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Preface 

This text is based on my experience with validated 
cleaning applications in pharmaceutical process 
manufacturing for the past 10 years. I t  is partly 
based on seminars on cleaning validation I have pre- 
sented over the past 5 years to industry and regula- 
tory groups. It is also partly based on articles and 
papers I have written, both journal articles and Tech- 
nical Tips generated by Calgon Vestal/STERIS on 
various topics related to cleaning validation. Finally, 
it is based on the experience of the technical support 
group at STERIS Corporation (and Calgon Vestal) in 
working with pharmaceutical customers in validated 
process cleaning applications. 

This book is designed for those who face the 
difficult task of designing validatable cleaning 
processes, and then validating those processes, in 
pharmaceutical process manufacturing settings. It  is 
designed to be used by those people involved in the 
overall validation program. The attempt is to bring 
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many topics together so that the interdependence of 
different technical areas and disciplines is evident. 
Seeing how each piece fits into the overall program 
can be valuable for streamlining the overall validation 
program, as  well as  for making each part stronger 
and more defendable in both internal quality audits 
and external regulatory audits. 

It is designed to be comprehensive, covering 
aspects from designing the cleaning process, estab- 
lishing residue limits, and selecting appropriate sam- 
pling and analytical procedures to revalidation 
issues. Most of the examples given in this book in- 
volve simple cleaning systems, such as the cleaning 
of a process vessel. The cleaning of more complex 
systems, such as  ultrafiltration membranes or chro- 
matographic columns, will generally require more 
consideration of the details, limitations, and interac- 
tions of various issues involved. Although no volume 
can cover all of the questions validating cleaning 
processes, it is hoped that this book will provide a 
framework for how questions can be addressed in 
more complex systems and for developing scientifi- 
cally justified answers. 

This book can be read by those entirely new to the 
field of cleaning validation. However, its best use is as  
a tool for those who have been (or are) in the trenches, 
doing the hard work of fitting all the pieces together. It 
is hoped that insight for designing a better program 
will be provided. For those who read this book as a 
f rs t  introduction to cleaning validation, it would be 
helpful to reread the book (or at  least selected chap- 
ters) after becoming more involved in the actual work 
of cleaning validation. Learning can be so much more 
effective when combined with hands-on experience. 

This book starts with cleaning objectives in Chap- 
ter 1 and moves to the cleaning process in Chapters 
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2-7. Issues related to validation, such as residue lim- 
its, sampling, analysis, and change control, are cov- 
ered in Chapters 8-12. Chapter 13 covers special 
topics and/or issues for dealing with validated clean- 
ing in different areas of the pharmaceutical industry. 
The last chapter covers U.S. Food and Drug Adminis- 
tration (FDA) expectations for cleaning validation. 
Each chapter has its own references for additional 
reading. Two appendices, one the FDA's guidance 
document on cleaning validation and the other a 
cleaning validation glossary, close out this book. 

Because of the interdependence of subjects, 
there is some overlap and repetition between different 
chapters. Despite modern teaching techniques, I be- 
lieve repetition is good for learning, so I make no 
apologies for the repetition. In addition, the repetition 
allows each chapter to more or less stand on its own 
as a valuable future reference, so that a specific topic 
can be researched without rereading the entire book. 

In discussing regulatory requirements, I make 
reference mainly to the U.S. Food and Drug Adminis- 
tration (FDA). The FDA is not any smarter or wiser 
than other regulatory agencies in other countries, but 
they have taken the lead in establishing what is ac- 
ceptable for cleaning validation. At the present time, 
because of the FDA's leadership, it is believed that 
meeting FDA expectations for cleaning validation 
would be acceptable in most countries. 

Finally, this volume is not designed as  a "how to" 
cookbook for cleaning validation. It does not cover 
such subjects a s  how to write a good cleaning SOP or 
how to write a good cleaning validation protocol. 
However, applying the principles covered in this 
book, along with the experience and documentation 
system in an individual facility, can help un@ and 
simpllfy the process. 
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All of the opinions in this book are mine and do 
not necessarily reflect the views of my current em- 
ployer, STERIS Corporation. I welcome corrections on 
facts or opinions in this book. Most of all, I welcome 
comments or suggestions you might have on topics 
that require further elaboration or topics that 
should be added for balance or completeness. 
Comments should be directed to me at  either 
destin-leblanc@steris. com or destinleb@aol. corn. 
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Cleaning Objectives 

In doing any task, in addition to knowing what is to 
be accomplished, it helps to also know why it is being 
done and what limitations may be placed on the 
process for doing it. With that information, one can 
certainly devise a better (more efficient) way to ac- 
complish the task. This principle also applies to the 
cleaning of process equipment in a pharmaceutical 
manufacturing facility. The goal is to have an accept- 
able cleaning process. The first question that can be 
asked is, "Why do pharmaceutical facilities want to 
clean?" The answers that may be given are generally 
one or more of the following: 

To protect product integrity 

To reuse the equipment 

Because regulatory authorities require it 

Each of these topics will be covered below. The regu- 
latory background will be covered in more depth, 
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particularly the recent history, since this can help one 
understand why the state of cleaning validation has 
been somewhat in flux. 

PRODUCT INTEGRITY 

Maintaining product integrity first includes prevent- 
ing cross-contamination, in which one drug active 
from the product just cleaned becomes an unac- 
ceptable contaminant in the next drug product (with 
a different active) manufactured in the cleaned 
equipment. Several issues arise here. First is the pos- 
sible pharmacological effect of the contaminating 
residue in the subsequently manufactured product. 
This is generally the major concern and is the usual 
basis for calculating residue acceptance limits for 
cleaning validation protocols. Another concern from 
the contaminating residue of a drug active is possible 
drug interactions between the contaminating drug ac- 
tive and the intended drug active in the contaminated 
product. This drug interaction may result in an ad- 
verse pharmacological effect, in a reduced pharmaco- 
logical effect of the drug active due to effects on 
bioavailability by interaction with the residue of the 
contaminating active, or in reduced shelf life and/or 
instability due to the interaction. These interaction ef- 
fects may be more difficult to assess. If they are the- 
oretical possibilities, the actual effects can often be 
verified by experiments, for example, spiking an ac- 
tive with known amounts of potential contaminants 
to determine changes in bioavailability. 

Another issue in product integrity involves cont- 
amination not necessarily with another drug active 
but with drug excipients, cleaning agents, and/or 
equipment residues (such as rouge and particulates 
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from equipment wear). Such residues do not have 
pharmacological effects per se. However, they may re- 
sult in effects such as  changes in the bioavailability 
or the stability of the contaminated drug products. 
Residues from cleaning agents and from equipment 
may also pose special safety concerns. Particulates 
from rouge or worn gaskets may pose an unusual risk 
in parenteral products. 

A third issue in product integrity involves micro- 
bial and/or endotoxin contamination. Clearly, this 
can present safety concerns, especially with par- 
enteral products. These concerns may also arise with 
oral and dermatological preparations, depending on 
the type and level of contaminating species. An addi- 
tional concern from microbiological contamination in- 
volves effects on the stability or shelf life of the 
finished drug product. Microbial contamination is 
more difficult to assess because, unlike chemical 
residues, which may be relatively unchanged a s  they 
are transferred from cleaned equipment surfaces to 
subsequently manufactured products, microorgan- 
isms may possibly rapidly proliferate in a drug prod- 
uct. It should also be noted that, depending on the 
nature of that drug product, microorganisms may be 
rapidly eradicated. 

A special case of product integrity involves main- 
taining lot integrity on a dedicated product line or in 
a product campaign. Cleaning between lots of the 
same product is done for several reasons. One reason 
is that it may be required for proper equipment func- 
tion. For example, the buildup of residues may inter- 
fere with proper tablet formation. A second reason is 
to maintain lot integrity. If residues of the previous lot 
are not adequately removed, it may be difficult to 
maintain lot or batch integrity. Failure to maintain lot 
integrity may be a significant issue if any one lot in a 
campaign is involved in a potential recall. 
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EQUIPMENT REUSE 

If all pharmaceutical manufacturing equipment were 
disposable, cleaning and cleaning validation would be 
of little concern. Imagine a future scenario in which 
all manufacturing equipment is disposable: After 
manufacturing a pharmaceutical product, the equip- 
ment is crushed and sent to an  incinerator for dis- 
posal. For most equipment today, this ideal situation 
(at least from the cleaning validation point of view) is 
rarely the case. Most manufacturing equipment is 
stainless steel or glass lined and is relatively expen- 
sive. High capital costs require that the equipment be 
reused. Therefore, such equipment should be ade- 
quately cleaned (at least the product contact surfaces) 
in a validated process. One should be aware that 
there may be parts of the equipment system that may 
be effectively viewed as  "disposable." On a case-by- 
case basis, the costs and risks of cleaning (and vali- 
dating that cleaning) should be weighed against the 
costs and risks of using a new piece of equipment and 
disposing of it after use. Examples of equipment that 
may be considered disposable include silicone tubing 
and plastic scoops. 

REGULATORY REQUIREMENTS 

The focus here will be on the U.S. Food and Drug Ad- 
ministration (FDA). The FDA has taken the lead in re- 
quiring cleaning validation and in helping shape what 
is expected in a cleaning validation program. In this 
time of harmonization, regulatory agencies from other 
countries are looking to the FDA for leadership, and 
pharmaceutical companies with significant interna- 
tional business are looking to meet the expectations 
of the FDA [1,2]. 
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Cleaning is not something that just appeared in 
the late 1980s. Pharmaceutical companies have al- 
ways practiced cleaning, and cleaning has always 
been a part of Good Manufacturing Practices (GMPs). 
A review of the cGMPs (2 1 CFR Parts 2 10-2 1 1) shows 
many statements, paraphrased below, that are re- 
lated to the cleaning process [3,4]. 

21 1.42: Buildings shall be of suitable size, 
construction, and location to facilitate 
cleaning. 

21 1.42(c)(1 O)(v): A system shall be main- 
tained for cleaning and disinfecting the asep- 
tic processing room and equipment to 
produce aseptic conditions. 

21 1.561~): Buildings shall be maintained in a 
clean and sanitary condition. 

2 1 1.561b): There shall be written procedures 
assigning responsibility for sanitation and 
describing in sufficient detail the cleaning 
schedules, methods, equipment, and materi- 
als to be used in cleaning. 

2 1 1.561~): There shall be written procedures 
for the use of cleaning and sanitizing agents. 

21 1.63: Equipment shall be of the appropri- 
ate design for its cleaning. 

21 1.670: Equipment and utensils shall be 
cleaned, maintained, and sanitized at appro- 
priate intervals. 

21 1.67[b): Written procedures shall be estab- 
lished and followed for the cleaning of equip- 
ment. These procedures shall include 
assignment of responsibility for cleaning, 
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maintenance of cleaning and sanitizing 
schedules, a sufficiently detailed description 
of methods used for cleaning (including dis- 
assembly as well as assembly, protection of 
clean equipment from recontamination, and 
inspection of equipment for cleanliness im- 
mediately before use). 

21 1.94: Containers and closures shall be 
clean and, where appropriate, sterilized and 
depyrogenated. Methods of cleaning, steriliz- 
ing, and depyrogenating shall be written and 
followed. 

21 1.105(a): All processing lines and major 
equipment shall be properly identified to in- 
dicate their contents and, when appropriate, 
the phase of processing. 

21 1.1 11: Time limits for the completion of 
each phase of production shall be estab- 
lished. 

21 1.1 13: Appropriate written procedures to 
prevent microbiological contamination shall 
be established and followed. 

21 1.182: A written record of major equip- 
ment cleaning shall be included in equip- 
ment logs. 

21 1.188: Records shall include documenta- 
tion that each significant step in the manu- 
facture was accomplished. 

Clearly, these GMPs require that cleaning SOPS 
(Standard Operating Procedures) be in place and the 
cleaning processes be documented. What is new is 
that certain cleaning processes must be validated. 
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This requires some higher assurances of consistency 
and control in the cleaning process. Cleaning valida- 
tion became a "hot" issue around 1990. One key case, 
involving contamination of a drug product by a pesti- 
cide residue (the equipment for the bulk active drug 
was cleaned with solvent reclaimed from pesticide 
manufacture), was attributed to a poorly controlled 
cleaning process [ l]. 

The Barr Labs decision 151 is regarded a s  a criti- 
cal case acknowledging the FDA's right to require 
that cleaning processes be validated. In that case, 
the FDA had identified problems at Barr Laboratories 
related (among other things) to Barr's cleaning prac- 
tices. The FDA requested that Barr validate its clean- 
ing procedures. Barr objected that validation of 
cleaning was not required by the cGMPs but still pro- 
ceeded with a cleaning validation program. However, 
the FDA was dissatisfied with the extent of Barr's 
cleaning validation. In the U S .  v. Ban- Laboratories 
decision, the right of the FDA to require cleaning val- 
idation was upheld. The court also agreed that clean- 
ing validation was not limited just to "major 
equipment"; companies also have to adequately de- 
scribe the cleaning agents used. On the other hand, 
the court held that testing for residues of cleaning 
agents was not necessarily required, and one suc- 
cessful cleaning procedure may be "not insufficient" 
for cleaning validation. Clearly, the force of these last 
two points was lost in subsequent activities, since 
cleaning agent residues are generally of significant 
concern for the FDA, and the rule of three Process 
Qualification (PQ) runs for process validation gener- 
ally applies to cleaning validation. 

At the time this case was being prosecuted, the 
FDA had issued its Biotechnology Inspection Guide, 
which called for the "validation of cleaning procedures 
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for the processing of equipment," including the com- 
ment that this was "especially critical for a multi- 
product facility." It was in this guide that the FDA 
first stated that residue limits must be "practical, 
achievable, and verifiable" 161. In July 1992, the 
Mid-Atlantic Region of the FDA published the Mid- 
Atlantic Region Inspection Guide: Cleaning Validation 
171. This document covered in more detail the expec- 
tations for cleaning validation, including equipment 
design, SOPs and documentation, analytical meth- 
ods, sampling procedures, limits, and detergents. 
This document was revised with a new introduction 
and minor wording changes in May 1993 [B]. Neither 
document was an official FDA guidance document, 
although a foreword to the later document by the re- 
gional FDA director clearly stated the expectation 
that the Mid-Atlantic Region would use the docu- 
ment in its inspections. 

In July 1993, the official guidance document, 
Guide to Inspections of Validation of Cleaning 
Processes, was issued 191. It followed the same major 
topics as the earlier Mid-Atlantic guide but included 
significant changes in wording as related to the vari- 
ous topics. More details of the expectations in this 
document will be discussed later in Chapter 14. For 
now, the significant item is that the FDA clearly 
stated that cleaning processes should be validated 
and also gave specific guidance on expectations 
involving some elements of SOPs and validation 
protocols. 

The next major regulatory step was the proposed 
revision of the GMPs in May 1996 1101. These pro- 
posed amendments (Sec. 21 1.220) require that "the 
manufacturer shall validate all drug product manu- 
facturing . . . steps in the creation of the finished 
product including . . . cleaning." This is significant in 
that the requirement for cleaning validation, if the 
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amendments are approved, will be clearly written in 
the GMPs. This is no real change for the FDA, be- 
cause they have already been enforcing cleaning vali- 
dation as  if it were a clear mandate in the GMPs. A 
good case can be made for their approach. Cleaning is 
clearly required by the GMPs. Cleaning can be a crit- 
ical process for drug manufacture. Critical process 
steps in the manufacture of drug products should be 
validated. Therefore, cleaning should be validated. It 
should also be pointed out that even though these 
GMP amendments address finished drug products, 
the FDA is currently taking the same approach to 
cleaning validation in the manufacture of bulk actives 
or active pharmaceutical ingredients (APIs). It is use- 
ful to recall here that some of the first cases that 
raised the awareness of the need for cleaning valida- 
tion involved the cleaning not of finished drug prod- 
ucts but rather of bulk actives. The current state of 
the industry and regulatory climate is that pharma- 
ceutical companies are without excuse if they don't 
think the FDA is serious about cleaning validation for 
critical cleaning activities. 

OTHER OBJECTIVES 

Before the advent of the validation of cleaning 
processes, pharmaceutical companies had the flexi- 
bility to change cleaning procedures as needed. When 
a process meets the rigors and change control ele- 
ments of process validation, this flexibility is lost. Of 
course, what is lost in flexibility is made up in con- 
sistency and control of the cleaning process. However, 
because most manufacturers want to avoid changes 
once a process is validated, there is an increasing 
awareness of the need to select a cleaning process 
that can meet the company's needs not only in the 
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present but also in the future. Therefore, needs for 
validation should be balanced with other business 
considerations in selecting cleaning processes. For 
example, some pharmaceutical companies would 
purchase cleaning agents that were either retail prod- 
ucts, "janitor supply" institutional products, or clean- 
ing agents designed for other cleaning applications in 
other industrial applications. With such products, the 
suppliers may frequently offer "new and improved" 
versions of the same product or may discontinue 
products based on the needs of other industries that 
"drive" the need for that product. If consistency (con- 
sistent formulation and availability) is a requirement 
for validated cleaning, the types of cleaning agents 
mentioned above may not be the best choices, since 
significant change control and/or revalidation activi- 
ties may be required if and when the formulation or 
availability of such products is changed. 

There are a variety of other objectives that may 
impact the choice of the cleaning process. Topics to 
be discussed here include the following: solvent re- 
duction, shorter cleaning times, increased equipment 
utilization, extension of equipment life, multiproduct 
facilities, worker safety, and cost-effectiveness. 

Solvent Reduction 

Solvents such as  acetone and hexane are commonly 
used in cleaning operations in bulk pharmaceutical 
manufacture. They are used because the solvent is al- 
ready used in the manufacturing process and be- 
cause the bulk active may be readily soluble in the 
solvent. However, with increasing concern over sol- 
vent emissions, many major pharmaceutical compa- 
nies have a corporate goal of reducing solvent use and 
solvent emissions [l l]. A switch to aqueous-based 
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cleaning procedures, which may require significant 
reengineering and cycle development, may both re- 
duce the use of solvents and produce a more consis- 
tent, lower cost cleaning process. 

Shorter Cleaning Times 

A second objective is that of obtaining a quicker turn- 
around of equipment from batch to batch or from 
product to product in a manufacturing setting. If 
companies may no longer use repeated cleaning 
processes (i.e., wash until clean) to assure that equip- 
ment is acceptably clean, then a fixed cleaning proce- 
dure, with a more or less fxed cleaning time, is 
required. Ideally, the cleaning time should be a s  short 
as  possible, within the constraint of still being a ro- 
bust cleaning procedure. Shortening a 3-hour clean- 
ing procedure by 15 minutes may not be significant; 
however, converting from a 2-day cleaning process to 
a 10-hour cleaning process may be significant. 

Increased Equipment Utilization 

The drive to shorter turnaround times is tied to in- 
creased equipment utilization. New equipment is of- 
ten purchased to give greater flexibility in the 
manufacture of products. This sometimes means it is 
more complex in design, which may require more 
elaborate cleaning procedures, or at least more cycle 
development work to arrive at a validatable cleaning 
process. 

Extension of Equipment Life 
With increased equipment utilization, the issue of dele- 
terious effects of the cleaning process on the cleaned 
equipment is of more concern. With glass-lined 
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vessels, the major issue relating to deleterious effects 
is the use of highly caustic solutions for extended 
time periods at  higher temperatures. Such use can 
lead to etching of the glass surface 1121. Such an 
etched surface may, in addition to affecting efficient 
processing, result in a surface that is much more dif- 
ficult to clean. This may eventually result in a need 
for revalidation of the cleaning process. With stainless 
steel vessels, there are two concerns. One is the leav- 
ing of residues on surfaces, which can result in un- 
derdeposit corrosion. At a minimum, a validated 
cleaning process should result in no visible residues 
left on surfaces; therefore, this type of corrosion 
should not be an issue. In fact, the best way to main- 
tain a passivated surface on stainless steel is to keep 
the surface clean and free of deposits and/or 
residues. A second concern with stainless steel is the 
extended use of hypochlorite-containing cleaners, 
which has been known to cause corrosion and roug- 
ing of stainless steel surfaces. Because of these vari- 
ous concerns, more attention needs to be paid 
up-front to selecting a cleaning process that mini- 
mizes deleterious effects, thus extending equipment 
life and minimizing special maintenance procedures. 

Multiproduct Equipment 
The issues of shorter cleaning times, increased equip- 
ment utilization, and extending equipment life are 
also related to the trend toward multiproduct process 
trains and facilities. Cleaning and cleaning validation 
would be simplified if equipment and/or facilities 
were dedicated to one product. In many cases, this is 
not economically feasible. The cleaning needs of mul- 
tiproduct equipment are much more complex and are 
complicated by the fact that cleaning validation is 
concerned not only with the cleaning and removal of 
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the drug just manufactured but also with setting 
residue acceptance limits based on the possible con- 
tamination of the next drug produced in that same 
equipment. Acceptable cleaning procedures, there- 
fore, always depend to a given extent on what other 
products are manufactured on the same equipment. 
In addition, if a new product is planned for introduc- 
tion into manufacturing equipment previously vali- 
dated with a cleaning process, the effect of the new 
product on the previously completed cleaning valida- 
tion work, and particularly on residue acceptance 
limits, should be evaluated. Another factor that im- 
pacts multiproduct facilities is the possibility of 
grouping products together and using one cleaning 
process for all products in that group. If a "worst- 
case" product can be established, then cleaning vali- 
dation can be performed on that worst case to 
represent the entire group, and all products within 
that group can be covered by one cleaning validation 
protocol [ 131. 

Worker Safety 
While control and consistency have been one reason 
for companies to switch from manual to automated 
cleaning, a second reason has been increased con- 
cerns over worker safety. Many aqueous cleaning 
agents are either high or low pH solutions and can 
cause significant tissue damage in contact with the 
skin or eyes. Automated processes certainly present 
the opportunity to minimize worker exposure to 
cleaning solutions. 

Cost-Effectiveness 

Many of the previous objectives are also tied to 
the concept of cost-effectiveness. While restraints on 
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selling prices of drugs have always been an issue out- 
side the United States, market pressures restraining 
price increases within the United States have become 
a reality in the 1990s. Increased costs of manufactur- 
ing can no longer be automatically passed on to in- 
surers and consumers. Therefore, the goal of many 
large manufacturers is low costs, since controlling 
costs is one way to increase profitability. While con- 
trolling the cost of cleaning is a valid objective, a re- 
quirement is no sacrifice in quality of the cleaning 
process. In fact, quality is often significantly improved 
because manufacturers are paying closer attention to 
the issues involved in achieving a validated cleaning 
process. 

The driving force for cleaning validation has been 
regulatory pressure. However, this has just been a 
mandate that cleaning validation be done. The exact 
way that it is performed in different facilities has been 
shaped to a large extent by some of these factors dis- 
cussed above. 

ASSURANCE OF CLEANING 

Both cleaning validation and cleaning verification are 
methods of showing that the cleaning of process 
equipment is performed adequately so a s  not to affect 
the safety or efficacy of the next drug product manu- 
factured in the cleaned equipment. Validation is usu- 
ally defined as documented evidence with a high 
degree of assurance that a process consistently meets 
its predetermined quality attributes. As applied to a 
cleaning process, this means evaluating a cleaning 
SOP on specified equipment after the manufacture of 
certain drug products (or APIs). It involves setting 
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acceptance criteria (visually clean and specific analyt- 
ical limits based on possible contamination of subse- 
quently manufactured products). It also involves 
developing data on three consecutive cleaning runs. If 
successfully validated, the cleaning process is then 
maintained under a change control program. 

Cleaning validation is applicable to processes 
that are done repeatedly. (This includes a consistent 
cleaning SOP and a consistent soil/drug on the 
equipment surfaces to be cleaned.) However, there are 
cases where the cleanliness of the equipment must be 
assured, but the cleaning process is not done repeat- 
edly (or frequently enough) to conduct three PQ runs. 
Examples include clinical trial materials and prod- 
ucts manufactured only once a year. With drug prod- 
ucts manufactured only once a year, it is probably not 
reasonable to expect that something in the cleaning 
process (nature of soil, equipment, etc.) would stay 
the same (for validation purposes) over the two years 
necessary to obtain three PQ runs. With most clinical 
trial materials, batch sizes and equipment may vary, 
process parameters may be "tweaked," and other 
changes may be made such that three consecutive 
cleaning runs with the same process may be highly 
unlikely (even though the three runs may be per- 
formed over a short period of time). 

In cases such as  these, the FDA expects that the 
cleaning process be verified [ 141. Cleaning uenication 
is similar to cleaning validation in that it involves doc- 
umented evidence as  well as  a high degree of assur- 
ance. However, it differs from validation in that the 
data generated apply only to that specific cleaning 
event. Since the process is assumed to possibly 
change, the data cannot be assumed to apply to other 
similar cleaning processes. (Although the data would 
be suggestive about other similar cleaning events, 
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verification fails the "consistency" requirement for 
validation purposes.) Also, while specific cleaning 
analyses are performed, the acceptance criteria may 
not be predetermined. Acceptance criteria depend on 
the subsequently manufactured products; in a clini- 
cal trial setting, the next product may not be known 
at the time of cleaning. Note, however, that in this 
case an evaluation should be done to determine 
whether the residues actually found in the cleaned 
equipment would be acceptable once the next product 
to be manufactured is selected (based on that next 
product's dosing and batch size). 

Many of the same things done in validation are 
also done in verification. For example, in verification, 
there is a cleaning SOP, and there are techniques (vi- 
sual and analytical) to determine the levels of cleanli- 
ness. This may include various swab and rinse 
samples. In fact, with verification, there may be more 
analytical work (both in terms of the number of sam- 
pling points and analytical tests performed) done. 
Why more? Because verification deals with specific 
cleaning events, whereas validation involves a repeat- 
ing, consistent cleaning process. In validation, there 
is considerable prequalification work to address items 
such a s  worst-case locations. In verification, by con- 
trast, this prequalification work may not be possible 
or may be done to a more limited extent. Therefore, 
more sampling locations and possibly more analytical 
procedures may have to be performed as  compared to 
what is done in a validation mode. 

In addition, while cleaning validation addresses 
the universe of possible products that may be subse- 
quently manufactured following the cleaning process, 
in cleaning verification the next product may not be 
known at  the time cleaning is performed. Therefore, 
prior to the next manufacturing process in the 
cleaned equipment, it is necessary to calculate and 
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determine whether the residues actually found are 
acceptable considering the dosing and batch size of 
the next product. It  is at least conceivable that clean- 
ing may have to be repeated (and verified) depending 
on the results of such calculations. 

Cleaning verification may also be used in clean- 
ing after an invasive maintenance procedure on 
equipment that is under change control, to confirm 
that the equipment is still acceptably clean for use. 
Note that the testing done after such maintenance 
may be different from the testing done in the original 
cleaning validation protocol because the nature and 
location of residues may be different. Cleaning verifi- 
cation may also be utilized if cleaning is to be re- 
peated due to a deviation in the cleaning process. For 
example, if the cleaning SOP calls for the cleaning 
process to begin within 12 hours after the end of the 
manufacturing process, and if the equipment (for 
whatever reason) cannot be cleaned until 24 hours 
after the end of processing, then the manufacturer 
may verify cleaning following the delayed cleaning 
procedure. 
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Cleaning and 
Cleaning Agents 

There are two main aspects of cleaning in any appli- 
cation. One is the chemistry of cleaning, which will be 
discussed in this chapter. The other involves the en- 
gineering aspects of cleaning, including the cleaning 
method and various process parameters; these will be 
covered in Chapters 3, 4, and 5. The topics covered in 
this chapter include cleaning mechanisms, cleaning 
agent options, aqueous cleaning options (since the 
trend in general has been toward aqueous cleaning), 
and combination cleaning processes. 

CLEANING MECHANISMS 

Cleaning involves removing an  unwanted substance 
(the contaminant) from a surface (the equipment 
to be cleaned). The chemistry of cleaning includes 
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several mechanisms that serve to remove or assist in 
removing the contaminants from the equipment sur- 
faces [l]. Understanding (or at least being aware ofl 
cleaning mechanisms can assist in the selection of 
the proper cleaning agent; more importantly, it can 
assist in the proper design of the overall cleaning 
process. The cleaning mechanisms, with their fea- 
tures and limitations, covered in this chapter include 
the following: 

Solubility 

Solubilization 

Emulsification 

Dispersion 

Wetting 

Hydrolysis 

Oxidation 

Physical removal 

Antimicrobial action 

Solubility 

Solubility involves the dissolution of one chemical 
(the contaminant) in a liquid solvent 121. For example, 
salts may be soluble in water, and certain organic ac- 
tives may be soluble in acetone or methanol. This is 
one of the primary cleaning mechanisms and, other 
things being equal, is a preferred mechanism because 
of its simplicity. Unfortunately, there are several com- 
plicating factors. One factor is that information about 
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the solubility of a compound in a solvent does not 
necessarily address the rate of solubility. This can be 
illustrated with the dissolution of sugar in water. 
While sugar is soluble in water, placing a spoonful of 
granulated sugar in a glass of water will not neces- 
sarily result in the rapid or immediate dissolution of 
the sugar. In many cases, even after an hour, the 
sugar will still be evident on the bottom of the glass. 
In order to make the sugar dissolve more readily, one 
must either stir the glass of water (providing agita- 
tion) or heat the water so it is warm (or both). The 
same may be true with soluble contaminants or 
residues in pharmaceutical cleaning. In addition, the 
physical form of the contarninant may affect dissolu- 
tion rates. Continuing with the example of sugar, dis- 
solution rates with granular sugar may be relatively 
rapid (with appropriate agitation and/or heat). How- 
ever, if the sugar exists in the form of a hard candy 
(such as so-called "rock" candy), dissolution rates 
may be significantly slower, even with the use of agi- 
tation and heat. 

A second issue involving solubility is whether the 
contaminant, as  it exists in the equipment to be 
cleaned, has been significantly altered such that it 
is no longer readily soluble. For example, the heat 
used in pharmaceutical processing may chemically 
alter the contaminating residue such that it is no 
longer water soluble. Continuing with the example 
of sugar, the sugar may become "caramelized" 
(polymerized) during processing and form a relatively 
water-insoluble material on equipment surfaces. Us- 
ing water to clean the equipment, even with adequate 
agitation at elevated temperatures, may no longer 
serve to adequately remove the sugar residues. 

A third issue in solubility applies to cases where 
there is more than one chernical species in a residue 
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to be cleaned. This is most common in finished phar- 
maceutical manufacturing, in which residues will typ- 
ically contain both the drug active a s  well as  a variety 
of excipients. In these cases, it is possible that the 
solubility profile of the active may be considerably dif- 
ferent from the solubility profile of the excipients. This 
is most evident in tablets, where the water solubility 
of the excipients and/or coating materials is usually 
much less than the water solubility of the actives. In 
designing a cleaning solution that will dissolve the 
residue, which residue is targeted? Unless all chemi- 
cal species are clearly soluble in the selected solvent 
(water or an  organic solvent), solubility may not be 
the best cleaning mechanism to select if it is the sole 
cleaning mechanism. 

Solubilization 

Solubilization is similar to solubility, except that it in- 
volves an additive to the pure solvent to render the 
residue soluble [3]. If the solvent is water, this usually 
involves the addition of a surfactant, a pH modifier, or 
a water-miscible organic solvent to solubilize the 
residue. For example, modiwng of the solvent water 
by adding of potassium hydroxide to a pH of 12 will 
result in certain organic compounds, which are nor- 
mally water insoluble, becoming water soluble. 
Stearic acid is water insoluble. However, a cleaning 
solution of potassium hydroxide in water will solubi- 
lize the stearic acid (effectively converting it to potas- 
sium stearate). One alternative way of viewing this 
specific situation is that one is chemically modiMng 
the residue to convert it from an acid to a potassium 
salt, which is readily water soluble. This mechanism 
may apply to a variety of organic species with car- 
boqlate groups. 
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The use of certain surfactants or water miscible 
solvents (such as  glycol ethers) may have similar 
functional effects in terms of solubilizing the residue. 
It may be important to understand this as a cleaning 
mechanism in an individual situation because of the 
limits this puts on the process. For example, if the 
cleaning process involves solubilization of a carbox- 
ylate by converting it to a salt, then it is not simply a 
matter of having water at pH 12. The alkalinity 
source and amount are important. For example, in 
the case of stearic acid cited previously, using 
sodium hydroxide at pH 12 would not be adequate 
because sodium stearate is water insoluble, whereas 
potassium stearate is water soluble. In addition, the 
total amount of potassium hydroxide should be at 
least a stoichiometric amount needed to convert the 
acid to a salt. 

This mechanism also impacts neutralization of 
the spent cleaning solution. A common question is 
whether the spent cleaning solution can be neutral- 
ized in situ before it is discharged to the drain. This is 
a bad practice in general. If solubilization is the clean- 
ing mechanism employed, then a change in pH, for 
example, from pH 12 back to a neutral pH of 8, may 
result in a solubilized residue coming back out of so- 
lution and redepositing on equipment surfaces. Any 
neutralization of such a cleaning solution should be 
done outside the equipment to be cleaned, preferably 
in a separate holding tank. 

Emulsification 

For cleaning purposes, emulsification is the process 
of "breaking up" an insoluble liquid residue into 
smaller droplets and then suspending those droplets 
throughout the water 141. The breaking up process is 
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usually accomplished by applying mechanical energy 
to the system. The emulsion is usually stabilized by 
the addition of surfactants or polymers. Milk is a 
common example of an emulsion; it contains fat (the 
cream) emulsified in water. In cleaning processes, ex- 
amples of emulsions formed as a result of cleaning in- 
clude aqueous emulsions of mineral oil, silicone oils, 
or petrolatum. Mechanical energy is supplied in the 
form of agitation or turbulence. Emulsions are stabi- 
lized usually with the addition of anionic or nonionic 
surfactants to the water. 

Emulsions are thermodynamically unstable. At 
some point in time they will separate, with the insol- 
uble liquid residue usually floating to the top (or to 
the bottom in the case of dense insoluble phases). In 
the case of milk, the emulsion is very stable, and 
other problems (microbiological contamination) usu- 
ally arise before the milk would separate in normal 
use. Emulsions formed in cleaning operations are 
generally much less stable than an emulsion like 
milk. Usually upon discontinuing the input of me- 
chanical energy (discontinuing the agitation, for ex- 
ample), the emulsion may start to break. This may be 
in a very short time (say, 5 to 10 minutes), or it may 
be over an extended period of many hours. This 
breaking of the emulsion may result in the redeposi- 
tion of the cleaned residue back onto the equipment 
surfaces, clearly an undesirable feature. 

For this reason, emulsions should continue to be 
agitated up until (and perhaps during) the time the 
cleaning solution is discharged to the drain. What 
was discussed regarding neutralization in the process 
equipment in the previous section also applies here. 
Any change in the pH by neutralizing an emulsion 
may affect the quality of that emulsified residue. If pH 
neutralization in the process tank causes the emul- 
sion to break, then any value added by emulsifying 
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the residue is quickly lost by having it redeposited 
onto the cleaned equipment surfaces. 

Dispersion 

Dispersion is similar to emulsification, except that it 
involves the wetting and deaggregation of solid parti- 
cles and then the subsequent suspension of those 
particles in water [5] .  A common example of a disper- 
sion is prepackaged salad dressing. This involves par- 
ticles (usually spices) suspended in a water/oil 
emulsion. One way to think of dispersions is that it is 
an emulsion using solid particles instead of liquid 
particles. For solid dispersions, the use of surfactants 
(such as  anionics) and mechanical energy (from the 
agitation of the liquid or liquid flow) are used to wet 
and deaggregate the solid particles. Continued me- 
chanical energy, as well as the use of certain disper- 
sants (usually charged, low molecular weight 
polymers, such as polyacrylates), is used for the sus- 
pending process. Dispersion as  a process is probably 
more important in dry product manufacture, such as  
powder blending and tablet manufacture. As with 
emulsions, a key feature of processing is that the me- 
chanical input of energy continue up to the time (and 
perhaps during the time) the cleaning solution dis- 
persion is discharged to the drain. 

Wetting 

Wetting involves the displacement of one fluid (in 
most cases air) from a solid surface by another fluid 
(the cleaning solution) [6,7]. Wetting by water is im- 
proved by the addition of surfactants to lower the 
surface tension. Pure water has a typical surface ten- 
sion of about 73 dynes/cm at  18OC. Wetting can 
be improved by the addition of surfactants, which 
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can lower the surface tension to a range of about 
30-40 dynes/cm. By contrast, the addition of sodium 
hydroxide alone to water has either no effect or 
slightly increases the surface tension. Wetting of sur- 
faces involves wetting of the soil to be removed as  
well as  wetting of the surface to be cleaned. Both are 
important in the cleaning process. Wetting of the soil 
to be removed provides for more rapid dissolution, 
solubilization, emulsification, and dispersion. An ad- 
ditional benefit of a lowered surface tension is illus- 
trated in an exaggerated way in Figure 2.1 in terms 
of better penetration of the cleaning solution into 
cracks and crevices, which are usually difficult-to- 
clean locations. 

Hydrolysis 
Hydrolysis involves the cleavage of certain bonds 
in an organic molecule. This cleavage usually in- 
volves esters or amides. Hydrolysis is accomplished in 

Figure 2.1. Wetting of soils and surfaces &th andp 
without surfactants. (Note: Effect is exaggerated for 
illustration purposes only.) 

- ( With surfadant I 
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aqueous solutions, usually under alkaline or acidic 
conditions, and usually at elevated temperatures [B]. 
Figure 2.2 illustrates the hydrolysis of an ester under 
alkaline conditions, producing the salt of a carboxylic 
acid and an alcohol. The time and temperature re- 
quired for hydrolysis will depend on the specific ester 
or amide being hydrolyzed as  well as  the nature and 
amount of the residue (because this usually involves 
hydrolysis of a relatively water insoluble material). 
Hydrolysis can be part of an effective cleaning proce- 
dure because it can convert a relatively large, water- 
insoluble molecule into smaller, more water-soluble 
molecules. Water solubility is increased in the hydro- 
lysis process partly because the resultant molecule is 
smaller and partly because the resultant molecule is 
more polar. 

It should be noted that hydrolysis by itself is not 
enough; the resultant hydrolyzed residues must ei- 
ther be water soluble or solubilized at the pH of the 
cleaning solution. It is entirely possible that esters 
may hydrolyze, but the resultant fragments may not 
be adequately water soluble for effective cleaning. 

Figure 2.2. Hydrolysis of organic ester to produce 
more water soluble soils. 

Larger MW Smaller MW 

Less polar More polar 

Less water soluble More water soluble 
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This has to be determined experimentally on a case- 
by-case basis. 

