no longer encouraged and is, in any case, not applicable to the manufactur-
ing of sterile products.

5.1.2 Both prospective and concurrent validation, may include:

e extensive product testing, which may involve extensive sample testing (with
the estimation of confidence limits for individual results) and the demon-
stration of intra- and inter-batch homogeneity;
simulation process trials;
challenge/worst case tests, which determine the robustness of the process;
and

e control of process parameters being monitored during normal production
runs to obtain additional information on the reliability of the process.

5.2 Scope of validation

5.2.1 There should be an appropriate and sufficient system including organi-
zational structure and documentation infrastructure, sufficient personnel and
financial resources to perform validation tasks in a timely manner. Management
and persons responsible for quality assurance should be involved.

5.2.2 Personnel with appropriate qualifications and experience should be
responsible for performing validation. They should represent different depart-
ments depending on the validation work to be performed.
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5.2.3 There should be proper preparation and planning before validation is per-
formed. There should be a specific programme for validation activities.

5.2.4 Validation should be performed in a structured way according to the doc-
umented procedures and protocols.

5.2.5 Validation should be performed:

— for new premises, equipment, utilities and systems, and processes and
procedures;

— at periodic intervals; and

— when major changes have been made.

(Periodic revalidation or periodic requalification may be substituted, where
appropriate, with periodic evaluation of data and information to establish
whether requalification or revalidation is required.)

5.2.6 Validation should be performed in accordance with written protocols. A
written report on the outcome of the validation should be produced.

5.2.7 Validation should be done over a period of time, e.g. at least three con-
secutive batches (full production scale) should be validated, to demonstrate con-
sistency. Worst case situations should be considered.

5.2.8 There should be a clear distinction between in-process controls and
validation. In-process tests are performed during the manufacture of each batch
according to specifications and methods devised during the development phase.
Their objective is to monitor the process continuously.

5.2.9 When a new manufacturing formula or method is adopted, steps should
be taken to demonstrate its suitability for routine processing. The defined
process, using the materials and equipment specified, should be shown to result
in the consistent yield of a product of the required quality.

5.2.10 Manufacturers should identify what validation work is needed to prove
that critical aspects of their operations are appropriately controlled. Significant
changes to the facilities or the equipment, and processes that may affect the
quality of the product should be validated. A risk assessment approach should
be used to determine the scope and extent of validation required.

6. Qualification

6.1 Qualification should be completed before process validation is performed.
The process of qualification should be a logical, systematic process and should
start from the design phase of the premises, equipment, utilities and equipment.

6.2 Depending on the function and operation of the equipment, utility or
system, only installation qualification (IQ) and operational qualification (OQ)
may be required, as the correct operation of the equipment, utility or system
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could be considered to be a sufficient indicator of its performance (refer to
Section 11 for IQ, OQ and performance qualification (PQ)). (The equipment,
utility and system should then be maintained, monitored and calibrated accord-
ing to a regular schedule.)

6.3 Major equipment and critical utilities and systems, however, require IQ, OQ

and PQ.

7. Calibration and verification

7.1 Calibration and verification of equipment, instruments and other devices,
as applicable, used in production and quality control, should be performed at
regular intervals.

7.2 Personnel who carry out calibration and preventive maintenance should
have appropriate qualifications and training.

7.3 A calibration programme should be available and should provide informa-
tion such as calibration standards and limits, responsible persons, calibration
intervals, records and actions to be taken when problems are identified.

7.4 There should be traceability to standards (e.g. national, regional or inter-
national standards) used in the calibration.

7.5 Calibrated equipment, instruments and other devices should be labelled,
coded or otherwise identified to indicate the status of calibration and the date
on which recalibration is due.

7.6 When the equipment, instruments and other devices have not been used
for a certain period of time, their function and calibration status should be
verified and shown to be satisfactory before use.

8. Validation master plan

The validation master plan (VMP) should reflect the key elements of the
validation programme. It should be concise and clear and contain at least the
following:

— a validation policy

— organizational structure of validation activities

— summary of facilities, systems, equipment and processes validated and to be
validated

— documentation format (e.g. protocol and report format)

— planning and scheduling

— change control

— references to existing documents.
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9. Qualification and validation protocols

9.1 There should be qualification and validation protocols describing the qual-
ification and validation study to be performed.

9.2 As a minimum the protocols should include the following significant back-
ground information:

— the objectives of the study

— the site of the study

— the responsible personnel

— description of SOPs to be followed

— equipment to be used; standards and criteria for the relevant products and
processes

— the type of validation

— the processes and/or parameters

— sampling, testing and monitoring requirements

— predetermined acceptance criteria for drawing conclusions.

9.3 There should be a description of the way in which the results will be
analysed.

9.4 The protocol should be approved prior to use. Any changes to a protocol
should be approved prior to implementation of the change.

10. Qualification and validation reports

10.1 There should be written reports on the qualification and validation
performed.

10.2 Reports should reflect the protocols followed and include at least the title
and objective of the study; reference to the protocol; details of material, equip-
ment, programmes and cycles used; procedures and test methods.

10.3 The results should be evaluated, analysed and compared against the pre-
determined acceptance criteria. The results should meet the acceptance crite-
ria; deviations and out-of-limit results should be investigated. If these deviations
are accepted, this should be justified. Where necessary further studies should
be performed.

10.4 The departments responsible for the qualification and validation work
should approve the completed report.

10.5 The conclusion of the report should state whether or not the outcome of
the qualification and/or validation was considered successful.

10.6 The quality assurance department should approve the report after the final
review. The criteria for approval should be in accordance with the company’s
quality assurance system.
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10.7 Any deviations found during the validation process should be acted upon
and documented as such. Corrective actions may be required.

11. Qualification stages
11.1 There are four stages of qualification:

— design qualification (DQ);

— installation qualification (IQ);

— operational qualification (OQ); and
— performance qualification (PQ).

11.2 All SOPs for operation, maintenance and calibration should be prepared
during qualification.

11.3. Training should be provided to operators and training records should be
maintained.

Design qualification

11.4 Design qualification should provide documented evidence that the design
specifications were met.

Installation qualification

11.5 Installation qualification should provide documented evidence that the
installation was complete and satisfactory.

11.6 The purchase specifications, drawings, manuals, spare parts lists and
vendor details should be verified during installation qualification.

11.7 Control and measuring devices should be calibrated.

Operational qualification

11.8 Operational qualification should provide documented evidence that utili-
ties, systems or equipment and all its components operate in accordance with
operational specifications.

11.9 Tests should be designed to demonstrate satisfactory operation over the
normal operating range as well as at the limits of its operating conditions
(including worst case conditions).

11.10 Operation controls, alarms, switches, displays and other operational com-
ponents should be tested.

11.11 Measurements made in accordance with a statistical approach should be

fully described.
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Performance qualification

11.12 Performance qualification should provide documented evidence that
utilities, systems or equipment and all its components can consistently perform
in accordance with the specifications under routine use.

11.13 Test results should be collected over a suitable period of time to prove
consistency.

Requalification

11.14 Requalification should be done in accordance with a defined schedule.
The frequency of requalification may be determined on the basis of factors such
as the analysis of results relating to calibration, verification and maintenance.