This mechanism for cleaning can be important in 
terms of selecting the analytical methods for residue 
determination after cleaning. If the active agent is an 
ester that degrades during the cleaning process 
(forming a carboqlic acid salt and an alcohol), it may 
not be valid to target a specific analytical method for 
the active agent for residue determination for clean- 
ing validation. In such a scenario, the detection of the 
active agent indicates that the active agent is present 
after cleaning. However, the absence of the active in- 
gredient in the analyzed samples does not necessarily 
mean that the system is adequately cleaned, because 
absence of the active agent is expected just in the 
presence of the washing solution. The residues pres- 
ent (if any) would be expected to be the hydrolysis 
products (the carboxylic acid and the alcohol), not the 
ester itself. 

Oxidation 

Oxidation involves the cleavage of various organic 
bonds, such a s  carbon-carbon bonds, by the action of 
a strong oxidizing agent. Strong oxidizing agents that 
may be present in a cleaning situation include species 
such as  sodium hypochlorite, hydrogen peroxide, and 
peracetic acid. The oxidants may cleave organic mol- 
ecules at  various linkages in the larger molecule. The 
rationale for this being a cleaning mechanism is that 
such oxidation will result in smaller molecules and in 
molecules that are more polar, both of which will tend 
to increase the water solubility of the degraded com- 
ponents. The effect is similar to that of hydrolysis, ex- 
cept that the phenomenon of oxidation is more 
universal (and less specific) than hydrolysis. It is not 
surprising that the concerns about this mechanism 
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in a cleaning process are similar to the concerns with 
hydrolysis, namely that the resultant degradation 
products must be water soluble for effective cleaning, 
and that analytical method selection may be different 
because one would not expect the unoxidized residue 
to be present after cleaning. Therefore, it may not be 
appropriate to target a specific method to analyze that 
unoxidized residue. 

Physical Cleaning 

While most of this discussion has focused on the 
chemical mechanisms of cleaning, one simple mecha- 
nism of cleaning is physical removal by using some 
mechanical force. This may be hand scrubbing during 
a manual cleaning operation or cleaning manually 
with a high pressure water spray. In both of these 
cases, the objective is to physically dislodge the 
residue, where it is then carried away from the sur- 
face by the high pressure water stream or by the 
scrubbing action. In such cases, the cleaning may be 
assisted by use of a surfactant in the cleaning solu- 
tion to assist in the wetting of the residue. A related 
form of physical cleaning is the mechanical action 
due to a moving stream of water (or solvent). Before 
introducing the cleaning solution into the equipment, 
it is common in pharmaceutical manufacturing to 
prerinse the equipment with ambient temperature 
water. This prerinsing serves to help physically re- 
move gross contamination, thus leaving less of the 
contaminating residue for the cleaning solution to 
emulsify, disperse, hydrolyze, and so on. The effec- 
tiveness of physical removal will depend on the nature 
of how the residue is attached to the surface. For ex- 
ample, "baked on" residues may not be easily pre- 
rinsed from surfaces. The importance of physical 
processes in cleaning should not be minimized, as 
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physical processes are to some extent involved in all 
cleaning mechanisms. 

Antimicrobial Action 

Antimicrobial action may also be considered a special 
type of cleaning mechanism. In discussing this as  a 
cleaning mechanism, it is important to separate those 
mechanisms that may kill organisms but leave be- 
hind nonviable microbial residues (such as  in steam 
sterilization) from those mechanisms that M11 organ- 
isms but may assist in the further removal of nonvi- 
able residues (using an oxidizing biocide). This can be 
illustrated with the common mold found in bath- 
rooms in humid climates. It is possible to kill the As- 
pergillus niger mold with a phenolic disinfectant. 
However, the resultant surface is still discolored 
black, even though the mold is dead. On the other 
hand, if the antimicrobial agent is an oxidizing biocide 
such as  sodium hypochlorite, the mold will be killed 
and  the black stain will be oxidized (bleached) to pre- 
sent a visibly clean surface. Further discussions of 
antimicrobial mechanisms are beyond the scope of 
this book. 

Real-Life Situations 

In real-world cleaning situations, cleaning may in- 
volve a variety of these mechanisms [g]. Particularly 
when one is dealing with finished drug products in 
which there are a variety of chemical types as 
residues, a variety of cleaning mechanisms may be in- 
volved. An alkaline, aqueous surfactant-containing 
cleaner may be used to emulslfy an excipient, while at  
the same time causing the hydrolysis of the active 
agent so that the resulting hydrolysis products are 
solubilized at  the higher pH. In this case, at  least 
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three of the mechanisms may be utilized. It may be 
very difficult to separate out which cleaning mecha- 
nisms are actually involved and the relative impor- 
tance of each mechanism. This is not necessarily a 
problem. However, awareness of cleaning mecha- 
nisms may alert one to certain considerations in de- 
signing cleaning processes, such as  the necessity for 
agitation until the cleaning solution is drained or the 
selection of an  analytical procedure to target the 
residue that might be present (if any) after the clean- 
ing process. 

CLEANING AGENT OPTIONS 

There are a variety of cleaning agent options available 
to pharmaceutical companies for their cleaning 
processes [ 101. A first classification of cleaners is into 
organic solvents and aqueous-based cleaners. Or- 
ganic solvents, including solvents such as  acetone, 
methanol, and ethyl acetate, are most commonly 
used for cleaning in bulk drug manufacture. Aqueous 
cleaning includes the use of water alone or the use of 
commodity chemicals or formulated specialty clean- 
ers diluted in water. Commodity chemicals include in- 
organics such as  sodium hydroxide and phosphoric 
acid. Formulated speciality cleaners include a variety 
of liquid, multifunctional products containing surfac- 
tants and a variety of functional additives. These 
cleaners are generally liquid (as opposed to dry pow- 
der) products because of the ease of using liquids in 
cleaning agent feed systems. 

Organic Solvents 

There are a variety of advantages and disadvantages 
of organic solvent cleaning as opposed to aqueous 
cleaning, particularly in a bulk active manufacturing 
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facility. In a bulk facility, the emphasis is on cleaning 
only specific compounds (and closely related analogs). 
Therefore, the issue of solubility being the primary 
cleaning mechanism is more straightforward. If the 
active being manufactured is known to be soluble in 
an organic solvent, then that solvent is an appropri- 
ate cleaning agent. Issues like agitation and tempera- 
ture, however, may have to be addressed to design an  
overall process. Since the organic solvent is also typ- 
ically the same solvent used in the bulk active manu- 
facturing process, it may already be an approved 
chemical for the facility. These criteria of simplicity 
and availability are definitely driving forces for the 
use of solvents in bulk active facilities. 

Issues with solvents include the cost of the sol- 
vent. Solvents are usually used "as is," so the cost per 
kilogram as purchased is the cost of the cleaner. An 
additional cost includes the cost of reclaiming or dis- 
posing of the solvent. It  should be remembered that 
one of the key incidents that brought the Food and 
Drug Administration (FDA) to its present stance on 
cleaning validation involved the improper reclaiming 
of solvents used for cleaning. Care must be exercised 
so that adequate specifications are in place to qualify 
the use of reclaimed solvent. Safety in the use of sol- 
vents, either in terms of the flammability of the sol- 
vent vapors or in terms of occupational exposure to 
solvent vapors, may also be an issue. Finally, most 
large pharmaceutical companies have a corporate ob- 
jective of reducing solvent use and emissions. This is 
certainly a driving force to reduce the use of solvents 
in cleaning operations where it is practical. 

Aqueous Cleaning 

Aqueous cleaning consists of cleaning with water with 
or without a variety of functional components [l l]. 
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Below is a discussion of the types of functional com- 
ponents that might be present in an  aqueous clean- 
ing system. 

Water 
I t  would not be called aqueous cleaning without wa- 
ter. Water serves as a solvent and a s  a medium for 
other functional processes, including hydrolysis, 
emulsification, and dispersion. Water typically 
makes up more than 95 percent of the actual clean- 
ing solution. 

Surfactants 
" Surfactant" is short for "surface active agent. " Sur- 
factants used for cleaning generally have a hy- 
drophilic ("water loving") polar end and a lipophilic 
("oil loving") nonpolar end. The function of a surfac- 
tant is for wetting surfaces (of both the residue and 
the surface to be cleaned), solubilization, emulsifica- 
tion, and dispersion. Different surfactants may be 
more effective in providing one of these functional 
roles. As broad categories, surfactants may be divided 
into nonionics (those surfactants with no charge), an- 
ionic~ (those surfactants with a negative charge on 
the polar end), cationics (those surfactants with a 
positive charge on the polar end), and amphoterics 
(those surfactants with either a positive or negative 
charge, depending on the surrounding pH, on the po- 
lar end). Nonionics are typically the best choice for 
emulsification, while anionics are better for wetting 
and dispersion. Regardless of the surfactants, other 
features such as  foaming need to be balanced with 
performance issues. In general, low foaming products 
are preferred for automated cleaning [l 21. 
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C helants 

Chelants are products like EDTA (ethylenediamine- 
tetraacetic acid), NTA (nitrilo triacetic acid), and certain 
polyphosphates (like sodium hexametaphosphate) 
that chelate or tie up certain metal ions in aqueous 
solution. Chelants can be important for any cleaning 
operation where hard water ions (calcium and mag- 
nesium) are present. These ions may be present be- 
cause unsoftened water is used for cleaning or in the 
residue to be removed. Such ions are known to inter- 
fere with the cleaning process, making the detergent 
system less effective. The presence of chelants may 
also help remove trace amounts of iron from the sys- 
tem, thus reducing any tendency for a stainless steel 
system to rouge. 

Solvents 
In this context, solvents refer to certain water- 
miscible solvents, such as glycol ethers. Glycol ethers 
typically assist in the solubilization of oily or greasy 
residues. 

Bases include hydroxides such a s  sodium hydroxide 
or potassium hydroxide. Bases are used to raise the 
pH, thus rendering certain acid residues more solu- 
ble. They also can assist in the hydrolysis of esters or 
arnides. Finally, bases assist in potentiating surfac- 
tants so that the detergency is improved. As a general 
rule, potassium hydroxide is preferred to sodium hy- 
droxide because it is more "free rinsing"; this may be 
related to the fact that potassium salts are more sol- 
uble than sodium salts. 
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Acids 

Acids include weak to medium strength acids such as  
glycolic acid (also called hydroxyacetic acid), phos- 
phoric acid, and citric acid. Strong mineral acids such 
as hydrochloric acid and sulfuric acid are generally not 
used because of safety reasons or deleterious effects 
on equipment. Acids are used to lower the pH, thus 
rendering certain alkaline residues more soluble. They 
also can assist in the hydrolysis of esters or arnides. 

Builders 
Builders include a variety of alkaline salts, such a s  
trisodium phosphate, sodium silicate, and sodium 
carbonate. These builders serve to improve the de- 
tergency of surfactants. Unless required for specific 
purposes, builders of these types should be avoided 
because they may leave insoluble residues. Phos- 
phates and carbonates may precipitate a s  calcium 
salts; silicates left behind may dry on surfaces to 
form residues that are removed only with extreme 
difficulty. 

Dispersants 
Dispersants are generally charged, relatively low mol- 
ecular weight polymers (such as polyacrylates) that 
assist in suspending solids in water. They are gener- 
ally used with surfactants, which assist in wetting of 
solid particles so that they can be effectively dis- 
persed and carried away. 

Oxidants 
Oxidizing substances, such as sodium hypochlorite, 
peracetic acid, and hydrogen peroxide, may be used 
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for cleaning to convert insoluble organic residues to 
shorter chain, more water -soluble fragments. One 
item to consider in the use of oxidants is that the ox- 
idants selected to improve cleaning may also oxidize 
surfactants or other organic constituents in the 
cleaning solution. If this occurs, both the oxidizing 
advantage of the oxidant and the wetting advantage of 
the surfactant may be lost. For this reason, care must 
be used in adding sodium hypochlorite to formulated 
cleaning products. Formulated chlorinated cleaners 
commercially sold are usually formulated with sur- 
factants that are stable to hypochlorite bleach. Al- 
though oxidants may not be labeled as antimicrobial 
agents, their oxidizing capability usually provides 
some measure of antimicrobial activity. 

Advantages and Disadvantages 
of Aqueous Cleaning 
The main advantages of aqueous cleaning are cost 
and environmental acceptability. The costs of clean- 
ing agents for aqueous cleaning (generally used at  
1-5 percent diluted in water) are generally less than 
the cost of pure solvent. While this cost saving may 
seem great when considered by itself, it should be rec- 
ognized that switching from solvent cleaning to aque- 
ous cleaning may involve considerable engineering 
changes. This is particularly so if solvent cleaning in- 
volves refluxing the solvent. Aqueous cleaning also 
has a more "environmentally friendly" image than sol- 
vent cleaning. However, there are still issues with 
aqueous cleaners, particularly relating to the pH of 
discharges. As a general rule, the discharge of an  
aqueous stream has to be in the pH 6-9 range. This 
neutralization is preferably done in a separate holding 
tank, not in the cleaned equipment, because of the 
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possibility of redepositing residues onto cleaned 
equipment surfaces due to a pH adjustment. 

With aqueous cleaning, there is also more con- 
cern about deleterious effects of the cleaning process 
on the cleaned equipment. For example, with glass- 
lined vessels, there is concern about the use of highly 
alkaline cleaners at  high concentrations and at  high 
temperatures. Repeated exposure to such conditions 
may result in etching of the glass surfaces. For stain- 
less steel equipment, the main concern is exposure to 
high chloride levels, for example, due to hypochlorite- 
containing cleaners. Repeated use of these under ex- 
treme conditions may result in depassivation of the 
stainless steel and subsequent rouging of the stain- 
less steel surface. In evaluating such effects, it is nec- 
essary to consider the actual conditions of exposure 
of the cleaning agent. Corrosion rates based on lab 
studies with corrosion rates of 6 mils (0.006 in.) per 
year based on continuous (24 hours per day, 52 
weeks per year) exposure do not translate to a 6-rnil 
loss in one year of actual use; in actual use, the sur- 
face may be exposed to the cleaning agent for only a 
small fraction of time each day or each week. 

Safety concerns with aqueous cleaners generally 
involve accidental contact with either the concen- 
trated or diluted cleaning agent. Such concentrated 
cleaning agents may be corrosive to the skin or eyes. 
Dilute (< 5 percent) solutions of such cleaning agents 
may be eye or skin irritants. 

Commodity chemicals such as sodium hydroxide 
or phosphoric acid diluted in water can be success- 
fully used in cleaning. As compared to formulated 
specialty aqueous cleaners, commodity chemicals of- 
fer significant savings in the cost of the cleaning 
agent. Such commodities offer an  advantage if the 
primary cleaning mode is based on a pH change with 
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the resultant solubilization or hydrolysis of a residue. 
However, commodities may result in more cleaning 
process costs due to longer times required for clean- 
ing. Some companies have also reported shorter rins- 
ing times, for example, using a formulated alkaline 
aqueous cleaner as opposed to just sodium hydroxide 
diluted in water. This may be due to the effect of the 
surfactants (wetting agents) in assisting the rinsing 
process. 

While the cost as purchased per kilogram may be 
higher for the formulated cleaner, the overall process 
cost may be less due to time savings. Formulated 
products may also be more flexible in use because 
they are multifunctional-the variety of functional 
components provides cleaning effectiveness over a 
broader range of residue types that might be present 
in cleaning in finished drug manufacture or biotech 
processing. This is based on the fact that in situations 
where there are many chemical types of residues (for 
example, both the drug active and a variety of excipi- 
ents in finished drug manufacture), a multifunctional 
cleaning solution will be more effective than a clean- 
ing solution that depends on, for example, sodium hy- 
droxide alone. The same analogy applies to the use of 
a formulated aqueous cleaner in a multiproduct facil- 
ity. A multifunctional cleaning agent offers a higher 
probability of having one cleaning solution effective 
on the variety of product (soil) types that are made on 
one given piece of equipment. Such an  approach may 
simplify the validation process in a multiproduct fa- 
cility because one cleaning process used for all prod- 
ucts may more easily allow for grouping strategies for 
cleaning validation work. 

One of the concerns with formulated cleaning 
agents is the selection process. There are a variety of 
different formulated alkaline cleaning agents on the 
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market. They are certainly not all interchangeable be- 
cause they have different surfactants and different 
functional additives. Selection usually has to be done 
in a laboratory-based, trial-and-error Edisonian ap- 
proach; such studies will be described in more detail 
in Chapter 6. 

Combination Cleaning Processes 

A combination cleaning process involves cleaning 
with what otherwise might be considered two (or 
more) separate cleaning processes. One common ex- 
ample of a combination process involves first cleaning 
with an acidic detergent solution and rinsing, which 
is then followed by cleaning with an  alkaline cleaning 
detergent and rinsing. In such a strategy, the clean- 
ing process is only complete after the second rinse is 
complete. Such a strategy might be used if an  alkaline 
detergent is effective in removing one part (e.g., the 
excipients) of a finished drug, and an acid detergent 
is more effective in removing other portions (e.g., the 
active) of that finished drug. Another case where it 
might be used involves multiproduct equipment, in 
which some of the products manufactured in the 
equipment are cleaned with an acid detergent and 
other products made in the same equipment are more 
effectively cleaned by an alkaline cleaner. For possible 
grouping (see Chapter 7), all products are cleaned by 
the same combination cleaning process. 

Care should be exercised in adopting a combina- 
tion strategy. If a given soil (i.e., manufactured prod- 
uct) is effectively cleaned with an alkaline cleaner 
alone, it may not be effectively cleaned by the combi- 
nation process involving exposure first to the acid de- 
tergent with subsequent exposure to the alkaline 
detergent. The reason is that exposure of the soil to 
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the acid detergent may change the nature of the soil 
so that it is no longer effectively cleaned by the alka- 
line detergent. This can be evaluated in the laboratory 
to confirm there are no interactions that would inval- 
idate the use of a specific combination cleaning 
process. 

A second type of combination cleaning process is 
more common in bulk manufacture. This involves 
first cleaning with an aqueous-based detergent to, at 
a minimum, remove the major part of the soil on 
equipment surfaces. Following rinsing with water, the 
system is then cleaned with a solvent. The solvent is 
used for one or more of three reasons: (1) a "polish- 
ing" step to further reduce residues on surfaces, (2) a 
drying process to remove water from the system (par- 
ticularly if water would interfere with any subsequent 
processes in the equipment), and (3) a sampling tool 
to capture residues in the process equipment that are 
then measured by a suitable analytical technique. 

While combination procedures may seem more 
time consuming and more complex, they may be over- 
all more effective than a simple cleaning process. 
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Cleaning Methods 

The chemical cleaning agents discussed in Chapter 2 
are very important for cleaning performance. How- 
ever, equally important is the cleaning method used. 
Cleaning methods are usually differentiated based on 
the extent of disassembly required for the cleaned 
equipment and on the method of contacting the 
chemical cleaning agent with the surface to be 
cleaned. This chapter will cover different cleaning 
methods as well as  some key engineering factors in 
the design of equipment to facilitate ease of cleaning. 
Knowing of the limitations of cleaning methods is im- 
portant to facilitate appropriate controls to help as- 
sure a validated or validatable cleaning process. 
Cleaning application methods discussed in this chap- 
ter include the following: 

CIP (clean-in-place) 

Agitated immersion 
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Static immersion (soaking) 

Automated parts washing 

Ultrasonic cleaning 

High pressure spraying 

Manual cleaning 

The features, advantages, and disadvantages of 
each of these methods will be covered separately. 

CLEAN-IN-PLACE 

Cleaning applications can be classified into two 
groups based on the extent of disassembly-CIP 
(clean-in-place) and COP (clean-out-of-place). Techni- 
cally, CIP applies to all situations in which disassem- 
bly is not performed and can apply to situations in 
which process equipment is merely flooded with 
cleaning solution. As a practical matter, CIP has usu- 
ally come to mean an  automated cleaning system in- 
volving spray devices to distribute the cleaning 
solution to all process vessel surfaces [l ,2,3,4]. 

In the ideal world, CIP involves no disassembly of 
the equipment prior to initiation of the cleaning cycle. 
This means that the equipment is designed with CIP 
in mind-it is "prepiped" to handle the introduction of 
chemical cleaning solutions into the equipment, the 
flow of that cleaning solution through the equipment 
to contact and clean all surfaces, the discharge of the 
spent cleaning solution to drain, the rinsing of all 
cleaned surfaces, and, optionally, the drying of the 
cleaned surfaces. CIP systems are usually designed 
for cleaning with aqueous cleaning solutions. The key 
parts of the CIP system are the spray device(s), the 
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CIP unit, and the associated piping to carry the solu- 
tion to and from the equipment to be cleaned. A typi- 
cal CIP system schematic is illustrated in Figure 3.1, 
and an actual CIP unit is shown in Figure 3.2. 

The CIP unit consists of one or more CIP tanks, a 
recirculation pump, and a process control unit. The 
concentrated cleaning agent storage tank is usually a 
plastic tank or carboy, although a drum of the clean- 
ing agent may serve as the vessel for the concentrated 
cleaning agent. A separate CIP wash tank (also called 
the recirculation tank) is used for cleaning agent di- 
lution and serves as the reservoir of diluted cleaning 
agent for recirculation throughout the CIP system. 
The recirculation pump is usually a centrifugal pump 
that pumps the cleaning solution from the wash tank 
to the spray devices. Usually the spray device (a de- 
vice not unlike a shower head, albeit one that typi- 
cally sprays up rather than down) sprays the cleaning 
solution around the dome of a process vessel so that 
the cleaning solution is adequately distributed within 
the process vessel. Different spray devices are illus- 
trated in Figure 3.3. Spray devices are usually of ei- 
ther fuced (sometimes called stationary) or rotating 
(sometimes called dynamic) types. Fixed spray de- 
vices (usually spray balls) are mounted in one orien- 
tation, and the direction of spray does not change 
during the cleaning process. Fixed spray devices are 
simple in design, have no moving parts, are free 
draining, and are therefore ideal for "sanitary" appli- 
cations. Fixed spray devices are generally used at 
lower pressures of about 15-40 psi. Fixed spray de- 
vices may be permanently installed in a tank, or they 
may be installed in place immediately before CIP 
cleaning is performed. 

Rotating spray devices are also mounted in one 
orientation; however, the head will rotate through a 
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Figure 3.1. Schematic of CIP system (courtesy of Hartel Corporation). 
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Figure 3.2. Typical fixed CIP unit (courtesy of 
Martin Petersen Company, Inc.). 

pattern providing direct impingement over a larger 
area. Rotating spray devices are generally operated at 
higher pressures, up to 100 psi or greater. The higher 
pressure allows more mechanical energy to be in- 
putted into the system, therefore making the clean- 
ing process more efficient in some cases. Because of 
the rotation and the complexity, these spray devices 
are usually not free draining and are not sanitary 
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Figure 3.3. Representative fixed CIP spray devices 
(courtesy of Hartel Corporation). 
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(although there are some designs described as  sani- 
tary). Therefore, they are used in systems in which 
the spray head is removed from the system after 
cleaning. They must be reinstalled for the next clean- 
ing procedure. Depending on the number and loca- 
tion of "inserts" within a process vessel, one or more 
spray devices may be needed. The location and spray 
orientation of spray devices may be near the dome. 
Fixed spray devices will spray up onto the dome (to 
get good overall coverage) but may also have to be 
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strategically placed to assure adequate cleaning and 
rinsing. 

After the cleaning solution is distributed within 
the vessel, the cleaning solution cascades down the 
sides of the process vessel, across the vessel bottom, 
and down the discharge pipe. For once-through CIP 
systems, the cleaning solution is not reused; the dis- 
charge pipe leads to either a holding tank (for chemi- 
cal neutralization) or directly to a waste treatment 
facility. For recirculating systems, the used (but not 
saturated) cleaning solution returns to the CIP unit 
and is then pumped back through the spray devices 
to form a recirculating loop. It should be noted that 
for prewashes (sometimes called prerinses) and for 
any rinsing done after circulation of the cleaning so- 
lution, the CIP system is operated in the once- 
through mode. In other words, the terms once-through 
and recirculation actually describe only the circulation 
of the cleaning solution. For prewashes and for rinses 
(both for a recirculation system and a once-through 
system), water is usually passed through the spray 
devices and exits to the discharge pipe; it does not re- 
circulate through the CIP unit. 

Once-through systems are rarely used for CIP 
cleaning, primarily because of the cost of the cleaning 
solution required (both the cost of the water and the 
cost of the cleaning chemical). While recirculating 
systems are most common, the disadvantage is that 
the residues being cleaned may come in contact with 
the CIP tank, the associated CIP piping, and the spray 
devices. This means that residues may be left behind 
on these surfaces. When one evaluates the potential 
for cross-contamination, these surfaces in the CIP 
unit should be considered as  potential sources of con- 
taminating residues. To prevent redeposition of 
residues in the CIP cleaning solution tanks, it may be 
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necessary to include a spray device in the CIP tank. 
This spray device would effectively clean and rinse all 
surfaces of the storage tank. 

Fixed CIP systems are those that are "hard piped" 
into the manufacturing equipment. There are also 
portable CIP systems, which are typically skid 
mounted and may be moved from place to place 
within a facility. These portable CIP systems are less 
expensive and can be used for many process vessels. 
The disadvantages of portable systems are that they 
always require some assembly and disassembly (at- 
taching hoses). With either fixed or portable systems, 
there may be other disassembly required prior to per- 
forming CIP. For example, a fdter housing may be 
opened, the filter may be removed, the system closed 
again, and then a CIP cycle performed. Also, the 
process vessel to be cleaned may be opened to install 
spray devices in the vessel. 

The advantages of CIP systems are as  follows: 

Designed for cleanability: Ideally, the CIP 
system is designed into the equipment to be 
cleaned. This not only involves good design 
for the CIP system but also good design for 
the equipment to be cleaned. Some of these 
design considerations will be covered in 
Chapters 4 and 5. Retrofitting existing 
process vessels to be cleaned with a CIP sys- 
tem can be effective, but it may result in 
either equipment modifications or over 
engineering of the CIP system to account for 
proper cleaning. 

Automated: CIP systems can automate some 
or all parts of the cleaning process. This 
includes automating parameters such as  
concentration of the cleaning solution, 
temperature, and times of the various cycles 
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(prerinse, wash, rinse, and dry). CIP sys- 
tems can also record various process para- 
meters, such as  temperature, cycle times, 
and pressures, that can help to monitor 
process performance. 

Consistency: Because there is a minimum of 
operator intervention in a CIP process, there 
is less chance for variability in process pa- 
rameters, unlike manual cleaning in which 
there is significant human intervention. 
This has to be balanced with the observa- 
tion that a bad CIP cycle (e.g., with poorly 
chosen process parameters) will consistently 
give bad results. While CIP minimizes hu- 
man intervention at  the operating stage, it 
requires significant human intervention at  
the design phase. 

Water/cleaner savings: CIP systems can rnin- 
imize (as compared to agitated immersion 
methods) the use of the cleaning solution be- 
cause the process vessel is not flooded with 
the cleaning solution. Rather, only enough 
cleaning solution is used so that the cleaning 
solution completely wets and covers all sur- 
faces of the vessel (as well as  completely wet- 
ting and filling all associated piping on the 
supply and discharge sides). As compared to 
completely filling the vessel with cleaning so- 
lution (as in agitated immersion), much less 
water and chemical cleaning agent are used. 
While this savings may be si@icant for a re- 
circulating system, water and cleaning agent 
savings for once-through CIP processes are 
much less; the usage in a once-through 
process may be even more than in an agi- 
tated immersion process. 
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Time savings: The time savings possible here 
include lower total washing and rinsing cycle 
times, due to lower filling and dumping 
times as compared to an agitated immersion 
process, and less time for disassembly and 
reassembly of the equipment as compared to 
COP processes. 

Equipment wear: The lack of disassembly/ 
reassembly may also reduce wear and tear 
on the equipment. This may be significant 
for glass-lined vessels and delicate parts. 

Ease of validation: Two factors contribute to 
the ease of validation: automation, which as- 
sures more consistent performance, and the 
lack of assembly/disassembly, which mini- 
mizes disruptions. 

Safety of operators: Because CIP systems in- 
volve little operator intervention, they may 
be perceived as safer systems. This has to be 
balanced against the fact that more aggres- 
sive cleaning agents are used in CIP sys- 
tems; therefore, when accidental contact 
with the cleaning agent occurs, the effects 
may be more serious. 

While these advantages are significant, there are 
also disadvantages to CIP systems. 

Luck of Jexibility: There is flexibility within 
the parameters designed into the system, 
but it may be difficult to make major adjust- 
ments once a system is installed. 

High initial capital cost: CIP systems cost 
more in capital than other cleaning systems. 
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This may be viewed as minor if included as 
part of the initial equipment purchase. 
However, when viewed alone in the retro- 
fitting of existing equipment, the cost may 
be viewed a s  excessive (as compared to 
other alternatives). 

Use of more aggressive cleaning agents: Be- 
cause most CIP systems in the pharmaceu- 
tical industry are fixed spray ball, 
low-pressure systems, the major cleaning ef- 
fect is due to the chemical cleaning agents. 
Physical or mechanical effects due to im- 
pingement of the cleaning solution or flow of 
the cleaning solution are less important. 
Therefore, more aggressive (more alkaline, 
more acidic) cleaning agents may be used. 
These may be of more concern both in terms 
of deleterious effects on equipment during 
normal use and safety issues involving work- 
ers with accidental exposure. 

Overall, the advantages of CIP systems usually 
outweigh any disadvantages provided the system can 
be initially engineered for CIP. For existing manufac- 
turing equipment, the main issue is whether the 
equipment can be readily modified and retrofitted 
for CIP. 

AGITATED IMMERSION 

Agitated immersion involves fiIling a process vessel 
(and associated piping) with a cleaning solution and 
then agitating the solution with a mechanical agitator 
already in place in the process vessel. The cleaning 
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solution can be either an organic solvent or an aque- 
ous cleaning agent. In such a system, after the clean- 
ing step, the vessel is drained and then filled multiple 
times with rinse water (or other rinsing solvent) to re- 
move soil residues and the cleaning solution. During 
the rinsing steps, the rinse solutions are agitated just 
a s  in the cleaning step. It should be noted that pump- 
ing a cleaning solution, for example, from the dis- 
charge pipe of a vessel, through a recirculation pump, 
and back to the top of the vessel, generally will not be 
very effective in achieving agitation. In such a system, 
it is difficult to achieve adequate flow within the larger 
vessel. There are likely to be significant areas with low 
flow rates. In such an example, the performance 
would be closer to the performance expected for sta- 
tic immersion (discussed below). 

In agitated immersion cleaning, the major clean- 
ing effect is due to the chemical action of the cleaning 
agent. The effect of the agitation is to bring fresh 
cleaning solution in contact with the residue on the 
surface. This maximizes the cleaning effect. The sec- 
ond purpose of the agitation is to remove solubi- 
lized/emulsified/suspended soils from the equipment 
surfaces and carry them to the bulk cleaning solu- 
tion. This prevents soil concentration gradients from 
forming near the equipment surfaces; such gradients 
can slow down the cleaning process. 

Agitated immersion can be performed under a 
variety of process conditions, including various times, 
temperatures, cleaning agents, and flow conditions. 
The emphasis is contact of the agitated cleaning solu- 
tion with all surfaces. The advantages of agitated im- 
mersion systems are as follows: 

Low capital cost: Very little is needed to 
retrofit systems for agitated immersion. All 
that is needed is a system for feeding the 
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cleaning agent into the water used for 
cleaning. 

Simplicity: For equipment that can be 
flooded with cleaning agent solution, agi- 
tated immersion is a simple system. There 
are few variables to evaluate. Once the 
cleaning solution and temperature are cho- 
sen, the only variable is time (variations in 
the rate of agitation are generally not signif- 
icant). 

The disadvantages of agitated immersion are as  
follows: 

Process time: If one is cleaning a 5,000 L ves- 
sel in a CIP application, one can begin 
pumping cleaning solution into the system 
and have all surfaces wetted in a matter of a 
few minutes. With agitated immersion, it is 
necessary to fill the vessel with 5,000 L of 
cleaning solution before the "time clock" on 
cleaning can begin. In addition, the vessel 
has to be drained of the 5,000 L at the end 
of the cleaning step. The added times are 
also applicable to the rinsing step, of which 
generally there are more than two. These 
times will significantly add to the cleaning 
cycle time. Note that the time for the clean- 
ing step itself will be approximately the same 
as  in a CIP cycle; what are different are the 
filling and draining times. 

Water and  cleaning agent use: Compared to a 
recirculating CIP system, an agitated immer- 
sion system will use approximately 200-800 
percent more water and chemical cleaning 
agent. The operating costs in terms of time 
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and materials will therefore be higher than 
with a recirculating CIP system. 

Equipment limitations: If the process equip- 
ment does not have a built-in agitator, then 
it may be difficult to perform agitated im- 
mersion cleaning. In addition, equipment de- 
sign may limit or make agitated immersion 
difficult. For example, it may be very difficult 
to completely flood equipment with a dome. 
Removing the last amount of air from the 
dome may require a special bleed valve. Un- 
fortunately, with agitated systems, inadver- 
tent splashing may cause problems with 
residues on the dome, so removal of all air is 
necessary for adequate cleaning. 

Agitated immersion may be an acceptable alter- 
native if an adequate CIP system cannot be installed 
because of design or cost considerations. 

STATIC IMMERSION 

Static immersion is agitated immersion without the 
agitation. In static immersion, a process vessel is 
merely flooded with the cleaning solution (either 
aqueous or organic solvent). The sole cleaning effect 
is due to the chemical action of the cleaning solution. 
Even this chemical cleaning action is minimized be- 
cause concentration gradients of residues solubilized, 
emulsified, or suspended near the equipment sur- 
faces tend to retard the cleaning process. Depending 
on the nature of the residue and the cleaning agent, 
times for the cleaning step can take from 50 percent 
longer to as much as 500 percent longer than with 
agitated immersion. Static immersion is generally a 
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cleaning method of last resort. 
The advantages of static immersion systems are 

as follows: 

Low capital cost: Very little is needed to 
retrofit systems for static immersion. All that 
is needed is a system for feeding the cleaning 
agent into the water used for cleaning. 

Simplicity: For equipment that can be 
flooded with cleaning agent solution, static 
immersion is a simple system. There are few 
variables to evaluate. Once the cleaning so- 
lution and temperature are chosen, the only 
variable is time. 

The disadvantages of static immersion are a s  
follows: 

Process time: If one is cleaning a 5,000 L ves- 
sel in a CIP application, one can begin pump- 
ing cleaning solution into the system and 
have all surfaces wetted in a matter of a few 
minutes. With static immersion, it is neces- 
sary to fill the vessel with 5,000 L of cleaning 
solution before the "time clock" on cleaning 
can begin. In addition, the vessel has to be 
drained of the 5,000 L at  the end of the 
cleaning step. The added times are also ap- 
plicable to the rinsing step, of which gener- 
ally there are more than two. These times will 
significantly add to the cleaning cycle time. 
In addition, the time for the cleaning step 
and for the rinsing steps will be significantly 
longer than with agitated immersion due 
both to the lack of replenishment of fresh 
cleaning solution at the equipment surfaces 
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and to lower forces acting on that surface. 

Water and cleaning agent use: Compared to 
an agitated immersion system, a static im- 
mersion system will use approximately the 
same amount of cleaning agent but probably 
more water due to the fact that additional 
rinses may be necessary to insure adequate 
removal of cleaning solution residues from 
all surfaces. The operating costs in terms of 
time and materials will therefore be higher 
than with an agitated immersion system. 

Equipment limitations: The same issue of 
equipment design for agitated immersion ap- 
plies here. For example, it may be very diffi- 
cult to completely flood equipment with a 
dome. Removing the last amount of air from 
the dome may require a special bleed valve. 
This may or may not be a problem, depend- 
ing on whether the dome is a critical surface 
requiring cleaning. 

Static immersion may be an acceptable alterna- 
tive only as a matter of last resort. Other alternatives 
should probably be exhausted before this alternative 
is chosen. 

AUTOMATED PARTS WASHING 

Automated parts washing is in the domain of true 
COP applications [5]. Parts that are disassembled 
from process equipment or other small parts such as 
scoops that are used in the manufacturing process 
can be cleaned in this manner. The parts are placed 
in a mechanical washer and processed through clean- 
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ing, rinsing, and drying cycles. The cleaning solution 
and the rinse water are applied to all surfaces of the 
objects to be cleaned by spray jets and nozzles. Auto- 
mated washers are of two types. In cabinet washers 
(see Figure 3 4 ,  the parts are placed on racks inside 
the washing cabinet, and all cycles occur with the 
racks in a fixed position (similar to a home dish- 
washer). In tunnel washers (see Figure 3.5), the parts 
are placed on racks that travel through the tunnel 
washer. Cleaning, rinsing, and drying occur at differ- 
ent locations within the tunnel washer (similar to 
some commercial car wash facilities). The degree of 
controls on a washer can vary considerably. With 
some washers, there are minimal controls and 
recording of data. With so-called "GMP" (Good Manu- 
facturing Practice) washers, there is considerably 
more documentation to enable the washer to be more 
easily validated. 

The performance of the automated washer is due 
to both the mechanical impingement of the spray sys- 
tems and to the chemical action of the cleaner used. 
With the systems discussed previously (CIP, agitated 
immersion, and static immersion), the chemical 
cleaning agent has been significantly more important 
than any mechanical effects. In automated parts 
washers, the mechanical cleaning effects are at  least 
as  important as the cleaning agents used. In parts 
washers, spray pressures may be only in the 5-20 psi 
range. The spray is designed so that all of the parts 
(but not necessarily all surfaces of a given part) obtain 
adequate spray impingement. For this reason, issues 
like clogged spray nozzles can significantly affect 
cleaning performance. Because of the spray pressure, 
the issue of detergent foaming is significant. Foam is 
very difficult to rinse from cleaned parts, thereby 
increasing the possibility of leaving detergent 
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Figure 3.4. Typical cabinet (rack) washer (courtesy 
of STERIS Corporation). 

residues behind. Foam can also "hang up" in various 
parts of the washer and redeposit on cleaned parts af- 
ter the rinsing or drying step. For this reason, it is im- 
portant that the rinsing be designed to rinse both the 
cleaned parts and the internal equipment surfaces. 
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Figure 3.5. Typical tunnel (continuous) washer 
(courtesy of STERIS Corporation). 

Careful selection of the cleaning agent is required for 
automated parts washers. 

Automated parts washers have a number of ad- 
vantages for smaller items: 

Consistent performance: Because the process 
is automated, the cleaning process is more 
consistent and thereby more easily validata- 
ble. As with any automated system, initial 
selection of a cleaning cycle (including deter- 
gent system and process parameters) is 
necessary to insure consistently good perfor- 



62 Validated Cleaning Technologies 

mance. 

Time savings: Once the items are loaded into 
the automated washer, all of the parts are 
washed simultaneously. For comparison, in 
a manual sink washing situation, each part 
has to be washed sequentially. In addition, 
the cleaning can be done at higher tempera- 
tures, which also shortens the cleaning time. 
The entire process can be accomplished in a 
parts washer for the same or less elapsed 
time with fewer man-hours. 

Chemical and water savings: The operating 
costs (chemical cleaning agent, water usage) 
of an automated washer system is signifi- 
cantly less than with a manual sink cleaning 
operation. 

Safety: With an automated parts washer, the 
exposure of workers to hot, cleaning agent 
solutions is minimized. 

The disadvantages of automated parts washers 
are as follows: 

Initial capital cost: The cost of a good quality 
parts washer is significantly higher than 
equipment for other manual cleaning proce- 
dures. 

Unsuitable for delicate parts: Because of the 
mechanical energy imparted in the cleaning 
process, delicate parts may be damaged in 
the cleaning process. 

Automated parts washing is the preferred 
method for washing small parts (except for delicate 
parts) because of labor savings and the consistency of 
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performance. 

ULTRASONIC WASHERS 

Ultrasonic washers are essentially open or covered 
tanks with a cleaning solution in the tank. Tanks may 
be covered to prevent evaporation or aerosolization of 
the cleaning solution. The tank is equipped with ultra- 
sonic transducers, which pass high frequency sound 
waves through the cleaning solution 161. At the sur- 
faces of objects placed in the ultrasonic cleaning solu- 
tions, the sound waves cause tiny bubbles to form. As 
these bubbles grow, they eventually collapse upon 
themselves. The mechanical energy of the collapse 
helps dislodge any residues or particulates on the sur- 
face. This process is called cavitation. The cleaning 
agent solution helps to wet the residue and then keep 
it suspended or emulsified. As a general rule, ultrason- 
ics are run at temperatures below about 55°C. Ultra- 
sonic baths come in different sizes, from 1 L up to 
20 L or more. The ultrasonic process is most appropri- 
ate for cleaning delicate parts that might be damaged 
by other cleaning processes or for parts with small ori- 
fices or other openings. For example, fding needles 
might best be cleaned by an ultrasonic process. Fol- 
lowing the exposure in the ultrasonic bath, the part is 
manually removed and rinsed by any suitable method, 
such as with flowing water. For small orifices, rinse wa- 
ter may have to be pumped or aspirated through the 
orifice. 

The advantages of ultrasonics are as  follows: 

Excellent cleaning for delicate items: Ultra- 
sonics are the cleaning process of choice for 
these items. 

Low initial capital cost: Compared to auto- 
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mated parts washers, simple ultrasonics are 
relatively inexpensive. It should be noted 
that automated transport systems for parts 
may add significantly to the cost. 

The disadvantages of ultrasonics are as follows: 

SigniJcant manual processing: Unless auto- 
matic transport and unloading/loading sys- 
tems are used, an ultrasonic system requires 
significant handling of the part. This also in- 
cludes a requirement for a separate rinse 
process. The process cost, particularly labor, 
is typically more than with an automated 
parts washer. 

Validation issues: Because the transducers 
lose power over time (as they age), the vali- 
dation should be done under conditions that 
will account for this loss of power over time. 
As a practical matter, the system is continu- 
ally varying. 

Overall, its performance for small, delicate parts 
makes it the method of choice for these items. 

HIGH-PRESSURE SPRAYING 

A high-pressure spray application involves using a 
high-pressure, continuous, directed water or detergent 
solution to clean parts or to clean the inside of 
process equipment. Water pressures may be on the 
order of hundreds of psi. This usually involves the use 
of a spray "wand" of some type. In its simplest ver- 
sion, the spray wand is manually controlled to clean 
small parts. In a more sophisticated version, an  auto- 
mated spray wand is inserted inside process vessels, 
where the spray direction and orientation are roboti- 
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cally controlled to clean and rinse all surfaces. 
High-pressure spray applications involve a more 

significant contribution from mechanical energy in- 
putted from impingement of the cleaning solution on 
the surface. This serves to dislodge any residues on 
the surface. While water alone would be effective in 
dislodging residues, a detergent solution is usually 
needed to wet the residue and to assist in suspending 
and/or emulsifying it so it is not redeposited in other 
parts of the system. The selection of detergent will 
depend on the residues being cleaned. The time of 
cleaning is determined by the operator or by the pre- 
programmed system for automated systems. The tern- 
perature of the water is usually hot (> 50°C). The 
same high-pressure system, with water alone, is used 
to rinse the parts or the vessel interior. Because of the 
possibility of "splash back  from the high-pressure de- 
tergent solution, extra care should be used in consid- 
ering the safety of the operator, particularly eye safety. 

The advantages of high-pressure spray applica- 
tions are as  follows: 

Relatively low capital cost: This is true for 
most manual systems. For the automated, 
robotic systems for vessel interiors, the cost 
may be significant. 

Highly effective: At higher pressures, the im- 
pingement provides significant energy input 
to clean most surfaces. 

The disadvantages of the high-pressure systems 
are as  follows: 

Large water use: Because these are generally 
once-through applications (the solution is 
sprayed onto the object, and then the 
solution goes directly to the drain), a large 
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amount of water is used. 

Equipment limitations: This method is good 
for the inside of vessels (provided shadow ar- 
eas are accounted for) or for smaller parts 
that can be sprayed in a dedicated spraying 
area. It is not suitable for delicate parts. 

Variability of manual systems: With auto- 
mated systems, the spray direction, orienta- 
tion, and time are controlled. In manual 
systems, it is more difficult to obtain consis- 
tent results. 

High-pressure applications are effective where all 
parts of equipment can be directly sprayed. 

MANUAL CLEANING 

Manual cleaning covers a variety of cleaning types. 
The types of manual cleaning covered are wiping, sink 
brushing, and equipment brushing. They all have the 
inherent advantage of low capital costs and the in- 
herent disadvantage of higher variability. When done 
right, they can be very effective. Manual methods of 
cleaning also allow operators some degree of immedi- 
ate feedback on their cleaning performance. 

Wiping 

The simplest manual cleaning is wiping with a lint- 
free cloth of some kind and using a cleaning solution, 
for example, the manual wipe-down of a tableting 
press. Wiping depends to a large extent on the 
mechanical energy input by the person doing the 
wiping. The effect of the cleaning agent is mainly to 



Cleaning Methods 67 

wet soils and to keep them from redepositing on the 
surface. Since most of the cleaning is coming from me- 
chanical energy, and because of the safety concerns of 
using highly aggressive cleaning agents in a manual 
operation, the cleaning agents used are generally neu- 
tral, mildly alkaline, or mildly acidic. Depending on 
the application, an alcohol solution in water may be 
used. The cloth used is a knit or nonwoven, low- 
linting fabric. A key issue in manual wiping processes 
is to insure 100 percent coverage of the surface to be 
cleaned. For this reason, wiping should be done with 
overlapping strokes. If the surface is visibly soiled, 
then the operators can easily see where they have 
wiped. A second issue in wiping is the need for rinsing. 
Certainly all product contact surfaces cleaned with de- 
tergent solutions should be rinsed. Rinsing may not be 
needed if cleaning is done with an alcohol/water solu- 
tion alone (in that case, the alcohol/water wipe may be 
repeated to assure the removal of residues). 

The advantages of manual wiping are as follows: 

Simplicity: Wiping can be used on any sur- 
face that one can physically reach with one's 
hands. There is immediate feedback on rela- 
tive performance (as least from a visual 
standpoint). 

Flexibility: A variety of wiper and cleaning 
agent types can be used. With wiping, it is 
possible to focus the cleaning operation on a 
specific item without having to clean any ad- 
jacent items. 

Low cleaning agent cost: Since only enough 
cleaning agent is used to wet the wiper and 
the surface, the usage is very low. 
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The disadvantages of manual wiping are as  
follows: 

Inherent variability: Performance depends to 
a large extent on such items as  pressure ap- 
plied in wiping. Training for operator consis- 
tency is difficult. 

High labor cost: The unit labor cost will de- 
pend on the surface area cleaned. There is 
no way to automate this process. 

Wiping is the method of choice where surfaces 
are readily accessible, where equipment cannot be 
disassembled, or where the absence of a floor drain or 
the necessity to protect the general cleaning area does 
not make spraying feasible. 

Sink Brushing 

What more can be said about this method? This is 
closest to manually washing dishes at  home. Parts 
are taken to a sink, placed in a detergent solution, 
manually scrubbed using a brush or abrasive pad, 
and then rinsed under flowing water. This method 
has the advantage of allowing for a n  extended soak- 
ing time (to wet and loosen the soil) in the warm 
(< 50°C) detergent solution prior to manually brush- 
ing it from the surface of the part. The detergent so- 
lution is typically a neutral or mildly alkaline 
detergent, selected because of the greater potential 
of skin or eye contact in this type of manual clean- 
ing. Cleaning performance depends to a large extent 
on the consistency (time and pressure) of the brush- 
ing action. The keys for validation of this process are 
control of temperature, consistency in brushing, and 
control of any presoaking time. A carefully written 
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cleaning SOP, along with adequate training and re- 
training, are required. 

The advantages of sink brushing are as follows: 

Simplicity: This method can be used on any 
part that can fit into the sink. There is im- 
mediate feedback on relative performance 
(as least from a visual standpoint). 

Flexibility: A variety of brushes or abrasive 
pads can be used. Soaking or brushing 
times can be adjusted depending on the 
residues on the surfaces and the surface 
configuration. 

The disadvantages of sink brushing are as 
follows: 

Inherent variability: Performance depends 
to a large extent on such items as soak 
time, application pressure, and brushing 
time. Training for consistent performance 
is difficult. 

High labor cost: The unit labor cost will de- 
pend on the number of items processed. The 
only way to automate this is to use an auto- 
mated parts washer. 

This is the method of choice where disassembled 
or small parts cannot be washed in an automated 
parts washer and where the parts are rugged enough 
to withstand this process. 

Equipment Brushing 
Equipment brushing is similar to sink brushing in 
that a detergent solution is introduced into the 
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interior of a process vessel. The detergent solution is 
manually applied to all surfaces with a brush (usually 
on a long handle). In some cases, the brushing is per- 
formed through a manway at the top of the equipment. 
In other cases, operators may enter the vessel (under 
appropriate lockout procedures) and clean the equip- 
ment from the inside. This latter approach is generally 
avoided from a safety perspective. Equipment brush- 
ing differs from sink brushing in that only enough de- 
tergent solution is introduced into the vessel to provide 
enough solution to cover all surfaces by brushing (that 
is, the vessel is not flooded with the cleaning solution). 
Following brushing of all surfaces, the detergent solu- 
tion is drained, and the vessel is rinsed with water us- 
ing a hose. Equipment brushing is used when most 
other alternatives are not feasible or practical. 

There is only one advantage of equipment 
brushing: 

Flexibility: The cleaning effort (the brushing) 
can be focused on those areas of the equip- 
ment that require that extra effort. 

The disadvantages of equipment brushing are as 
follows: 

Equipment limitations: Brushing from out- 
side the equipment may not be possible be- 
cause of equipment geometry. Brushing 
from the inside has significant safety con- 
cerns. Brushing from the inside also length- 
ens the down time because of lockout 
procedures for individuals to enter process 
vessels. 

High labor cost: The cost is dependent on the 
preparation time and the surface area to be 
cleaned. 



Cleaning Methods 71 

SELECTING A CLEANING METHOD 

No one cleaning method is inherently better than an- 
other for validation and cleaning purposes. The ad- 
vantages and disadvantages of the different methods 
have to be evaluated and compared. Consistency 
alone is not adequate for selecting a cleaning method. 
Consistency and performance are required to produce 
a practical and achievable cleaning method. In addi- 
tion, the selection of a cleaning method must be inte- 
grated with the selection of the cleaning agent(s), both 
of which must be considered in light of the residue(s) 
to be removed. An overall systems approach to clean- 
ing can more effectively assist in the selection of the 
proper cleaning method for any process. 
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Process Parameters in 
Cleaning-Part I 

Selecting the cleaning agent, as discussed in Chapter 
2, is only part of the process to define a validatable 
cleaning process. Other cleaning process parameters 
that also affect the quality of cleaning [l] include the 
following: 

Time 

Action 

Concentration 

Temperature 

Surface type and quality 

Soil levels 

Soil conditions 

Mixing 
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Water quality 

Rinsing 

Environmental factors 

The first four issues will be covered in this chap- 
ter; the rest will be covered in Chapter 5. 

TIME 

There are three aspects of time as it relates to clean- 
ing validation. The first and most obvious is the length 
of time the cleaning solution is in contact with the 
surfaces to be cleaned. As a general rule, the longer 
the time of cleaning, the better the cleaning efficiency. 
With other conditions the same, a cleaning time of 
60 minutes will generally give as good or better results 
than a cleaning time of 30 minutes. Turnaround time 
in changeovers is critical in many situations, so most 
manufacturers will select the shortest time to do an 
adequate and consistent job in cleaning. There may be 
cases when the cleaning time extends beyond that 
which is necessary for good cleaning performance. 
One example would be a case in which products to be 
cleaned are grouped together and cleaned with one 
cleaning process. In that case, one of the products 
may be adequately cleaned in a 15-minute cycle, one 
in a 30-minute cycle, and another in a 60-minute cy- 
cle. In order to group these for cleaning validation 
purposes, all products may be cleaned with the 60- 
minute cycle. In extending the cleaning cycle, one 
concern involves deleterious effects of the cleaning 
agent and/or cleaning cycle on the processing equip- 
ment. Proper selection of the cleaning process and 
process equipment should minimize this concern. 
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A second aspect of time is the time from the end 
of manufacturing until cleaning is performed. This 
can be critical because the nature or condition of the 
product to be cleaned (sometimes called the "soil," 
even though most pharmaceutical manufacturers 
may be reluctant to consider their manufactured 
products as soils) may change with time. For exam- 
ple, it may be intuitively obvious that if one completes 
the manufacturing of a batch of drug product on Fri- 
day and then leaves the process equipment un- 
cleaned over the weekend, it may be harder to clean 
that process vessel the following Monday morning (as 
compared to immediately cleaning the process equip- 
ment on Friday afternoon). In other words, a cleaning 
process validated on "fresh" soil may not necessarily 
be effective on "aged" soil. Cleaning will not necessar- 
ily be more difficult, but it is a concern serious 
enough such that the Food and Drug Administration 
(FDA) raised this issue in their cleaning validation 
guidance document [2] .  Things that can occur with 
the passage of time include the following: 

Drying of the soil, due to evaporation of wa- 
ter or solvent from the soil, may make the 
soil more difficult to penetrate by the clean- 
ing solution. 

Microbes may proliferate in the soil, thus 
significantly increasing the bioburden to be 
reduced during the cleaning process. 

A temperature change (usually cooling) re- 
sulting in the hardening of waxy excipients. 
These hardened excipients generally will be 
more difficult to remove unless the tempera- 
ture is increased again. 
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For validation purposes, it is incumbent on 
manufacturers to define in their cleaning SOPS 
(Standard Operating Procedures) the time limit in 
which the equipment must be cleaned. The most ex- 
treme time (provided it is the worst case) should be 
included as one of the three validation runs for the 
Process Qualification (PQ) portion of cleaning valida- 
tion. That longest time can be selected based on 
practical manufacturing circumstances. If the pro- 
duction department can commit to insuring that 
cleaning is started within X hours of the end of 
process, then X hours (or perhaps X + 1 hours, or 
even 2X hours) can be selected for the time limit by 
which cleaning should begin. 

What happens if, for whatever reason, the time 
limit is exceeded in a validated cleaning process? For 
example, if an SOP specifies that cleaning must be 
performed within 8 hours of the end of manufactur- 
ing, what does one do if cleaning is not initiated until 
12 hours after the end of manufacturing? The manu- 
facturer has two options, both of which involve addi- 
tional testing ("verification" testing) to insure the 
equipment is adequately clean. One option is to clean 
with the existing SOP and then test for residues in the 
same manner (i.e., sites and analytical methods), us- 
ing the same acceptance criteria as in the three orig- 
inal PQ cleaning validation runs. If the results are 
acceptable, this is adequate verification that the 
equipment is adequately cleaned, and it may be justi- 
fication for extending the time limit in the SOP. If the 
results are unacceptable, then one must proceed to 
the second option. 

The second option is to do some kind of heroic 
cleaning, such as significantly extending the clean- 
ing time or cleaning the equipment twice with the 
same cleaning SOP. Following this heroic cleaning, 
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verification is done. This may involve the sampling 
and analytical techniques used for acceptance criteria 
in the original cleaning validation PQ work. Heroic 
cleaning should continue until acceptable cleaning 
verification results are obtained. This option does not 
permit any change in the cleaning SOP time limit 
based on verification testing. Manufacturers will typ- 
ically choose this option if it is important to have the 
equipment turned around in a s  short a time as pos- 
sible. Manufacturers may choose the first option if 
they view the possible extension of the time limit as  a 
desirable modification to their SOP. 

The third aspect of time is the time from the end 
of the cleaning process until the time that the 
process equipment is used for manufacturing the 
next product. The issue here is that the cleaned 
process equipment does not stay clean indefinitely. 
Jus t  a s  wrapped surgical instruments sterilized 
in a hospital autoclave are not considered sterile 
forever, the cleaned process equipment must have 
a defined shelf life. There are several possibilities 
for the recontamination of cleaned equipment. 
One is microbial proliferation. If cleaned equipment 
is left with areas where rinse water can pool or 
hold up, then that water (with proper nutrients) 
may serve a s  a means for significant microbial prolif- 
eration. This can be minimized by insuring that 
equipment is properly designed, including pipes 
sloping (1/16 to 1 /8  in. per ft) to drain and proper 
drain placement. A drying step after cleaning can 
also help. Drying steps may include flushing with 
an alcohol solution and allowing the alcohol to 
evaporate or drying with a heated air or nitrogen 
purge. This example of microbial recontarnination is 
cited by the FDA in their cleaning validation guide- 
line document [Z ]  . 
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Another example of recontamination is reconta- 
mination from the air with dust particles. This can oc- 
cur if equipment is not properly protected (covered or 
wrapped) after cleaning. The necessity for covering or 
wrapping will depend on the time and location of stor- 
age. If the equipment is to be used again within a few 
hours, this concern is minimized (but not totally elim- 
inated). For extended storage, such as more than one 
week, this issue should be addressed, with equipment 
appropriately protected from recontamination. 

A major concern is how the shelf life of cleaned 
equipment is established and to what extent lab stud- 
ies are necessary to support this. This is generally 
done by evaluating the use of the equipment, how and 
where it is stored, the routes of recontamination, and 
the nature of the recontaminating residue. In the sim- 
plest cases (cleaned and dried equipment, covered 
with a nonwoven polyolefin wrapping, and stored in a 
controlled environment area), it may be possible to 
justiQ extended storage with an analysis and sum- 
mary memo by a scientist qualifiied to make that judg- 
ment. In other cases, it may involve qualification 
protocols in which equipment is stored under worst- 
case conditions for a defined time period. At the end 
of that time period, the equipment is tested for recon- 
tarnination by suitable means. These suitable means 
may include visual examination, microbial sampling, 
or testing for chemical or particulate residues. Cau- 
tion should be used in not just replicating the same 
analytical testing with the same sampling points as 
was done at the end of the three PQ cleaning valida- 
tion runs. It is likely that any recontamination of the 
equipment will occur at different locations and with 
different residues. One verification study may be 
enough to establish this time limit, unless it is 
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determined that establishment of this time limit is a 
critical control issue for manufacturing purposes. 

A further issue related to the shelf life of cleaned 
equipment is what should be done if the shelf life is 
exceeded. If the time limit is exceeded, manufactur- 
ers have two options. One option is to repeat the 
cleaning procedure as per the SOP. In most cases, 
where the concern is particulate contamination 
("dust") and the cleaning process utilizes aqueous 
cleaning with a surfactant, this is more than ade- 
quate. The second option involves an  additional or 
special cleaning step. If the source of recontamina- 
tion is microbial, then in addition to repeating the 
cleaning SOP, a sanitizing step (such as with 
hypochlorite or hydrogen peroxide) followed by a 
rinse should be included. If the sanitizing is by steam 
and the equipment is used for parenterals, then re- 
peating the cleaning step after sanitizing should be 
considered for endotoxin reduction. 

ACTION 

In spray applications, action is related to the force 
with which the cleaning solution impinges on the sur- 
face to be cleaned. It is also called impingement. The 
higher the force of impingement (the higher the pres- 
sure), the more likely impingement will dislodge 
residues on those surfaces. It should be noted that 
this action only serves to dislodge residues. What 
happens to that dislodged residue will depend on the 
nature of the cleaning solution and the flow charac- 
teristics of the cleaning solution. For example, if wa- 
ter alone is used in a high-pressure spray application 
for a water soluble residue, then the dislodging of that 
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residue may serve to increase the rate of dissolution 
(because of the increased surface area of the residue). 
On the other hand, if the residues are water insolu- 
ble, the removal of the dislodged residues will depend 
on the flow of water to physically remove those 
residues from the system. With aqueous cleaning us- 
ing formulated cleaning agents (detergents), the de- 
tergent may serve to facilitate cleaning by wetting 
water-soluble residues (thus accelerating dissolution 
time) and/or by emulslfylng or suspending water- 
insoluble residues (thus keeping them from rede- 
positing or reaggregating within the system). 

A key to performance involving this impingement 
action is insuring unijiorrnity across all surfaces to be 
cleaned. In manual high-pressure spraying, this can 
be controlled to some extent. On the other hand, in a 
fked spray device clean-in-place (CIP) application in a 
closed vessel, the impingement of the cleaning solu- 
tion in many cases will be only on the dome of the 
vessel. Along the side walls and on the floor of the ves- 
sel, the contact of the cleaning solution with the sur- 
face will not involve impingement. The cleaning 
solution will only cascade down the side walls, which 
may or may not present problems. If the soil on the 
vessel dome is the most difficult to clean (perhaps be- 
cause it is dried), then impingement due to the spray 
device may facilitate the cleaning process by acceler- 
ating the cleaning of the dome. On the other hand, if 
the nature of the soil is uniform throughout the 
process vessel, then the impingement force only on 
the vessel dome may not add any special benefit to 
the cleaning process (it is just a consequent feature of 
using a spray device in CIP processing). 

It is also important to separate the effects due to 
impingement from the effects due to mixing or 
agitation (covered in Chapter 5). Impingement is the 
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physical force of droplets or a stream of the cleaning 
solution impinging on a surface; agitation is move- 
ment within the cleaning solution itself. The move- 
ment within the cleaning solution can have some 
effect in physically dislodging soils, but the force is 
considerably less than that of impingement. 

CONCENTRATION 

The concentration of the cleaning agent in the clean- 
ing solution is the key here. For a solvent alone (wa- 
ter or an organic solvent), concentration is not an  
issue, since the solvent is the cleaning agent and is 
used without dilution. However, for aqueous cleaning 
using detergents, the detergents are typically used at 
concentration from about 1 percent to 5 percent (vol- 
ume/volume) in water but may be as high as  15 per- 
cent. As a general rule, the higher the concentration 
of the cleaning agent, the more effective the cleaning 
process. While this is true at concentrations of typical 
use, it is not necessarily the case at extremely high 
concentrations. For example, using a detergent at 
100 percent is not necessarily more effective than 
cleaning at 5 percent (not to mention the rinsing 
issue when the detergent is used at 100 percent). 

Selecting the appropriate concentration depends 
on a number of factors. One factor involves balanc- 
ing time, temperature, and concentration depending 
on the objectives of cleaning. It is well known that it 
is possible to obtain equivalent results by cleaning at  
either a low concentration of cleaning agent at  a 
higher temperature or a higher concentration of 
cleaning agent at  a lower temperature. This same 
inverse relationship also generally holds between 
concentration and time (high concentration/short 
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time vs. lower concentration/longer time). If a shorter 
cleaning time is a major goal, then a higher concen- 
tration of cleaning agent may be used. If savings of 
chemical costs (or perhaps disposal concerns) are of 
more interest, then lower concentrations for longer 
times will be utilized. Examples of possible tradeoffs 
involving relationships of the factors of time, temper- 
ature, and concentration are given in Figs 4.1, 4.2, 
and 4.3. 

Material compatibility may also affect the selec- 
tion of the detergent concentration. For example, the 
compatibility of caustic cleaners with glass-lined ves- 
sels may affect the selection because of concerns 
about long-term etching (corrosion) of the glassware. 
Since the inverse relationships (between temperature 
and concentration of cleaning agent on cleaning effi- 
ciency or between temperature and concentration of 
the cleaning agent on corrosion of the glass surface) 
are not necessarily linear, it may be possible to select 
a combination of concentration and temperature that 

Figure 4.1. Effect of varying cleaning agent 
concentration and washing time. 
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Figure 4.2. Effect of varying cleaning agent 
concentration and washing temperature. 
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Figure 4.3. Effect of varying washing time and 
washing temperature. 
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provides the same cleaning efficiency but lowers the 
potential for glass surface etching. This has to be de- 
cided on a case-by-case basis. 

Another factor in the selection of the appropriate 
concentration is disposal and/or neutralization of the 
spent solution. The effect of an acidic or alkaline 
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cleaning solution on the pH of a waste stream will be 
less with a lower cleaning agent concentration. For 
example, a cleaning solution consisting of 1 percent of 
an  alkaline cleaning agent will be of less concern for 
neutralization than 6 percent of the same cleaning 
agent. (Note that the time of cleaning may be longer or 
the temperature of cleaning may be higher a t  the 
1 percent concentration.) If neutralization of spent so- 
lution is performed, higher concentrations of acidic or 
alkaline cleaners will consume more neutralizing 
agent. Of course, the balancing of these choices 
should not be considered in isolation. It should be 
recognized that the choice of cleaning agent concen- 
tration may have effects on various other parameters 
in the cleaning process and processes associated with 
the cleaning process. Therefore, selection should not 
be considered only in light of the disposal and neu- 
tralization issue. 

A third factor in selecting the appropriate clean- 
ing agent concentration relates to human safety is- 
sues in handling and processing. While the 
possibility of accidental contact with the diluted 
cleaning agent is greater with manual cleaning than 
with automated cleaning, both may present prob- 
lems. In either case, the lower the cleaning agent 
concentration, the less the concern over health and 
safety. Rather than establish a cleaning agent con- 
centration based on safety, a better approach is to 
have appropriate equipment, procedures, and train- 
ing to insure that whatever cleaning agent is used 
can be safely handled. 

TEMPERATURE 

The fourth factor to be covered in this chapter is 
the temperature of the cleaning solution and the 
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temperature of the rinse. As a general rule, the higher 
the temperature of the cleaning solution, the more ef- 
fective (faster) cleaning proceeds. As mentioned ear- 
lier, there is a "tradeoff' between such factors as  
temperature, time, and concentration such that rela- 
tive contributions of these factors can be balanced in 
selecting a cleaning process to meet a given facility's 
objectives. One exception to this "higher is better" 
rule is with the cleaning of proteinaceous materials, 
such a s  in a biotechnology facility. Because the heat 
of the cleaning solution may help to "set" the residues 
on equipment surfaces, it is generally preferable to 
clean first with cold water. The actual cleaning (with 
the detergent solution) is then conducted at elevated 
temperatures. However, as  mentioned in Chapter 3, 
this cleaning is preceded in many cases by a "cold" 
water (i.e., ambient temperature) prerinse. Another 
exception is in facilities where the manufacturing 
process is performed at low temperatures (0- 1 O°C). In 
this case, there may be concerns about cycling the 
equipment between those low temperatures and typi- 
cal cleaning temperatures of 60-80°C. Such wide 
variations in temperatures may cause unacceptable 
stress and consequent wear in the equipment. A lower 
cleaning temperature is therefore an acceptable com- 
promise for equipment compatibility reasons. 

Cleaning temperatures may have a strong influ- 
ence on cleaning mechanisms. For example, hydroly- 
sis of a drug active ester in an  alkaline cleaning 
solution may not occur at ambient temperature but 
may proceed rapidly once an activation temperature 
is reached. This effect may also hold true for waxy ex- 
cipients, such a s  those found in dermatological 
preparations. It is necessary to achieve a cleaning 
temperature close to the melting point of the waxy 
material in order for the material to be loosened and 
then emulsified by the cleaning solution. Some have 



86 Validated Cleaning Technologies 

proposed a rule of thumb for the relationship between 
cleaning time and temperature similar to the general 
rule for certain chemical reactions, namely that the 
cleaning time can be cut in half for every 10°C rise in 
temperature. While that rule is used for the kinetics 
of chemical reactions in solution (the rate of the reac- 
tion doubles for every 10°C increase), its applicability 
to cleaning processes is questionable. In the case of 
cleaning processes, physical processes such as wet- 
ting and emulsification are also involved. In addition, 
the cleaning process involves processes on surfaces, 
not in solution. Therefore, while it is generally true 
that cleaning is more rapid at  higher temperatures, 
there are no good rules for correlating the relationship 
of time and temperature. This relationship has to be 
determined on a case-by-case basis. 

The actual temperature of the cleaning solution 
may be determined by the available supply of, for ex- 
ample, USP Purified Water in the facility. If that water 
is 80°C, then cleaning is usually done at that temper- 
ature. If a higher temperature is needed, then a heat 
exchanger is typically used to raise the temperature. 
The need for temperature control during the cleaning 
process may also be critical. If the temperature is to 
be maintained at a constant temperature for the en- 
tire cleaning process, it may be necessary to have a 
heat exchanger in the cleaning solution circuit to 
maintain that temperature. The maintenance of tem- 
perature will depend on the time of cleaning as  well as  
the degree of insulation of the process equipment and 
associated piping. A constant temperature for most 
cleaning applications would be controlled to approxi- 
mately + 5°C; for example, processing at  80°C would 
be controlled from 75°C to 85°C. For cleaning valida- 
tion PQ runs, at  least one of the runs should be de- 
liberately planned to run at the lower end of the 
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control range (assuming that the lower end is the 
worst case for cleaning). 

If temperature cannot be maintained because of 
the length of time of cleaning, then it may be impor- 
tant to document the temperature change profile. A 
consistent cleaning process would then be defined as 
a cleaning process in which the temperature drops off 
at the same rate (within reasonable limits) for each 
cleaning event. In other words, if the cleaning solu- 
tion consistently drops from 80°C to 55°C over the 
course of a 90-minute cleaning cycle, then the clean- 
ing cycle could readily be validated. In that case, how- 
ever, one might want to record the cleaning solution 
temperature at the beginning and the end of each and 
every cleaning cycle as  a means of monitoring. If the 
cleaning temperature decreased from 80°C to 50°C in 
one run, and then from 80°C to 70°C in another run, 
one might question the consistency of the cleaning 
process. 

SUMMARY 

Time, action, concentration, and temperature are 
generally somewhat controllable and should be con- 
sidered as part of the critical control parameters for 
the cleaning process. Time, concentration, and tem- 
perature can generally be varied widely, whereas ac- 
tion may be restricted within certain limits (i.e., it can 
be varied the least). At a minimum, the time, temper- 
ature, and cleaning agent concentration should be 
measured for the cleaning process to help insure con- 
sistency. Action (impingement) is difficult to measure 
directly, but the level of consistency may be measured 
indirectly by measuring spray pressure and/or flow 
rates. The factors covered in the next chapter are 
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more "givens" in the cleaning process and may be 
controllable to a lesser extent. 
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Process Parameters in 
Cleaning-Part I1 

The remaining cleaning process parameters-surface 
type and quality, soil levels, soil conditions, mixing, 
water quality, rinsing, and environmental factors- 
may be "givens" in the cleaning process and can only 
be changed to a limited extent. However, awareness of 
these factors may be important for designing a rugged 
procedure as well as for identifjnng worst-case exam- 
ples for cleaning validation purposes [ l]. 

SURFACE TYPE AND QUALITY 

The surface to be cleaned can affect the nature of the 
cleaning process. The surfaces that are being cleaned 
should be identified, e.g., stainless steel, glass, and 
a variety of plastics. Stainless steel and glass are 
the most common in process equipment and piping. 
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Plastics may be either a variety of hard plastics used 
on conveyor belts (for tablet filling, for example) or a 
variety of flexible plastics used a s  gaskets and seals 
in pharmaceutical manufacturing equipment. The 
main issue in terms of surfaces is whether there is 
any evidence that adhesion of soils to one of the sur- 
faces is such that removal of the soil from that sur- 
face requires additional effort. If that is the case, then 
the focus of cleaning should be on that surface (the 
worst case). As a general rule, cleaning of a given soil 
type from glass-lined vessels is easier than cleaning 
the same residue from stainless steel vessels because 
glass is a much smoother surface (discussed below). 
Various plastics are also generally easier to clean un- 
less the surface has been marred by scratches. In 
such cases, the crevices provide a "hiding place," 
making the soil more difficult to remove. Another sit- 
uation that can make plastics difficult to clean is the 
absorption of soils into the plastic material. While the 
surface of the plastic may appear clean, over a period 
of time the absorbed material may leach out of the 
plastic and possibly contaminate subsequently man- 
ufactured products. The extent of leaching will de- 
pend on the chemical environment presented by the 
manufactured product in contact with plastic sur- 
faces. The best approach to dealing with issues of this 
nature is to avoid those problem plastics where pos- 
sible and select another material of construction for 
that item. 

In addition to the type of surface, the quality or 
fLnish of the surface should also be addressed. As a 
general rule, the rougher the surface, the more diffi- 
cult it is to clean. "More difficult to clean" may mean, 
for example, requiring a longer time to clean. For ex- 
ample, electropolished 320 grit stainless steel is eas- 
ier to clean than electropolished 150 grit stainless 
steel finish. In extreme cases where the surface is 
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physically marred, this effect may be due to the fact 
that crevices in the surface effectively trap the soil. An 
example of this may be seen in glass-lined vessels. 
Because of misuse or long-term use, the surface of 
the glass may become etched and may have a white 
or frosted appearance. That etching or roughness of 
the surface contributes to the greater difficulty of 
cleaning such vessels. In more moderate cases, it may 
be that the rougher surface provides a means for the 
soil to "grip" the surface. In this case, it is not unlike 
the painting of a smooth surface, in which the smooth 
surface is "roughed up" with sandpaper to enable the 
paint to adhere better. Parts of equipment that have 
rougher surfaces may be candidates for worst-case lo- 
cations for swabbing purposes for residue analysis. 

SOIL LEVEL 

Soil level refers to the amount of soil (in units such as  
mg/cm2) that may be present on different surfaces 
within the equipment. In most manufacturing 
processes, different soil levels will be present on dif- 
ferent equipment surfaces at the time cleaning is ini- 
tiated. These different soil levels may be due to 
differences in surface types, locations, and/or surface 
configurations. For example, higher soil levels can or- 
dinarily be expected to be found on the bottom of a 
horizontal pipe as opposed to the top of a horizontal 
pipe, on any horizontal surface as compared to a sim- 
ilar vertical surface, on any surface involving a nar- 
row passageway or V-shaped juncture, or on any 
surface where the soil can be expected to dry out. 

The obvious conclusion is that the more soil pres- 
ent, the longer it takes to clean that surface (other 
things being equal). However, caution should be used 
in extrapolating the cleaning time solely based on the 
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amount of soil present (in mass per surface area). If 
one can clean soil at the level of X mg/cm2 with a 
15-minute cleaning cycle, it is not necessarily true 
that the cleaning will take 30 minutes if the same soil 
were present at 2X mg/cm2. On a flat surface, the 
cleaning time may only be 20 minutes due to the fact 
that the bulk of the soil is readily removed; it is only 
the soil near the surface itself that is more difficult to 
remove. On the other hand, if the same relative soil 
levels were present in difficult-to-clean areas (such as 
dead legs, etched surfaces, and crevices), it may take 
more than twice as  long to clean at  2X mg/cm2 be- 
cause, while the "surface soil" may be more readily 
available, the "deeper" soil is physically less available 
to the cleaning agent. 

Higher levels of soil may also be of concern be- 
cause of the possibility of solution saturation of the 
cleaning agent. Finally, higher levels of soil left behind 
contribute to lower production yields. For extremely 
potent drugs, the economic value of the residues re- 
maining should be addressed, and ways to increase 
yields and thereby reduce soil levels prior to cleaning 
should be considered. 

Other things being equal, higher soil levels (per 
surface area) will represent the worst case for clean- 
ing and may require a longer cleaning time (for exam- 
ple). It is important (but not critical) that any lab 
studies (see Chapter 6) done to support cleaning rec- 
ommendations are performed at levels comparable to 
the highest levels found in the actual equipment to be 
cleaned. In many cases, this is not possible because 
lab studies are done before the process is even run on 
pilot-scale equipment. In these cases, it must be real- 
ized that adjustments in the scale-up process may be 
needed. The principle, however, is that those locations 
in the equipment that have the highest soil levels 
should at  least be considered as  worst-case locations 
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for cleaning and sampling purposes. In some cases, 
they will be the worst cases; in other cases, they may 
not be the worst-case locations because of other fac- 
tors. For example, a dried soil residue at a lower mass 
amount per surface area may represent a worse case 
than a significantly higher amount of freshly de- 
posited soil. 

In addition to identifymg any differences between 
cleaning on different surfaces, it should be recognized 
that the juncture of two surfaces (such as around 
seals) can also provide differences in terms of clean- 
ing processes. Such locations may be more difficult to 
clean, not because of the inherent nature of each sur- 
face but because the area at the junction permits 
higher levels (per surface area) of soil deposits, while 
also restricting access by the cleaning agent. 

SOIL CONDITION 

The condition of the soil at  the time of cleaning may 
significantly affect the type of cleaning procedure re- 
quired. There are four general types of soil condition: 
"freshly deposited" ("wet"), "dried," "baked," and 
"compacted." As a general rule, freshly deposited soil 
is the easiest to clean. A good analogy is cleaning 
dishes at  home. If one washes the dishes as  soon a s  
the meal is complete, then the dishes are generally 
easiest to wash. 

If the product is allowed to dry on the equipment, 
either because of a significant lapse between process- 
ing and cleaning or because of drying during process- 
ing, the soil may be more difficult to remove. This is 
certainly true of products containing such ingredients 
as carboxymethyl cellulose as  an excipient. Using the 
home dishwashing analogy, letting plates sit on the 
table overnight will generally make them much more 
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difficult to clean the next morning. This difficulty in 
cleaning may require additional detergent, a more 
powerful detergent (chlorinated rather than nonchlo- 
rinated), a long dishwasher cycle, or perhaps a pre- 
soak to effectively clean the soiled dishes. 