11.15 There should be periodic requalification, as well as requalification after
changes (such as changes to utilities, systems, equipment; maintenance work;
and movement). (See also point 5.2.5 above and section 12 below.)

11.16 Requalification should be considered as part of the change control
procedure.

Revalidation

11.17 Processes and procedures should be revalidated to ensure that they
remain capable of achieving the intended results.

11.18 There should be periodic revalidation, as well as revalidation after
changes. (See also points 5.2.5 above, point 11.21 below and section 12 below.)

11.19 Revalidation should be done in accordance with a defined schedule.

11.20 The frequency and extent of revalidation should be determined using a
risk-based approach together with a review of historical data.

Periodic revalidation

11.21 Periodic revalidation should be performed to assess process changes that
may occur gradually over a period of time, or because of wear of equipment.

11.22 The following should be considered when periodic revalidation is
performed:

— master formulae and specifications;

— SOPs;

— records (e.g. of calibration, maintenance and cleaning); and
— analytical methods.
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Revalidation after change

11.23 Revalidation should be performed following a change that could have
an effect on the process, procedure, quality of the product and/or the product
characteristics. Revalidation should be considered as part of the change control
procedure.

11.24 The extent of revalidation will depend on the nature and significance of
the change(s).

11.25 Changes should not adversely affect product quality or process
characteristics.

11.26 Changes requiring revalidation should be defined in the validation plan
and may include:

e changes in starting materials (including physical properties, such as density,
viscosity or particle size distribution that may affect the process or product);
change of starting material manufacturer;

e transfer of processes to a different site (including change of facilities and
installations which influence the process);
changes of primary packaging material (e.g. substituting plastic for glass);
changes in the manufacturing process (e.g. mixing times or drying
temperatures);

e changes in the equipment (e.g. addition of automatic detection systems,
installation of new equipment, major revisions to machinery or apparatus and
breakdowns);

¢ production area and support system changes (e.g. rearrangement of areas, or
a new water treatment method);

e appearance of negative quality trends;

e appearance of new findings based on current knowledge, e.g. new
technology;

e support system changes.

Changes of equipment which involve the replacement of equipment on a “like-
for-like” basis would not normally require a revalidation. For example, instal-
lation of a new centrifugal pump to replace an older model would not necessarily
require revalidation.

12. Change control

12.1 Changes should be controlled in accordance with a SOP as changes may
have an impact on a qualified utility, system or piece of equipment, and a vali-
dated process and/or procedure.

12.2 The procedure should describe the actions to be taken, including the need
for and extent of qualification or validation to be done.
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12.3 Changes should be formally requested, documented and approved before
implementation. Records should be maintained.

13. Personnel

13.1 Personnel should demonstrate that they are appropriately qualified, where
relevant.

13.2 Personnel requiring qualification include, for example:

— laboratory analysts;

— personnel following critical procedures;

— personnel doing data entry in computerized systems; and
— risk assessors.

Appendix 1
Validation of heating, ventilation and air-conditioning

systems
1. General 113
2. Commissioning 113
3. Qualification 114
4. Reference 118
1. General

1.1 The heating, ventilation and air-conditioning (HVAC) system plays
an important role in the protection of the product, the personnel and the
environment.

1.2 For all HVAC installation components, subsystems or parameters, critical
parameters and non-critical parameters should be determined.

1.3 Some of the parameters of a typical HVAC system that should be qualified
include:

— room temperature and humidity;

— supply air and return air quantities;

— room pressure, air change rate, flow patterns, particle count and cleanup
rates; and

— unidirectional flow velocities and HEPA filter penetration tests.

2. Commissioning

2.1 Commissioning should involve the setting up, balancing, adjustment and
testing of the entire HVAC system, to ensure that the system meets all the
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requirements, as specified in the user requirement specification, and capacities
as specified by the designer or developer.

2.2 The installation records of the system should provide documented evidence
of all measured capacities of the system.

2.3 The data should include items such as the design and measured figures for
airflows, water flows, system pressures and electrical amperages. These should
be contained in the operating and maintenance manuals (O & M manuals).

2.4 Acceptable tolerances for all system parameters should be specified prior
to commencing the physical installation.

2.5 Training should be provided to personnel after installation of the system,
and should include how to perform operation and maintenance.

2.6 O & M manuals, schematic drawings, protocols and reports should be
maintained as reference documents for any future changes and upgrades to the
system.

2.7 Commissioning should be a precursor to system qualification and
validation.

3. Qualification

3.1 Manufacturers should qualify HVAC systems using a risk-based approach.
The basic concepts of qualification of HVAC systems are set out in Fig. 1 below.

3.2 The qualification of the HVAC system should be described in a validation
master plan (VMP).

3.3 The validation master plan should define the nature and extent of testing
and the test procedures and protocols to be followed.

3.4 Stages of the qualification of the HVAC system should include design
qualification (DQ), installation qualification (IQ), operational qualifi cation
(OQ), and performance qualification (PQ).

3.5 Critical and non-critical parameters for all HVAC installation components,
subsystems and controls should be determined by means of a risk analysis.

3.6 Any parameter that may affect the quality of the pharmaceutical product
should be considered a critical parameter.

3.7 All critical parameters should be included in the qualification process.

Note: A realistic approach to differentiating between critical and noncritical
parameters is required, to avoid making the validation process unnecessarily
complex. Example:
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Figure 1. Qualification is a part of validation

Equip 1| | Equip 2 | | Equip 3| | Equip 4 | | Equip 5| | Equip 6| | Equip 7

System 1 System 2

QUALIFICATION

Process

o The humidity of the room where the product is exposed should be considered
a critical parameter when a humidity-sensitive product is being manufactured.
The humidity sensors and the humidity monitoring system should, therefore,
be qualified. The heat transfer system, chemical drier or steam humidifier, which
is producing the humidity-controlled air, is further removed from the product
and may not require operational qualtfication.

® A room cleanliness classification is a critical parameter and, therefore, the room
air-change rates and high-efficiency particulate air (HEPA) filters should be
critical parameters and require qualification. Items such as the fan generating
the airflow and the primary and secondary filters are non-critical parameters,
and may not require operational qualtfication.

3.8 Non-critical systems and components should be subject to good engineer-
ing practice (GEP) and may not necessarily require full qualification.

3.9 A change control procedure should be followed when changes are planned
to the HVAC system, its components, and controls, that may affect critical
parameters.

3.10 Acceptance criteria and limits should be defined during the design stage.

3.11 The manufacturer should define design conditions, normal operating
ranges, operating ranges, and alert and action limits.

3.12 Design condition and normal operating ranges should be identified and
set to realistically achievable parameters.

3.13 All parameters should fall within the design condition range during system
operational qualification. Conditions may go out of the design condition range
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Figure 2. System operating ranges
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during normal operating procedures but they should remain within the operat-
ing range.

3.14 Out-of-limit results (e.g. action limit deviations) should be recorded and
form part of the batch manufacturing records.

3.15 The relationships between design conditions, operating range and quali-
fied acceptance criteria are given in Figure 2.

3.16 A narrow range of relative humidities coupled with a wide range of tem-
peratures is unacceptable as changes in temperature will automatically give rise
to variations in the relative humidity.