Items that have baked-on soils will be even more 
difficult to clean. The difference between dried soils 
and baked soils is that baking causes some chemical 
change in the soil, generally making it more difficult 
to clean. For example, if a formulation contained a 
sugar solution, the sugar could be easily removed 
with conventional cleaning. Even if the sugar solution 
were dried on a surface, it could still be readily re- 
moved, perhaps with additional cleaning time. On the 
other hand, if the sugar were baked on and became 
caramelized, it may be very difficult to remove with 
the same cleaning process used for the fresh solution 
or the dried residue. A similar situation occurs in 
biotechnology manufacture when the manufacturing 
vessel is steamed before the initiation of cleaning; the 
steaming process "sets" the proteins on the surface, 
and these denatured proteins are much more difficult 
to clean. Here again, using the home dishwashing 
analogy, a pan in which a cake is baked can be more 
difficult to clean compared to the bowl in which the 
cake mix was merely prepared. 

Compacted soils are those that are subject to me- 
chanical pressure, which may change the physical na- 
ture of the deposit and may make it more difficult to 
remove. Compaction may retard penetration of the 
cleaning solution into the soil (in part by minimizing 
the surface area of the soil and in part by mod@mg the 
bond of the soil to the surface), thus increasing the 
time required for cleaning. These types of residues are 
most likely found in the processing of a powder. For ex- 
ample, as tablets are formed on a tablet press, residues 
on surfaces may become physically compacted. It can 
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be expected that these surfaces will be the most diffi- 
cult to clean; they may also serve as  possible sources 
for nonuniform contamination of the next product if 
not adequately cleaned (see Chapter 10). 

There may be some cases in which drying of the 
freshly deposited soil actually makes the residue eas- 
ier to remove. For example, drying may produce a fri- 
able powder that could be easily blown off the 
surface. There may also be circumstances in which 
effects other than residue condition may change. For 
example, during an extended time before cleaning, 
microorganisms may proliferate, thus significantly in- 
creasing the bioburden that must be reduced by the 
cleaning process (prior to sanitization or sterilization). 

The important issue in addressing soil condition 
is that a cleaning procedure to address the worst-case 
soil condition must be considered. In some cases, this 
might not be a cleaning process limiting step; how- 
ever, in the majority of cases, this will be a critical fac- 
tor in establishing the cleaning process conditions. 

Mixing is related to agitation. It is different from im- 
pingement in that impingement involves the force of a 
cleaning solution hitting a surface. Mixing involves 
maintaining the uniformity of the washing or rinsing 
solution throughout the system. This does not refer to 
the uniformity of the cleaning agent in solution; it is 
the uniformity of the soil within the cleaning solution. 
Without agitation of the cleaning solution (through 
flow, use of an impeller, or use of a spray device), it is 
possible that the soil to be removed will become more 
concentrated in the cleaning solution near the sur- 
face of the equipment. If solubility is the only clean- 
ing mechanism (see Chapter 2), then a concentration 
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gradient will result, with the cleaning solution nearest 
the surface highly concentrated in soil, and the clean- 
ing solution farther away from the surface less con- 
centrated in soil. This situation is counterproductive 
because the solution in contact with the soil (the only 
solution that will dissolve more soil) is the least likely 
to rapidly dissolve more soil. Dissolution can be max- 
imized by mixing of the cleaning solution, so that the 
dissolved soil is evenly distributed throughout the 
cleaning solution. By minimizing any concentration 
gradients, the cleaning process can be shortened. A 
similar case would arise with other cleaning mecha- 
nisms, such as emulsification. A lack of mixing would 
minimize the ability of the cleaning solution to emul- 
slfy soils on the surface. In the case of emulsification, 
mixing may also be necessary to help maintain the 
emulsion. Emulsions are thermodynamically unsta- 
ble, and those typically formed in a cleaning operation 
may have to be continuously mixed to maintain the 
emulsified soil. In any case, effective agitation of the 
cleaning solution during the cleaning process can 
help maximize cleaning solution performance. 

WATER QUALITY 

If aqueous processing is used, water quality may be 
critical [2]. Water quality may vary a s  follows: 

Water for Injection (WFI): meets USP (U.S. 
Pharmacopeia) specifications (and is essen- 
tially distilled water with low endotoxin and 
low bioburden) . 
Purified Water (PW): meets USP specifica- 
tions (essentially the same chemically as  
WFI, with higher bioburden limits and with- 
out the endotoxin specification). 
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Deionized water: water in which ions are 
significantly reduced, which may be pro- 
duced by a variety of methods but does not 
necessarily meet any USP specifications. 

Softened water: hardness ions (calcium and 
magnesium) are removed or reduced from 
the water. 

Potable (tap) water: meets only drinking wa- 
ter standards, and there are no restrictions 
on water hardness. 

Issues for the washing and rinsing steps are dif- 
ferent. For the washing step, the main issue relates 
to water hardness. Water hardness ions are known to 
affect the performance of surfactants in aqueous 
cleaning. If the cleaning agent contains surfactants, 
higher levels of cleaning agent may have to be used 
with tap water to achieve the same level of cleaning 
performance a s  compared to the dilution of the 
cleaning agent with softened (or better quality) water. 
Another issue with tap water is that when it is used 
to dilute alkaline cleaners, calcium ions may precip- 
itate out as  calcium carbonate (the carbonate being 
present in the water itself). This deposition of car- 
bonate salts is not desirable and will certainly affect 
the appearance of the cleaned equipment. There are 
two options to minimize the effects of calcium car- 
bonate deposition: (1) Use a cleaning product with 
chelants, such a s  ethylenediarninetetraacetic acid 
(EDTA), to tie up the calcium ions and keep them from 
precipitating. (2) Follow the alkaline washing step with 
an acid cleaner; such an  acid wash will readily dis- 
solve and remove freshly precipitated calcium carbon- 
ate. While most finished product pharmaceutical 
companies will use WFI or PW for the washing step, 
some companies have started using potable water for 
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this step because of resource constraints. If potable 
water is used, water quality should be monitored on a 
regular basis. Depending on the water source and/or 
the season, water quality (such as  hardness) may 
vary. A cleaning process should be designed to work 
effectively under the worst water quality conditions 
(e.g., highest water hardness), and at least one clean- 
ing qualification run should be performed under those 
worst-case water quality conditions. 

For rinsing purposes, the general practice for any 
pharmaceutical manufacturing is that the water qual- 
ity of the Jnal rinse must be at least as good as  the 
quality of that water added for manufacturing in the 
subsequently manufactured product. The rationale 
for this is that any residues left behind due to the fi- 
nal rinse would be present in the water added to the 
next product. Therefore, there would be no special 
concerns about the quality of the rinse water. If aque- 
ous cleaning is used but the subsequently manufac- 
tured products themselves are not made with water, 
this rule does not apply. In those cases, the effects of 
residues from the final rinse may have to be evaluated 
on different criteria (although usually in those cases, 
a greater concern is the removal of the water itself so 
that subsequent manufacture is not interfered with). 

RINSING 

The main issue in rinsing is that the rinse solution 
(whether it is water or a solvent) is capable of carry- 
ing away the soils that have been dissolved, solubi- 
lized, emulsified, or suspended [3 ] .  Typically, if 
aqueous processing is used, the rinsing solution is 
water. As a general rule, any quality water may be 
suitable for the initial rinses, while (as mentioned 
above) the water quality of the final rinse may be 
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dictated by the type of water used for subsequent 
product manufacture. One concern with potable wa- 
ter for the initial part of rinsing for alkaline cleaning 
solutions is the deposition of calcium carbonate. Even 
if the alkaline cleaner contains chelants, the ratio of 
calcium ions to chelants during the rinsing process 
may not be adequate to prevent calcium carbonate 
deposition. This is not an issue with acid cleaners 
used in the washing step. 

Related to the issue of water quality of the initial 
rinse is the temperature of the initial rinse. Other 
things being equal, it is preferable that the water tem- 
perature during the initial stages of rinsing be at the 
same temperature as that of the washing solution. 
The rationale for this is to prevent "shocking" the sys- 
tem and perhaps redepositing soils from the cleaning 
solution. For example, if the soil has been emulsified 
in an 80°C cleaning solution and the rinse is with 
water at  ambient temperature, that temperature dif- 
ferential may shock the emulsion and cause it to 
break up and redeposit the previously emulsified soil. 
This may be an issue only in a few cases, but it is at 
least a distinct possibility in certain cases. 

A second issue with rinsing is an issue similar to 
that of cleaning: It is necessary for the rinse solution 
to adequately contact all surfaces for adequate re- 
moval of both the wash solution and the soils con- 
tained in the wash solution. As a general rule, if the 
engineering is adequate for the wash solution to con- 
tact all surfaces, then it should also be adequate for 
the rinse solution (providing flow rates, pressures, 
etc. are the same). One should be aware, however, 
that there may be certain cases in which particulate 
soils are adequately removed by the cleaning process 
but may subsequently block spray nozzles and cause 
poor rinsing coverage. 
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A third issue with rinsing is foam produced dur- 
ing the cleaning process. The foam may be due to the 
cleaning agent (in which case an alternative cleaning 
agent should be considered) or to the soil itself (pro- 
teinaceous soils can contribute to foam, not unlike 
the foam formed when egg whites are beaten). Rinsing 
of foam is difficult and may require a longer rinsing 
time. If not adequately rinsed, the foam will eventu- 
ally collapse and leave detergent and/or soil residues 
on the equipment. 

Rinsing conditions (primarily the volume of water 
and/or the rinsing time) are not easily determined in 
lab studies. Rinsing conditions generally must be de- 
termined by trials on scale-up or full-scale equip- 
ment. Fortunately, these are easily done a s  part of 
any prequalification cleaning trials. In trials involving 
once-through-to-drain rinsing, some measure of the 
water quality should be monitored over time. Typi- 
cally for aqueous rinsing, this would be conductivity 
or total organic carbon (TOC). Samples of the rinse 
water exiting the system should be analyzed a t  vari- 
ous intervals. For example, if it is expected that rins- 
ing should be complete in 10 minutes, an  extended 
rinse should be performed, with TOC being monitored 
at l -minute intervals between 1 and 15 minutes. The 
data generated can be presented graphically, as  
shown in Fig 5.1. What should happen is that the 
TOC would decrease until it levels off. This leveling off 
should be close to the TOC baseline of the incoming 
water (it will not necessarily be the same as the base- 
line because just passing the rinse water through a 
"clean" system may result in a slight increase in 
TOC). The time at which the TOC values level off is 
the time at  which rinsing is essentially complete. As a 
safety measure, this time may be increased by a fac- 
tor of, for example, 10-25 percent. It should be noted 
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Figure 5.1. Continuous rinsing time study: 
Change in rinse water parameter as  function of 
rinsing time. 

rinse time 

that the point at which the TOC levels off is just an 
indication that rinsing is complete. This leveling off 
does not necessarily indicate that cleaning is ade- 
quate. The completion of rinsing is merely an indica- 
tion that no significant residue will be removed by 
further rinsing. There may, in fact, still be residues in 
the system that are not removed by rinsing. Analyti- 
cal techniques for the determination of the adequacy 
of cleaning are discussed in Chapter 9. For agitated 
immersion systems, e.g., filling a vessel with rinse so- 
lution, agitating that solution, and then dumping it to 
drain, the principle is the same. However, in this case, 
TOC or conductivity is measured at the end of each 



102 Validated Cleaning Technologies 

agitation step (immediately before dumping). In like 
manner, the number of rinses at which the TOC (or 
conductivity) levels off is an indication of the practical 
completion of rinsing (see Fig 5.2). 

Where organic solvents (rather than water) are 
used for rinsing, the use of a different indicator of 
completeness of rinsing is necessary. In some cases, 
this may involve a specific analytical method for the 
target residue. In other cases, this may involve ultra- 
violet (UV) spectrophotometry to analyze the presence 
of organics other than the solvent. However, the prin- 
ciple of continuing rinsing until the amount of the in- 
dicator species levels off is still valid. 

Figure 5.2. "Dump and fill" rinsing study: Change 
in rinse water parameters a s  a function of the 
number of rinses. 

I I I I I I I I I 

number of rinses 
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ENVIRONMENTAL FACTORS 

Environmental factors such as humidity and air qual- 
ity can affect the cleanliness of equipment. However, 
they are more related not to the actual cleaning 
process but to the maintenance of a clean state after 
cleaning. Humidity in a cleaned system may affect po- 
tential regrowth of microorganisms in a cleaned (but 
not sterile) system. Air quality may also affect the 
cleanliness in an already cleaned system by rede- 
positing dust or particulates. These concerns should 
be addressed as part of the storage conditions of the 
equipment after cleaning but before reuse. Evidence 
of recontamination may require special cleaning 
and/or sanitizing prior to reuse. 
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Cleaning Cycle 
Development 

Cycle development is the process of integrating the 
cleaning agents (discussed in Chapter 2), the cleaning 
method (discussed in Chapter 3), and the various 
process parameters (discussed in Chapters 4 and 5) 
into a usable, validatable cleaning Standard Operat- 
ing Procedure (SOP). Each facility must determine the 
best balance for its needs within the constraints of 
having a validated process. While it is necessary to 
clean the manufacturing equipment to predetermined 
acceptance criteria, it is also necessary to make sure 
that the cleaning process is consistent and control- 
lable and thus validatable. 

VALIDATION CONCERNS 

What types of things can make a cleaning process 
suspect from the validation point of view? One 
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common situation is dealing with a cleaning agent 
that is subject to formula variation because its pri- 
mary use is in other manufacturing settings. For ex- 
ample, products designed for the food or dairy 
industry may be changed (a formulation change or 
discontinuance and replacement by a different prod- 
uct) based on the needs of that industry. Where 
cleaning is not validated, it is much easier to substi- 
tute a cleaning agent that performs "the same" even 
though the chemical makeup is different. The phar- 
maceutical industry is not looking for new and im- 
proved products. Improvements may be the addition 
of a dye or perfume (something that is generally 
avoided in pharmaceutical manufacturing because 
dyes and perfumes generally add no value to the 
cleaning process), or they may involve a milder clean- 
ing system (pharmaceutical manufacturers are not 
interested in a milder process; they want a process 
that is identical to the process originally validated). 

Another concern with selecting a validatable 
cleaning process is the proper control of temperature. 
For manual cleaning at  a sink, this may be a signifi- 
cant issue depending on how often the cleaning solu- 
tion is prepared. The possibility of chunks of soil 
blocking spray nozzles in a spray ball may also raise 
concerns; strainers or filters to prevent this should be 
designed into the system as  a preventive measure. 
Another concern could be with consistency of the 
cleaning equipment. For example, for manual equip- 
ment cleaning utilizing a nylon brush, the make and 
model of the brush should be specified to the extent 
possible to assure consistent results. Other consider- 
ations can also be addressed as  a manufacturer ad- 
dresses the issue of validatability of the cleaning 
process. For example, the manufacturing process of 
the product being cleaned should be validated or at  
least be considered validatable at the time at which 
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the cleaning validation is performed. In many cases, 
the cleaning validation may be done on the same 
batches for which process manufacturing validation 
is performed. The rationale for this is that if the man- 
ufacturing process itself changes significantly, the 
nature and location of soils, and hence the cleanabil- 
ity of the system may vary, thus calling into question 
any cleaning validation work done previously. 

ROBUSTNESS 

In addition to addressing the issue of validatability, 
the pharmaceutical manufacturer should also con- 
sider the ruggedness or robustness of the cleaning 
process. The question that should be asked is not, 
"How dirty can it be and still be acceptable?", but 
rather, "How clean can I get it?" This approach re- 
duces the risks of either failing the validation protocol 
or significantly contaminating another product. The 
safety margins generally designed into cleaning vali- 
dation work are significant. However, once the accep- 
tance criteria are selected, it is preferable to design a 
cleaning process that is not operating too near the 
edge of failure. 

The payback from effort in a cleaning process can 
be illustrated by considering a typical S-curve perfor- 
mance, as  illustrated in Figure 6.1. In this figure, the 
x-axis represents some measure of the cleaning effort, 
such as time of cleaning, temperature of cleaning, 
spray pressure, cleaning agent concentration. The 
y-axis represents some measure of how clean the sys- 
tem is. As cleaning effort is increased, the payback in 
terms of the cleanliness of the system starts to in- 
crease. At a certain point, the increase in "cleanli- 
ness" is very significant. However, as more effort is 
put into the system, the improvement in cleanliness 
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Figure 6.1. Cleaning level achieved as  a function of 
cleaning effort. 

diminishes and may level off. The peak level of per- 
formance may vary depending on the cleaning 
process (aqueous cleaning vs. solvent cleaning, or 
manual cleaning vs. clean-in-place [CIP]) . 

If the required level of cleanliness is above the 
maximum possible for that system (illustrated in 
Figure 6.2), then it is clear that no additional effort (at 
least within reason) will result in an acceptably clean 
surface. It is not just a matter of a little longer time or 
a slightly higher chemical concentration. This would 
suggest that a different cleaning system is needed. 
Changes to the cleaning system to achieve acceptable 
results will depend on a variety of factors, including 
the amount of information generated as  the cleaning 
process was evaluated. If typical performance vari- 
ables such a s  time, temperature, and cleaning agent 
concentration have been evaluated, this would sug- 
gest that perhaps a different cleaning agent or a 
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Figure 6.2. Inadequate cleaning level achieved. 

different cleaning method is required. For example, if 
an acidic cleaner is used and provides inadequate 
cleaning, perhaps an alkaline agent may work better. 
On the other hand, if early lab screening work sug- 
gested that better results were obtained with the 
acidic cleaning agent than with the alkaline cleaning 
agent, then perhaps a combination cleaning process 
(with an alkaline wash followed by a rinse, an acidic 
wash, and then a rinse) may provide the improvement 
needed. Unfortunately, when looking for a new sys- 
tem that might be more effective, there is no simple 
formula to try. The best path may be evaluating clues 
generated during various screening experiments. 

If the required level of "clean" is below that which 
is achievable with the cleaning process (as illustrated 
by Figure 6.3). then it is necessary to decide how 
much "overkill" should be designed into the cleaning 
process. Some degree of overkill is necessary because 
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Figure 6.3. Selecting the appropriate level of safety 
margin. 

level of 

of normal variations within a cleaning process. Param- 
eters such as  temperature, time, and cleaning agent 
concentration are normally controlled within a de- 
fined "plus or minus" zone. There also may be normal 
variation in terms of items such as  the amount of soil 
(the manufactured product) left behind to be cleaned. 
While it is ideal that the worst cases of all parameters 
are evaluated simultaneously, it is often impossible to 
arrange such a coincidence of worst-case parameters 
in three consecutive runs for validation purposes. 
Again referring to Figure 6.3, it would be undesirable 
to select a performance level at  point A. It is possible 
that normal variations could perhaps carry the level 
of clean into the unacceptable region. It is more 
preferable to be at point B in Figure 6.3, where nor- 
mal variation does not significantly affect the accept- 
ability of the level of clean. It is most preferable to be 
in a region, such as  that illustrated by point C in Fig- 
ure 6.3, where normal variation has no effect on the 
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level of clean. In such a case, provided that the sys- 
tem is performing under control, the analytical re- 
sults should be such that residue levels are below the 
acceptance criteria with a wide margin for error. How- 
ever, it should be noted that where any one company 
chooses to be on the performance curve is a matter of 
risk management, not one of scientific principle. In 
most cases, the costs of moving up on the curve are 
small compared to the costs of a failed validation ef- 
fort, an investigation into cleaning deviations, or a 
failed lot of product. 

LABORATORY EVALUATION 

One of the best ways to eventually develop a success- 
ful cleaning SOP is to start with some kind of labora- 
tory evaluation. The purpose of the laboratory study 
is to do the initial screening for the selection of the 
cleaning agent and key process conditions (time, tem- 
perature, and cleaning agent concentration) on a 
small scale in the laboratory. These data are then 
confirmed and further optirnized in pilot or scale-up 
evaluations. This laboratory evaluation usually in- 
volves cleaning a model or simulated surface if the 
equipment to be cleaned is large but may involve 
cleaning actual parts if the items are small (and rela- 
tively inexpensive). For laboratory screening, the most 
typical simulated surface is a stainless steel panel 
with dimensions of about 3 to 20 in.2 (19 to 129 cm2). 
Highly polished surfaces may be used but are not 
necessary because, in general, the rougher the sur- 
face, the more difficult it is to clean. For this reason, 
a stainless steel model surface may be preferred even 
for glass-lined vessels, because (at least in my experi- 
ence) the highly polished glass surface is more read- 
ily cleaned. (Note: Etched glass may be as  difficult or 
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even more difficult to clean than stainless because of 
the crevices and pits in which soils can hide.) 

Laboratory testing should also involve levels of 
soil and conditions of soil that represent the worst 
cases within the equipment to be cleaned. Note that 
the locations for the worst-case soil level and soil con- 
dition in the equipment are not necessarily the same; 
the soil level and condition may not even be known at 
the time laboratory testing is initiated. However, esti- 
mates should be made of worst-case soil levels and 
conditions and should be utilized for this initial 
screening. If there are known limitations to the clean- 
ing process, such as the ready availability of process 
cleaning water at a given temperature, or the limita- 
tion that the cleaning agent is selected from those 
cleaning agents already approved by the facility, then 
this should be taken into consideration. The purpose 
of this lab screening is not to get the absolute best 
cleaning process but to help arrive at  a rugged, con- 
sistent process that can be used to select a practical 
process to achieve acceptable cleaning performance. 
Therefore, a s  much information on practical limita- 
tions should be considered so that effort is not wasted 
on exploring options that could never be utilized in a 
given facility based on those limitations. On the other 
hand, it should be recognized that too many limita- 
tions may make it more difficult to achieve acceptable 
cleaning performance. Most likely, requiring condi- 
tions of 1 percent cleaning agent, 40°C, and a clean- 
ing time of 5 minutes all at the same time may be 
unrealistic. 

The method of application should approximate 
that to be used in the actual application; if it is diffi- 
cult to simulate such cleaning in a lab study, then the 
method should reflect conditions that are a worse 
case as compared to the method to be used in actual 
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cleaning. For example, for manual cleaning operation 
on small parts (or representative portions of a large 
part), it may be possible to closely mimic the condi- 
tions of actual cleaning. On the other hand, for a CIP 
application, a small CIP system may be impractical. 
However, in most cases, it is possible to mimic the re- 
sults of a CIP operation by using an  agitation immer- 
sion test apparatus. While the impingement from the 
spray ball is a contributing factor, it may be inconse- 
quential for the majority of the system to be cleaned; 
the net effect of CIP in a laboratory study is essen- 
tially the same a s  that obtained under agitated im- 
mersion conditions. 

Laboratory testing usually first involves testing 
a variety of cleaning agent types (acidic, alkaline, 
neutral) under conditions of high temperatures, long 
times, and high concentrations. The purpose of such 
testing is to help identlfy which cleaning agent is most 
likely to be a candidate for further screening work. 
Such testing may involve the use of limited parame- 
ters (such as  a fxed temperature, which cannot be 
varied under actual cleaning conditions). The selec- 
tion of cleaning agents for an initial laboratory 
screening process may also be determined to some 
extent by previous data on the cleaning of the same or 
similar chemical species (taking into account both the 
nature of the active ingredients and any excipients 
that may be present). The results of this first screen 
should be the selection of a candidate cleaning agent. 

The next laboratory screen should involve the 
cleaning agent candidate under different conditions of 
time, temperature, and concentration to arrive a t  a 
combination of conditions that successfully clean the 
model surface in the laboratory. Here again, some of 
these variables may be fixed because of limitations in 
the manufacturing arena. It is very common, for 
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example, for manufacturers to specify the tempera- 
ture of the washing solution because of temperature 
limitations of available water. With such restrictions, 
the water temperature should be fixed, and perhaps 
only the time and cleaning agent concentration would 
be varied for evaluation purposes. It should be obvi- 
ous that under conditions of fixed temperature, it 
may be possible to effectively clean the model surface 
under conditions of long times and low cleaning agent 
concentration or conditions of short times and high 
cleaning agent concentration. While it is theoretically 
possible to investigate numerous conditions (combi- 
nations of times and cleaning agent concentrations) 
that might be effective, in many cases manufacturers 
may have other objectives that may further limit the 
choices. For example, if a manufacturer requires a 
cleaning time of less than one hour, it makes no sense 
to investigate times of several hours. On the other 
hand, if it is not possible to produce adequate clean- 
ing under the preliminary restrictions of time, tem- 
perature, and/or concentration selected by the 
manufacturer, then it will be necessary to evaluate 
conditions that are more rigorous than those initially 
selected. It should also be recognized that effective 
cleaning may also require a two-step cleaning proce- 
dure, such a s  cleaning with an alkaline detergent fol- 
lowed by an  acidic detergent. 

The test method used to evaluate the acceptabil- 
ity of cleaning (acceptable/nonacceptable) in the lab- 
oratory should also be selected. Certainly one 
standard is that the model test surface is visually 
clean. This may be enough for preliminary screening. 
Another test method employed is the so-called "water 
break test [l], which can be valuable for oily residues 
on metal surfaces. In this test, water is allowed to 
cascade down the surface of the cleaned item; the 
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presence of an  oily residue on the surface causes a 
disruption in the smooth sheeting action of the flow- 
ing water. Weight loss can also be used and is partic- 
ularly useful in initial screening involving a 
comparison of two conditions, neither of which pro- 
duces visually clean surfaces. Specific analytical 
methods for the residues involved (such as  an HPLC 
[high performance liquid chromatography] method for 
a particular agent) may also be utilized at this point. 
However, at this point in the cleaning SOP develop- 
ment, the analytical method may not be sufficiently 
developed to use as  a valid screening tool. Another 
factor to evaluate is whether the species targeted by 
the analy-hcal method is degraded during the cleaning 
process. If it is, then the analytical procedure may 
not be sufficient to determine that the surface is 
adequately cleaned. For most applications, a combi- 
nation of visually clean and water-break free is usu- 
ally adequate at this point in the cycle development. 

The end result of laboratory screening should be 
the determination of a cleaning agent, including 
cleaning agent concentration, time, and temperature 
necessary to provide adequate cleaning in the lab- 
simulated cleaning situation. While there is reason- 
able confidence that these conditions will also work 
as  the process is scaled up, it should be recognized 
that no lab screening can replicate all of the process 
conditions present in the scale-up equipment. The 
laboratory screening can only give evidence that if the 
cleaning agent is in contact with the soiled surfaces 
under the appropriate conditions of time, tempera- 
ture, and cleaning agent concentration, then the sur- 
face should be adequately cleaned. 
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SCALE-UP EVALUATION 

The first objective in any scale-up (or pilot plant) work 
is to confirm that the variables selected in the labora- 
tory also work when scaled up. A second objective is 
to c o n f ~ m  that the key control parameters (such a s  
temperature, flow rates, etc.) can be adequately con- 
trolled as the process is scaled up. For example, if a 
cleaning process involves 80°C water, and the clean- 
ing time is only 10 minutes, then temperature control 
(with a heat exchanger) may not be critical. On the 
other hand, if the cleaning time were 60 minutes, 
then it might be expected that the temperature of the 
cleaning solution might decrease without the aid of a 
heat exchanger. Therefore, scale-up results might not 
be the same as  those obtained in the laboratory. The 
reason for this is that the conditions of cleaning es- 
sentially changed (the cleaning solution was 80°C at 
the beginning of the cleaning cycle but had decreased 
to, say, 68°C by the end of the cycle). 

This is only one of the many things that conceiv- 
ably could go wrong during scale-up of the cleaning 
cycle. Any assumption made as  to the quantity and 
nature of the soil left behind (prior to the cleaning 
step) must be correct. The scale-up work, therefore, is 
to confirm assumptions made in laboratory testing. If 
there are any conditions that were unanticipated, the 
cleaning cycle should be adjusted accordingly. If there 
are locations in the equipment where, for example, 
the drug product had been unexpectedly dried or 
baked onto the equipment surfaces, it can be ex- 
pected that the scale-up experiments might fail to 
produce adequately cleaned surfaces. This may mean 
doing additional laboratory experiments involving 
dried or baked on residues, or it may mean modifica- 
tions to the cleaning cycle in the scale-up equipment. 
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Such modifications may include lengthening the time 
of cleaning or increasing the concentration of the 
cleaning agent. 

The time of scale-up work is also the time to ad- 
dress any optimizations of such items as  time and 
cleaning agent concentration. The danger here is that 
one may be tempted to overoptimize and perhaps ar- 
rive at a point that is too near the edge of failure. The 
objective in most cleaning cycle development is to ar- 
rive at a rugged cleaning cycle, such that with all the 
normal variations (plus/minus) of temperature, time, 
cleaning agent concentration, and amount and na- 
ture of the residue, the results are consistently in the 
acceptable category. In other words, if the laboratory 
work demonstrated that 5 percent of a cleaning agent 
was effective but 4 percent was not, it is probably not 
worth the effort to demonstrate that 4.5 percent of 
the cleaning agent is also effective. It may be effec- 
tive, but it is probably not worth the effort (or the 
risk). 

One area that can be optimized during the scale- 
up process involves the rinsing conditions, primarily 
the time of rinsing (for a continuous rinsing process) 
or the number of rinses for discrete rinses. The pro- 
cedures for this were discussed in Chapter 5. In ad- 
dition to determining the rinsing time, it may also be 
desirable to investigate "pulse" or bbburst" rinsing. 
Such rinsing involves taking a continuous rinse 
process and breaking it up into a series of discontin- 
uous pulses or bursts. For example, if it is deter- 
mined that a continuous rinse time of 10 minutes is 
required for adequate rinsing, it may be desirable to 
utilize a series of four 2.5-minute rinses, each sepa- 
rated by a time frame of, for example, 30 seconds. The 
purpose of the pulses or bursts is to prevent a rinsed 
system from equilibrating to produce results that 
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apparently indicate the rinsing is completed. For ex- 
ample, if there is a dead leg in the system, material 
(consisting of soil and cleaning solution) trapped in 
the dead leg may drain away with a pause in the rins- 
ing process. This is illustrated in Figure 6.4. 

The evaluation at scale-up is also the time to 
start evaluating the sampling locations and the sam- 
pling and analytical methods. These will be discussed 
in more detail in Chapters 9 and 10. However, if swab 
sampling is to be done, locations should be chosen 
that are representative of the system and, more im- 
portantly, represent worst-case (or most difficult-to- 
clean) locations. These locations can be identified by 
techniques such as cleaning under suboptimal condi- 
tions (shorter times, lower concentrations) and 

Figure 6.4. Pulse rinsing. 

Initial pulse Pulse allowing Subsequent 
drainage pulse 
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observing the cleaned equipment. Since a critical ele- 
ment in a successful validation will be meeting the 
analytical limits, there should be some confirmation 
at the time of scale-up that these analytical limits can 
be achieved. Even though the analytical method and 
sampling techniques have not been validated with a 
percent recovery established, some work should be 
done to establish that any preliminary acceptance cri- 
teria can be met with the cleaning procedure. 

The net result of the laboratory and scale-up 
work should be enough experimentation to have a 
reasonable assurance that acceptable results will be 
obtained when three Process Qualification (PQ) clean- 
ing runs are conducted. The time for experimentation 
is during laboratory evaluation. During scale-up 
work, the focus is on confirmation of assumptions 
and tweaking of process parameters and engineering 
conditions. The actual validation work should not be 
viewed a s  an experiment but rather as  a confirmation 
of what already is known to be the case. The three PQ 
cleaning runs are merely a documentation of what is 
already known to be the case. 

REFERENCES 
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Grouping Strategies 

"Grouping" is the concept of demonstrating that cer- 
tain cleaning operations are of a similar type, and se- 
lecting one (or more) representative operations on 
which to conduct the three Process Qualification (PQ) 
cleaning runs. Under the assumptions of grouping 
strategies, a successful validation of the representa- 
tive process means that all of the processes sub- 
sumed under that grouping are also validated. 
Grouping as  a strategy most often applies to grouping 
together different products or different pieces of 
equipment to be cleaned. The rationale behind group- 
ing strategies is to simplify the amount of validation 
work to be done based on good scientific principles 
and information [l ,2,3,]. The Food and Drug Admin- 
istration (FDA) has no formal policy on grouping (also 
called a "matrix" or "family" approach) for validation; 
however, the approach is recognized by the FDA as  
one that can be scientifically valid if appropriately 
justified [4]. 
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The two methods of grouping for cleaning valida- 
tion are "product" grouping and "equipment" group- 
ing. In either case, products or equipment are 
grouped together, and then a representative case 
(usually the worst case) is selected for the three PQ 
cleaning runs. The conditions for product and equip- 
ment grouping will be considered separately. 

PRODUCT GROUPING 

For product grouping, the first item to consider is 
what products (that is, products to be cleaned) belong 
in the same group. For products to be grouped to- 
gether, they must be similar products manufactured 
on the same equipment and cleaned with the same 
cleaning SOP (Standard Operating Procedure). Being 
"similar" products obviously applies to products with 
the same excipients and different levels of actives. 
However, it can also apply to products with similar ex- 
cipients and different actives or even products with 
completely different excipients and actives. The mini- 
mum requirement is that the products are of similar 
types-all liquids, creams, tablets, and so on. While it 
is preferred that the formulations be as similar as  
possible, this is not an  absolute requirement. How- 
ever, it should be recognized that the more dissimilar 
the grouped products are, the more difficult it is to se- 
lect a group representative. 

The second criterion is that the products are all 
made on the same equipment. Ideally, the equipment 
is identical (the same piece or pieces of equipment). 
There is minimal risk in dealing with grouping involv- 
ing multiple iterations of the same piece of equipment 
(for example, three powder blenders that are of iden- 
tical construction). More risk is involved in similar 
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equipment, for example, equipment of similar con- 
struction but of different sizes (this will be considered 
under equipment grouping considerations). However, 
it is probably stretching the concept of grouping too 
far to attempt to include processing in a glass-lined 
vessel and in a stainless steel vessel in one group; 
these should probably be validated separately. 

The third criterion for grouping by products is 
that the products are cleaned with the same cleaning 
process. There is less flexibility here; every product in 
the group should be cleaned with the same cleaning 
SOP, including the method of cleaning, the cleaning 
agent, concentration, time, and temperature of clean- 
ing. It is not acceptable to group together two prod- 
ucts cleaned with the same cleaning agent but at 
different washing times. For example, if one product 
is cleaned with 5 percent of detergent X at 80°C for 
60 minutes and another product is cleaned with 
5 percent of detergent X at  80°C for 30 minutes, the 
two products should not be grouped together for 
cleaning validation purposes. The reason is that it be- 
comes very difficult to select the representative prod- 
uct under such conditions. If cleaning time is the only 
difference, then the processes can be grouped to- 
gether by changing the cleaning time of the second 
product such that the second product is also cleaned 
for 60 minutes. While this is clearly a case of overkill 
(or "overclean"), it does simpllfy matters so that prod- 
uct grouping is at least a possibility. 

Once all of the products within a group have 
been selected (meeting the requirement of similar 
products manufactured on the same equipment and 
cleaned with the same cleaning SOP), the next step is 
to select a representative product. The goal here 
should be to select the product that is the worst case 
or most difficult to clean. If the most difficult-to-clean 
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product can be acceptably cleaned, then all the other 
products in that group should also be effectively 
cleaned. 

There are basically four types of justifications 
used to select the worst case among a group of simi- 
lar products: (1) lab simulation cleaning studies, 
(2) solubility characteristics of the drug substance, 
(3) solids or activity level of the drug substance, 
and (4) operational experience in previous manufac- 
turing. Each of these will be covered briefly. 

Lab studies usually involve application of the dif- 
ferent products to a model hard surface (e.g., stain- 
less steel) followed by an evaluation of cleaning 
performance under different conditions (e.g., time, 
temperature, cleaning agent concentration) that 
would allow one to make a relative comparison of the 
ease of cleanability of the products. This evaluation 
should be done with the cleaning agent that is in- 
tended to be used in the manufacturing process and 
typically should involve an evaluation of cleaning per- 
formance at shorter times, lower temperatures, or 
lower cleaning agent concentrations. Evaluation un- 
der these less severe conditions may separate the 
products according to their ease of cleaning. The 
product that requires the most severe conditions to 
achieve acceptable cleaning results can be considered 
the most difficult to clean or the worst case for that 
product group. Note that the worst-case selection is 
specific to a cleaning process. Within a product 
group, the worst-case soil (product) using cleaning 
agent A is not necessarily the worst case using clean- 
ing agent B. Of course, one of the criteria for products 
to be grouped together is that they are cleaned with 
the same cleaning SOP. 

A second type of justification involves comparing 
of the solubilities of the drug substances in the group. 
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The product with the lowest solubility is considered 
the worst case. A comparison of solubilities should be 
done with the solvent used for cleaning. If an aqueous 
cleaner is used, then the comparison of solubilities 
should be at the same pH as the aqueous cleaning 
agent used. For example, if an alkaline cleaning agent 
is used, then the best comparison would be solubili- 
ties of the drug substances at the elevated pH of the 
cleaning agent. This should be considered because 
the solubilities of drug substances may change con- 
siderably with pH. In a group of products to be com- 
pared, drug A may be least soluble at pH 7, drug B 
may be least soluble at pH 12, and drug C may be 
least soluble at  pH 3. Fortunately, measuring solubil- 
ities of drug substances at different pH's is a relatively 
easy task. This determination is applicable for fin- 
ished drugs only if the excipients in the drug products 
being grouped are the same or very similar. This con- 
sideration for finished drugs is very important be- 
cause it is often the excipients in a formulation that 
make it more difficult to clean. If the excipients are 
the same, then the different drug actives can be com- 
pared by solubility to determine the representative 
worst case for cleaning validation grouping. 

A comparison of solids/activity is used for drug 
products containing the same actives but at differ- 
ent active levels. For example, a liquid drug may be 
sold with active levels of 200 mg/L, 350 mg/L, and 
500 mg/L. In this case, the highest actives level 
would be chosen as the worst case for product group- 
ing. It should be noted that there may be some issues 
here, particularly if the excipients are the most diffi- 
cult to clean components of the formulation and if the 
active is readily water soluble. A case could be made 
that it is actually the formulation with the lowest ac- 
tives that is more difficult to clean, since a higher 
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amount of the more readily water soluble active may 
cause the residue to be more easily dissipated. How- 
ever, this is probably splitting hairs; in most cases, 
manufacturers would use the highest actives level. 
However, the most conservative grouping position 
would be to validate separately both the highest and 
lowest actives level. 