3.17 Some of the typical HVAC system parameters that should be qualified for
a pharmaceutical facility may include:

— temperature

— relative humidity

— supply air quantities for all diffusers

— return air or exhaust air quantities

— room air-change rates

— room pressures (pressure differentials)
— room airflow patterns

— unidirectional flow velocities

— containment system velocities

— HEPA filter penetration tests

— room particle counts

— room clean-up rates

— microbiological air and surface counts where appropriate
— operation of de-dusting

— warning/alarm systems where applicable.
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Table 1. Strategic tests (for reference purposes only)

Schedule of tests to demonstrate continuing compliance

Test parameter Clean area Max. time Test procedure

class interval
Particle count test All classes 6 months Dust particle counts to be carried
(verification of out and printouts of results pro-
cleanliness) duced.

No. of readings and positions of
tests to be in accordance with ISO
14644-1 Annex B

Air pressure difference  All classes 12 months Log of pressure differential readings

(To verify absence of to be produced or critical plants

cross-contamination) should be logged daily, preferably
continuously. A 15 Pa pressure dif-
ferential between different zones is
recommended. In accordance with
ISO 14644-3 Annex B5

Airflow volume All classes 12 months Airflow readings for supply air and
(To verify air change return air grilles to be measured and
rates) air change rates to be calculated.
In accordance with ISO 14644-3
Annex B13
Airflow velocity All classes 12 months Air velocities for containment
(To verify unidirectional systems and unidirectional flow
flow or containment protection systems to be measured.
conditions) In accordance with ISO 14644-3
Annex B4

Source: 1ISO 14644 Standard, given for reference purposes only.

3.18 The maximum time interval between tests should be defined by the man-
ufacturer. The type of facility under test and the product level of protection
should be considered. Note: Table 1 gives intervals for reference purposes only.
The actual test periods may be more or less frequent, depending on the product
and process.

3.19 Periodic requalification of parameters should be done at regular intervals,
e.g. annually.

3.20 Requalification should also be done when any change, which could affect
system performance, takes place.

3.21 Clean-up times normally relate to the time it takes to “clean up” the room
from one condition to another, e.g. the relationship between “at-rest” and
“operational” conditions in the clean area may be used as the criteria for clean-
up tests. Therefore, the clean-up time can be expressed as the time taken to
change from an “operational” condition to an “at-rest” condition.
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4. Reference

1. Supplementary guidelines on good manufacturing practices for heating, ventilation
and air-conditioning systems for non-sterile pharmaceutical dosage forms. In: WHO
Expert Committee on Specifications for Pharmaceutical Preparations. Fortieth report.
Geneva, World Health Organization, 2006 (WHO Technical Report Series, No. 937),
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Appendix 2
Validation of water systems for pharmaceutical use
1. General 118
2. Start-up and commissioning of water systems 118
3. Qualification 118
4. Reference 120
1. General

1.1 All water-treatment systems should be subject to planned maintenance, val-
idation and monitoring.

1.2 Validation of water systems should consist of at least three phases: Phase 1:
investigational phase; Phase 2: short-term control; and Phase 3: long-term
control.

1.3 During the period following phase 3 (typically running for one year) the
objective should be to demonstrate that the system is under control over a long
period of time. Sampling may be reduced from, e.g. daily to weekly.

1.4 The validation performed and revalidation requirements should be
included in the “Water quality manual”.

2. Start-up and commissioning of water systems

2.1 Planned, well-defined, successful and well-documented commissioning is
an essential precursor to successful validation of water systems. The commis-
sioning work should include setting to work, system set-up, controls, loop
tuning and recording of all system performance parameters. If it is intended to
use or refer to commissioning data within the validation work then the quality
of the commissioning work and associated data and documentation must be
commensurate with the validation plan requirements.

3. Qualification
3.1 Water for pharmaceutical use (WPU), purified water (PW), highly purified

water (HPW) and water for injections (WFI) systems are all considered to be
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direct impact, quality critical systems that should be qualified. The qualification
should follow the validation convention of design review or design qualification
(DQ), installation qualification (IQ), operational qualification (OQ) and per-
formance qualification (PQ).

3.2 This guidance does not define the standard requirements for the conven-
tional validation stages DQ, IQ and OQ, but concentrates on the particular PQ
approach that should be used for WPU systems to demonstrate their consistent
and reliable performance. A three-phase approach should be used to satisfy the
objective of proving the reliability and robustness of the system in service over
an extended period.

Phase 1. A test period of 2—4 weeks should be spent monitoring the system inten-
sively. During this period the system should operate continuously without failure
or performance deviation. The following procedures should be included in the
testing approach.

® Undertake chemical and microbiological testing in accordance with a defined

plan.

Sample the incoming feed-water to verify its quality.

Sample after each step in the purification process daily.

Sample at each point of use and at other defined sampling points daily.

Develop appropriate operating ranges.

Develop and finalize operating, cleaning, sanitizing and maintenance

procedures.

® Demonstrate production and delivery of product water of the required
quality and quantity.

e Use and refine the standard operating procedures (SOPs) for operation,
maintenance, sanitization and troubleshooting.

e Verify provisional alert and action levels.

e Develop and refine the test-failure procedure.

Phase 2. A further test period of 2—4 weeks should be spent carrying out further
intensive monitoring while deploying all the refined SOPs after the satisfactory
completion of phase 1. The sampling scheme should be generally the same as
in phase 1. Water can be used for manufacturing purposes during this phase.
The approach should also:

— demonstrate consistent operation within established ranges; and
— demonstrate consistent production and delivery of water of the required

quantity and quality when the system is operated in accordance with the
SOPs.

Phase 3. Phase 3 typically runs for one year after the satisfactory completion of
phase 2. Water can be used for manufacturing purposes during this phase which
has the following objectives and features:
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¢ Demonstrate extended reliable performance.
¢ Ensure that seasonal variations are evaluated.
The sample locations, sampling frequencies and tests should be reduced to
the normal routine pattern based on established procedures proven during

phases 1 and 2.

Reference

. WHO good manufacturing practices: water for pharmaceutical use. In: WHO Expert

Committee on Specifications for Pharmaceutical Preparations. Thirty-ninth report.
Geneva, World Health Organization 2005 (WHO Technical Report Series, No. 929),

Annex 3.
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Cleaning validation

AW N~

O 00 ~I &N\

10.
11.

1.

. Principle

. Scope

. General

. Cleaning validation protocols and reports

4.1 Cleaning validation protocols
4.2 Cleaning validation reports

. Personnel

. Equipment

. Detergents

. Microbiology
. Sampling

9.1 General

9.2 Direct surface sampling (direct method)
9.3 Rinse samples (indirect method)

9.4 Batch placebo method

Analytical methods

Establishing acceptable limits

Principle

120
121
121
122
122
124
124
124
124
125
125
125
126
126
126
127
127

1.1 The objectives of good manufacturing practices (GMP) include the pre-
vention of possible contamination and cross-contamination of pharmaceutical
starting materials and products.

1.2 Pharmaceutical products can be contaminated by a variety of substances
such as contaminants associated with microbes, previous products (both active
pharmaceutical ingredients (API) and excipient residues), residues of cleaning
agents, airborne materials, such as dust and particulate matter, lubricants and

ancillary material, such as disinfectants, and decomposition residues from:
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— product residue breakdown occasioned by, e.g. the use of strong acids and
alkalis during the cleaning process; and

— breakdown products of the detergents, acids and alkalis that may be used
as part of the cleaning process.

1.3 Adequate cleaning procedures play an important role in preventing conta-
mination and cross-contamination. Validation of cleaning methods provides
documented evidence that an approved cleaning procedure will provide clean
equipment, suitable for its intended use.

1.4 The objective of cleaning validation is to prove that the equipment is con-
sistently cleaned of product, detergent and microbial residues to an acceptable
level, to prevent possible contamination and cross-contamination.

1.5 Cleaning validation is not necessarily required for non-critical cleaning such
as that which takes place between batches of the same product (or different lots
of the same intermediate in a bulk process), or of floors, walls, the outside of
vessels, and following some intermediate steps.

1.6 Cleaning validation should be considered important in multiproduct
facilities and should be performed among others, for equipment, sanitization
procedures and garment laundering.

2. Scope

2.1 These guidelines describe the general aspects of cleaning validation, exclud-
ing specialized cleaning or inactivation that may be required, e.g. for removal
of viral or mycoplasmal contaminants in the biological manufacturing industry.

2.2 Normally cleaning validation would be applicable for critical cleaning such
as cleaning between manufacturing of one product and another, of surfaces that
come into contact with products, drug products and APL.

3. General

3.1 There should be written SOPs detailing the cleaning process for equipment
and apparatus. The cleaning procedures should be validated.

3.2 The manufacturer should have a cleaning policy and an appropriate pro-
cedure for cleaning validation, covering:

* surfaces that come into contact with the product;

* cleaning after product changeover (when one pharmaceutical formulation is
being changed for another, completely different formulation);

® between batches in campaigns (when the same formula is being manufac-
tured over a period of time, and on different days);
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e bracketing products for cleaning validation. (This often arises where pro-
ducts contain substances with similar properties (such as solubility) or the
same substance in different strengths. An acceptable strategy is to first man-
ufacture the more dilute form (not necessarily the lowest dose) and then the
most concentrated form. There are sometimes “families” of products which
differ slightly as to actives or excipients.); and

¢ periodic evaluation and revalidation of the number of batches manufactured
between cleaning validations.

3.3 At least three consecutive applications of the cleaning procedure should be
performed and shown to be successful to prove that the method is validated.

4. Cleaning validation protocols and reports
4.1 Cleaning validation protocols

4.1.1 Cleaning validation should be described in cleaning validation protocols,
which should be formally approved, e.g. by the quality control or quality assur-
ance unit.

4.1.2 In preparing the cleaning validation protocol, the following should be
considered:

— disassembly of system;

— precleaning;

— cleaning agent, concentration, solution volume, water quality;
— time and temperature;

— flow rate, pressure and rinsing;

— complexity and design of the equipment;

— training of operators; and

— size of the system.

4.1.3 The cleaning validation protocol should include:

¢ the objectives of the validation process;

e the people responsible for performing and approving the validation
study;

¢ the description of the equipment to be used, including a list of the equip-
ment, make, model, serial number or other unique code;

e the interval between the end of production and the commencement of the
cleaning procedure (interval may be part of the validation challenge study

itself)

— the maximum period that equipment may be left dirty before being
cleaned as well as the establishment of the time that should elapse after
cleaning and before use;
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e the levels of microorganisms (bioburden);

e the cleaning procedures (documented in an existing SOP, including defini-
tion of any automated process) to be used for each product, each manufac-
turing system or each piece of equipment;

e all the equipment used for routine monitoring, e.g. conductivity meters, pH
meters and total organic carbon analysers;

¢ the number of cleaning cycles to be performed consecutively;

e the sampling procedures to be used (direct sampling, rinse sampling, in-
process monitoring and sampling locations) and the rationale for their use;

e the data on recovery studies (efficiency of the recovery of the sampling tech-
nique should be established);

e the analytical methods (specificity and sensitivity) including the limit of
detection and the limit of quantification;

® the acceptance criteria (with rationale for setting the specific limits) includ-
ing a margin for error and for sampling efficiency;

e the choice of the cleaning agent should be documented and approved by the
quality unit and should be scientifically justified on the basis of, e.g.

— the solubility of the materials to be removed,;

— the design and construction of the equipment and surface materials to be
cleaned;

— the safety of the cleaning agent;

— the ease of removal and detection;

— the product attributes;

— the minimum temperature and volume of cleaning agent and rinse
solution;

— the manufacturer’s recommendations;

e revalidation requirements.

4.1.4 Cleaning procedures for products and processes which are very similar
do not need to be individually validated. A validation study of the “worst case”
may be considered acceptable. There should be a justified validation programme
for this approach referred to as “bracketing”, addressing critical issues relating
to the selected product, equipment or process.

4.1.5 Where “bracketing” of products is done, consideration should be given
to type of products and equipment.

4.1.6 Bracketing by product should be done only when the products concerned
are similar in nature or property and will be processed using the same equip-
ment. Identical cleaning procedures should then be used for these products.

4.1.7 When a representative product is chosen, this should be the one that is
most difficult to clean.
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4.1.8 Bracketing by equipment should be done only when it is similar equip-
ment, or the same equipment in different sizes (e.g. 300-1, 500-1 and 1000-1
tanks). An alternative approach may be to validate the smallest and the largest
sizes separately.

4.2 Cleaning validation reports

4.2.1 The relevant cleaning records (signed by the operator, checked by pro-
duction and reviewed by quality assurance) and source data (original results)
should be kept. The results of the cleaning validation should be presented in
cleaning validation reports stating the outcome and conclusion.

5. Personnel

5.1 Personnel or operators who perform cleaning routinely should be trained
and should be effectively supervised.

6. Equipment

6.1 Normally only procedures for the cleaning of surfaces of the equipment that
come into contact with the product need to be validated. Consideration should
be given to “non-contact” parts of the equipment into which product or any
process material may migrate. Critical areas should be identified (independently
from method of cleaning), particularly in large systems employing semi-
automatic or fully automatic clean-in-place systems.

6.2 Dedicated equipment should be used for products which are difficult to
clean, equipment which is difficult to clean, or for products with a high safety
risk where it is not possible to achieve the required cleaning acceptance limits
using a validated cleaning procedure.

6.3 Ideally, there should be one process for cleaning a piece of equipment or
system. This will depend on the products being produced, whether the clean-
ing occurs between batches of the same product (as in a large campaign) or
whether the cleaning occurs between batches of different products.

6.4 The design of equipment may influence the effectiveness of the cleaning
process. Consideration should therefore be given to the design of the equip-
ment when preparing the cleaning validation protocol, e.g. V-blenders, transfer
pumps or filling lines.

7. Detergents

7.1 Detergents should facilitate the cleaning process and be easily removable.
Detergents that have persistent residues such as cationic detergents which
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adhere very strongly to glass and are difficult to remove, should be avoided
where possible.