Operational experience can be used if there is 
past experience with cleaning the various products, ei- 
ther in a manufacturing setting or in a pilot/scale-up 
facility. Care should be taken that comparisons of the 
relative cleanability of different products are based on 
cleaning results with the same or similar cleaning 
processes. If this approach is taken, the justification 
needs to be documented in a report written by a sci- 
entist qualified to make that comparison. 

For any of the four options used to justify the se- 
lection of the worst-case product for a product group- 
ing strategy, clear documentation, including the 
rationale for the justification process, should accom- 
pany the recommendation for selection of the worst- 
case product. It should be noted that in some rare 
cases it may be difficult to select the worst-case rep- 
resentative product. If none of these criteria produce 
a product that clearly should be the representative 
product for grouping purposes, the manufacturer has 
two options: either don't group or group with the ar- 
bitrary selection of one of several equally representa- 
tive products. If the latter option is chosen, then it 
should be clearly documented why it was concluded 
that no one product was singled out as  the most dif- 
ficult to clean. The representative product should 
then be selected as the product with the lowest ana- 
lytical acceptance limit. 

The final consideration for product grouping 
is the analytical limit to be set as  the acceptance 
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criterion for the three cleaning validation PQ runs. In 
general, the acceptance limit for the representative 
product should not necessarily be the acceptance 
limit calculated for that representative product but 
rather the lowest limit among all the products in that 
category. If the representative product has the lowest 
limit, then validation is straightforward in that the 
limit of that representative product is used. To deter- 
mine the lowest calculated residue limit among the 
product group, it is necessary to calculate the residue 
limit per surface area for each product in the group 
(see Chapter 8 for more on residue calculations). An 
example is given in Table 7.1. 

The representative product in this case (the most 
difficult to clean) does not have the lowest calculated 
acceptance limit. In this case, product 2 has the low- 
est limit. Therefore, the preferred option is to perform 
the three PQ cleaning runs with the representa- 
tive product but measure the active A not to a limit 
of 3.5 p,g/cm2 but to the lowest limit in the group 
(1.5 p,g/cm2 of A). The logic here is that if one can 
clean the group representative to a limit of 1.5 pg/cm2 
of A, then one should also be able to clean product 
2, which is easier to clean, to a limit of 1.5 pg/cm2 of 
B. An alternative sometimes used is to clean the rep- 
resentative product to its acceptance criteria, and in 

Table 7.1. Residue Limit Determination for 
Representative Product in Grouping Strategy 

Calculated 
Product Active Species Residue Limits 

Group representative A 3.5 p,g/cm2 of A 

Product 2 B 1.5 pg/cm2 of B 

Product 3 C 2.5 p,g/cm2 of C 
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three separate PQ runs, evaluate the cleaning of the 
product with the lowest analytical limit (product 2 in 
this case) at its acceptance limit. This is usually done 
for business reasons (to minimize risks) and does not 
necessarily have a valid scientific basis. 

There may be cases where it is possible to clean 
the group representative to its analytical limit, but 
because of limitations in the analytical method, it 
may not be possible to measure the active in the 
group representative at levels of the lowest accep- 
tance limit in the group, e.g., due to the limits of 
quantitation of the analytical method. One option in 
this case is to break up the group and remove the 
product with the lowest limit from the group, vali- 
dating it separately. Then the group is validated us- 
ing the representative product utilizing what is now 
the lowest limit among the products remaining in the 
group. A second (and riskier) option is to clean the 
representative product to its acceptance limit and 
then perform at  least one qualifying cleaning run on 
each of the other products in the group using the an- 
alytical acceptance criteria for each product tested. 
In the example given in Table 7.1, three PQ runs 
would be performed with the group representative, 
with the acceptance criteria being 3.5 pg/cm2. Then 
separate qualifjang runs would be performed with 
product 2 using an acceptance criterion of 1.5 pg/ 
cm2 of active B and with product 3 using an accep- 
tance criterion of 2.5 Fg/cm2 of active C. Of course, 
this extra work in the qualifying runs minimizes the 
impact of grouping strategies somewhat. The value of 
a grouping strategy in such a case has to be evalu- 
ated on a case-by-case basis. Conditions under 
which product grouping strategies are permitted in 
an individual facility should be detailed in the clean- 
ing validation master plan for that facility. 
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EQUIPMENT GROUPING 

The idea behind equipment grouping is classifymg 
different pieces of equipment together, selecting a 
group representative, and then performing the three 
PQ cleaning runs on that one piece of equipment. 
Care must be used in grouping equipment together. 
If equipment is to be grouped, it must be equipment 
cleaned with the same cleaning SOP. It is generally 
unacceptable to group different types of equipment 
together. For example, it is generally unacceptable to 
group together a ribbon blender and a V-blender. The 
main reason for this is that even though the chem- 
istry of cleaning may be the same (same cleaning 
agent, concentration, time, and temperature), the en- 
gineering aspects of cleaning are sufficiently different 
to require separate validation. If equipment grouping 
is performed, it is most commonly done on pieces of 
equipment with a similar design having either the 
same or different sizes. Most commonly, this would 
be done on equipment such as  storage vessels. For 
example, stainless steel storage vessels of the same 
design that are 300 L, 500 L, and 1,000 L in size 
could be grouped together for cleaning validation 
purposes. 

Once an equipment grouping is established, the 
next issue is to select the representative piece of 
equipment in that group for the three PQ cleaning 
runs. Unfortunately, this is more difficult than select- 
ing the representative product for product grouping. 
I s  there any evidence that a 300 L storage tank is any 
more difficult to clean than a 1,000 L storage tank of 
the same design? If there is such evidence, then that 
evidence should be documented as justification for 
selecting that equipment size as the representative for 
PQ runs. If there is no evidence suggesting why one 
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size would be more difficult to clean, then there are 
two options for grouping purposes. One is to conduct 
three PQ runs on the equipment group, making sure 
that at least one PQ run involves the largest size and 
at least one PQ run involves the smallest size. In the 
case of the three storage vessels, one PQ run should 
be performed on the 300 L vessel and one on the 
1,000 L vessel, with the third PQ run being performed 
on any one of the three sizes. The assumption here is 
that with at  least one of the PQ runs at either ex- 
treme, all sizes could be validated together. A second 
option is to perform three PQ runs on the largest size 
and three PQ runs on the smallest size. This option 
involves separately validating the largest and smallest 
sizes and assuming that any size in between would 
also be covered by that validation. 

A special case of equipment grouping involves 
smaller items that are cleaned manually or in an au- 
tomated parts washer. Must all of these items be val- 
idated separately or is it possible to group them 
together for validation purposes? As with the group- 
ing of larger process vessels, the key to grouping 
smaller parts is that they are cleaned with the same 
cleaning SOP. If some parts are cleaned by a manual 
sink scrub and others are cleaned with high pressure 
spray cleaning, then all of the items cannot be 
grouped together. Once those items in the equipment 
group are established, the next step is to identify 
those items that are most difficult to clean. Note that 
in this case, dissimilar items can be grouped together 
(provided they are cleaned with the same cleaning 
SOP and have the same soil or residue type). In other 
words, simple items (which may be relatively easy to 
clean) can be grouped with more complex items 
(which because of, for example, their geometry, can 
be more difficult to clean). The validation process 
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would then include justification of the selection of 
those parts deemed most difficult to clean and PQ 
runs on those items. If the items that are most diffi- 
cult to clean are successfully cleaned, then the items 
that are easier to clean should also be effectively 
cleaned. 

There are some additional concerns that should 
be addressed in washing items in an automated parts 
washer, including the loading of the parts washer. 
(Any worst-case loading, in terms of loading pattern, 
should be identified and considered for validation.) 
Also, any information relating to worst-case locations 
within the washing chamber should be addressed in 
terms of selecting the worst-case locations for sam- 
pling purposes. 

GROUPING BY CLEANING PROCESS 

One option that must be rejected is grouping together 
products or equipment cleaned by different cleaning 
processes. Such an attempt at  grouping is not de- 
fendable for cleaning validation purposes. For exam- 
ple, if product A is cleaned for 60 minutes, but 
product B using the same cleaning solution requires 
only 30 minutes, then it would be difficult to group 
the two products together and have a rational basis 
for selecting the worst-case process. In such a case, 
the preferred technique to use is to default from the 
shorter cleaning time (30 minutes) to the longer 
cleaning time (60 minutes) for product B. Under such 
conditions, it becomes possible to group the two 
products (they both now utilize the same cleaning 
SOP) a s  well as  to select the worst-case product to 
clean (product A, because it requires a longer time to 
achieve acceptable cleaning). 
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Another case that may present itself involves two 
products, one cleaned with alkaline cleaning agent C 
and another product effectively cleaned by acidic 
cleaning agent D. Here again, the two products can- 
not be grouped together because two different clean- 
ing SOPS are used. One way to effectively group these 
two products for cleaning validation purposes is to 
modify the cleaning SOP such that it involves clean- 
ing first with the alkaline cleaning agent, rinsing, 
cleaning with the acidic cleaning agent, and rinsing. 
The rationale behind this is that now there is one 
cleaning SOP for both products. The alkaline cleaning 
solution should effectively remove the first product. 
The subsequent acidic cleaning step essentially in- 
volves cleaning an already-cleaned vessel, so the over- 
all process should be effective for cleaning the first 
product. The only concern with the second product is 
whether or not the imposition of the alkaline cleaning 
step has an effect on residues such that those modi- 
fied residues are no longer effectively cleaned by the 
acid cleaning process. Although rare, this interaction 
should be evaluated with lab screening prior to pro- 
ceeding with any grouping strategy based on the join- 
ing of two cleaning processes (such as  a combination 
cleaning process mentioned in Chapter 2). 

The introduction of a new product to be cleaned 
on equipment for which there is existing cleaning val- 
idation using a grouping strategy should be carefully 
justified and documented. Conditions under which 
grouping strategies can be used within a facility 
should be documented in the cleaning validation 
master plan for that facility. Justification of decisions 
as to grouping and the selection of worst cases should 
be carefully documented. 
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Setting Acceptance 
Criteria 

A n  important consideration in cleaning validation is 
the determination of "how clean is clean enough?" 
The Food and Drug Administration (FDA) does not es- 
tablish analy-hcal acceptance criteria for manufactur- 
ers [l]. Specific analytical acceptance criteria for 
target residues must be established by the manufac- 
turer. It is important in setting acceptance criteria 
that the limits are scientifically justified. An arbitrary 
setting of limits is just that-"arbitrary9'-and may 
raise concerns in any regulatory investigation. This 
situation is somewhat complicated by the fact that 
sometimes the term Limit is used loosely, referring 
to the acceptance limit in the next product, of sur- 
face contamination, or of the analyzed sample. While 
all these are interrelated, they are not necessarily 
of the same units or magnitude. For example, in 
the contamination of the next product (the product 
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subsequently manufactured in the cleaned equip- 
ment), the units typically are ppm or pg/g; for surface 
contamination, the units are usually pg/cm2; for the 
analyzed sample, the units are typically pg or pg/g. 
It should be clear that limits per surface area are dif- 
ferent units and cannot be compared directly without 
other pieces of information (such as batch size and 
equipment surface area). In addition, limits in the 
subsequent product may be the same units as limits 
in the analyzed sample, but they also are not compa- 
rable without other information such as  area 
swabbed and the swab recovery factor. What this 
means is that an acceptance limit of 3.2 ppm in the 
subsequent product is not necessarily the same as 
3.2 ppm in the analyzed sampled prepared by a 
swabbing procedure. It is important to make these 
proper distinctions when discussing residue limits. 
This will insure that analytical methods are properly 
validated considering the appropriate limits for the 
residue in the analyzed sample. In the subsequent 
discussion, the calculation of residue limits for the 
different parts of a validated system will be dis- 
cussed. The limitations and applicability of such cal- 
culations as applied to finished drug products will 
then be explored. 

One of the main objectives of the cleaning 
process in drug manufacture is to remove residues of 
the just-manufactured product so that those residues 
are not transferred to the subsequently manufactured 
product. A key complicating feature of cleaning is that 
it involves not only the product being cleaned but also 
the product subsequently manufactured in the 
cleaned equipment. The starting point for any deter- 
mination of residue acceptance limits is the amount 
of residue from the cleaning process that could be 
present in the subsequently manufactured product 
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without posing an unreasonable risk. Clearly, one 
would prefer that no residue is present. However, it is 
impossible to measure "no residue." Even the crite- 
rion of being below the limit of detection (LOD) of the 
analytical procedure is not by itself a very good 
method for selecting residue limits. As methods are 
improved and have even lower LODs, a cleaning 
process which was previously viewed as  acceptable 
can become unacceptable. The FDA's guidance for de- 
termining residue limits is that they must be logical 
(based on an understanding of the process), practical, 
achievable, and verifiable [2] . Fortunately for those 
involved in cleaning validation, the FDA mentions 
limits proposed by industry representatives, such as 
10 ppm, biological activity levels such as l /  1,000 of 
the normal therapeutic dose, and organoleptic levels 
such as no visible residue. This is clearly a reference 
to work done by Fourman and Mullen [3] at Eli Lilly 
(also listed in the reference section of the FDA guid- 
ance document). While not officially "blessed" by the 
FDA, this Lilly method of establishing residue limits 
(or some variation of it based on the same principles) 
is widely used within the pharmaceutical industry for 
determining acceptable levels of chemical residues 
[4,5,6,71. 

The published Lilly criteria are that (a) the equip- 
ment is visually clean, (b) any active agent is present 
in a subsequently produced product at maximum lev- 
els of 10 ppm, and (c) any active agent is present in a 
subsequently produced product at maximum levels of 
1 / 1,000 of the minimum daily dose of the active agent 
in a maximum daily dose of the subsequent product. 
While Fourman and Mullen directly calculate the 
surface area contamination based on these latter 
two criteria, the analysis in this book will use the 
same assumptions to arrive separately at subsequent 
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product, surface area, and analytical sample residue 
limits. Such a discrete analysis may be more con- 
ducive to understanding contributions to residue lim- 
its from various factors. 

LIMIT IN SUBSEQUENT PRODUCT 

For the calculation of the limit of the active agent in 
any subsequently manufactured product, the infor- 
mation needed is the minimum daily dose of the ac- 
tive being cleaned and the maximum daily dose of the 
subsequently manufactured drug product. For illus- 
tration purposes, product A will refer to the product 
being cleaned, and product B will refer to the subse- 
quently produced product. Such a limit (Ll) can be 
expressed a s  follows: 

(O .OOl ) (min .  daily dose of active i n  Product A) 
L 1  = 

max. daily dose of Product B 
(1 )  

For an example involving orally dosed liquids, 
assume that product A has an active at a level of 
2,000 pg/mL and is dosed at 5 mL from 3 to 5 times 
daily. The minimum daily dose is 

If it is also assumed that product B is dosed at 
5 mL from 2 to 4 times a day, then the maximum 
daily dose of Product B would be 

doses rnL 

Note that the calculation for the subsequent 
product is independent of what the active is or a t  
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what level that active is present. The residue limit in 
the subsequent product can be calculated by substi- 
tuting these values into Equation 1 as follows: 

This calculation of 1.5 pg/mL (or approximately 
1.5 pprn assuming a specific gravity of 1 .O) is inde- 
pendent of batch size and the surface area of the 
equipment. This means that this calculation can be 
done as soon as  information on the composition and 
relevant dosing of the two products is available. The 
calculated value of 1.5 pprn should be compared to 
the 10 pprn "default" value (from Lilly's criterion b) 
and the lower value used for subsequent calculations. 
It should be noted that the 10 pprn default is strictly 
an arbitrary value and is difficult to just@ scientifi- 
cally. However, if applied correctly (10 pprn is used 
only if it is lower than the L1 limit), it results in a limit 
being set that is lower than what is scientifically cal- 
culated. Therefore, since it results in an  even lower 
limit than the L1 limit, it cannot be logically rejected 
as  an  invalid tool. For the example used, 1.5 pprn 
would be used for subsequent calculations (since 
1.5 pprn is less than 10 pprn). 

Safety factors other than 0.001 could be selected. 
For example, safety factors of 0.001 for oral dose 
product and 0.0001 for parenterals have been sug- 
gested [S]. While more stringent safety factors may be 
easily justified, it would require significant justifica- 
tion if a safety factor less stringent than 0.001 were 
used. However, different safety factors may be appro- 
priate if they are applied to dosing factors other than 
the minimum daily pharmacological dose. In addition 
to various safety factors, companies may also base 
limits on parameters other than therapeutic doses. 
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For example, rather than using the minimum daily 
dose of the active, other measures such as  the no ob- 
servable effect level (NOEL) or the minimum pharma- 
cological effect level may be selected. Since these will 
result in residue limits more stringent than limits 
based on the minimum daily dose, there is no scien- 
tific reason not to select these criteria. It should be 
noted, however, that arbitrarily selecting more strin- 
gent criteria may result in unreasonable cleaning 
overkill and may also stretch the detection limits of 
available analytical methods. 

LIMIT PER SURFACE AREA 

Once the residue limit in the subsequent product is 
determined (using the lower of Lilly criteria b and c 
above), the next step is to determine the residue limit 
in terms of the active ingredient contamination level 
per surface area of equipment. This limit (L2, in 
p,g/cm2) depends on the limit in the subsequent prod- 
uct (the lower of L1 and 10 ppm), the batch size of the 
product B (in kg), and the shared equipment surface 
area (in cm2). This is expressed mathematically as 

(Ll)(batch size of subsequent product)(l ,000) 
L2 = 

shared equipment surface area 
(2) 

where 1,000 is a conversion factor to account for ppm 
(limit in subsequent batch) and to convert kg to pg 
(for the batch size of subsequent product). Continuing 
forward with the example used, the limit in the sub- 
sequent product is 1.5 ppm. Assuming the batch size 
of the subsequent product is 200 kg and the shared 
equipment surface area is 60,000 cm2, then the L2 
limit is 
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In determining the surface area, all shared prod- 
uct contact surfaces, including piping, baffles, and 
the like, should be considered. If estimates are to be 
made, these estimates should be on the high side for 
surface area because larger surface areas result in 
lower L2 residue limits. 

It should be noted that this calculation for L2 as- 
sumes that the residue will be evenly distributed over 
all surfaces. In fact, this is generally not the case. 
However, this assumption is still the worst case. If one 
is doing swab sampling on the most difficult-to-clean 
locations, then assuming an even distribution will 
make it more difficult to meet the residue limits for 
those locations. In addition, it would be difficult to 
scientifically justify one area of the equipment having 
a residue limit of 2 Fg/cm2 with other areas having 
limits of 0.5 Fg/cm2. If a true "sampling rinse" is 
used, then issues related to uneven distribution don't 
arise, because one is sampling the entire equipment 
surface [ g ] .  

If more than one product (for example, products 
B, C, D, and E) could possibly be manufactured fol- 
lowing product A, then the surface area limits (L2) for 
cleaning following product A should be calculated for 
each subsequent product. The residue limit for clean- 
ing validation purposes should be set at the lowest of 
these L2 surface area limits. This gives the manufac- 
turing department more flexibility to make products 
in any order. It should be recognized, however, that 
there may be circumstances in which residue limits 
may require restrictions on which products may fol- 
low product A on the manufacturing schedule. 
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LIMIT IN THE ANALYZED SAMPLE 

While one establishes residue limits for the active in 
the subsequent product (Ll) and for the active per sur- 
face area following cleaning (L2), these are not typi- 
cally directly measured by the analytical procedure. 
The analytical procedure typically measures the active 
in solution as  a result of either swabbing and desorb- 
ing that swab into a suitable solvent or by doing rinse 
sampling and measuring the active in the rinse solvent 
[10]. For purposes of expediency, the focus here is on 
swab sampling. The reader is referred to other sources 
for examples related to rinse sampling 191. 

For swab sampling, it is assumed that a specified 
surface area of the equipment is sampled and that the 
swab is then desorbed into a fixed amount of solvent. 
To determine the residue limit (L3 in pg/g or ppm) in 
the analytical sample (the solvent the swab is des- 
orbed into), one must know the surface area residue 
limit (L2), the surface area swabbed (in cm2), and the 
amount of solvent the swab is desorbed into (in g). 

calculated as  The limit in the analyzed sample is 
follows: 

(L2)(swabbed surfaced area) 
L3 = 

amount desorption solvent 

Continuing with the example used 
5.0 pg/cm2 and assuming the surface 

so far, if L2 is 
area swabbed 

is 25 cm2 and the amount of solvent used for desorp- 
tion is 20 g, then the limit L3 in pg/g is 
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RECOVERY FACTORS 

As discussed in the above example, 6.3 ppm is the ac- 
ceptance limit in the analyzed sample. It should be 
noted that this value should be adjusted by a swab 
recovery factor. There are two ways to do this. One is 
to include the swab recovery factor in the actual 
analytical calculation. For example, if the swab recov- 
ery factor was 0.80 (80 percent), and one measured 
1 . 3  ppm in the analytical procedure, then that 
value is adjusted by dividing the analytical result 
by the recovery factor to arrive at a determination of 
1 . 3  ppm/0.80 = 1.6 ppm. The other alternative is to 
include the recovery factor in the numerator of Equa- 
tion 3 above. In this case, the recovery factor of 0.80 
should be included in the numerator. While the num- 
bers used will be different, the net effect of comparing 
the analytical result to the calculated limit will be log- 
ically the same. One should standardize how this is 
performed in order to avoid situations in which the 
recovery factor is used in both the calculation of the 
L3 limit and the determination of the analytical result 
on the desorbed solvent. 

EFFECTS ON ANALYTICAL 
METHOD VALIDATION 

It is important to point out that, at least in this ex- 
ample, the limit in the subsequent product (L l )  was 
significantly different from the limit in the analyzed 
sample (L3), 1.5 ppm and 6.3 ppm respectively. The 
reason for this is that L1 reflects the residue of the ac- 
tive being evenly distributed in a batch of the subse- 
quent product, whereas L3 reflects the residue of the 
active being concentrated in what for most cases is a 
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smaller volume of matrix material (the desorbing sol- 
vent). One can see that this effect can be leveraged by 
either sampling a larger surface area or by desorbing 
the swab into a smaller amount of solvent. In sam- 
pling a larger area, one needs to consider whether the 
sampling of a larger area might also lower the swab 
recovery factor and thus add more uncertainty to the 
determination. This is significant for analytical 
method purposes because the analytical method cho- 
sen for determining the residue of the active agent 
should be validated (at least in the example used) not 
based on the L1 limit of 1.5 ppm but rather on the 
L3 limit of 6.3 ppm (adjusted appropriately by the 
recovery factor). In this case, one might validate the 
analytical method not in the range of 0.5 to 1.5 ppm 
but rather in the range of about 2.1 to 6.3 ppm. 
This fourfold factor in limit of quantitation (LOQ) may 
be significant for analytical method selection and 
validation. 

VISUAL CLEANNESS 

The issue of visual cleanness is significant. The point 
is that if a surface is visually dirty, then either the 
cleaning procedure is not acceptable or a once ac- 
ceptable procedure is now out of control. The stan- 
dard of "visually clean" can be used for both 
validation and monitoring purposes. The dividing line 
between visually clean and visually dirty is usually 
regarded as being in the range of 4 pg/cm2 [3] .  If the 
L2 surface contamination acceptance limit is calcu- 
lated and found to be significantly above 4 pg/cm2, 
then provided that critical surfaces are readily visi- 
ble, it may be possible to default to visually clean as  
the only acceptance criteria. For potent drugs where 
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the L2 acceptance criterion would typically be well 
below 1 Fg/cm2, a determination of visual cleanli- 
ness would have no significance as to the adequacy 
of cleaning. In this case, visually dirty would still be 
an indication of cleaning failure, but visually clean 
could not clearly indicate whether the residue was at  
an acceptable level. For cases where determination of 
visually clean is critical, it may be appropriate to ac- 
tually determine the highest level that is not visible 
for that specific residue. This can be done by spiking 
model surfaces (for example, stainless steel coupons) 
with different levels of the residue (for example, 0.5, 
1.0, 2.0, 4.0, and 8.0 pg/cm2) and having a trained 
panel of observers look at the coupons in a "blinded" 
manner to determine whether or not the coupons are 
visually clean. This should be done under viewing 
conditions (lighting, angle, distance) that simulate 
the viewing of actual equipment. The highest residue 
level a t  which all panel members consider the 
coupons visually clean establishes an acceptance 
level for that particular residue. It should be noted 
that in at  least one document, the FDA has stated 
that relying on visual examination alone is not scien- 
tifically sound [l]. It is unclear from the context 
whether a calculation that the visual level would be 
less than a L2 limit would be sufficient additional in- 
formation that would make the use of visual exami- 
nation (without additional swab or rinse testing) 
appropriate. 

NONUNIFORM CONTAMINATION 

The cleaning validation acceptance criteria used by 
Lilly and referred to in the FDA guidance document 
on cleaning validation do provide one logical 
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construct for determining residue limits for chemical 
residues of active ingredients in finished drug manu- 
facture. One issue that may arise involves possible 
nonuniform contamination of the subsequent prod- 
uct [l l]. It should be noted that this is different from 
(although it may be related to) nonuniform contami- 
nation of the cleaned equipment. Nonuniform conta- 
mination of the subsequent product is more likely to 
arise with continuous processes rather than batch 
processes. For example, in a batch process of liquid 
drug blending, the contaminating residue (provided 
there is adequate mixing) is likely to be evenly dis- 
tributed throughout the subsequently manufactured 
product. In a continuous process, such as flow 
through a piping system or a fdling nozzle in a pack- 
aging operation, it is more likely that the contaminat- 
ing residue would appear in the first vials filled. This, 
of course, depends on the solubility of the residue in 
the subsequently manufactured product and on 
product flow characteristics. A special case of a con- 
tinuous process is a tablet press, in which any 
residues on the tablet press surfaces are not likely to 
be evenly distributed over all tablets manufactured in 
a batch. 

In dealing with nonuniform contamination, at 
least two alternatives are possible. If it is reasonable 
that the contaminating residue would appear in the 
first part of a product batch (of filled vials, for exam- 
ple), then calculations can be made to determine what 
would be the maximum number of vials filled that 
could theoretically be at the maximum allowable 
contamination level. Those vials, and as a safety mea- 
sure a reasonable number of subsequently produced 
vials, should be discarded or destroyed. For example, 
suppose the acceptance limit for the target residue is 
5 ppm in the subsequently manufactured product, 
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which is filled as 5 mL vials. If the calculated residue 
levels in the filling equipment and associated piping 
are 3.0 pg/cm2 (determined from a swabbing proce- 
dure, for example), and if the surface area of the fill- 
ing equipment and associated piping is 5,000 cm2, 
then if all the contamination in the equipment were 
concentrated in the first vial produced, the concen- 
tration of residue in that one vial would be 

(0.3 i*g/cn~2)(5, 000 cm2) 
= 300 pg/mL (300 ppm) 

5 mL 

This would clearly be above the L1 acceptance 
limit of 5 ppm. If all the contaminating residue in the 
equipment were evenly divided in the first 60 vials, 
then each vial would contain 5 ppm of residue. In that 
case, those 60 vials, plus a reasonable number of 
subsequently produced vials, should be discarded. 

These determinations were based on theoretical 
considerations of what could happen and represent 
a worst case. If the number of vials to be discard- 
ed is unacceptably high, then a study could be done 
to deal with nonuniform contamination of the filled 
vial in this example. This study would involve clean- 
ing the filling equipment and then filling a placebo 
product. Vials 1, 10, 20, and so forth would then be 
analyzed for the target residue. If vial 10 was mea- 
sured at  6 pprn and vial 20 was at  2 ppm, then those 
first 20 vials, plus as a safety factor a reasonable 
number of subsequently produced vials, should be 
discarded. 
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MICROBIOLOGICAL CONTAMINATION 

A second issue in setting limits is what to do about 
microbiological contamination. Setting acceptable 
limits for microbiological contamination is a more dif- 
ficult issue. The main issue with microbiological con- 
tamination is that merely one organism in the 
equipment could possibly result in a significantly 
higher contamination level in products manufactured 
in that equipment. No clear guidelines for process 
equipment exist. This may be the reason why the FDA 
guidance document on cleaning validation explicitly 
states that the guidance document applies only to 
chemical residues. One cannot expect the equipment 
to be free of all microorganisms, especially if any final 
rinse involves nonsterile water, unless a final sanitiz- 
ing or sterilization step is used. As a minimum, the 
criteria used for critical cleanroom surfaces should be 
used [12]. A second concern is with the species of 
microorganism present. Obviously, the presence of 
enteric organisms such as Escherichia coli or Entero- 
coccus would ordinarily be unacceptable. Microbial is- 
sues are covered in more detail in Chapter 11. 

Other concerns include setting limits for residues 
from chemical sources other than active ingredients 
(such a s  from excipients or cleaning agents), setting 
limits for residues in active pharmaceutical ingredi- 
ents, and accounting for residues from multiple 
process steps. The consideration of residue limits in 
these cases should be based on the same principles 
discussed here. The first consideration is the possible 
effect of any residue when it is present in any subse- 
quently manufactured product. It is then possible to 
work backwards to determine limits on equipment 
surfaces and/or bulk actives. Any residue limit deter- 
mination should be based on similar considerations 
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and principles utilized for fmished drug products, 
modified as  they apply to those situations. The key, as 
in any validation activity, should be sound scientific 
and logical reasoning. 
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Analytical 
Cleaning 

Methods for 
Validation 

There are a variety of analytical methods that can be 
chosen to measure target residues. This chapter will 
cover analyhcal methods for chemical residues. The 
selection of an  analytical method for measuring 
residues is closely tied to the chemical nature of target 
residues and to the analytical limits established for 
those residues. Chemical nature includes whether the 
target residue is organic or inorganic, is soluble in wa- 
ter or other solvents, its degree of polarity, and its sta- 
bility in the cleaning environment. A key element in 
the selection of an appropriate analytical method is 
that the method produces a result that has a logical, 
scientific link with the target residue [l ,2,3]. For ex- 
ample, if the target residue is an organic, nonionized 
drug active (XYZ), and the acceptance criterion is 
2 ppm in the analyzed sample, then using conductivity 



152 Validated Cleaning Technologies 

as an analytical tool would be inappropriate because 
there is no scientific relationship between the pres- 
ence of the target residue in the analytical sample and 
the measurement of conductivity in the test sample. 
A high performance liquid chromatography (HPLC) 
method, which was validated to measure XYZ at ap- 
propriate levels, would be an acceptable method to 
choose a s  an analytical tool for cleaning validation 
studies. 

One can go several steps further, however, and 
consider conditions under which that HPLC method 
would be inappropriate for residue testing for valida- 
tion purposes. For example, if there was evidence that 
XYZ was degraded during the cleaning process, then 
that specific HPLC method may not be appropriate for 
analyzing the target residue. If the HPLC procedure 
were used for either a swab sample or rinse water 
sample analysis, the results most likely would be be- 
low the detection limit of the method. This would not 
be helpful information, because if the cleaning or 
rinsing processes were inadequate, then the species 
that would be left behind would be the degradation 
product of XYZ, not XYZ itself. 

DETECTION LIMITS 

The Food and Drug Administration (FDA) cleaning 
validation guidelines call for companies to "determine 
the specificity and sensitivity of the analytical method 
used" [3]. Sensitivity at one time was a useful word for 
analytical methods (referring to the slope of the work- 
ing curve); however, in popular usage, it has been 
loosely used and has become synonymous with either 
"limit of detection" (MD) or "limit of quantitation" 
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(LOQ). The FDA is referring to LOD/LOQ: The 
LOD/LOQ of the analyhcal method should be at  or 
(preferably) below the acceptance criterion in the an-  
alyzed sample. If the target limit in the analytical 
sample were 5.2 ppm, and a method was only able to 
detect down to 10 ppm, that method would not be 
useful for cleaning validation purposes. Because most 
pharmaceutical manufacturers like to have signifi- 
cant safety built into their processes, they would gen- 
erally prefer an  analytical method with an LOD of at 
least 25 percent of the target residue limit in the an- 
alyzed sample. 

The concept of the residue limit in the analyzed 
sample cannot be emphasized enough [4]. As dis- 
cussed in Chapter 8, the residue limit in the subse- 
quent product is not necessarily the same as  the 
residue limit in the analyzed sample (although the 
two can be correlated based on batch size, surface 
area, and sampling procedure). Some companies have 
established overly restrictive requirements for their 
analytical methods because they have established re- 
quirements for the methods based on limits in the 
subsequent product rather than in the analyzed sam- 
ple. In many cases, the residue limits in the analyti- 
cal sample are considerably higher (by a factor of as 
much as  10) than the residue limit in the subsequent 
product. This is due to the 'concentration" process 
that results from the nature of the sampling process. 
In other words, just because the limit in the subse- 
quent product is 5 ppm, one should not despair be- 
cause one's analytical method only measures down to 
10 ppm. If swabbing is done, for example, the residue 
limit in the analyzed sample may be on the order of 
25 to 50 ppm, and a method with an LOQ of 10 pprn 
would be suitable without further refinement. 
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SPECIFICITY 

In terms of method specijiciity, there is a natural pref- 
erence for specific methods. After all, if one has a tar- 
get residue, the best way to measure that residue is 
to have an analytical procedure that measures only 
that species and excludes all potentially interfering 
species. Specific methods are those methods that tar- 
get a specific molecule or species and are designed so 
that possible interferences are eliminated. Specific 
methods include HPLC, ion chromatography (K), 
SDSPAGE (sodium dodecyl sulfate-polyacrylamide 
gel electrophoresis), and atomic absorption (AA). With 
such methods, it is possible to select, for example, 
column conditions for HPLC such that the target 
residue is carefully separated from other interfering 
species. Such methods sometimes involve some kind 
of chromatographic separation to isolate the target 
species to be measured. 

However, the statement that one should address 
the specificity of the analytical method used has 
sometimes been misinterpreted to mean that only a 
specific method can be used. I t  is unclear where this 
belief came from, but most likely it came from a mis- 
application of another FDA position on analytical 
methods. In the early days of cleaning validation, 
some companies merely analyzed the rinse water as it 
exited from a cleaned system. If the rinse water met 
compendia1 specifications (such as USP [U.S. Phar- 
macopeia] Purified Water specifications), those com- 
panies considered the cleaning process successful. 
The FDA objected to this for several reasons [l ,3]. 
One of the concerns was sampling recovery (to be dis- 
cussed in Chapter 10). Another concern was the fact 
that the compendia1 specifications may have no rela- 
tionship to the presence (or absence) of target residue. 
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For example, a residue of a potent active may be pre- 
sent in the rinse water in an unacceptable amount, 
yet the rinse water may still meet compendial specifi- 
cations. The FDA indicated that it wanted something 
that could actually measure the target species. An an- 
alytical procedure that can specifically measure the 
target residue is one way of doing this. However, a 
second way is to use a nonspecific method, so long as 
the results of that nonspecific measurement can be 
directly related to the target residue. 

NONSPECIFIC METHODS 

Nonspecific methods are usually methods that mea- 
sure a gross property that results from contributions 
from a variety of chemical species. Examples of non- 
specific methods include conductivity and total or- 
ganic carbon (TOC). Each provides a measure of an 
overall property but provides no information as to the 
chemical nature of the source of conductance or or- 
ganic carbon. When a nonspecific method is used for 
a target residue, it is necessary to make some as- 
sumptions about what that nonspecific property rep- 
resents. This generally involves expressing the 
property as if all the measured property is due to the 
target species. How is this done? If one is dealing with 
a target residue that is an organic active, one way is 
to measure the TOC of the analytical sample. The 
TOC value is then expressed as if all the carbon pre- 
sent were due to the target organic residue species. 
If the amount of the target residue calculated by 
this method is below the acceptance criterion, then it 
is scientifically sound to say that the residue is 
less than the acceptance criterion. For example, 
TOC could be used, and a sample is found to contain 
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200 ppb carbon. If the target residue were the active 
in the drug product that contained 25 percent car- 
bon, then that 200 ppb carbon could be expressed as  
800 ppb active. An objection could be made that the 
organic carbon is not, in fact, due exclusively to the 
target residue, therefore the method is inappropriate. 
If the objective were to determine the exact level of the 
target residue present, this would be a valid objection. 
However, the objective is to determine whether the 
level of the target residue is at or below the accep- 
tance level criterion. The organic carbon present is 
probably not due just to the organic active. There may 
be contributions from the cleaning agent, excipients 
(for final dosage forms), or processing aids (for bulk 
manufacture). However, that is beside the point; these 
facts only strengthen the case for acceptable residue 
levels of the organic active. As long as  the goal is to 
determine that the measured amount is below the ac- 
ceptance level, then good science supports using TOC 
to reach such a conclusion. 

Unfortunately, the opposite is not the case; if the 
TOC measurement indicates that the maximum level 
of the target residue is above its acceptance criterion, 
then one cannot conclusively say that the target 
residue is above the acceptance criterion established 
for that target residue. In such a case, one has to ei- 
ther develop a specific method to confirm the exact 
amount present or use a more robust cleaning proce- 
dure so that the target residue, when measured by 
TOC with all its related assumptions, is clearly 
below the acceptance criterion. This, of course, 
should be worked out in the cycle development work 
before the actual three process qualification (PQ) 
runs. If TOC were the only analytical method specified 
for determining residues, then high TOC values in PQ 
runs, while not necessarily conclusive evidence of 
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unacceptable residues, would cause the validation 
protocol to fail. 

METHOD VALIDATION 

Analytical methods used for measuring residues in 
cleaning validation protocols should themselves be 
validated. This validation usually means following 
standard industry practices for the validation of ana- 
lytical methods, including evaluation of specificity, 
linearity, range, precision, accuracy, and LOD/LOQ 
f5,6,7,81. 

Specificity 

Specificity is a measure of the validity of the result 
based on expected interferences. In other words, one 
needs to confirm whether or not the method can un- 
equivocally measure the target species in the pres- 
ence of possible interferences. Methods such as HPLC 
are generally considered specific. However, they are 
only specific if possible interferences have been eval- 
uated to see if they change the nature of the assay. 
For cleaning processes, this means that any HPLC 
procedure should be evaluated to see whether possi- 
ble residues from the cleaning agent interfere with the 
assay. Interferences may include changes in retention 
time, peak height, or peak shape. If cleaning agents 
are found to interfere in an HPLC assay, the object 
should be to modify that assay such that the cleaning 
agent no longer interferes. 