7.2 The composition of the detergent should be known to the manufacturer
and its removal during rinsing, demonstrated.

7.3 Acceptable limits for detergent residues after cleaning should be defined.
The possibility of detergent breakdown should also be considered when vali-
dating cleaning procedures.

7.4 Detergents should be released by quality control and, where possible,
should meet local food standards or regulations.

8. Microbiology

8.1 The need to include measures to prevent microbial growth and remove con-
tamination where it has occurred should be considered.

8.2 There should be documented evidence to indicate that routine cleaning and
storage of equipment does not allow microbial proliferation.

8.3 The period and conditions for storage of unclean equipment before clean-
ing, and the time between cleaning and equipment reuse, should form part of
the validation of cleaning procedures.

8.4 Equipment should be stored in a dry condition after cleaning. Stagnant
water should not be allowed to remain in equipment after cleaning.

8.5 Control of the bioburden through adequate cleaning and appropriate
storage of equipment is important to ensure that subsequent sterilization or san-
itization procedures achieve the necessary assurance of sterility, and the control
of pyrogens in sterile processing. Equipment sterilization processes may not be
adequate to achieve significant inactivation or removal of pyrogens.

9. Sampling
9.1 General

9.1.1 Equipment should normally be cleaned as soon as possible after use. This
may be especially important for operations with topical products, suspensions
and bulk drug or where the drying of residues will directly affect the efficiency
of a cleaning procedure.

9.1.2 Two methods of sampling are considered to be acceptable. These are
direct surface sampling and rinse samples. A combination of the two methods
is generally the most desirable.

9.1.3 The practice of resampling should not be used before or during cleaning
and operations and is acceptable only in rare cases. Constant retesting and
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resampling can show that the cleaning process is not validated because these
retests actually document the presence of unacceptable residue and contami-
nants resulting from an ineffective cleaning process.

9.2 Direct surface sampling (direct method)

Note: This method of sampling is the most commonly used and involves taking
an inert material (e.g. cotton wool) on the end of a probe (referred to as a
“swab”) and rubbing it methodically across a surface. The type of sampling
material used and its potential impact on the test data is important as the sam-
pling material may interfere with the test. (For example, the adhesive used in
swabs has been found to interfere with the analysis of samples.)

9.2.1 Factors that should be considered include the supplier of the swab, area
swabbed, number of swabs used, whether they are wet or dry swabs, swab
handling and swabbing technique.

9.2.2 The location from which the sample is taken should take into considera-
tion the composition of the equipment (e.g. glass or steel) and the location (e.g.
blades, tank walls or fittings). Worst case locations should be considered. The
protocol should identify the sampling locations.

9.2.3 Critical areas, i.e. those hardest to clean, should be identified, particularly
in large systems that employ semi-automatic or fully automatic clean-in-place
systems.

9.2.4 The sampling medium and solvent used should be appropriate to the task.

9.3 Rinse samples (indirect method)

Note: This method allows sampling of a large surface, of areas that are inacces-
sible or that cannot be routinely disassembled and provides an overall picture.
Rinse samples may give sufficient evidence of adequate cleaning where accessi-
bility of equipment parts can preclude direct surface sampling, and may be
useful for checking for residues of cleaning agents, e.g. detergents.

9.3.1 Rinse samples should be used in combination with other sampling
methods such as surface sampling.

9.3.2 There should be evidence that samples are accurately recovered. For
example, a recovery of >80% is considered good, >50% reasonable and <50%
questionable.

9.4 Batch placebo method

Note: This method relies on the manufacture of a placebo batch which is then
checked for carry-over of the previous product. It is an expensive and labori-

126

o



QAP1 12/16/06 12:12 PM Page 127 $

MAIN PRINCIPLES FOR PHARMACEUTICAL PRODUCTS

ous process. It is difficult to provide assurance that the contaminants will be
dislodged from the equipment surface uniformly. Additionally, if the particles
of the contaminant or residue are large enough, they may not be uniformly dis-
persed in the placebo batch.

9.4.1 The batch placebo method should be used in conjunction with rinse
and/or surface sampling method(s).

9.4.2 Samples should be taken throughout the process of manufacture. Traces
of the preceding products should be sought in these samples. (Note that the
sensitivity of the assay may be greatly reduced by dilution of the contaminant.)

10. Analytical methods

10.1 The analytical methods should be validated before the cleaning validation
is performed.

10.2 The methods chosen should detect residuals or contaminants specific
for the substance(s) being assayed at an appropriate level of cleanliness
(sensitivity).

10.3 Validation of the analytical method should include as appropriate:

— precision, linearity and selectivity (the latter if specific analytes are targeted);
— limit of detection (LOD);

— limit of quantitation (LOQ);

— recovery, by spiking with the analyte; and

— reproducibility.

10.4 The detection limit for each analytical method should be sufficiently sen-
sitive to detect the established acceptable level of the residue or contaminants.

10.5 Suitable methods that are sensitive and specific should be used where pos-
sible and may include chromatographic methods (e.g. high pressure liquid chro-
motography (HPLC), gas chromotography (GC), and high pressure thin-layer
chromatography (HPTLC)). Other methods may include (alone or in combi-
nation) measurement of total organic carbon (TOC), pH, or conductivity; ultra-
violet (UV) spectroscopy; and enzyme-linked immunosorbent assay (ELISA).

11. Establishing acceptable limits
Note: uniform distribution of contaminants is not guaranteed.

11.1 The acceptance criteria established for contaminant levels in the sample
should be practical, achievable and verifiable. The rationale for the residue limits
established should be logical, and based on the knowledge of the materials
involved.
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11.2 Each situation should be assessed individually. The manner in which limits
are established should be carefully considered. In establishing residual limits it
may not be adequate to focus only on the principal reactant, because other
chemical variations may be more difficult to remove.

11.3 Where necessary, screening using thin-layer chromatography should be
performed in addition to chemical analyses.

11.4 There should be no residue from the previous product, from reaction by-
products and degradants, or from the cleaning process itself (e.g. detergents or
solvents).

11.5 The limit-setting approach can:

¢ be product-specific;

e group products into families and choose a worst case product;

e group products into groups according to risk, e.g. very soluble products,
products with similar potency, highly toxic, or difficult to detect products;

¢ use different safety factors for different dosage forms based on physiological
response (this method is essential for potent materials).

11.6 Limits may be expressed as a concentration in a subsequent product
(ppm), limit per surface area (mcg/cm?), or in rinse water as ppm.

11.7 The sensitivity of the analytical methods should be defined to enable rea-
sonable limits to be set.

11.8 The rationale for selecting limits for carry-over of product residues should
meet defined criteria.

11.9 The three most commonly used criteria are:

e visually clean. (No residue should be visible on equipment after cleaning.)
Spiking studies should determine the concentration at which most active
ingredients are visible. This criterion may not be suitable for high-potency,
low-dosage drugs;

® no more than 10 ppm of one product will appear in another product (basis
for heavy metals in starting materials); and

® no more than 0.1% of the normal therapeutic dose of one product will
appear in the maximum daily dose of a subsequent product.

11.10 The most stringent of three options should be used.

11.11 Certain allergenic ingredients (e.g. penicillins and cephalosporins) and
highly potent material (e.g. anovulent steroids, potent steroids and cytotoxics)
should be undetectable by the best available analytical methods. (In practice
this may mean that dedicated manufacturing facilities should be used for the
manufacturing and processing of such products.)

128

o



QAP1 12/16/06 12:12 PM Page 129 $

MAIN PRINCIPLES FOR PHARMACEUTICAL PRODUCTS

Appendix 4

Analytical method validation

1. Principle 129
2. General 129
3. Pharmacopoeial methods 130
4. Non-pharmacopoeial methods 130
5. Method validation 130
6. Characteristics of analytical procedures 131
1. Principle

1.1 This appendix presents some information on the characteristics that should
be considered during validation of analytical methods. Approaches other than
those specified in this appendix may be followed and may be acceptable. Manu-
facturers should choose the validation protocol and procedures most suitable
for testing of their product.

1.2 The manufacturer should demonstrate (through validation) that the analyt-
ical procedure is suitable for its intended purpose.

1.3 Analytical methods, whether or not they indicate stability, should be
validated.

1.4 The analytical method should be validated by research and development
before being transferred to the quality control unit when appropriate.

2. General

2.1 There should be specifications for both, materials and products. The tests
to be performed should be described in the documentation on standard test
methods.

2.2 Specifications and standard test methods in pharmacopoeias (“pharma-
copoeial methods”), or suitably developed specifications or test methods (“non-
pharmacopoeial methods”) as approved by the national drug regulatory
authority may be used.

2.3 Well-characterized reference materials, with documented purity, should be
used in the validation study.

2.4 The most common analytical procedures include identification tests, assay
of drug substances and pharmaceutical products, quantitative tests for content
of impurities and limit tests for impurities. Other analytical procedures include
dissolution testing and determination of particle size.
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2.5 The results of analytical procedures should be reliable, accurate and repro-
ducible. The characteristics that should be considered during validation of
analytical methods are discussed in paragraph 6.

2.6 Verification or revalidation should be performed when relevant, for
example, when there are changes in the process for synthesis of the drug sub-
stance; changes in the composition of the finished product; changes in the ana-
lytical procedure; when analytical methods are transferred from one laboratory
to another; or when major pieces of equipment instruments change.

2.7 The verification or degree of revalidation depend on the nature of the
change(s).

2.8 There should be evidence that the analysts, who are responsible for
certain tests, are appropriately qualified to perform those analyses (“analyst
proficiency”).

3. Pharmacopoeial methods

3.1 When pharmacopoeial methods are used, evidence should be available
to prove that such methods are suitable for routine use in the laboratory
(verification).

3.2 Pharmacopoeial methods used for determination of content or impurities
in pharmaceutical products should also have been demonstrated to be specific
with respect to the substance under consideration (no placebo interference).

4. Non-pharmacopoeial methods

4.1 Non-pharmacopoeial methods should be appropriately validated.

5. Method validation

5.1 Validation should be performed in accordance with the validation proto-
col. The protocol should include procedures and acceptance criteria for all char-
acteristics. The results should be documented in the validation report.

5.2 Justification should be provided when non-pharmacopoeial methods are
used if pharmacopoeial methods are available. Justification should include data
such as comparisons with the pharmacopoeial or other methods.

5.3 Standard test methods should be described in detail and should provide
sufficient information to allow properly trained analysts to perform the analysis
in a reliable manner. As a minimum, the description should include the chro-
matographic conditions (in the case of chromatographic tests), reagents needed,
reference standards, the formulae for the calculation of results and system suit-
ability tests.
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6. Characteristics of analytical procedures

6.1 Characteristics that should be considered during validation of
analytical methods include:

— specificity

— linearity

— range

— accuracy

— precision

— detection limit
— quantitation limit
— robustness.

6.1.1 Accuracy is the degree of agreement of test results with the true value, or
the closeness of the results obtained by the procedure to the true value. It is
normally established on samples of the material to be examined that have been
prepared to quantitative accuracy. Accuracy should be established across the
specified range of the analytical procedure.

Note: it is acceptable to use a “spiked” placebo where a known quantity or con-
centration of a reference material is used.

6.1.2 Precision is the degree of agreement among individual results. The com-
plete procedure should be applied repeatedly to separate, identical samples
drawn from the same homogeneous batch of material. It should be measured
by the scatter of individual results from the mean (good grouping) and
expressed as the relative standard deviation (RSD).

6.1.2.1 Repeatability should be assessed using 2 minimum of nine determina-
tions covering the specified range for the procedure e.g. three concentra-
tions/three replicates each, or a minimum of six determinations at 100% of the
test concentration.

6.1.2.2 Intermediate precision expresses within-laboratory variations (usually on
different days, different analysts and different equipment). If reproducibility is
assessed, a measure of intermediate precision is not required.

6.1.2.3 Reproducibility expresses precision between laboratories.

6.1.3 Robustness (or ruggedness) is the ability of the procedure to provide ana-
Iytical results of acceptable accuracy and precision under a variety of conditions.
The results from separate samples are influenced by changes in the operational
or environmental conditions. Robustness should be considered during the
development phase, and should show the reliability of an analysis when delib-
erate variations are made in method parameters.

6.1.3.1 Factors that can have an effect on robustness when performing chro-
matographic analysis include:

131

o



QAP1 12/16/06 12:12 PM Page 132 $

QUALITY ASSURANCE OF PHARMACEUTICALS

— stability of test and standard samples and solutions;
— reagents (e.g. different suppliers);

— different columns (e.g. different lots and/or suppliers);
— extraction time;

— variations of pH of a mobile phase;

— variations in mobile phase composition;

— temperature; and

— flow rate.

6.1.4 Linearity indicates the ability to produce results that are directly propor-
tional to the concentration of the analyte in samples. A series of samples should
be prepared in which the analyte concentrations span the claimed range of the
procedure. If there is a linear relationship, test results should be evaluated by
appropriate statistical methods. A minimum of five concentrations should be
used.

6.1.5 Range is an expression of the lowest and highest levels of analyte that have
been demonstrated to be determinable for the product. The specified range is
normally derived from linearity studies.

6.1.6 Specificity (selectivity) is the ability to measure unequivocally the desired
analyte in the presence of components such as excipients and impurities that
may also be expected to be present. An investigation of specificity should be
conducted during the validation of identification tests, the determination of
impurities and assay.

6.1.7 Detection limit (limit of detection) is the smallest quantity of an analyte
that can be detected, and not necessarily determined, in a quantitative fashion.
Approaches may include instrumental or non-instrumental procedures and
could include those based on:

— visual evaluation;

— signal to noise ratio;

— standard deviation of the response and the slope;
— standard deviation of the blank; and

— calibration curve.

6.1.8 Quantitation limit (limit of quantitation) is the lowest concentration of an
analyte in a sample that may be determined with acceptable accuracy and pre-
cision. Approaches may include instrumental or non-instrumental procedures
and could include those based on:

— visual evaluation;

— signal to noise ratio;

— standard deviation of the response and the slope;
— standard deviation of the blank; and

— calibration curve.
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Table 1. Characteristics to consider during analytical validation

Type of analytical Identification  Testing for Testing Assay
procedure impurities for impurities — dissolution
(measurement only)
— content/potency
Characteristics Quantitative  Limit tests
tests
Accuracy - + - +
Precision
Repeatability - + - +
Intermediate - + - +
precision?
Specificity + + + +
Detection limit - b + -
Quantitation limit - + - -
Linearity - + - +
Range - + - +

— Characteristic is normally not evaluated;

+ Characteristic should normally be evaluated.