Methods such a s  TOC or an alkalinity titration 
are generally considered nonspecific because, in most 
cases, there is more than one species that can con- 
tribute to the measured property. Being nonspecific 
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does not mean that the method is unacceptable. What 
it means is that there is more risk to the manufac- 
turer in meeting their acceptance criteria. The reason 
is that a nonspecific method must assume a worst 
case and calculate a target species as  if the measured 
property was all due to that target species. It is a rea- 
sonable expectation that at least part of that mea- 
sured property is due to the interfering species. 
However, because one cannot specify that percentage, 
the worst case must be assumed. With a robust 
cleaning procedure, such an assumption becomes a 
reasonable risk. It should be noted that the specificity 
of a method is not an absolute property but is depen- 
dent on possible interferences. It may be the case that 
what is ordinarily considered a nonspecific method, 
an alkalinity titration, may be a specific method for 
potassium hydroxide in the cleaning agent if potas- 
sium hydroxide is the only source of alkalinity in the 
cleaning process. In fairness to HPLC methods, it 
should be noted that if interferences are found, the 
HPLC method may be modified to account for the in- 
terference. With assays such as an alkalinity titra- 
tion, such modifications are generally not possible. 

Range 

Range is a series of values of the measured species or 
property over which the analytical procedure was 
evaluated. It is only necessary to assure that the pro- 
cedure is valid over a range of expected values. For 
example, if the calculated acceptance limit for the an- 
alytical sample is X ppm, then one might want to eval- 
uate a range from approximately 0.2X to 1 .OX. On the 
other hand, if expected results (perhaps based on pre- 
qualification studies) are to be in the 0.1X to 0.3X 
range, then validation of a range of 0.05X to 0.5X may 
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be justified. However, as a practical matter in such 
circumstances, it makes sense to validate the range 
up to the 1 .OX acceptance limit to cover the possibil- 
ity that one data point might be obtained in the 0.5X 
to 1 .OX range. Such a scenario is generally not worth 
the risk of trying to shorten the upper end of the val- 
idation range below the acceptance criterion. While it 
may be interesting to extend the range beyond the ac- 
ceptance criterion, it is not absolutely necessary. If 
measured values are obtained larger than 1 .OX, the 
cleaning validation most likely will be unacceptable. 
Validating the range beyond 1 .OX will only confirm to 
what extent those specific values are unacceptable. 
Determining of the extent of a valid range for the as- 
say is a matter of risk assessment and will depend on 
the degree of confidence and expected consistency in 
any prequalification analytical studies. 

LODILOQ 

LOD is the assay value at which it is still possible to 
say that the material is present, but it may be not 
possible to quantify with a specific value. LOD is typ- 
ically estimated by several techniques. For example, 
for chromatographic techniques, LOD is estimated a t  
three times the standard deviation of a baseline re- 
sponse. Values that are below the LOD are generally 
reported as < LOD. 

LOQ is the lowest assay value for which a rea- 
sonable confidence exists that the value is precise. 
There are also rules of thumb for estimating LOQs. 
For chromatographic procedures, the LOQ can be es- 
timated as 10 times the standard deviation of the 
baseline noise. The LOQ can also be determined ex- 
perimentally; as a practical matter, it can be consid- 
ered the lower limit of the validated range of the 
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assay. Any measured value below the LOQ is ex- 
pressed as < LOQ. 

Linearity 
Linearity refers to the characteristic of the relation- 
ship of the measured property to the level of analyte 
present. Linearity is an indication that the measured 
signal is directly proportional to the concentration of 
the analyte over the range. As  a general rule for clean- 
ing validation studies, the expectations are that as- 
says will be linear over the range. Estimates of 
linearity can be made by such techniques as de- 
termination~ (0.99 or better). 

Accuracy 

Accuracy refers to the trueness of the measurements 
to known values. This is determined by analyzing 
known standards. There is no "magic number" for ac- 
ceptable accuracy. However, more accurate methods 
are preferred over less accurate methods. For exam- 
ple, if the acceptance criterion was 20 ppm, a method 
with a accuracy of 2 10 percent, giving a result of 
18 ppm, could be considered an acceptable result. 
On the other hand, a method with an accuracy of 
2 20 percent, giving a result of 18 ppm, will be sus- 
pect in terms of meeting the acceptance criterion. 

Precision 
Precision refers to the reproducibility of the method 
and is often measured by standard deviation. Simple 
precision is the reproducibility of the results in the 
same lab over a series of replicate assays using the 
same operator, the same equipment, and usually on 



Analytical Methods for Cleaning Validation l 6  1 

the same day. Intermediate precision is the repro- 
ducibility of results in the same lab using different 
operators, different pieces of equipment, and gener- 
ally done on different days. Ruggedness is interlab re- 
producibility, involving reproducibility in different 
labs. The degree of accuracy required will depend on 
the specific situation. If the method is to be developed 
in a central lab and then transferred to several remote 
locations where analytical support for validation will 
occur, ruggedness should be evaluated. For a small 
start-up firm, the equipment and analysts may be 
limited, and simple reproducibility may be all that is 
required. It should be noted that there is inherently 
more risk in simple reproducibility, particularly the 
risks associated with that analyst leaving the com- 
pany. It should be noted that in the consideration of 
precision, evaluation on more than one instrument, 
by more than one operator, or by more than one lab 
may not be needed depending on the specific circum- 
stances related to the individual validation protocol. If 
the assay is to be used only for validation purposes, 
less intensive evaluation is needed. If the assay is to 
be used for ongoing monitoring, then a more elabo- 
rate evaluation may be needed. 

Keys to Method Validation 

It should be noted that in many cases, preferences 
were given in the discussion of specificity and accu- 
racy. These are not to be considered absolute. In se- 
lecting an appropriate analytical method for the 
validation task, one must balance a series of needs. 
The key is to be aware of the limitations and risks as- 
sociated with any analytical method and to take steps 
to minimize those risks. A robust cleaning procedure 
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is one way to manage the risks related to analytical 
methods and residue levels. 

It should also be noted that determination of 
specificity, range, linearity, LOD/LOQ, precision, and 
accuracy are ordinarily first done on the analytical 
method itself, independent of the sampling technique. 
The sampling technique can affect the analytical 
method. Recovery considerations in sampling tech- 
niques using the specified analytical method will be 
covered in Chapter 10. 

TARGET ANALYTES 

The analytes targeted for assay will depend on what is 
targeted in the acceptance criteria. As a general rule, 
most pharmaceutical manufacturers will have an ac- 
ceptance criterion for the active ingredient in the 
equipment cleaned. Therefore, a method to measure 
that active (either specific or nonspecific) is appropri- 
ate. When there is some difficulty in targeting ana- 
lytes, formulated cleaning agents are often involved. 
For example, a formulated cleaning agent may con- 
tain (in addition to water) a surfactant, an alkalinity 
source (such as  potassium hydroxide), and a chelant. 
If an acceptance criterion of 10 ppm cleaning agent 
solids is established, how is that measured? One al- 
ternative is to measure each and every species. This 
makes sense only if an acceptance limit is separately 
established for each individual component. What is 
usually done is to target either one component or one 
property of that cleaning agent formulation 121. For 
instance, in the example cited above, it may be possi- 
ble to analyze for the potassium present, and from 
that potassium value calculate the total amount of 



Analytical Methods for Cleaning Validation l63 

the cleaning agent formulation that might be present. 
If the cleaning formulation solids contained 45 per- 
cent potassium, then a measured level of 0.6 ~g 
potassium would correspond to 1.3 kg of cleaning for- 
mulation solids. Such a calculation assumes that the 
different components of the cleaning formulation are 
removed from the cleaned equipment at  roughly the 
same rates. While it is possible that there may be dif- 
ferential removal from surfaces, and while it is well 
known that some surfactants are especially adherent 
to surfaces, recent work has shown that in a cleaning 
agent formulation that was freely rinsing, all the com- 
ponents are rinsed at  roughly the same proportions 
within the experimental error of the assay methods 
used [ g ] .  The concept of "last to rinse" component is a 
valuable laboratory tool [10]; however, as  a practical 
tool for cleaning validation purposes for determining 
what component to target in a freely rinsing cleaning 
formulation, it adds little value. 

Alternatively, a gross property such as TOC or al- 
kalinity can be used to measure residues of cleaning 
agent formulation. Contributed carbon or alkalinity 
may be due to a combination of components in the 
cleaning formulation. However, that gross property 
may be correlated with cleaning formulation solids. 
For example, a cleaning formulation may contain 
9.7 percent TOC on a solids basis. A measurement of 
0.30 ppm TOC would correspond to 3.1 ppm of clean- 
ing agent solids. In this particular case, the issue of 
nonspecificity comes into play. If there are other pos- 
sible sources of carbon (actives, excipients), then that 
3.1 ppm TOC would actually represent an upper limit 
for the maximum amount of cleaning formulation 
solids that might be present. In either case, whether 
a specific component or a gross property of the 
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cleaner formulation is targeted, the assumption is 
made that what is measured is actually representa- 
tive of the total formulation. 

TYPICAL ANALYTICAL PROCEDURES 

Below is a short listing of appropriate analytical pro- 
cedures and their applicability for cleaning validation 
purposes. This list is not meant to be exhaustive. 

High Performance Liquid Chromatography 

HPLC involves injection of the sample into a chro- 
matographic column, separation of the target species 
from other components in the sample, and then mea- 
surement of that target species as it exits the column 
by ultraviolet (UV) spectroscopy, conductivity, or 
ELSD (evaporative light-scattering detection). HPLC 
can generally be tweaked such that it is specific for 
the target species. The equipment is generally avail- 
able in pharmaceutical facilities. 

Total Organic Carbon 

TOC involves oxidation of the sample (by any of a va- 
riety of techniques) and measurement of the carbon 
dioxide generated by either infrared spectrometry or 
conductance. The method is generally considered 
nonspecific. TOC usually involves an assumption that 
all of the measured carbon is due to the target 
species, and the maximum possible level of the target 
species is calculated based on this assumption. TOC 
is becoming more widely used because it is an ac- 
ceptable technique to replace for the oxidizable sub- 
stances test for USP Purified Water and because of 
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the possible degradation of actives due to the clean- 
ing environment. For the latter reason, TOC is used 
commonly in the biotechnology industry for cleaning 
validation purposes. 

Atomic Absorption 

Atomic absorption is a specific method for metal ions. 
It can be utilized in the determination, for example, 
of sodium and/or potassium that may be present 
in cleaning formulations. This is not necessarily a 
common instrument in pharmaceutical analytical 
laboratories. 

Ion Chromatography 
Ion chromatography includes specific methods for 
both anions and cations in cleaning formulations. It 
can be used to measure both sodium and potassium 
as  cations, and different methods can be used to 
separate and measure anions, such a s  the anions 
from acidic detergents (phosphates, citrates, glyco- 
lates) or builders (carbonates, gluconates, silicates, 
EDTA [ethylenediaminetetraacetic acid]). This is not 
necessarily a common instrument in pharmaceuti- 
cal analytical laboratories, but it is becoming more 
widely used. 

Ultraviolet Spectroscopy 
For certain surfactants that have a chromophore, UV 
spectroscopy can be an acceptable tool. The instru- 
mentation is readily available in many pharmaceuti- 
cal analytical laboratories. 
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Enzyme-Linked Immunosorbent 
Assay (ELISA) 

ELISA is commonly used in the analysis of protein for 
the determination of actives. However, because pro- 
teins are usually degraded by the harsh conditions 
(temperature and pH) of the cleaning environment, 
ELISA has limited practical use for cleaning validation 
studies. 

Titrations 
Titrations can vary from alkalinity or acidity titra- 
tions, which can be used to give upper level estimates 
of cleaning agents present, to more specific titration 
procedures to measure components of cleaning 
agents, such as  titrations for chelants in cleaning 
agents. The laboratory equipment for these proce- 
dures is generally readily available. 

Conductance 
Conductivity measures a nonspecific property of ions 
in solution. It can be used as  an  upper limit estimate 
of the amount of an alkaline or an  acid cleaning 
agent. Dilute solutions exhibit a linear behavior. If not 
available, the equipment can be purchased relatively 
inexpensively. 

Some companies have tried to use pH a s  an  estimate 
of residues of either an alkaline or an acidic cleaning 
agent. This should generally be discouraged. The 
measurement of pH in unbuffered systems around 
neutral is unreliable. In addition, the relationship be- 
tween the level of cleaning agent and the pH is not a 
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linear one. In such situations, it is preferred to use ei- 
ther conductivity or an acidity/alkalinity titration if a 
simple analytical procedure is desired for cleaning 
agent determination. pH can be a useful monitoring 
tool in that a high or low pH can indicate a system out 
of control. However, it is not a preferred technique for 
determining actual levels of alkaline or acidic 
residues. 
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Sampling Methods for 
Cleaning Validation 

As analytical methods are chosen to measure the tar- 
geted residue, one must also consider the sampling 
procedures used as those analytical procedures are 
applied to cleaned equipment surfaces. The sampling 
procedure refers to the method of collecting the 
residues from the surface so that they can be mea- 
sured and to the selection of which surfaces are tar- 
geted for collecting residues for measurements. The 
objective of appropriate sampling is to end up with 
analytical results that can be appropriately and logi- 
cally considered either as representative of the system 
as a whole or as a worst case in the system (resulting 
in an upper limit estimate of the maximum residue 
that could be present). The four types of sampling are 
direct surface sampling, swab sampling, rinse sam- 
pling, and placebo sampling. The features of each will 
be discussed below. 
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DIRECT SURFACE SAMPLING 

Direct surface sampling involves an  analytical instru- 
ment directly "applied to" the cleaned surface. The 
most common example of direct sampling is visual 
evaluation. In that case, the eye is the means of both 
analysis and sampling. The key items to consider in 
visual sampling are listed below: 

Eyesight of the viewer: The viewer should 
have suitable vision, or such vision should 
be correctable by glasses or contact lenses. 

The available light for viewing: Particularly 
inside equipment, external lighting may have 
to be introduced to adequately sample the 
surface. It may also be helpful to use ultra- 
violet light ("black lights) to assist in viewing 
residues that may fluoresce under W light. 

The distance of the viewerfrom the surftlce: It 
is generally the case that the farther away 
from the viewer, the less sensitive visual ex- 
amination will be. A surface 1 ft in front of 
you may appear dirty, while the same sur- 
face 12 ft away may appear visually clean. 

The angle of the Light and the viewer to 
the surfae: These factors can also affect 
whether a surface is rated clean or dirty. 

The availability of the surfae: Surfaces that 
are readily visible can be easily examined. 
Other surfaces (such a s  the interior surfaces 
of ball valves) may require disassembly of 
the equipment in order to examine them. 
The availability of other surfaces may be 
improved by fiber optic scopes, which may 
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allow the visual examination of pipes as long 
as  7 m. 

The nature of the residue: One figure used in 
the literature for the dividing line between vi- 
sually clean and visually dirty is 4 (*g/cm2 
[l].  This figure can vary depending on the 
nature of the residue. If it is critical to have 
a more reliable number, experiments can be 
performed in which residues are spiked onto 
model surfaces at different levels (for exam- 
ple, 1, 2, 4, 6, 8, 10, and 12 pg/cm2). The se- 
ries is randomized, and a panel of viewers is 
asked individually to determine which are vi- 
sually clean and which are visually dirty. 
The highest level at which all panelists rate 
the surface as  visually clean can then be 
considered the dividing point. It should be 
noted that this may vary depending on the 
nature of the surface (see discussion below). 
It can also be affected by such factors a s  the 
particulate nature of the residue. Particulate 
residues, such as  from powders, can pro- 
duce visually dirty surfaces at levels consid- 
erably below 4 pg/cm2. For example, a 
powder can be evenly dispersed across a 
stainless steel surface at a nominal level of 
1 pg/cm2. If that surface were sampled by 
swabbing and analyzed, that level would be 
confirmed. However, that powder would not, 
as  a visual matter, be evenly dispersed 
across the surface. The residue would exist 
as  "lumps"; in some specific locations, the 
eye would see residues at levels of 4 p,g/cm2 
and above. Therefore, care should be used in 
relating the visual cleanliness of powder 
products to specific residue levels. This does 
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not mean that visual examination cannot be 
used; it still should. However, one should not 
be surprised if a surface contains a powder 
residue at a very low level, and yet that sur- 
face is unacceptable from a visual cleanli- 
ness standard. 

The nature of the surface: This includes both 
the material of construction as  well as  its 
surface texture and/or roughness and may 
be different for different residues. For exam- 
ple, a white powder may be very easy to see 
on a stainless steel surface, while on a white 
nylon plastic surface, that same level may be 
seen as visually clean. Other residues may 
be readily visible on a polished stainless 
steel surface, but the same levels of those 
residues on a rougher surface may be rated 
as  visually clean. 

In interpreting results as  visually clean, it can be 
helpful to have a good standard of what visually clean 
is. For new stainless steel or glass-lined vessels, this 
may be straightforward. However, if the glass-lined 
vessel is slightly dulled because of use (or misuse), 
that dulled surface may be misinterpreted as visually 
dirty. The same situation may arise involving stain- 
less steel in which the surface is etched (but still 
clean). Another example that may present problems 
involves the evaluation of stainless steel welds. In 
some cases, the welded area assumes a discoloration 
in the metal itself; such discoloration is not removed 
by conventional cleaning processes because it is not 
on the surface but rather in the surface. In cases like 
these, it is helpful to have photographs that illustrate 
a clean surface (in other words, a clean baseline 
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that is the dulled glass surface, the etched stainless 
surface, or the discolored weld surface) as well as the 
same surface with sufficient residues to have it rated 
as visually dirty. These photographs may be used for 
comparison purposes when evaluating those surfaces 
for cleanliness. 

Care should also be used in interpreting the re- 
sults of a visual examination of a surface wiped with 
a wiper or swab. Sometimes, a white wiper is used to 
accentuate a dark residue, or a black wiper is used to 
accentuate a white residue. If this method of evalua- 
tion is chosen, some thought needs to be put into 
what the results actually mean. If a surface is visually 
clean by direct examination with the eye, what does it 
mean if a fked surface area is wiped, and the result 
of the wiping is that residues are visible on the wiping 
material? Since the wiping process effectively concen- 
trates the residue, this is a distinct possibility. A tech- 
nique of this type may be useful as a supplement to 
analytical procedures for cases in which very low 
residue limits must be obtained. If the wiping proce- 
dure is done in a controlled manner, and if what is 
seen visually on the wiper is correlated with known 
amounts on the surface (through a series of spiking 
experiments), such a technique may be used as part 
of the monitoring process for ongoing cleaning (useful 
because of its quick turnaround). Use of this wiping 
technique only for analyzing the cleaned surfaces in 
the three Process Qualification (PQ) runs for valida- 
tion purposes probably has limited application. The 
amount of work that must be done to qualify this 
method is probably not worth the effort. 

In some cases, visual cleanliness alone may be 
an unacceptable standard. For very low acceptance 
criteria, a visual examination may tell one that the 
surface is dirty and therefore unacceptable. However, 
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a visual examination that shows the surface is clean 
may be inconclusive without specific analytical data. 
The same applies if there are acceptance criteria re- 
garding microbiological or endotoxin contamination of 
surfaces; visual cleanliness probably says very little 
about whether the surface may be acceptable from a 
microbiological perspective. It is generally expected by 
the Food and Drug Administration (FDA) that where 
surfaces can be readily visually examined, they 
should be examined as part of the PQ process 121. 

An alternative method of direct surface sampling 
is to have a probe that can be placed directly on or 
over the surface in question. Then the surface is an- 
alyzed directly by a technique such as  near infrared 
(NIR) or Fourier-transform infrared spectroscopy (FT- 
IR) 131. Such techniques and the associated apparatus 
to make them useful for pharmaceutical industry 
cleaning validation purposes are in the developmental 
stage. It is too early to judge how successful they 
might be. However, they suffer from one of the same 
disadvantages as  visual examination, namely that the 
surfaces to which such techniques may be applicable 
have to be readily available and may be limited in 
their geometry. More should be available on evalua- 
tions of these techniques in the next few years. 

SWAB SAMPLING 

A swab is a fibrous material that is used to wipe a 
surface to remove residues from the surface [4,5]. 
Typically, the swab is a textile fabric of some kind at- 
tached to a suitable handle (see Figure 10.1). The 
swab "head" (the fabric portion) is typically wetted 
with a solvent (water, an organic solvent, or a mix- 
ture), and then is wiped across a fixed surface area of 
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Figure 10.1. Typical swabs used for swabbing for 
chemical residues (courtesy of the Texwipe 
Company LLC). 

the surface to be sampled, using a defined wiping 
motion. The residue is then extracted or desorbed 
from the swab head into a suitable solvent for subse- 
quent analysis. The key items for the selection of 
swabbing as a sampling technique are a s  follows: 

The nature of the swab: For microbiological 
swabbing, the swab head is generally cotton 
fibers (not a woven or knitted fabric) at- 
tached to a handle. In some cases for micro- 
biological sampling, the sampling head is 
made of calcium alginate fibers. Microbiolog- 
ical swabs are always sterilized prior to use 
(for obvious reasons). 

Swabs used for chemical residues can vary 
considerably. However, the most common 
are made of a knitted polyester fabric head, 
which is then attached to a plastic handle by 
a suitable welding process so that adhesives 
(which could conceivably interfere with any 
subsequent analytical procedure) are 
avoided. It is also preferred to use swabs 
that are "low extractables" grades, here 
again to minimize interferences. It should be 
noted that any swab can be used a s  long it is 
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validated for the residue determination to be 
made. However, if TOC (total organic carbon) 
is the analytical technique, then low ex- 
tractable~ swabs are required to minimize 
excessive background carbon due to the 
swab. While this carbon content from the 
swab is always accounted for by being sub- 
tracted out as background, a low and con- 
sistent carbon contribution from low 
extractables swabs may be critical for con- 
sistency and the limit of quantitation (LOQ) 
for TOC analyses. The swab should also not 
bind the target residue such that it is not re- 
leased during the desorption step. This can 
be confirmed in recovery studies (discussed 
later in this chapter). 

Use of solvent for wetting and desorption of 
the swab: The solvent used should be appro- 
priate for assisting in the removal of the 
residue from the surface. In addition, it 
should be compatible with any subsequent 
analytical procedure. If the target residue is 
an  active substance and that active is known 
to be soluble in an organic solvent, then that 
solvent is a candidate for use in wetting the 
swab head. Other options include water 
alone or water adjusted to a high or low pH 
(the pH depending on whether the solubility 
of the active increases at  either a high or low 
pH). If TOC is the analytical method, organic 
solvents should not be used because they 
will interfere with an accurate measurement 
of carbon in the residue. The amount of sol- 
vent used for desorption may also be critical. 
A minimum amount of solvent may be nec- 
essary for the analytical method. The 
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amount used will also affect the necessary 
LOQ of the analytical method. 

The number of swabs used: Generally, only 
one or two swabs are used per target surface 
area. The concept behind using more than 
one swab is to increase the recovery of the 
target residue. One swab cannot pick up all 
of the residues, but it will leave behind a fi- 
nite amount of solvent, which probably con- 
tains some of the target residue. A second 
swab will pick up an  additional amount of 
the target residue. To enhance recovery, the 
second swab is sometimes used dry. The 
theory here is that a dry swab will "mop up" 
any of the solvent residues left behind, thus 
increasing recovery as  compared to using a 
second wet swab. While a second swab 
works well in theory for target residues 
where the second swab does not interfere 
with the analytical method, care should be 
used in adding a second swab to a swabbing 
procedure where TOC is the analytical tech- 
nique; the additional background carbon 
(and the resultant greater variability and 
larger LOQ) provided by the second swab 
may negate any benefit due to the additional 
residue recovered from the second swab, 
with the net result being little or no overall 
benefit to the swabbing recovery. Swab re- 
covery studies comparing the use of one 
swab to two swabs can confirm whether the 
added swab has any benefit in a given case. 

The surface area swabbed: The surface area 
typically swabbed per site varies from about 
25 cm2 to about 100 cm2. There is no 
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"magic" number in terms of what is best. The 
key is consistency, and recovery studies 
should be done using the same surface area. 
For flat (or relatively flat) surfaces, there are 
several techniques to control the surface 
area swabbed. One is to use a template 
placed over the surface to be sampled. For 
example, chemically inert templates made of 
polytetrafluoroethylene (PTFE) , having a 
"picture frame" of 25-100 cm2, have been 
used. The template is held against the sur- 
face, and the defined surface is swabbed. An 
alternative is to train people so that they 
"know" what the defined surface area is. 

Swabbed location: It is also important that 
the operator know exactly which defined 
area to swab. This is generally identified dur- 
ing scale-up or prequalification trials. The lo- 
cations selected for swabbing are generally 
those locations that are the most difficult to 
clean, representative of different material 
(e.g., stainless steel, glass, gasket materials), 
and representative of different functional lo- 
cations (e.g., side walls, dome, valve, agitator 
blade, drain). It is most important to identify 
those locations that are the most dzffkult to 
clean. If these locations are swabbed, and if 
the residues in these locations are accept- 
able, then residues in other locations (easier 
to clean) should also be acceptable. Also, 
performing swabbing on representative loca- 
tions and materials can be helpful in terms 
of providing a higher degree of assurance in 
the validation results a s  well as  providing a 
broader baseline for comparison in case 
problems should arise in the future. In the 
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validation protocol, the locations for swab- 
bing are either described in writing, marked 
visually on a schematic of the equipment, 
and/or attached as  photograph of the loca- 
tion (with key features present for orienta- 
tion), with the sampling area outlined with 
a marking pen. Such practices make it eas- 
ier to make sure the proper locations are 
sampled. 

The swabbing pattern: This includes the pat- 
tern the swab head makes as it goes across 
the surface, whether the swabbed pattern is 
repeated at a 90" angle, as  well as  any "flip- 
ping" of the swab head. (In many cases, the 
swab head is shaped like a paddle, having 
two sides; using both sides of the swab is as- 
sumed to result in a greater recovery.) One 
example of a swabbing pattern is shown in 
Figure 10.2. It is generally a benefit to have 
both a verbal description of the swab pattern 

Figure 10.2. Example of a swabbing pattern 

Start End Start 

Flip swab 
______$ 

- 
d 

End - 

Swab across in one 
direction 

Swab at 90" angle 
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as  well a s  a visual representation to ensure 
consistency. 

S w a b  handling and transport: Swab han- 
dling includes those steps to prevent conta- 
mination during use. Proper handling will 
depend to a given extent on the analytical 
procedure utilized. If the analytical method 
is TOC, then extreme care needs to be used 
in handling. For example, the swab should 
be handled with gloved handles, extraneous 
movements of the swab (waving it through 
the air) must be minimized, and a careful 
and clean procedure for cutting the swab 
head into the vial for desorption must be fol- 
lowed. For an HPLC method, such handling 
procedures should generally be followed but 
are not a s  critical. In addition, transport of 
the swab in the desorbing solvent from the 
time and site of swabbing to the time and 
site of performing the analytical assay must 
be considered. Here again, with some as- 
says such as  TOC, this may need to be care- 
fully controlled (because of the extraction of 
carbon species from the swab materials); 
with other methods, this may be less criti- 
cal. In any case, temperature and time dur- 
ing transport should be addressed and 
controlled. 

Controls: These should be utilized in all 
cases. For some methods such as TOC, con- 
trols are absolutely necessary because of the 
relatively large background blank inherent 
in the method. For any method, controls 
should be used to identlfy any nonsample- 
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related sources of error. The sampling con- 
trol should be prepared using the same 
swab, solvent for desorption, and type of vial. 
The sampling control should be prepared at  
the same time as  the experimental sample is 
taken. The sampling control should not be 
prepared in the laboratory; as much as  pos- 
sible, the sampling control should have the 
same history as  the experimental sample 
swab, except that it does not touch the 
equipment surface. It should be noted that 
for any analytical procedure, there may be 
other controls prepared in the laboratory; 
their use may be necessary but should be in 
addition to the sampling control. 

All of these factors-the swab itself, the number 
of swabs, the type of solvent used for wetting, whether 
they are all wet or a combination of wet and dry, the 
surface area to be swabbed, the swabbed location, the 
swabbing pattern, swab handling and transport, and 
swabbing controls-should be identified in the swab- 
bing SOP (Standard Operating Procedure) and/or val- 
idation protocol. The SOP is not only the procedure to 
follow in the validation protocol; it is also followed ex- 
actly when the swab recovery studies are done. 

RINSE SAMPLING 

Rinse sampling involves using a liquid to cover the 
surfaces to be sampled. There are really two cases of 
this: single point final rinse sampling and a sampling 
rinse separate and distinct from the final rinse [6]. 
Before each is discussed, it should be pointed out 
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that rinse sampling has a negative connotation for 
validation purposes. Early in the history of cleaning 
validation, some companies misused rinse sampling. 
One misuse involved trying to assert that as  long as  
USP (U.S. Pharmacopeia) Purified Water was used for 
the rinse, if the final rinse water met the USP specifi- 
cations (or if the rinse water was unchanged from the 
original specifications), then the cleanliness of the 
equipment was validated. The FDA objected to this 
(as rightly they should have) because there was no 
measure of any target residue. It should be clear, par- 
ticularly with potent drugs, that residues of those 
drugs may be present in the rinse water at unaccept- 
able levels, yet the water could still meet the USP 
specifications. A second objection the FDA had to 
rinse sampling as it was done at that time was that 
manufacturers were measuring a target residue in 
the rinse water, but they had not validated that those 
residues could have been detected in the rinse water 
had they been present on the equipment surfaces at 
the time of rinsing. This is the so-called "dirty pot" 
analogy; if one wants to determine the cleanliness of 
the pot, one examines the pot, not the wash or rinse 
water 121. This is a good analogy, but it does have its 
limits. It is possible to examine the rinse water if it 
can be demonstrated, through recovery studies, that 
any residues "on the pot" are readily removed by the 
rinsing process. There are two keys to overcoming ob- 
jections to rinse sampling as  it was done: (l) make 
sure that what is measured in the rinse sample is di- 
rectly related to the target residue, and (2) make sure 
that the rinse procedure has been demonstrated to 
remove the target residue from model surfaces in 
valid recovery studies. With that in mind, the follow- 
ing is a discussion of the two types of rinse sampling 
procedures. 
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Single Point Final Rinse Sampling 

In single point final rinse sampling, a sample (usu- 
ally a "grab" sample) is obtained at  the end of the fi- 
nal rinsing process. If the rinsing medium is water, 
then it is a water sample; if a solvent is used for the 
final rinse, then it is a solvent sample. The volume of 
rinse sample taken will depend on the analyses done 
but typically is in the 500-1,000 mL range. The sam- 
pling point is usually identified a s  that point at the 
end of the cleaning circuit at which the water exits 
the cleaning circuit. This is the most common 
method of rinse sampling. Final rinse sampling, pro- 
viding the two conditions discussed above are ad- 
dressed, has the advantage of being a simple 
procedure. It also can be an effective means of sam- 
pling sites that are not visible or are not readily sam- 
pled by swabbing, including process pipes. Rinse 
sampling of this type also provides an overall mea- 
sure of the contamination of a system; if it is reason- 
able that the contamination is uniformly dispersed 
throughout the subsequently manufactured product, 
then rinse sampling may give a valid measure of the 
overall potential contamination of the subsequent 
product. 

A key question is relating what is measured in 
the rinse water to possible contamination levels of 
that residue in the subsequent product. If certain 
(reasonable) assumptions are made about what a fi- 
nal rinse sample represents, then it is possible to as- 
sert that, in the worst case, that a level of, for 
example, X ppm in the final rinse correlates to no 
more than (that is, an upper limit of) X ppm in the 
subsequent product. If this approach is taken, it is 
useful to clarify those assumptions in a justification 
document. 
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Separate Sampling Rinse 
A separate and distinct rinse is performed with a fixed 
amount of sampling medium after the process rinsing 
(as part of the cleaning SOP) is completed. The only 
function of the sampling rinse is to sample the equip- 
ment for analytical purposes. This rinse sampling 
procedure can either be done on a batch or continu- 
ous basis. The only additional criterion for using it for 
residue calculation sampling procedures is that the 
rinse procedure contact (and therefore sample) all 
surfaces of the equipment. This is a requirement be- 
cause in rinse sampling, it is not possible to focus the 
rinse solution on the most difficult-to-clean surfaces 
(as might be done with swab sampling). Because of 
this limitation, all surfaces must be sampled to obtain 
a snapshot of the overall contamination. 

This separate rinse sampling has several advan- 
tages. One is that it is possible to use a sampling 
rinse solution that is different from the process rinse. 
In aqueous processing, the final process rinse is usu- 
ally just water. If the active agent has poor solubility 
in water but is more readily soluble at a high pH, 
for example, it may be possible to use a dilute solu- 
tion of sodium hydroxide as the sampling rinse to 
enhance and assure the recovery of that active agent 
residue. Another alternative would be to use an 
isopropanol/water mixture as the sampling rinse 
solution. 

A second advantage is that because the sampling 
rinse has a fixed volume, it is possible to more care- 
fully approximate the possible contamination of the 
subsequent product. As a practical matter for discrete 
rinses (dump and fill systems), in which the amount 
of sampling rinse solution is approximately the same 
as the amount of the next product, a level of X ppm of 
target residue in the sampling rinse correlates to 
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approximately X ppm of the target residue in the sub- 
sequent product (assuming uniform distribution). For 
continuous rinsing processes, as  in clean-in-place 
(CIP), it is likely that the volume of the sampling rinse 
to sample all parts of the equipment is considerably 
less (as much as  80-90 percent less) than the volume 
of the subsequently manufactured product. If this is 
the case, a level of 1.OX ppm of the target residue in 
the sampling rinse correlates with approximately 
0.1X to 0.2X ppm of the target residue in the subse- 
quent product. In this continuous CIP sampling rinse 
procedure, it is possible to leverage the analytical pro- 
cedure (much as is done in swab sampling) such that 
relatively high numbers in the analyzed samples ac- 
tually represent significantly lower levels of potential 
contamination in the subsequent product. 

PLACEBO SAMPLING 

Placebo sampling involves manufacturing a placebo 
batch (the drug product less the active drug sub- 
stance) of the subsequently manufactured product in 
the cleaned equipment. Following manufacture of the 
placebo product, the placebo is analyzed for the tar- 
get residue, for example, the active in the drug prod- 
uct that was cleaned from the equipment. If that 
active is found in the placebo at  a certain level, say 
X ppm, then it is assumed that the contamination of 
that subsequently manufactured product with the ac- 
tive would also be at a level of X ppm. If this level is 
below the acceptance criterion in the subsequent 
product, then the equipment is assumed to be ade- 
quately cleaned. 

The FDA has expressed objections to placebo 
sampling [7]. One objection is that it assumes that the 
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contaminating residue will be uniformly dispersed 
throughout the placebo batch; so when a sample of 
the placebo is taken and analyzed, that sample will be 
representative. This is a valid objection, but uniform 
contamination is an  assumption behind swab and 
rinse sampling also. A second FDA concern is the an- 
alytical power to adequately measure target residues 
in the placebo matrix. It is difficult enough to mea- 
sure an active at  very low levels in pure water or pure 
solvent. Measuring that active in the presence of the 
components of the placebo may present an analytical 
challenge. One additional item to be considered is a 
valid recovery study to demonstrate that the placebo 
procedure could actually recover the target residue if 
it were on a surface. The FDA's position in their guid- 
ance document is that placebo sampling is acceptable 
provided it is supplemented by either swab or rinse 
sampling. For this reason, placebo sampling is sel- 
dom done. 

However, one area in which placebo sampling 
may have value is in the evaluation of nonuniform 
contamination. This does not refer to nonuniform 
contamination of the equipment surfaces because 
in most cases equipment surfaces are not uniformly 
contaminated. Rather, it refers to nonuniform cont- 
amination of the subsequently manufactured prod- 
uct. There may be situations in which the 
contaminating residues on the cleaned equipment 
are preferentially removed by and thus contaminate 
only a portion of the subsequently manufactured 
product. For example, in continuous filling equip- 
ment, it is possible that the contaminating residues 
on the filling equipment surfaces would be removed 
by the first portion of product to be filled. This 
would result in the first vials filled having a higher 
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level of contamination, with subsequent vials hav- 
ing lower levels of contamination. In such a situa- 
tion, it may be possible that the vials initially filled 
would have unacceptable levels of contaminants, 
while subsequent vials would have acceptable levels 
of the same residues. Placebo sampling can address 
this by filling with a placebo product using the 
cleaned equipment and analyzing vials on a regular 
basis (for example, vials 1, 10, 50, 200, 1,000) for 
the target residue. If vial 10 had an  unacceptable 
residue level but vial 50 had an  acceptable level, in- 
termediate vials could be analyzed to determine 
with which vial the residue became unacceptable. A 
safety factor could be added to this, and a number 
of initially produced vials destroyed. An alternative 
to this is to select a more rugged cleaning process, 
such that any nonuniform contamination does not 
produce unacceptable contamination. If the non- 
uniform contamination of the subsequent product 
cannot be assumed to be predictable (such as the 
random contamination of vials), then placebo test- 
ing offers little help (other than helping to identify 
the problem). In that case, a more rugged cleaning 
process is called for. 

Another disadvantage of placebo testing is that 
it does not allow leveraging of the analytical method, 
a s  does swab testing and certain types of rinse sam- 
pling; what is measured in the placebo product is 
assumed to be the contamination level of the subse- 
quently manufactured product. In contrast, with a 
swab sample, it may be possible that a relatively 
high value of an  analyte (e.g., 25 ppm) in the ana- 
lyzed sample may correlate with a much lower value 
(e.g., 4 ppm) of possible contamination of the subse- 
quent product. 
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RECOVERY STUDIES 

A key in any sampling procedure is that the sampling 
procedure quantitatively remove the residue from the 
surface for subsequent analysis [8,9]. This is demon- 
strated in so-called recovery studies. In a recovery 
study, a fixed amount of the target residue is spiked 
onto a model surface, the surface is sampled with the 
sampling procedure, and the sample obtained is ana- 
lyzed by the analytical method. The amount of target 
residue is then expressed as a percentage of the 
amount spiked to give the "percent recovery." This 
percentage must then be used to adjust the analytical 
results obtained to accurately reflect potential conta- 
mination. For example, if the contamination of a sur- 
face in a validation study is measured at 12 pg per 
swab, and the recovery with that swabbing procedure 
and that residue is 75 percent, then the potential con- 
tamination is 12 pg + 0.75, or 16 pg per swab. 

Sampling recovery procedures are usually done 
in the laboratory. Some of the keys to successful swab 
recovery studies are as follows: 

The model surJace used: This should reflect 
actual conditions. For example, if stainless 
steel is the swabbed surface in the process 
equipment, the contaminating residue 
should be spiked onto stainless steel 
coupons. Such coupons should be of suffi- 
cient size such that the area swabbed is the 
same as the area specified in the swabbing 
SOP. 