2 In cases where a reproducibility study has been performed, intermediate precision is not needed.
5 May be needed in some cases.

6.2 Characteristics (including tests) that should be considered
when using different types of analytical procedures are
summarized in Table 1.

6.3 System suitability testing

System suitability testing is an integral part of many analytical procedures. The
tests are based on the concept that the equipment, electronics, analytical
operations and samples to be analysed constitute an integral system that can be
evaluated as such. System suitability test parameters that need to be established
for a particular procedure depend on the type of procedure being evaluated,
for instance, a resolution test for an HPLC procedure.

Appendix 5

Validation of computerized systems

1. General 134
2. System specification 134
3. Functional specification 135
4. Security 135
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5. Back-ups 136
6. Validation 136
7. Validation of hardware and software 136
7.1 Hardware 136
7.2 Software 138
1. General

1.1 Computer systems should be validated at the level appropriate for their use
and application. This is of importance in production as well as in quality control.

1.2 The use of a computer system includes different stages. These are planning,
specification, programming, testing, commissioning, document operation,
monitoring and modifying.

1.3 The purpose of validation of a computer system is to ensure an acceptable
degree of evidence (documented, raw data), confidence (dependability and
thorough, rigorous achievement of predetermined specifications), intended use,
accuracy, consistency and reliability.

1.4 Both the system specifications and functional specifications should be
validated.

1.5 Periodic (or continuous) evaluation should be performed after the initial
validation.

1.6 There should be written procedures for performance monitoring, change
control, programme and data security, calibration and maintenance, personnel
training, emergency recovery and periodic re-evaluation.

1.7 Aspects of computerized operations that should be considered during
validation include:

— networks

— manual back-ups

— input/output checks
— process documentation
— monitoring

— alarms

— shutdown recovery.

2. System specification

2.1 There should be a control document or system specification. The control
document should state the objectives of a proposed computer system, the data
to be entered and stored, the flow of data, how it interacts with other systems
and procedures, the information to be produced, the limits of any variable and
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the operating programme and test programme. (Examples of each document
produced by the programme should be included.)

2.2 System elements that need to be considered in computer validation include
hardware (equipment), software (procedures) and people (users).

3. Functional specification

3.1 A functional or performance specification should provide instructions for
testing, operating, and maintaining the system, as well as names of the person(s)
responsible for its development and operation.

3.2 The following general aspects should be kept in mind when using computer
systems:

— location

— power supply

— temperature, and

— magnetic disturbances.

Fluctuations in the electrical supply can influence computer systems and power
supply failure can result in loss of memory.

3.3 The following general good manufacturing practice (GMP) requirements
are applicable to computer systems.

o Verification and revalidation. After a suitable period of running a new system
it should be independently reviewed and compared with the system specifi-
cation and functional specification.

® Change control. Alterations should only be made in accordance with a defined
procedure which should include provision for checking, approving and
implementing the change.

e Checks. Data should be checked periodically to confirm that they have been
accurately and reliably transferred.

4. Security
4.1 This is of importance in production as well as in quality control.

4.2 Data should be entered or amended only by persons authorized to do so.
Suitable security systems should be in place to prevent unauthorized entry or
manipulation of data. The activity of entering data, changing or amending incor-
rect entries and creating back-ups should all be done in accordance with written,
approved standard operating procedures (SOPs).

4.3 The security procedures should be in writing. Security should also extend
to devices used to store programmes, such as tapes, disks and magnetic strip
cards. Access to these devices should be controlled.

135

o



QAP1 12/16/06 12:12 PM Page 136 $

QUALITY ASSURANCE OF PHARMACEUTICALS

4.4 Traceability is of particular importance and it should be able to identify
the persons who made entries/changes, released material, or performed other
critical steps in manufacture or control.

4.5 The entry of critical data into a computer by an authorized person (e.g.
entry of a master processing formula) requires an independent verifi cation and
release for use by a second authorized person.

4.6 SOPs should be validated for certain systems or processes, e.g. the proce-
dures to be followed if the system fails or breaks down should be defined and
tested. Alternative arrangements should be made by the validation team, and a
disaster recovery procedure should be available for the systems that need to be
operated in the event of a breakdown.

5. Back-ups

5.1 Regular back-ups of all files and data should be made and stored in a secure
location to prevent intentional or accidental damage.

6. Validation

6.1 Planning, which should include the validation policy, project plan and
SOPs, is one of the steps in the validation process.

6.2 The computer-related systems and vendors should be defined and the
vendor and product should be evaluated. The system should be designed and
constructed, taking into consideration the types, testing and quality assurance
of the software.

6.3 After installation of the system it should be qualified. The extent of the qual-
ification should depend on the complexity of the system. The system should be
evaluated and performance qualification, change control, maintenance and
calibration, security, contingency planning, SOPs, training, performance moni-
toring and periodic re-evaluation should be addressed.

7. Validation of hardware and software

Table 1 indicates aspects of computer systems that should be subjected to
validation.

7.1 Hardware

7.1.1 As part of the validation process appropriate tests and challenges to the
hardware should be performed.
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Table 1. Summary of validation requirement for computer systems

Hardware Software

1. Types 1. Level
1.1 Input device 1.1 Machine language
1.2 Output device 1.2 Assembly language
1.3 Signal converter 1.3 High-level language
1.4 Central processing unit (CPU) 1.4 Application language

1.5 Distribution system
1.6 Peripheral devices

2. Key aspects 2. Software identification
2.1 Location 2.1 Language
environment 2.2 Name
distance 2.3 Function
input devices 2.4 Input
2.2 Signal conversion 2.5 Output
2.3 1/O operation 2.6 Fixed set point
2.4 Command overrides 2.7 Variable set point
2.5 Maintenance 2.8 Edits

2.9 Input manipulation
2.10 Programme overrides

3. Validation 3. Key aspects
3.1 Function 3.1 Software development
3.2 Limits 3.2 Software security

3.3 Worst case

3.4 Reproducibility/consistency
3.5 Documentation

3.6 Revalidation

4. Validation
4.1 Function
4.2 Worst case
4.3 Repeats
4.4 Documentation
4.5 Revalidation

1/O, Input/output.

7.1.2 Static, dust, power-feed voltage fluctuations and electromagnetic inter-
ference could influence the system. The extent of validation should depend on
the complexity of the system. Hardware is considered to be equipment, and the
focus should be on location, maintenance and calibration of hardware, as well
as on validation/qualification.

7.1.3 The validation/qualification of the hardware should prove:

® that the capacity of the hardware matches its assigned function (e.g. foreign
language);
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e that it operates within the operational limits (e.g. memory, connector ports,
input ports);

e that it performs acceptably under worst-case conditions (e.g. long hours,
temperature extremes); and

¢ reproducibility/consistency (e.g. by performing at least three runs under
different conditions).

7.1.4 The validation should be done in accordance with written qualification
protocols and the results should be recorded in the qualification reports.