The amount of the contaminating residue: 
The amount of residue, in pg/cm2, should 
be in the range of that expected to be found 
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in actual validation trials. This level should 
definitely be below the acceptance criterion 
specified for contamination. If recovery is 
expected to be different depending on the 
level of contamination, then a series of re- 
covery studies should be done. For example, 
recovery studies could be done at contami- 
nating levels equal to about 10 percent, 
30 percent, and 60 percent of the ac- 
ceptance criterion, or they could be done at  
l x ,  2 x ,  and 4x  the LOQ of the analyt- 
ical method. Either the lowest percent re- 
covery obtained could then be safely used 
for adjusting the actual analytical results, 
or a series of recovery percentages could 
be used depending on the analytical result 
obtained. 

The nature of the residue: Is the spiked 
residue sampled as applied, after drying, or 
after baking at a specified temperature? The 
nature of the residue should approximate 
that in the equipment to be cleaned. If the 
equipment is steamed prior to cleaning, then 
it is appropriate that the spiked residue be 
treated in a similar manner so that the re- 
covery study approximates as  much as  prac- 
tical the actual conditions in the validation 
swabbing procedure. 

The swabbing SOP: The SOP should be ex- 
actly the same SOP used in the validation 
protocol swabbing. This includes all of the 
issues discussed previously regarding 
swabbing. 
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Rinse sampling recovery studies can be done in 
the laboratory; however, it is very difficult to simulate 
rinse sampling conditions, particularly a CIP rinse, in 
a laboratory study. The approach for rinse sampling 
recovery studies is to design a reasonable laboratory 
study using worst-case conditions. It is then assumed 
that recovery under actual sampling rinse conditions 
would be no less than, and most likely greater than, 
the percentage recovery obtained in the worst-case 
lab study. Rinse sampling studies can be simulated 
by spiking the target residue on the bottom of a stain- 
less steel beaker and then applying the sampling 
rinse in a manner to cover the surface with a fixed ag- 
itation (usually minimal) and a fixed time (usually 
less than the expected contact time expected in the 
actual rinsing on the process equipment). An alterna- 
tive is to spike a coupon with the target residue and 
do a simulated rinse by allowing a fixed amount of 
sampling solution to flow over the coupon into a col- 
lection vessel for analysis. 

Issues addressed in swab sampling, such as  the 
nature of the surface and the amount and nature of 
the target residue, also apply to rinse sampling re- 
covery. One additional critical parameter is the rela- 
tive ratio of the sampling solution to the surface area 
sampled. This should approximate that found 
in real-life processing; as  a worst-case, the ratio 
of the amount of sampling solution to the sur- 
face area sampled should be less than the real life 
situation. 

Acceptable percentage recoveries are > 50 per- 
cent*. Recoveries above 80 percent are preferred, but 
it is recognized that recoveries at  the very low levels 

*Answer to audience question given by Y. Henry of FDA, at AAPS Work- 
shop on Current Issues: Analytical Validation for the Pharmaceutical In- 
dustry, 6-7 April, 1998. In Arlington, Va. 
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present in cleaning validation situations can add con- 
siderably to the low recovery percentages. 

It should also be noted that certain sampling 
procedures may be considered invasive, such that 
special cleaning or a repeat of the cleaning process 
may be required before the equipment can be used 
again for manufacturing products. 
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Microbial Issues in 
Cleaning Validation 

A rigorous evaluation of microbial contamination for 
cleaning validation has had a low profile during the 
first decade of cleaning validation [l]. The focus, at 
least in terms of acceptance criteria, has been on 
chemical residues , specifically residues of the active 
and the cleaning agent. The Food and Drug Adminis- 
tration (FDA) guidance document on cleaning valida- 
tion specifically says that the guide is "intended to 
cover cleaning for chemical residues only." Despite 
that main concern with chemical residues, the guid- 
ance document also states that "microbial aspects of 
equipment cleaning should be considered." The em- 
phasis in the guidance document, however, relates to 
microbial proliferation during storage [2] . 
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IMPORTANCE OF MICROBIAL 
RESIDUE CONTROL 

The rationale for considering microbiological contam- 
ination as  part of a cleaning program is that microbi- 
ological quality is of concern for all products 131. At a 
minimum, the absence of certain enteric organisms in 
the cleaned equipment is a must for all products. For 
biotechnology manufacturing involving microbial 
cells, the presence of species other than the one de- 
sired for manufacturing purposes may interfere with 
productivity and quality. For certain products, such 
as those that are subsequently sterilized, the issue of 
bioburden may be critical to the validation of those 
sterilization processes. The issue of microbiological 
contamination of cleaned equipment for sterile prod- 
ucts may also be related to endotoxin levels in the 
subsequently manufactured product. Additional con- 
cerns are the possible effects of microbes on the sta- 
bility of the drug product or perhaps on the 
bioavailability of the drug active. 

Thus, while the FDA guidance document does 
not emphasize microbial residues as part of the ac- 
ceptance criteria for cleaning validation studies, 
many companies will include microbiological consid- 
erations as part of the acceptance criteria in cleaning 
validation protocols. 

CHANGES IN MICROBLAL RESIDUES 

For drug product manufacture, one key way in which 
microbial residues are different from chemical 
residues is that chemical residues generally are 
transferred unchanged to the subsequently manufac- 
tured product. If one has a certain amount of chemi- 
cal residue X on the cleaned equipment, one can 
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readily calculate the potential contamination of the 
subsequently manufactured product (assuming uni- 
form distribution). With microbial contamination, the 
situation is slightly different. As pointed out in the 
FDA guidance document, there may be microbial pro- 
liferation after the cleaning step (and during storage), 
which may considerably change the level of microbial 
residues. On the other hand, there may be microbial 
death on cleaned, dried equipment that significantly 
lowers the bioburden transferred to the subsequently 
manufactured product. The main issue is that levels 
of microbial residues present at the end of cleaning 
are not as  relevant as levels of microbial residues that 
are present at the beginning of manufacture of the 
next product (although the two are definitely related). 
The key point is that microbial residues may change 
during storage of the cleaned equipment. This is why 
the FDA guidance document emphasizes the need to 
focus on equipment drying before storage. 

The level of rnicrobial residue can change during 
storage, and the level present at the beginning of man- 
ufacturing is not necessarily predictive of what levels 
may be in the subsequently manufactured product. 
The nature of that subsequently manufactured prod- 
uct (as well as  storage of that product) may change the 
level of microorganisms present. If the product is a dry 
product with a water content of < 0.6 percent, it is 
generally accepted that microbes will not grow in such 
products 141. On the other hand, if the product is a 
neutral aqueous product (with no preservatives), one 
can expect microbial proliferation. If that same prod- 
uct had a preservative or was formulated with a sig- 
nificant amount of alcohol, one could expect either a 
minor change in microbial content or even a total re- 
duction in microbial count over a short period of time 
(e.g., one week). Clearly, the situation is more complex 
than with chemical residue contamination. This 
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necessitates a more careful review of specific situa- 
tions for the proper consideration of microbial residue 
limits in cleaning validation studies. 

MICROBIAL RESIDUE REDUCTION 

The good news is that the control of microbial 
residues in properly engineered manufacturing equip- 
ment is a falrly easy process. Effective cleaning by it- 
self can in most cases produce equipment that will 
have acceptable microbial residue levels. Effective 
cleaning in this case generally means cleaning with a 
hot solution of a highly alkaline or acidic cleaning 
agent containing surfactants, which also remove the 
chemical residues that are present in the system. 
The purpose of the acidity or alkalinity is to produce 
a cleaning environment that is hostile to microor- 
ganisms. The same is true for using an elevated tem- 
perature (generally above 60°C)  to produce an  
environment hostile to microbes. The purpose of the 
surfactant is to assist in wetting, for better contact 
with the microbes, as well as  to assist in the "carry- 
ing away" of the microbial residues. It is important 
that the cleaning process also remove the chemical 
residues present; significant amounts of chemical 
residues left behind may serve as  microbial traps, 
which prevents the destruction or removal of the mi- 
croorganism during the cleaning process. 

The bad news is that proper design and engi- 
neering of the equipment is necessary to eliminate 
locations where microorganisms can hide and 
proliferate. These are generally the same locations that 
may cause problems with chemical residues, includ- 
ing dead legs and crevices (such as  at the junction of 
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a stainless steel part with a gasket). In addition, as  
mentioned earlier, anywhere that water can pool is a 
potential source of microbial proliferation. 

Expectations are not that the equipment should 
be sterile after the cleaning step, particularly if the fi- 
nal rinse water was USP (U.S. Pharmacopeia) Purified 
Water or Water for Injection. Any microbes left from 
the final rinse would still be in the system, unless 
they die following drying of the equipment. Using a 
chemical disinfectant or sanitizer (such as peracetic 
acid or a quaternary ammonium chloride) may pro- 
vide a further reduction in microbes, but the use of 
these products would require a rinse, thus possibly 
reintroducing microbes from the final rinse water. 
Other chemical disinfectants or sanitizers, such as  
hydrogen peroxide or alcohol, may be used for further 
microbial reduction, since they may not require a 
rinse (providing adequate time is allowed for the hy- 
drogen peroxide to decompose or for the alcohol to 
evaporate before the manufacture of the next prod- 
uct). The use of steam in a SIP (sterilization-in-place 
or steam-in-place) procedure may provide a further 
reduction or even produce sterile equipment if prop- 
erly validated 141. The need for using a microbial re- 
duction agent after the cleaning step should be 
evaluated on a case-by-case basis. If acceptable mi- 
crobial quality can be achieved by cleaning alone, the 
use of an  agent for further microbial reduction should 
generally be avoided. 

In terms of establishing specific acceptance levels 
for microbial contamination, the levels established 
will depend to some extent on whether the product is 
sterile (subsequently sterilized), aseptically produced, 
or nonsterile. Each of these cases will be considered 
separately. 
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Limits for Subsequently Sterilized Products 

The key for subsequently sterilized products is that 
the maximum bioburden present in the sterilized 
product must be specified for sterilization validation. 
Therefore, the contribution of bioburden from the 
equipment itself must be such that it is consistent 
with the bioburden specified for sterilization valida- 
tion. Unfortunately, the cleaned equipment is not the 
only source of bioburden, so other sources of biobur- 
den (such as raw materials and packaging compo- 
nents) must also be addressed. The principle behind 
setting limits for acceptance testing for validation 
purposes is that the total of the bioburden from all 
sources should be less than or equal to the maximum 
specified in the subsequent sterilization validation. 
There are several issues here. One is the chicken- 
and-egg question: Which is specified first, the steril- 
ization validation bioburden or the microbial limits 
following cleaning? The answer, of course, is that they 
are selected at  the same time, since both have to be 
reasonable and achievable. Good science and a 
knowledge of the system through prequalification 
testing is usually an acceptable guide. The second 
question is, What is the distribution of that maximum 
bioburden among the various contributing sources? 
The bioburden can usually be allocated based on data 
that are available from prequalification testing (clean- 
ing residues, raw material bioburden, and packaging 
bioburden). Any worst case, with all contributors at  
their maximum, should be at or below the maximum 
bioburden specified for sterilization. Because of in- 
herent variability in microbiological testing, some 
safety factor should be used to insure that in any 
worst case, the total bioburden is well below that 
maximum level. 
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In calculating the contribution of the microbial 
residues in the cleaned equipment to possible biobur- 
den of the subsequently manufactured product, a cal- 
culation similar to that used for chemical residues is 
used to calculate the colony forming units (CFU) per 
volume or weight of the subsequently manufactured 
product: 

A x B  bioburden = - 
C 

where A = CFU per surface area, B = product contact 
surface area, and C = volume or weight of product. 

This calculation can be used assuming uniform 
contamination of the subsequently manufactured 
product. In addition, any change in the bioburden 
once the microbes are in the subsequently manufac- 
tured product must be considered. 

Limits for Aseptically Produced Products 

The limits for aseptically produced products is not 
unlike that for subsequently sterilized products, ex- 
cept it is the equipment (rather than the product) that 
is subsequently sterilized (or decontaminated). The 
main issue here is that validation of the equipment 
sterilization process must take into account the 
bioburden present in the equipment. The microbial 
bioburden acceptance criteria following cleaning 
must be consistent with the bioburden used for 
sterilization validation purposes. A second issue is 
the possible effect of that bioburden on endotoxin 
levels. If the equipment is steam sterilized, there is 
still a concern about endotoxins remaining in the 
equipment. This is probably not a significant issue for 
most cases in which thorough cleaning is done. How- 
ever, it should not be overlooked. 
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Limits for Nonsterile Products 

The issue for nonsterile products is relatively 
straightforward. Manufacturers of nonsterile prod- 
ucts realize that there will be some microbial load in 
their products. However, microbial loads consistent 
with the microbial content (species and number) of 
other products that a consumer might utilize (for ex- 
ample, drinking water) may be reasonable standards. 
At this time, the USP has a proposed revision of 
< 1 1 1 1 > "Microbial Content of Nonsterile Pharmaceu- 
ticals," which can provide guidelines for what is ac- 
ceptable in the finished product [5]. The equation 
presented earlier for determining the contribution of 
microbial residues in the cleaned equipment to the 
bioburden in the finished product can be used. As in 
that situation, other contributors (raw material, pack- 
aging, environment) to bioburden of the finished 
product must be considered in establishing the ac- 
ceptance criteria for the cleaned equipment. 

WHAT IS MEASURED 
FOR ACCEPTANCE CRITERIA? 

The acceptance criteria for microbial residues in a 
cleaning validation study, for any of the three cases 
covered above, are relatively straightforward com- 
pared to determining the acceptance criteria for 
chemical residues. The acceptance criteria prefer- 
ably include a specification of restricted organisms 
(that is, those that should not be present at all, such 
as enteric organisms) and a specification of the max- 
imum number of CFUs per swab or contact plate. In 
addition, during actual testing, an identification of 
the species present should be made. 
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The maximum number acceptable in the cleaned 
equipment should be based, a s  discussed above, on 
the contribution of that microbial load to the subse- 
quently manufactured product or to the bioburden for 
the subsequent sterilization process. 

In selecting acceptable limits for cleaning valida- 
tion acceptance criteria, one possibly could view these 
numbers as extremely high; in most cases, one would 
never have equipment contaminated at  those levels. 
However, it is necessary to distinguish what is a sci- 
entifically justifiable acceptance limit and the ac- 
tion/alert limits for routine process monitoring. In 
almost all cases, the action/alert limits measured as 
part of routine monitoring will be signiJcantly below 
the acceptance criteria for cleaning validation pur- 
poses. This is to be expected. The acceptance criteria 
for cleaning validation purposes are based on a sci- 
entifically (and logically) sound basis for what could 
contaminate the system and still be acceptable. The 
action/alert limits are initially established as  tenta- 
tive limits based on prequalification testing. As more 
data are obtained from routine monitoring, these ac- 
tion/alert limits may be revised. The purposes of ac- 
tion/alert limits for routine monitoring are different 
from the acceptance criteria for cleaning validation 
purposes. The action/alert levels for monitoring pur- 
poses are designed to provide an early warning of pos- 
sible changes in the system through a review of trend 
data. They are not necessarily indicative of a quality 
problem with the finished product. This contrast 
between validation acceptance criteria and routine 
monitoring limits is important for chemical monitor- 
ing a s  well as  for microbial monitoring. 
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SAMPLING TOOLS 

The methods for microbiological analysis are well es- 
tablished 161. Sampling is done with either sterile 
swabs (cotton or alginate tipped) or contact plates or 
by sampling the rinse water in a membrane filtration 
procedure. Both swabs and contact plates require ac- 
cess to the area being sampled. Contact plates gener- 
ally can access surfaces that are relatively flat. 
Unfortunately, those areas most likely to be contami- 
nated with microorganisms are not flat surfaces but 
rather more complex surfaces such as  drains, fittings, 
and gaskets. For this reason, swabs are generally 
necessary for validation purposes. With any surface 
sampling technique, consideration must be given to 
the adequate removal of any sampling media (e.g., 
agar, alginate) introduced onto the sampled surface 
during sampling. Testing of the rinse water by mem- 
brane filtration techniques is relatively straightfor- 
ward. However, rinse water testing depends on the 
assumption that microbes attached to surfaces can 
readily be removed by a flowing stream of water, a 
questionable assumption at best. One researcher has 
estimated the recoveries of the different sampling 
methods as  -50 percent for contact plates, 25- 
50 percent for swabbing, and t 2 5  percent for rinse 
sampling [7]. 

OTHERCONCERNS 

It should also be noted that microbial testing for 
cleaning validation usually focuses on bacterial or 
mold/yeast contamination. While viral contamination 
and contamination from prions (admittedly, neither 
truly qualifies as microorganisms) are of concern, 
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methods to assay them are problematic. Tradition- 
ally, prions and viruses have not been included in any 
microbial monitoring schemes. 
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Change Control and 
Revalidation 

Once the cleaning process is validated, it should be 
operated under change control procedures, and the 
validation should be confirmed on a regular basis 
[1,2]. The cleaning validation master plan should 
specify that validated cleaning procedures are oper- 
ated under change control. There should be a change 
control SOP (Standard Operating Procedure) that 
specifies the responsibilities, procedures, and tem- 
plates for documenting information related to 
changes. The cleaning validation master plan should 
also specify the frequency of "revalidation" and the re- 
quirements for revalidation. 

CHANGECONTROL 

Change control procedures for cleaning validation are 
no different in principle than change control for any 
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other validated process. The purpose of change con- 
trol is to document any changes in the cleaning 
process and to evaluate the effects (if any) of those 
changes on the cleaning process. Changes to the 
cleaning process could be unintentional (e.g., the fail- 
ure of a recirculation pump in a CIP [clean-in-place] 
system), or intentional (e.g., changing the rinsing time 
of the cleaning procedure). 

I t  is clear that all changes should be docu- 
mented. What is critical is the level of justification 
required to specify that the change has no effect on 
the validated process. In all cases, the judgment of a 
professional qualified to make that scientific assess- 
ment is required. This judgment usually involves the 
evaluation of some data to determine whether or not 
the change is significant. That data may involve 
a simple Installation/Operational Qualification 
(IQ/OQ) in the case of like-for-like equipment 
changes (e.g., a new pump in the CIP circuit). It may 
also involve the development of prequalification ex- 
periments and/or Process Qualification (PQ) runs to 
confirm performance (e.g., in the case of a change in 
the rinsing time). 

As with other aspects of validation, there is an el- 
ement of risk management in terms of what level of 
data is sufficient to support a declaration that the 
process is still validated. Most scientists could proba- 
bly agree that, at a minimum, a certain amount of 
work would be required (but would not necessarily be 
sufficient) to support a change. At the other extreme, 
most scientists would clearly agree that a certain 
(rather exhaustive) list of data would clearly be suffi- 
cient to just* a change. Between the two is a middle 
area where scientists in different manufacturing situ- 
ations and corporate environments could make differ- 
ing decisions. 
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Below is a discussion of some situations and is- 
sues that should be considered in selected cases of 
changes involving a validated cleaning process. This 
list is not designed to be exhaustive nor is it de- 
signed to lay down hard and fast rules for what data 
need to be gathered. It is designed to bring up points 
that should be considered in evaluating specific 
changes. The key to any of these changes is to doc- 
ument the change and to document the evaluation 
considerations utilized in deciding whether the 
change is significant. 

Change in Pumps, Spray Balls, andlor 
Other Mechanical Equipment 

In like-for-like changes, the same model and manu- 
facturer of a pump or spray ball, then the change can 
be made at  a minimum with a simple IQ procedure. 
While regulatory requirements 131 are such that OQ is 
not required, some manufacturers may decide to per- 
form OQ on like-for-like equipment changes as  part of 
their risk management. If the changes involve equiva- 
lent equipment from a different manufacturer, then 
IQ and OQ should be done. For the pump, OQ may 
involve measuring the flow rate (in gallons per 
minute). In a spray ball change, OQ would involve 
measuring the pressure at the spray head and spray 
distribution by riboflavin testing. The nature of the 
differences would come into play a s  one decided 
whether some elements of PQ runs should be done 
before accepting that the change does not affect 
the validity of the initial validation. For example, 
an equivalent spray ball with acceptable coverage 
may or may not give equivalent cleaning, depend- 
ing on the specific locations of the holes in the spray 
ball. 
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Change in Water Quality 
in the Washing Step 

As a general rule, it is fairly easy to justify that a 
change in water quality from a less pure water qual- 
ity to a more pure water quality is not a significant 
change as far as cleaning validation is concerned. If a 
cleaning process is validated with USP Purified Water 
and the system is upgraded to WFI (Water for Injec- 
tion), the effect on the cleaning process should be in- 
consequential. Therefore, provided the WFI system is 
validated and the change documented, no further 
data are required. It is sufficient that a professional 
judgment is made that the cleaning process is unaf- 
fected. The same would apply to a cleaning process 
that changed from a potable water system to a deion- 
ized or l r i f i ed  Water system. The only caution is that 
under certain conditions, the presence of hard water 
ions may serve to defoam the system. For example, a 
CIP system that worked fine with tap water could ex- 
perience problems with foaming, and hence pump 
cavitation, with deionized water. This may require a 
simple laboratory evaluation of the effects of different 
water qualities on the foaming properties of the clean- 
ing agent. 

On the other hand, a change from a more pure 
water quality to a less pure water quality in the wash- 
ing step may involve the development of some data, 
and perhaps even one PQ run, to confirm that no 
change in the cleaning process has occurred. If the 
change is from a water quality containing "no" hard- 
ness ions (such a s  deionized, Purified, or WFI water) 
to tap water, a more elaborate evaluation is required. 
One factor to consider is the effect of hardness ions 
on the surfactants in any cleaning agent used. It is 
well documented that the effectiveness of most sur- 
factants is decreased by the presence of hardness 
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ions such as calcium and magnesium. A system that 
cleans well with deionized water may not clean as well 
when tap water is used in the washing step. This eval- 
uation may involve some laboratory studies and at  
least one PQ run to determine equivalent cleaning. 

Another possible effect of switching to tap water 
in the washing step is the effect of alkalinity on the 
calcium ions, involving the formation and precipita- 
tion of calcium carbonate. Unless controlled by 
chelants in the cleaning solutions or by a subsequent 
acid wash, these calcium carbonate precipitates may 
appear as white deposits on equipment surfaces. 

Change in Water Quality 
in the Rinsing Step 

As with the washing step, a change from a less pure 
water quality to a more pure water quality in the rins- 
ing step can usually be made without further evalua- 
tion, provided that the more pure water system is 
validated as  a water system. As with the washing 
step, the change from a more pure to a less pure qual- 
ity rinse water requires more substantial evaluation. 
For example, the change from WFI to Purified Water 
may require an evaluation of the microbiological qual- 
ity of the surfaces after the cleaning process. One 
should also evaluate such a proposed change in light 
of the general rule mentioned in Chapter 5: The qual- 
ity of water used for the final rinse should be at  least 
as  good as  the quality of water added to the vessel for 
the subsequent manufacturing step. 

Change in the Cleaning Agent 

A change in the cleaning agent can be of two types. 
One is a minor change in the components of a formu- 
lated cleaning agent. A minor change may be a 
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change in the amount of one component or perhaps 
the change of one component. Examples of compo- 
nent changes may be a change from sodium hydrox- 
ide to an equivalent (on a molar basis) of potassium 
hydroxide or a change from one acrylate polymeric 
dispersant to another of slightly different molecular 
weight or structure. Such a change will generally in- 
volve some laboratory studies to demonstrate equiva- 
lent performance and may include at least one repeat 
of a PQ run to determine that there is no significant 
effect from the minor change. Such a change should 
also cause one to investigate both the supplier's ra- 
tionale for such a change (including an investigation 
of that supplier's change control and notification pro- 
cedures) and the reliability of the supplier in supply- 
ing products for validated cleaning applications. 

A second case involves a complete change in the 
cleaning agent. This could involve a change from one 
cleaning solvent to another, from a commodity chem- 
ical alone to a formulated cleaning agent (in aqueous 
processes), or from one formulated cleaning agent to 
another formulated cleaning agent with different 
components and/or ratios of components. These 
changes ordinarily would be considered new cleaning 
processes and would require revalidation, including 
three PQ runs with the new process. 

Change in the Manufacturing Process 
of the Cleaned Product 
A change in the manufacturing process for the drug 
product cleaned may cause a change in the nature of 
the residues to be cleaned or a change in the worst- 
case cleaning locations. For example, an  increase in 
the processing temperature may result in residues 
that are baked on surfaces or are dried on surfaces in 
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larger quantities than with lower temperature pro- 
cessing. Such changes in processing may thus result 
in more difficult-to-clean residues. A processing 
change that results in a significant change in the na- 
ture or location of residues to be cleaned would re- 
quire, at  a minimum, one PQ run to confirm that 
cleaning performance is consistent with the three 
original PQ runs. 

REVALIDATION 

Revalidation is probably not the best term to use for 
cleaning validation. A better term would be something 
like validation contrmation. Whatever term is used, 
revalidation refers to the process by which, on a reg- 
ular basis (as defined in the cleaning validation mas- 
ter plan), a formal evaluation is made of the validity of 
the cleaning validation previously done. This evalua- 
tion is performed to determine whether the original 
validation work is still applicable to the cleaning 
process as  it is now performed. There are basically 
two cases of revalidation, with a further subdivision 
in one of the cases. 

Revalidation with a Significant Change 

The simplest case is a significant change made in the 
cleaning process. This significant change may be de- 
termined as  part of the change control process. For 
example, if the cleaning agent used is discontinued by 
the cleaning agent supplier (perhaps because it is pri- 
marily marketed for nonvalidated applications) and a 
replacement must be selected, this usually involves a 
significant change. Three PQ runs should then be 
performed with the new cleaning process to "revali- 
date" the process (in which case one is not really 
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revalidating the old process but rather validating for 
the first time a new process). If the significant change 
involved equipment, then IQ/OQ on the equipment 
should be performed followed by the three PQ runs. 

Revalidation on a Regular Basis 

The second case of revalidation involves evaluation of 
the initial validation on a regular basis to determine if 
the initial validation is still valid. This revalidation is 
usually done on a regular basis, such a s  every two 
years. This frequency should be specified in the 
cleaning validation master plan. On the specified fre- 
quency, all data related to the cleaning process 
should be evaluated. This may include the following 
information: 

All change control done on the cleaning 
process: This is evaluated because each 
change considered in isolation may not be 
sufficient to conclude that the cleaned 
process has been significantly changed. 
However, the accumulation of small changes 
may sufficiently change the process such 
that it is a significantly changed process. In 
such a case, it may be adequate to perform 
only one PQ run provided the accumulation 
of small changes is the only reason for ques- 
tioning whether the initial validation is still 
applicable. 

2. All change control on the manufacturing 
process of the product cleaned: This is per- 
formed to evaluate whether the accumula- 
tion of small manufacturing changes, each of 
which in itself is not adequate to determine 
that the nature and location of cleaned 
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residues have significantly changed, may 
cause one to question the applicability of the 
original validation. In such a case, it may be 
adequate to perform only one PQ run. 

3. All monitoring data on the cleaning process: 
This data are evaluated to give information 
on the consistency of the process a s  deter- 
mined by the monitoring data. The purpose 
of the monitoring data is to give information 
that might be an early indication of possible 
process changes. Monitoring data that are 
appropriately selected and consistent with 
the data obtained in the three PQ runs are 
suggestive of a consistent cleaning process. 
If monitoring indicates that alert or action 
levels are exceeded, then this may not be 
significant for revalidation purposes if an 
assignable cause is determined and correc- 
tions have been made. If there is no assign- 
able cause, and if the system "corrects 
itself," then there may be reason to ques- 
tion the consistency of the cleaning 
process. One response to such an occur- 
rence is to increase the level of monitoring 
(in terms of the number of samples, the fre- 
quency of sampling, or increasing the num- 
ber of tests performed). Consistent data 
with increased monitoring may be ade- 
quate. An alternative approach is to con- 
sider performing one PQ run to reconfirm 
the original validation results. 

4. All QC (quality control) data on products made 
subsequent to the cleaning process: If QC 
data on the lots of products made in the 
cleaned equipment suggest problems that 
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may be related to the cleaning process, then 
it may be appropriate to perform one or more 
PQ runs to reconfirm the original validation. 

All QC data on the lots of cleaned product: If 
QC data on lots of cleaned product suggest 
problems that may affect the nature or loca- 
tion of residues to be cleaned, then it is ap- 
propriate to perform one or more PQ runs to 
reconflrm the original validation. 

The original report on the initial cleaning vali- 
dation: This should be evaluated to deter- 
mine whether any of the data from items 1-5 
suggest any possible reasons for concluding 
that the cleaning process is sufficiently dif- 
ferent and/or out of control, such that fur- 
ther evaluation is necessary. 

It should be noted that before a full revalidation (three 
PQ runs) is performed, it is usually appropriate to in- 
vestigate the cleaning process to determine what 
changes can be made to improve the consistency of 
that process. The investigation of items 1-6 above 
should be documented, with a conclusion that either 
the process is still under control and the original val- 
idation is still applicable or that additional work is 
necessary to confirm the consistency of the process. 
Following that additional work, it may then be appro- 
priate to conclude that the process is revalidated. 
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Special Topics 
in Cleaning Validation 

The focus of cleaning validation has, for the most 
part, been in the finished drug manufacturing seg- 
ment, since the finished drug product is the product 
that most directly and immediately touches the pa- 
tient. However, certain segments of pharmaceutical 
manufacturing (including segments of finished drug 
manufacture) have unique challenges because of the 
nature of the manufacturing or the product use. This 
chapter covers special issues in cleaning or cleaning 
validation for several specific industries, including 
biotechnology, APIs (active pharmaceutical ingredi- 
ents), manufactured in bulk form contract drug man- 
ufacture, clinical trial drug manufacture, and in vitro 
diagnostic manufacture. Each of these will be dis- 
cussed below. 
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BIOTECH MANUFACTURING 

There are several issues that are unique to biotech 
manufacturing. One relates to the analytical proce- 
dures used to measure for residues of the active drug. 
Because many of the products from biotech manufac- 
turing are proteins and are usually cleaned with ei- 
ther caustic alone, with caustic and bleach (sodium 
hypochlorite), or with formulated alkaline cleaners in 
hot, aqueous systems, the active protein itself is usu- 
ally denatured during the cleaning process. There- 
fore, any technique such as ELISA (enzyme-linked 
immunosorbent assay), which is valid for measuring 
the active in the finished drug, is virtually useless for 
measuring of any residues of that active after the 
cleaning process. If residues of the active itself are left 
after the cleaning process, it is usually due to a gross 
cleaning failure, such as  lack of contact of the clean- 
ing solution with the residues to be cleaned (perhaps 
caused by a clogged spray ball). For this reason, the 
usual approach for residue detection in the biotech 
industry is to establish limits for the drug active on 
the cleaned surface but to measure that drug active 
indirectly by measuring the total organic carbon 
(TOC) levels [l, 21. The TOC value is then calculated as 
if all of the carbon was due to, for example, an  active 
protein. If that calculated protein level is below the es- 
tablished limit for the protein, then the cleaning has 
been adequate (at least a s  far as  the active protein is 
concerned). One possible objection to this approach is 
that if one knows the active protein should not be pre- 
sent (and cannot be present if cleaning is performed 
correctly), why even set a limit for the protein? Isn't it 
possible that a degradation product might be of more 
concern and that a degradation product should be 
targeted? If one is aware of degradation products that 
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are of special concern (perhaps from a toxicological 
perspective), then these residues should be targeted. 
However, in most cases, the proteins are so randomly 
degraded that it would be difficult to single out cer- 
tain chemical species to target. In any case, those 
species would be present at levels no higher than the 
estimated level of the active drug (assuming the active 
drug and any degradation products would have 
roughly the same carbon content). The issue of "what 
about . . . ?" is one that can be raised in this situa- 
tion; however, unless there is a good reason to believe 
a degradation product presents a special risk, it is an  
issue that has not been seen as  a significant risk. 

A second issue in biotech manufacture relates to 
the fact that manufacturers often will attempt to ster- 
ilize or decontaminate the equipment before it is 
cleaned. This is done to kill all microorganisms used 
in the manufacturing process. If this is done by 
steam, then this process may result in the proteina- 
ceous material being denatured and/or dried onto 
equipment surfaces. This results in residues that are 
much more difficult to clean from the equipment sur- 
faces. For this reason, it is not uncommon in such a 
situation to employ an oxidizing agent, such as 
bleach (sodium hypochlorite), to assist in the oxida- 
tion and breakdown of the denatured protein 
residues. The use of bleach requires special controls 
in order to minimize the effects of chloride ions on the 
passivated layer of stainless steel equipment. 

The third issue related to biotech processing is 
the concern for microbial control. The main reason for 
this is not safety of the product but rather manufac- 
turing productivity, efficiency, and/or quality. The 
presence of a foreign bacterial strain in a fermenta- 
tion process, for example, may significantly affect the 
yield or quality of the product manufactured. For this 
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reason, microbial issues are significant for biotech 
manufacturing. 

API MANUFACTURE 

There are several issues unique to the manufacture of 
APIs [3] .  The first relates to how residue limits are es- 
tablished in API manufacture. The issues with API 
manufacture are threefold: 

1. Cleaning may be performed at intermediate 
process steps, and any residues from those 
cleaning steps might be removed in subse- 
quent processing steps. 

2. The level of any residue from earlier cleaning 
processes present in the final API must be 
evaluated in light of the effect it has on the 
Jnished drug product using that API. 

3. The effect of a final cleaning process after the 
API is manufactured must be evaluated in 
light of possible contamination of the next 
API manufactured in that equipment. 

Any limit established for an intermediate clean- 
ing step should be established in light of how those 
levels contribute to the cleaning residue levels in the 
final API. If it can be demonstrated that those 
residues (intermediates or cleaning agents) are ef- 
fectively removed from the API during subsequent 
processing steps (such a s  recrystallization or 
chromatographic separation), such that the residue 
level in the final API is consistent (regardless of how 
much residue is present at any intermediate step), 
then residue limits can be established based on 
process capability. This demonstration that residue 
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levels in the final API are independent of levels pre- 
sent at intermediate steps could be shown with lab 
studies but should be confirmed with pilot- or full- 
scale manufacture. If this is the case, then the man- 
ufacturer may want to consider these intermediate 
cleaning steps as not critical; hence, the cleaning does 
not need to be validated. If this approach is taken, 
then this option should be addressed in the cleaning 
validation master plan, and any specific decision as to 
criticality should be clearly documented. It should be 
noted that, in this case, the final process step is 
clearly a critical process requiring process validation. 

In addition to the effects of the residue(s) on the 
final API, one should also address the effects of clean- 
ing residues as they affect process steps. In chemical 
reactions or separations, cleaning residues may affect 
the purity or yield of the API. This has to be estab- 
lished based on process capability. 

This discussion does not mean that a cleaning 
process in an intermediate process step is not impor- 
tant. Rather, it reflects the fact that in such an estab- 
lished process, cleaning residues have usually been 
indirectly evaluated as part of process capability. 

There are two possible sources of cleaning 
process residues in an API: (1) any possible residue 
due to intermediate cleaning steps, and (2) any clean- 
ing process residue that is present in the manufac- 
turing equipment prior to any step of manufacture. 
Both sources should be addressed in considering pos- 
sible residues. The effect of each subsequent process 
step in removing those residues should be consid- 
ered. Whatever their source, residue levels in the final 
API (the bulk drug before it is released for manufac- 
ture into a finished drug product) should be based on 
the effect that the residue would have in any finished 
drug product made from that API. 
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For example, if the maximum permitted level 
(based on pharmacological or toxicological data, prod- 
uct 
the 
the 
0.1 
the 

dosing, and a safety factor) of a specific residue in 
finished drug product is 5 ppm, and the level that 
API is present in the finished drug product is 
percent, then the maximum amount allowable in 
API (RAPI) can be calculated from the maximum 

calculated for the drug product (%roduct) as 

In other words, if the API is present at 0.1 per- 
cent in the drug product, and the limit of the specific 
residue (that is present in the API) is established to be 
5 pprn in the drug product, then one could produce 
the API with 5,000 pprn of that specific residue, which 
is still acceptable for use in the finished drug product. 

This assumes, of course, that the API is the only 
source of that specific residue that could be in the 
drug product. It may also be appropriate to establish 
an alternative maximum limit for any cleaning pro- 
cess residue in an API at 0.1 percent (or 1,000 pprn), 
consistent with the limit for impurities in APIs that do 
not have to be characterized. In other words, if the 
calculated limit is 500 ppm, then that limit should be 
used for validation purposes. If the calculated limit is 
5,000 ppm, then one should default to the 1,000 pprn 
level. 

The final issue is that the effect of any residues 
remaining after cleaning in the final API manufacture 
must be considered in light of what effect that residue 
might have if it contaminates the subsequently man- 
ufactured API. In turn, the effect in that subsequently 
manufactured API must be considered in light of the 
effects of that residue in the finished drug product 
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manufactured with that subsequent API. If the goal is 
to identify the surface contamination limit in pg/cm2, 
then this can be mathematically expressed as 

where LAPI is the residue limit in the manufacturing 
vessel in pg/cm2, RApI is the residue limit in subse- 
quently produced API in ppm (or yg/g), BSWI is the 
batch size of the subsequently manufactured API in 
kg, and SA is the shared product surface area of 
equipment in cm2. 

In this equation, 1,000 represents a conversion 
factor from kilograms to grams. The limit RAP] can be 
established as  discussed in the previous section. For 
most cases (unless one is dealing with extremely po- 
tent drugs), such a calculation will result in limits sig- 
nificantly above the commonly used visual standard 
of 4 pg/cm2. On an individual basis, the company 
must decide whether visually clean then becomes the 
only acceptance criterion for cleaning validation pur- 
poses. This may be done only if all critical surfaces 
can be evaluated for visual cleanliness. 

The issue of residue limits for cleaning in API 
manufacture is more complex because it is at least 
one step removed from the final drug product that will 
be utilized by the patient. While the Food and Drug 
Administration (FDA) has required the validation of 
cleaning of APIs (indeed, one of the initial incidents 
that started the increased concern over cleaning in- 
volved the manufacture of an API), the extent of work 
required for such validation may be considerably less 
than required for finished drug manufacture. This is 
due to the fact that cleaning may be less critical at 
this stage of manufacture. This may be demonstrated 
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by the effects of purification in subsequent manufac- 
turing steps of the API or by the extremely high cal- 
culated residue limits if sound scientific principles 
are applied to such situations. However, regardless of 
the extent of validation performed, there is clearly a 
need that cleaning be appropriately standardized and 
consistently controlled in the manufacture of APIs. 

CONTRACT MANUFACTURE 

The main concern with cleaning validation in a con- 
tract manufacturing setting relates to the issue of set- 
ting residue limits. If residue limits for the cleaning of 
one product are based in part on the nature of the 
subsequently manufactured drug product, that sub- 
sequently manufactured drug product must be 
known at the time of cleaning validation. However, the 
identity of the subsequently manufactured product is 
often not known in a contract manufacturing situa- 
tion. Two approaches will be given for this issue: one 
from the perspective of the contract manufacturer 
and another from the perspective of the contracting 
pharmaceutical company. 