7.1.5 Revalidation should be performed when significant changes are made.

7.1.6 Much of the hardware validation may be performed by the computer
vendor. However, the ultimate responsibility for the suitability of equipment
used remains with the company.

7.1.7 Hardware validation data and protocols should be kept by the company.
When validation information is produced by an outside firm, e.g. computer
vendor, the records maintained by the company need not include all of the
voluminous test data; however, such records should be sufficiently complete
(including general results and protocols) to allow the company to assess the
adequacy of the validation. A mere certification of suitability from the vendor,
for example, will be inadequate.

7.2 Software

7.2.1 Software is the term used to describe the complete set of programmes
used by a computer, and which should be listed in a menu.

7.2.2 Records are considered as software; focus is placed on accuracy, security,
access, retention of records, review, double checks, documentation and accu-
racy of reproduction.

Identification

7.2.3 The company should identify the following key computer programmes:
language, name, function (purpose of the programme), input (determine
inputs), output (determine outputs), fixed set point (process variable that cannot
be changed by the operator), variable set point (entered by the operator), edits
(reject input/output that does not conform to limits and minimize errors, e.g.
four- or five-character number entry), input manipulation (and equations) and
programme overrides (e.g. to stop a mixer before time).

7.2.4 The personnel who have the ability and/or are authorized to write, alter
or have access to programmes should be identified.
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7.2.5 Software validation should provide assurance that computer programmes
(especially those that control manufacturing and processing) will consistently
perform as they are supposed to, within pre-established limits.

When planning the validation, the following points should be considered.

e Function: does the programme match the assigned operational function (e.g.
generate batch documentation, different batches of material used in a batch
listed)?

® Worst case: perform validation under different conditions (e.g. speed, data
volume, frequency).

e Repeats: sufficient number of times (replicate data entries).

e Documentation: protocols and reports.

® Revalidation: needed when significant changes are made.

Appendix 6
Qualification of systems and equipment

1. Principle 139
2. Scope 139
3. General 140
4. Design qualification 141
5. Installation qualification 141
6. Operational qualification 146
7. Performance qualification 157
8. Requalification 165
9. Qualification of “in use” systems and equipment 165
1. Principle

1.1 Systems and equipment should be appropriately designed, located,
installed, operated and maintained to suit their intended purpose.

1.2 Critical systems, i.e. those whose consistent performance may have an
impact on the quality of products, should be qualified. These may include,
where appropriate, water purification systems, air-handling systems, compressed
air systems and steam systems.

1.3 The continued suitable performance of equipment is important to ensure
batch-to-batch consistency. Critical equipment should therefore be qualified.

2. Scope

2.1 These guidelines describe the general aspects of qualification for systems
and equipment.
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2.2 Normally qualification would be applicable to critical systems and
equipment whose performance may have an impact on the quality of the
product.

3. General

3.1 The manufacturer should have a qualification policy for systems and
equipment.

3.2 Equipment (including instruments) used in production and quality control
should be included in the qualification policy and programme.

3.3 New systems and equipment should pass through all stages of qualification
including design qualification (DQ), installation qualification (IQ), operational
qualification (OQ) and performance qualification (PQ) as appropriate (Fig. 1).

3.4 In some cases, not all stages of qualification may be required. See also the
guidelines on the qualification of water purification systems in Appendix 2 and
heating, ventilation and air-conditioning (HVAC) in Appendix 1.

3.5 Systems should be qualified before equipment.

3.6 Equipment should be qualified prior to being brought into routine use to
provide documented evidence that the equipment is fit for its intended purpose.

3.7 Systems and equipment should undergo periodic requalification, as well as
requalification after change.

Figure 1. Stages of qualification

| Design qualification | 4>

| Installation qualification |

U

| Operational qualification |

U

| Performance qualification |

U

| Change control |
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3.8 Certain stages of the equipment qualification may be done by the supplier
or a third party.

3.9 The relevant documentation associated with qualification including stan-
dard operating procedures (SOPs), specifications and acceptance criteria, cer-
tificates and manuals should be maintained.

3.10 Qualification should be done in accordance with predetermined and
approved qualification protocols. The results of the qualification should be
recorded and reflected in qualification reports.

3.11 The extent of the qualification should be based on the criticality of a
system or equipment (e.g. blenders, autoclaves or computerized systems).

4. Design qualification
Note: see also “Validation”.

4.1 User requirements should be considered when deciding on the specific
design of a system or equipment.

4.2 A suitable supplier should be selected for the appropriate system or equip-
ment (approved vendor).

5. Installation qualification
Note: see also “Validation”.

5.1 Systems and equipment should be correctly installed in accordance with an
installation plan and installation qualification protocol.

5.2 Requirements for calibration, maintenance and cleaning should be drawn
up during installation.

5.3 Installation qualification should include identification and verification of all
system elements, parts, services, controls, gauges and other components.

5.4 Measuring, control and indicating devices should be calibrated against
appropriate national or international standards, which are traceable.

5.5 There should be documented records for the installation (installation qual-
ification report) to indicate the satisfactoriness of the installation, which should
include the details of the supplier and manufacturer, system or equipment name,
model and serial number, date of installation, spare parts, relevant procedures
and certificates.
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Validation protocol Installation Qualification Page of

Title: Name and address of site:

Validation Protocol # |Q Protocol number:
Title:

Protocol written by:

Protocol approved by: Date:

QA Approval: Date:

Objective
To ensure that (system/equipment) installed conforms to the purchase

specifications and the manufacturer details and literature, and to document the

information that (system/equipment) meets its specifications.

Equipment inventory number:

Scope
To perform installation qualification as described in this 1Q protocol at the time of

installation, modification and relocation.

Responsibility

(post/person) overseeing the installation will perform the qualifica-

tion and records results.

(post/person) will verify results and write the report.

Quality Assurance will review and approve the 1Q protocol and report.

aThis format is used for training purposes and reflects some of the possible contents for an installation qualifica-
tion protocol.
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Validation protocol Installation Qualification Page of
Title: Name and address of site:
System/Equipment Code no.:

a. Description of the system/equipment being installed: general description of the func-

tion and the main components.

b. List of the main components:

Code no.:

Code no.:

]
2
3. Code no.:
4

Code no.:

c. Description of supporting utilities (e.g. piping, connections, water supply)

Code no.:

Code no.:

;
2
3. Code no.:
4

Code no.:

Procedure

1. Prepare a checklist of all components and parts, including spare parts according to
the purchase order and manufacturer’s specifications.

2. Record the information for each actual part, component, item of auxiliary equipment,
supporting facilities, and compare with the manufacturer’s specifications.

3. Record any deviations to the system/equipment.
Prepare a deviation report including justification of acceptance and impact on the
function.
Prepare an 1Q report.”
Submit the report to QA for review and approval.

@ This format is used for training purposes and reflects some of the possible contents for an installation qualifica-
tion protocol.

aAs a minimum, the 1Q report should include the date of initiation of the study, date completed, observations
made, problems encountered, completeness of information collected, summary of deviation report, results of
any tests, sample data (if appropriate), location of original data, other information relevant to the study, and the
conclusion on the validity of the installation.
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