Contract manufacturers have two options as they 
approach the issue of documenting the acceptability 
of the cleaning process. One option is to modify the 
traditional validation procedure in terms of how 
residue limits are handled. For the following discus- 
sion, product A is the established product for which 
cleaning validation has been or will be done. Product 
B is the "new" product being considered for manufac- 
ture on the same equipment. In this approach, as 
with other cleaning validation protocols, residue lim- 
its for the cleaning of product A are established based 
on expected subsequently manufactured products. 
The decision of what is "expected" can be based on 
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what is currently manufactured at that site in the 
same equipment and/or what is known about devel- 
opmental products that might be manufactured in 
the future. Cleaning validation of product A is then 
performed with that limit. Then (and this is most im- 
portant) every time a new product, such as product B, 
is being considered for manufacture on that same 
equipment, the contract manufacturer must reevalu- 
ate the previously used residue limit for cleaning af- 
ter product A and determine whether a calculated 
residue limit for the cleaned equipment is below or 
above that limit if product B is to be the subsequently 
manufactured product. If the limit based on product 
B being the subsequent product is at or above the 
limit used for the cleaning validation protocol, then 
product B can be made subsequent to product A in 
the cleaned equipment. This approach is in part no 
different from the approach taken in multiuse equip- 
ment when a new product is proposed for manufac- 
ture on that equipment when cleaning validation for 
other products has previously been done (although it 
differs in that grouping strategies are more difficult 
for a contract manufacturer). If the limit for cleaning 
of product A when product B is the subsequently 
manufactured product is below that used in the 
cleaning validation protocol, then the contract manu- 
facture has three options to pursue based on proba- 
ble relative cost: (1) repeat the cleaning validation on 
product A at the lower limit, (2) perform cleaning ver- 
ification (see Chapter 1) on the manufacture of prod- 
uct A when product B is the subsequent product, and 
(3) restrict the manufacturing sequence such that 
product B is never made subsequent to product A. 

The second situation is does not involve valida- 
tion at all but rather treats each cleaning situation as 
unique, which requires a strict approach of cleaning 
verification on each and every cleaning process (or at 
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least on the final cleaning involving product 
changeover). While this would address the issues of 
dealing with "unknown" subsequent products, it has 
a number of disadvantages. One might think one 
could avoid the costs of validation by implementing a 
verification only program. However, the reality is 
such that over multiple cleaning events, the costs of 
testing in a verification program will be more expen- 
sive than the costs of testing in a validation program. 
The extensive testing in a validation framework may 
stop after the three process qualification (PQ) runs. 
In a verification framework, more testing is generally 
done on each cleaning event and continues on each 
and every cleaning event. In addition, there may be 
issues relating to the use of cleaned equipment pend- 
ing the results of analytical testing, reducing the 
availability of that process equipment for use. These 
are business decisions involving equally justified sci- 
entific options. It should be noted that the option of 
just doing cleaning verification in a contract manu- 
facturing situation has not (to my knowledge) been 
tested with the FDA, because the option is generally 
not a n  economical one. 

Pharmaceutical companies who use contract 
manufacturing facilities have two concerns when ad- 
dressing cleaning and cleaning validation. The first 
consideration is what cleaning is done before their 
product is manufactured in the contract facility. This 
is a concern because they obviously do not want their 
products manufactured on equipment with residues 
that might unacceptably contaminate their product. 
One issue involved in this is a knowledge of what 
products are made before their product, the cleaning 
process and cleaning validation performed on that 
previously manufactured product, and the accep- 
tance criteria established for that cleaning process. In 
addition, the pharmaceutical company may want to 
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require that only certain products (for which they 
have information) be manufactured immediately be- 
fore their product is manufactured. Such information 
exchange (essentially between two companies using 
the same contract facility) can usually be conducted 
under a secrecy agreement; such an exchange should 
be agreeable because in most cases the exchange is 
mutual (if company A and company B both use the 
same contract manufacturer and the products of ei- 
ther company can be made in any manufacturing se- 
quence, then company A will want to know about the 
cleaning done on the products of company B, and 
company B will want to know about the cleaning done 
on the products of company A). Optionally, the evalu- 
ation of the acceptability of the cleaning validation of 
the previously manufactured products can be done by 
a qualified third party acceptable to both companies 
and to the contract manufacturer. 

The second concern of a company contracting the 
manufacture of its products is that appropriate clean- 
ing and validation are done after the manufacture of 
that company's products. The rationale for this is that 
cleaning validation may be required by regulatory au- 
thorities. The second reason is that the company does 
not want its products contaminating a subsequently 
manufactured product of another company because 
of the damage it might do to the consumer of that 
subsequently manufactured product and the adverse 
publicity and/or lawsuits related to such contamina- 
tion. In essence, these cleaning concerns are the 
same as  with the manufacture of any pharmaceutical 
product. I s  the equipment suitably cleaned so that 
the product can be made? Has the equipment been 
suitably cleaned after the manufacture of the product 
so that any subsequently manufactured product is 
not contaminated? In contract manufacture, these is- 
sues are highlighted because of the presence of two 
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(or more) additional parties: the contract manufac- 
turer and any other company also contracting prod- 
ucts to be manufactured on the same equipment. 

CLINICAL MANUFACTURE 

The issues involved in clinical manufacture are sirni- 
lar to those involved in contract manufacture but with 
some additional complications. For clinical manufac- 
ture, the subsequent product(s) made in a given piece 
of equipment may be unknown at the time cleaning is 
done. In addition, the same product may not be made 
on the same equipment using the same manufactur- 
ing process for the requisite three runs required for 
validation purposes. Fortunately, the FDA has com- 
mented on the requirement for cleaning for clinical 
manufacture 141. Basically, their response was to ac- 
knowledge that cleaning validation may not be re- 
quired in such situations; however, cleaning 
verification would be required. This means that a 
cleaning SOP (Standard Operating Procedure) must 
be in place, and, at the end of every cleaning process, 
the equipment must be evaluated by appropriate an- 
alytical procedures to determine the levels of 
residues. The determination of the acceptability of 
those residues cannot be finalized until the subse- 
quently manufactured product in that same equip- 
ment is identified. At that time, an evaluation is done 
using the principles given in Chapter 8 to determine 
whether the residues actually measured are accept- 
able in light of that subsequently manufactured prod- 
uct. This cleaning verification should be appropriately 
documented. 

The second issue with clinical manufacture is 
that inadequate information may be available to de- 
termine the minimum dose of the cleaned active. 
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Since the minimum dose of the cleaned active is used 
in setting appropriate acceptance criteria, how does 
one set limits, particularly in the early stages of clin- 
ical trials? This is usually accomplished by basing 
limits on toxicity information (such as  an LD5,) and 
establishing an estimated acceptable daily intake 
(ADI) based on that toxicity information using ac- 
cepted guidelines [5]. Certainly any other available 
relevant information should be used in establishing 
this limit. Additional safety factors may also be con- 
sidered in establishing acceptance limits. 

IN VITRO DIAGNOSTICS 

While the concept of evaluating the effect of the 
residue on subsequently manufactured products is 
valid when applied to an in vitro diagnostic (ND) 
product 161, the concept of looking for pharmacologi- 
cal effects is not. In place of a pharmacological effect, 
one can consider evaluating residues for potential 
effects on the functionality of any subsequently man- 
ufactured IVD product. Limits should be placed on 
residues to achieve levels that are below the level 
at which those residues measurably affect the per- 
formance of the subsequently manufactured IVD 
product. 

Residues that can be considered a s  potentially 
contaminating include the previously manufactured 
IVD or the cleaning agent. Effects on the functionality 
of the subsequently manufactured product may be 
determined by spiking experiments. For example, in 
laboratory studies, fuced amounts of target residues 
may be deliberately added to the subsequently man- 
ufactured product at levels of 1, 5, 20, and 100 ppm 
(or whatever may be appropriate, depending on the 
residue and the IVD product). Then the performance 



230 Validated Cleaning Technologies 

of that spiked IVD product may be evaluated using 
positive and negative controls. It is desirable but not 
necessary to establish a level of contaminant that 
does have a demonstrated effect on the performance 
of the subsequently manufactured IVD product. In 
evaluating the test performance of the subsequently 
manufactured IVD product, it may also be appropri- 
ate to evaluate test performance after accelerated sta- 
bility testing of the spiked IVD product. The 
acceptable contamination level is the maximum level 
tested that has no effect on test performance. A safety 
factor of 2-1 0 may be added to this no effect level. For 
a multiproduct facility in which products may be 
manufactured in any order, it may be necessary to de- 
termine residue limits for cleaning purposes with 
each of the possible subsequently manufactured 
products. The actual acceptance limit chosen should 
be the lowest among those calculated for the possible 
subsequent products. 

The important consideration in all of these situa- 
tions is that sound scientific principles are applied 
that are relevant to the specific situation. The compli- 
cating factor of cleaning validation in many of these 
situations is that it does require consideration of the 
subsequently manufactured product, and there may 
be limited information on that subsequently manu- 
factured product. 
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FDA Expectations 

The primary expectation of the Food and Drug Ad- 
ministration (FDA) is that for pharmaceutical manu- 
facturing processes, including finished drugs and 
active pharmaceutical ingredients (APIs) for both hu- 
man and animal use, any critical cleaning process 
must be validated. Critical cleaning processes are 
those that involve surfaces that, if cleaned inade- 
quately, have a reasonable probability of contarninat- 
ing the subsequently manufactured product. For the 
most part, this involves product contact surfaces, 
surfaces that the subsequently manufactured prod- 
uct actually contacts, allowing for the possibility of di- 
rect transfer of the residues from the surface to that 
product. Other nonproduct-contact surfaces may also 
be considered critical, provided there is evidence (or a 
reasonable scientific judgment) that residues on 
those surfaces may transfer to the manufactured 
product. For nonproduct-contact surfaces, the issue 
of validation has to be decided on the specifics of the 
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situation. The definition of critical cleaning processes 
is not explicitly stated in the FDA cleaning validation 
guidance document. However, it is one that appears 
to be assumed and is consistent with the requirement 
in the guidance document on process validation that 
focuses on manufacturing processes [l ,2]. 

A second expectation of the FDA is that each 
manufacturer analyzes and understands its own 
cleaning processes and establishes acceptance crite- 
ria based on good scientific principles. FDA investiga- 
tors are very good at identifying unacceptable 
practices; however, they are trained not to prescribe 
acceptable practices. An FDA investigator does not 
have the time to fully understand any individual 
cleaning situation; the manufacturer should fully un- 
derstand its own cleaning situation and should be in 
a position to establish acceptable processes. For ex- 
ample, if a manufacturer were to perform cleaning 
validation using only 10 ppm as an arbitrarily set ac- 
ceptance criterion for all residues, it is likely that an 
FDA investigator will challenge the basis for selecting 
of that residue limit. The investigator may refer the 
manufacturer to the FDA cleaning validation guidance 
document, but the primary prescription will be that 
the residue limits have a scientific justification [3]. 

The rest of this chapter will cover validation is- 
sues described in the FDA guidance document, Guide 
to Inspections of Validation of Cleaning Processes, 
which is included as Appendix A of this book [4]. This 
guide was issued in July 1993, so it reflects the 
FDA's thinking at that time. As with other guidance 
documents, it is designed for FDA investigators, not 
manufacturers. However, manufacturers should un- 
derstand the document because the issues raised in 
it address the minimum expectations from the FDA in 
an inspection of cleaning validation. The guidance 



document does not cover every issue that an investi- 
gator may address, nor does the document forbid 
other methods of achieving the same end. However, 
any manufacturer using alternative methods should 
be prepared to give a valid scientific justification of 
the acceptability of those methods. 

One other issue about the guidance document is 
significant-the statement that it "is intended to 
cover equipment cleaning for chemical residues 
only." As discussed in Chapter 11, there has been 
more and more focus on microbial residues for clean- 
ing validation purposes. Despite the guidance docu- 
ment disclaimer, the principles covered in this 
document can be, for the most part, directly applied 
to microbial issues. The major exception is how 
residue limits are established for microbial residues. 
Furthermore, despite that disclaimer, the document 
actually addresses microbial issues by discussing the 
importance of bioburden reduction in the cleaning 
process. 

What follows are a recap and discussion of topics 
in the 1993 guidance document. The headings below 
are similar to headings in that guidance document. 

GENERAL REQUIREMENTS 

Since cleaning validation involves the validation of a 
cleaning process, the FDA expects that manufactur- 
ers will have written procedures or SOPs (Standard 
Operating Procedures) in place that detail the clean- 
ing process. The key word here is "detail"; the SOPs 
have to be in sufficient detail to describe the process. 
This is further discussed later in this chapter. SOPs 
may be different for different residues on the same 
equipment, but such distinctions in applicability 
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must be clearly specified. Also, cleaning between 
batches of the same product may be different from 
cleaning at product changeovers; such distinctions in 
applicability must be clearly specified. 

The document also specifies that the FDA expects 
written procedures for how cleaning validation is per- 
formed. These procedures should address responsi- 
bility for performing and approving the study, how 
acceptance criteria are determined, and when revali- 
dation is necessary. Most of these items would be cov- 
ered in a cleaning validation master plan. It should be 
noted that this is not a requirement for a cleaning val- 
idation master plan, because there are elements of 
the master plan that are not specified in this docu- 
ment. Nonetheless, a cleaning validation master plan 
is probably the most efficient way to meet these regu- 
latory requirements as  well a s  to accomplish vali- 
dated cleaning processes in a timely, consistent, and 
defendable manner. 

Under this section, the FDA also states that it ex- 
pects written validation protocols prepared in ad- 
vance, addressing issues such as  sampling and 
analytical methods for residues, including the sensi- 
tivity of these methods. Sampling and analytical 
methods are at the heart of the validity of any clean- 
ing validation protocol, so one can expect special at- 
tention to these issues in any inspection. The issue of 
sensitivity, which a s  a practical matter is to be un- 
derstood as  limit of detection (LOD) or limit of quanti- 
tation (LOQ), is simply that the analytical method 
must be able to detect the target residues at least 
down to the acceptance criterion in the analytical 
sample. 

Finally, the FDA states that the validation study 
must be conducted in accordance with the protocol, 
and the final validation report, stating whether or not 
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the cleaning process is validated, must be approved 
by management. These general requirements are con- 
sistent with the FDA's expectations for the validation 
of other manufacturing processes. 

EVALUATION OF CLEANING VALIDATION 

The FDA basically says that manufacturers need to 
understand their cleaning processes before jumping 
in with elaborate sampling and analytical schemes. 
This is generally done through prequalification testing 
(see Chapter 6). The FDA suggests that this under- 
standing may also allow manufacturers to design less 
costly procedures, although it should be clearly rec- 
ognized that the objective of an FDA inspection is not 
that the cleaning process be optimized from an eco- 
nomic perspective but rather that it is adequate for its 
intended purpose. 

The FDA also states that "ideally, a piece of 
equipment or system will have one process for clean- 
ing." However, the context clearly recognizes that this 
will depend on the individual situation. This does not 
preclude having different cleaning processes on the 
same piece of equipment for different manufactured 
products. For example, the manufacture of product A 
on a tablet press may require cleaning process X, 
while the manufacture of product B on the same 
tablet press may require cleaning process Y. What 
should be avoided is the specification of alternative 
cleaning processes for the same manufactured prod- 
uct. For example, if one specified for the manufacture 
of product B that either cleaning process Y or clean- 
ing process Z is acceptable, what are the conse- 
quences? The first consequence is that both cleaning 
processes (Y and 2) will have to be validated for that 
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manufactured product. The second consequence is 
that (despite the SOP), the wrong cleaning process 
might be used. For example, if the processes are man- 
ual, and if process Y specifies that detergent M is 
used at 1 percent at 40°C for 5 minutes and process 
Z specifies that detergent N is used at 1.5 percent at 
45°C for 10 minutes, the specification of the alterna- 
tives may result in detergent N being used at 1 per- 
cent at 45°C for 5 minutes, resulting in questionable 
results. 

A final significant issue in this section is that a 
cleaning process used on equipment between batches 
of the same product need only meet an acceptance 
criterion of visibly clean. Furthermore, such a clean- 
ing process does not require validation. Although not 
stated, the rationale for the latter statement is that 
cleaning between lots of the same product is not a 
critical cleaning process, because the worst that can 
happen is that residues of the previous lot carry over 
to the next lot. While this may compromise lot in- 
tegrity, it is an economic risk, not a safety one; there- 
fore, validation is not required. Notwithstanding this 
statement, many fkms validate cleaning between lots 
of the same product. This occurs because (1) they 
want to have one quality standard for all products 
manufactured in the facility; (2) they realize that the 
validation process, if the main acceptance criterion is 
visibly clean, is considerably simplified; and (3) vali- 
dation of cleaning helps support an assertion of lot in- 
tegrity for batches in the same campaign. It should 
also be noted that even though visibly clean may be 
adequate, manufacturers are responsible for under- 
standing their cleaning process. If there is evidence 
that other criteria are appropriate, such as the pres- 
ence of degradation products, the possibility of clean- 
ing agents contaminating the products, or microbial 
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contamination, the use of a criterion other than visi- 
bly clean should be considered. Finally, this issue is 
sometimes interpreted as dedicated equipment does 
not require validation. In this case, the term dedi- 
cated should be further defined. Some manufacturers 
would consider all equipment used only for topical 
products as  dedicated. This is not the intention in this 
section. Dedicated sometimes refers to equipment 
used only for manufacturing lots of the same product. 
However, here the FDA guidance document goes be- 
yond dedicated equipment and applies also to 
nondedicated equipment, for cleaning between suc- 
cessive lots of the same product. Of course, the ex- 
pectation at changeover in such equipment is that the 
cleaning be validated. 

Equipment Design 
The guidance document instructs the investigator to 
examine the equipment design. This includes both 
the equipment cleaned and, in the case of automated 
processes such as CIP (clean-in-place) systems, the 
cleaning equipment. One specific issue related to the 
cleaning systems is the expression of a preference for 
"sanitary type piping without ball valves." Sanitary 
piping refers to the food industry standards for sani- 
tary piping 151, including such items as  avoidance of 
threaded fittings (a good hiding place for residues), 
weld quality, and pitch of piping. Sanitary items are 
preferred and should be specified in an initial design. 
However, in dealing with the cleaning validation on 
established equipment, these issues are not restric- 
tions but require special attention in the design of the 
cleaning process and in the selection of sampling 
points for the analysis of residues. For example, ball 
valves in a system may require disassembly for 
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cleaning. Because of their difficulty of cleaning, they 
may be selected as  one of the locations where 
residues are sampled. 

The FDA also suggests that investigators look at 
the training records of operators for any difficult 
cleaning processes, such as  those involving ball 
valves. It is also suggested that the tagging and iden- 
tification of valves and piping be appropriate for cor- 
rect execution of the cleaning process. Finally, the 
FDA suggests looking for an  SOP step that identifies 
the length of time that dirty equipment may stand idle 
before the cleaning process is begun. The concern 
here is that as  the residues dry onto the equipment 
surfaces, they may be more difficult to remove. The 
usual industry approach to this issue has been to 
specify a maximum time between the end of process- 
ing and the beginning of cleaning and to include that 
maximum time in at least one of the three Process 
Qualification (PQ) runs for validation purposes. 

While the introduction to the guidance document 
specifies that the document applies only to chemical 
residues, this section also specifies that there should 
be some evidence that cleaning and storage do not al- 
low microbial contamination. The main issue here is 
the drying of equipment for storage. The document 
states that equipment should be dried before storage, 
"and under no circumstances should stagnant water 
be allowed to remain in equipment subsequent to 
cleaning operations." The focus of this is equipment 
storage; if the equipment is immediately used, one 
would not expect microbial proliferation on equip- 
ment that was not dried. The key issue is, "What 
constitutes storage?" Most people would agree that 
using the equipment one hour after cleaning does 
not involve storage, and hence does not require 
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special attention. Most people also would agree that 
cleaned equipment unused for three days probably 
qualifies as  being "in storage" and should be dried. 
However, there may be gray areas in between where 
scientists would disagree. The solution in these cases 
is to develop data showing that the cleaning process 
used and the delay before next manufacture do not 
cause microbial proliferation. 

The final issue discussed in this section is the ef- 
fect of the cleaning process on bioburden for equip- 
ment that is subsequently sterilized or sanitized. It is 
well known that bioburden should be controlled in 
the validation of any sterilization or sanitation 
process. Therefore, an evaluation of bioburden after 
cleaning should be considered in such cases. Also, 
steam sterilization processes have no significant ef- 
fect on removal or inactivation of endotoxins (pyro- 
gens). Cleaning processes may also be evaluated for 
their contribution to the removal of endotoxins, par- 
ticularly for equipment used for aseptic processing. 

Cleaning Process Written 

How much detail is required in the cleaning SOP? 
There are no specific rules; complex cleaning proce- 
dures require more documentation, and simple pro- 
cedures may require much less documentation. For 
more complex procedures, this document suggests 
that critical steps in the cleaning process be identi- 
fied. While not specified, it is a reasonable expectation 
that critical steps require double sign-off. In addition, 
the guidance document suggests that procedures re- 
quiring operators to perform complex manipulations 
would also require more documentation in the SOP. 
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Analytical Methods 

The sensitivity and specificity of the analytical 
method must be determined. Sensitivity refers to the 
LOD or LOQ, which should preferably be below the 
acceptance criterion for the analytical sample. Al- 
though nothing more is said about specificity, this is 
sometimes misinterpreted to mean that only a specific 
method is acceptable. This is clearly not the case, and 
the reader is referred to Chapter 9 for a more detailed 
discussion of this issue. 

Finally, the section specifies that the analytical 
method should be evaluated with the sampling proce- 
dure to determine the percent recovery from equip- 
ment surfaces. This recovery value is then used to 
modify any analytical results obtained from sampling 
surfaces (see Chapter 10). 

Sampling 
There are two sampling procedures that are accept- 
able: direct surface sampling (which is called swab 
sampling in this book in Chapter 10) and rinse sam- 
pling. The advantages of swabs are that the worst- 
case locations (hardest to clean) can be targeted. A 
second advantage is that insoluble residues can be 
physically removed for subsequent analysis (of 
course, those insoluble residues may need to be sub- 
sequently solubilized prior to actual analysis). This 
document cautions that interferences from the sam- 
pling process (namely the swab itselfl must be 
considered. 

The advantages of rinse sampling are twofold: (a) 
the sampling of a larger surface area and (b) the sam- 
pling of inaccessible locations (those locations inac- 
cessible by swabs). Here the FDA gives their "dirty 
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pot" analogy. The main disadvantage of rinse sam- 
pling is that the residue may not be soluble in the 
rinse water, and, therefore, analysis of the rinse wa- 
ter may not be appropriate. As discussed in Chapter 
10, this can be addressed with a recovery procedure 
with the rinse sampling just as one would for swab 
sampling. A second caution on rinse sampling is that 
analysis of the rinse sample should include a direct 
measurement of the targeted residue. It is not ade- 
quate to test the rinse sample for compendial specifi- 
cations (such as for USP [U.S. Pharmacopeia] Purified 
Water) and conclude that the equipment is acceptably 
clean; an  analytical test that correlates with the tar- 
geted residue must be utilized. 

Routine Production In-Process Control 
In-process control involves monitoring after the clean- 
ing process is validated. The main issue here is that 
whatever method is used for monitoring in some way 
correlates with the equipment condition ("clean" or 
"not cleaned"). For this reason, the FDA suggests that 
any indirect monitoring procedure (such as conduc- 
tivity) is tested to confirm that uncleaned equipment 
(or unacceptably cleaned equipment) give a not ac- 
ceptable result by the indirect monitoring procedure. 

Establishment of Limits 
The FDA clearly states that it does not intend to set 
acceptance criteria for manufacturers. However, it ex- 
pects manufacturers' acceptance criteria to be "logical 
. . . , practical, achievable, and verifiable." The em- 
phasis is that the limits are scientifically justifiable. 
There is a reference to the Fourman and Mullen pa- 
per limits of 10 ppm, levels of l /  1,000 of the normal 
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therapeutic dose, and visibly clean. Because of this 
reference or the scientific soundness of that ap- 
proach, such an approach or a modification of it is 
used by most manufacturers for acceptance limits 
(see Chapter 8). 

In addition, for API manufacture where there may 
be partial reactants and by-products involved, focus- 
ing on the principal reactant may be inadequate. The 
FDA suggests that supplementary techniques such as 
thin layer chromatography may be appropriate. 

Other Issues 

Placebo Product 
The issue of placebo sampling is discussed in detail in 
Chapter 10. The major concerns expressed in this 
guidance document about placebo sampling are the 
issues of the analytical power being reduced by sam- 
pling in the placebo matrix and the issue of nonuni- 
form contamination of the subsequent product. For 
this reason, the FDA states that placebo testing is ac- 
ceptable only if used in conjunction with swab or 
rinse testing. 

Detergent 
There are several issues brought up with the use of 
detergents. The first relates to the detergent composi- 
tion. Since the pharmaceutical manufacturer is re- 
sponsible for the evaluation of possible residues, that 
manufacturer must know the composition of the de- 
tergent to make a proper evaluation. The second issue 
for detergents is that, because detergents are "not a 
part of the manufacturing process," residues of those 
detergents should be easily removable and "no" or 



FDA Expectations 245 

"very low" levels should remain after the cleaning 
process. While one clearly understands the FDA in- 
tent here, the rationale that it is not a part of the 
manufacturing process is inconsistent with the prin- 
ciple that cleaning is part of the manufacturing 
process and therefore must be validated. Regardless 
of the justification, the FDA is correct in stating that 
the detergent selected should be freely rinsing and 
should therefore be present in very low levels. 

Test Until Clean 

The FDA addresses the issue of retesting (i.e., test un- 
til clean) when unacceptable results are obtained. The 
FDA clearly states that repeated retesting shows that 
the cleaning process is not consistent and hence not 
validated. It should be noted in this regard that the is- 
sue of how out-of-specification (00s) test results are 
handled is currently being addressed by the FDA 
[6,7], and OOS cleaning validation or monitoring test 
data should be handed in the same manner. 

SUMMARY 

While this chapter covers some of the published FDA 
expectations in considering cleaning processes and 
cleaning validation, it certainly is not exhaustive. Just 
as cleaning validation became a high profile issue 
with the FDA because of specific events that involved 
product contaminated due to uncontrolled cleaning 
processes, one can expect that new high profile issues 
related to cleaning validation may arise due to ob- 
served, but unexpected, problems with validated 
cleaning as it is now done. 
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Appendix A 

Guide to Inspections of 
Validation of Cleaning 
Processes (July 1993) 

Note: This document is reference material for investi- 
gators and other FDA personnel. The document does 
not bind FDA, and does not confer any rights, privi- 
leges, benefits, or immunities for or on any person(s). 

I. INTRODUCTION 

Validation of cleaning procedures has generated con- 
siderable discussion since agency documents, includ- 
ing the Inspection Guide for Bulk Pharmaceutical 
Chemicals and the Biotechnology Inspection Guide, 
have briefly addressed this issue. These Agency docu- 
ments clearly establish the expectation that cleaning 
procedures (processes) be validated. 



248 Vtllidctted Cleaning Technologies 

This guide is designed to establish inspection 
consistency and uniformity by discussing practices 
that have been found acceptable (or unacceptable). 
Simultaneously, one must recognize that for cleaning 
validation, as with validation of other processes, 
there may be more than one way to validate a 
process. In the end, the test of any validation process 
is whether scientific data shows that the system con- 
sistently does as  expected and produces a result that 
consistently meets predetermined specifications. 

This guide is intended to cover equipment clean- 
ing for chemical residues only. 

11. BACKGROUND 

For FDA to require that equipment be clean prior to 
use is nothing new, the 1963 GMP Regulations (Part 
133.4) stated as  follows "Equipment *** shall be 
maintained in a clean and orderly manner ***. " A very 
similar section on equipment cleaning (2 1 1.67) was 
included in the 1978 CGMP regulations. Of course, 
the main rationale for requiring clean equipment is to 
prevent contamination or adulteration of drug prod- 
ucts. Historically, FDA investigators have looked for 
gross insanitation due to inadequate cleaning and 
maintenance of equipment and/or poor dust control 
systems. Also, historically speaking, FDA was more 
concerned about the contamination of nonpenicillin 
drug products with penicillins or the cross-contami- 
nation of drug products with potent steroids or hor- 
mones. A number of products have been recalled over 
the past decade due to actual or potential penicillin 
cross-contamination. 

One event which increased FDA awareness of the 
potential for cross contamination due to inadequate 



procedures was the 1988 recall of a finished drug 
product, Cholestyramine Resin USP. The bulk phar- 
maceutical chemical used to produce the product 
had become contaminated with low levels of interme- 
diates and degradants from the production of agri- 
cultural pesticides. The cross-contamination in that 
case is believed to have been due to the reuse of re- 
covered solvents. The recovered solvents had been 
contaminated because of a lack of control over the 
reuse of solvent drums. Drums that had been used to 
store recovered solvents from a pesticide production 
process were later used to store recovered solvents 
used for the resin manufacturing process. The firm 
did not have adequate controls over these solvent 
drums, did not do adequate testing of drummed sol- 
vents, and did not have validated cleaning proce- 
dures for the drums. 

Some shipments of this pesticide contaminated 
bulk pharmaceutical were supplied to a second facil- 
ity at a different location for finishing. This resulted 
in the contamination of the bags used in that facil- 
ity's fluid bed dryers with pesticide contamination. 
This in turn led to cross contamination of lots pro- 
duced at  that site, a site where no pesticides were 
normally produced. 

FDA instituted an import alert in 1992 on a for- 
eign bulk pharmaceutical manufacturer which man- 
ufactured potent steroid products a s  well a s  
non-steroidal products using common equipment. 
This firm was a multi-use bulk pharmaceutical facil- 
ity. FDA considered the potential for cross-contami- 
nation to be significant and to pose a serious health 
risk to the public. The firm had only recently started 
a cleaning validation program at the time of the in- 
spection and it was considered inadequate by FDA. 
One of the reasons it was considered inadequate was 
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that the firm was only looking for evidence of the ab- 
sence of the previous compound. The firm had evi- 
dence, from TLC tests on the rinse water, of the 
presence of residues of reaction byproducts and 
degradants from the previous process. 

111. GENERAL REQUIREMENTS 

FDA expects firms to have written procedures (SOP'S) 
detailing the cleaning processes used for various 
pieces of equipment. If firms have one cleaning 
process for cleaning between different batches of the 
same product and use a different process for clean- 
ing between product changes, we expect the written 
procedures to address these different scenarios. Sim- 
ilarly, if firms have one process for removing water 
soluble residues and another process for non-water 
soluble residues, the written procedure should ad- 
dress both scenarios and make it clear when a given 
procedure is to be followed. Bulk pharmaceutical 
firms may decide to dedicate certain equipment for 
certain chemical manufacturing process steps that 
produce tarry or gummy residues that are difficult to 
remove from the equipment. Fluid bed dryer bags are 
another example of equipment that is difficult to 
clean and is often dedicated to a specific product. Any 
residues from the cleaning process itself (detergents, 
solvents, etc.) also have to be removed from the 
equipment. 

FDA expects firms to have written general proce- 
dures on how cleaning processes will be validated. 

FDA expects the general validation procedures to 
address who is responsible for performing and ap- 
proving the validation study, the acceptance criteria, 
and when revalidation will be required. 



FDA expects firms to prepare specific written val- 
idation protocols in advance for the studies to be per- 
formed on each manufacturing system or piece of 
equipment which should address such issues as 
sampling procedures, and analytical methods to be 
used including the sensitivity of those methods. 

FDA expects firms to conduct the validation 
studies in accordance with the protocols and to doc- 
ument the results of studies. 

FDA expects a final validation report which is ap- 
proved by management and which states whether or 
not the cleaning process is valid. The data should 
support a conclusion that residues have been re- 
duced to an "acceptable level." 

IV. EVALUATION OF CLEANING 
VALIDATION 

The first step is to focus on the objective of the vali- 
dation process, and we have seen that some compa- 
nies have failed to develop such objectives. It is not 
unusual to see manufacturers use extensive sam- 
pling and testing programs following the cleaning 
process without ever really evaluating the effective- 
ness of the steps used to clean the equipment. Sev- 
eral questions need to be addressed when evaluating 
the cleaning process. For example, at what point does 
a piece of equipment or system become clean? Does 
it have to be scrubbed by hand? What is accom- 
plished by hand scrubbing rather than just a solvent 
wash? How variable are manual cleaning processes 
from batch to batch and product to product? The an- 
swers to these questions are obviously important to 
the inspection and evaluation of the cleaning process 
since one must determine the overall effectiveness of 
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the process. Answers to these questions may also 
identify steps that can be eliminated for more effec- 
tive measures and result in resource savings for the 
company. 

Determine the number of cleaning processes for 
each piece of equipment. Ideally, a piece of equipment 
or system will have one process for cleaning, however 
this will depend on the products being produced and 
whether the cleanup occurs between batches of the 
same product (as in a large campaign) or between 
batches of different products. When the cleaning 
process is used only between batches of the same 
product (or different lots of the same intermediate in 
a bulk process) the fum need only meet a criteria of, 
"visibly clean" for the equipment. Such between 
batch cleaning processes do not require validation. 

1. Equipment Design 
Examine the design of equipment, particularly in 
those large systems that may employ semi-automatic 
or fully automatic clean-in-place (CIP) systems since 
they represent significant concern. For example, san- 
itary type piping without ball valves should be used. 
When such nonsanitary ball valves are used, as is 
common in the bulk drug industry, the cleaning 
process is more difficult. 

When such systems are identified, it is important 
that operators performing cleaning operations be 
aware of problems and have special training in clean- 
ing these systems and valves. Determine whether the 
cleaning operators have knowledge of these systems 
and the level of training and experience in cleaning 
these systems. Also check the written and validated 
cleaning process to determine if these systems have 
been properly identified and validated. 



In larger systems, such as those employing long 
transfer lines or piping, check the flow charts and 
piping diagrams for the identification of valves and 
written cleaning procedures. Piping and valves 
should be tagged and easily identifiable by the oper- 
ator performing the cleaning function. Sometimes, 
inadequately identified valves, both on prints and 
physically, have led to incorrect cleaning practices. 

Always check for the presence of an often critical 
element in the documentation of the cleaning 
processes; identifjmg and controlling the length of 
time between the end of processing and each clean- 
ing step. This is especially important for topicals, 
suspensions, and bulk drug operations. In such op- 
erations, the drying of residues will directly affect the 
efficiency of a cleaning process. 

Whether or not CIP systems are used for clean- 
ing of processing equipment, microbiological aspects 
of equipment cleaning should be considered. This 
consists largely of preventive measures rather than 
removal of contamination once it has occurred. There 
should be some evidence that routine cleaning and 
storage of equipment does not allow microbial prolif- 
eration. For example, equipment should be dried be- 
fore storage, and under no circumstances should 
stagnant water be allowed to remain in equipment 
subsequent to cleaning operations. 

Subsequent to the cleaning process, equipment 
may be subjected to sterilization or sanitization pro- 
cedures where such equipment is used for sterile pro- 
cessing, or for nonsterile processing where the 
products may support microbial growth. While such 
sterilization or sanitization procedures are beyond 
the scope of this guide, it is important to note that 
control of the bioburden through adequate cleaning 
and storage of equipment is important to ensure that 
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subsequent sterilization or sanitization procedures 
achieve the necessary assurance of sterility. This 
is also particularly important from the standpoint of 
the control of pyrogens in sterile processing since 
equipment sterilization processes may not be ade- 
quate to achieve significant inactivation or removal of 
pyrogens. 

2. Cleaning Process Written 

Procedure and Documentation 
Examine the detail and specificity of the procedure 
for the (cleaning) process being validated, and the 
amount of documentation required. We have seen 
general SOPS, while others use a batch record or log 
sheet system that requires some type of specific doc- 
umentation for performing each step. Depending 
upon the complexity of the system and cleaning 
process and the ability and training of operators, the 
amount of documentation necessary for executing 
various cleaning steps or procedures will vary. 

When more complex cleaning procedures are re- 
quired, it is important to document the critical clean- 
ing steps (for example certain bulk drug synthesis 
processes). In this regard, specific documentation on 
the equipment itself which includes information 
about who cleaned it and when is valuable. However, 
for relatively simple cleaning operations, the mere 
documentation that the overall cleaning process was 
performed might be sufficient. 

Other factors such as history of cleaning, residue 
levels found after cleaning, and variability of test results 
may also dictate the amount of documentation re- 
quired. For example, when variable residue levels are 
detected following cleaning, particularly for a process 
that is believed to be acceptable, one must establish 
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the effectiveness of the process and operator perfor- 
mance. Appropriate evaluations must be made and 
when operator performance is deemed a problem, 
more extensive documentation (guidance) and train- 
ing may be required. 

3. Analytical Methods 
Determine the specificity and sensitivity of the ana- 
lytical method used to detect residuals or contami- 
nants. With advances in analytical technology, 
residues from the manufacturing and cleaning 
processes can be detected at very low levels. If levels 
of contamination or residual are not detected, it does 
not mean that there is no residual contaminant pres- 
ent after cleaning. It only means that levels of con- 
taminant greater than the sensitivity or detection 
limit of the analytical method are not present in the 
sample. The firm should challenge the analytical 
method in combination with the sampling method(s) 
used to show that contaminants can be recovered 
from the equipment surface and at what level, i.e., 
50% recovery, 90%, etc. This is necessary before any 
conclusions can be made based on the sample re- 
sults. A negative test may also be the result of poor 
sampling technique (see below). 

4. Sampling 

There are two general types of sampling that have 
been found acceptable. The most desirable is the di- 
rect method of sampling the surface of the equip- 
ment. Another method is the use of rinse solutions. 

a. Direct Surface Sampling-Determine the type 
of sampling material used and its impact on the test 
data since the sampling material may interfere with 
the test. For example, the adhesive used in swabs has 
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been found to interfere with the analysis of samples. 
Therefore, early in the validation program, it is im- 
portant to assure that the sampling medium and sol- 
vent (used for extraction from the medium) are 
satisfactory and can be readily used. 

Advantages of direct sampling are that areas 
hardest to clean and which are reasonably accessible 
can be evaluated, leading to establishing a level of 
contamination or residue per given surface area. Ad- 
ditionally, residues that are "dried out" or are insolu- 
ble can be sampled by physical removal. 

b. Rinse Samples-Two advantages of using 
rinse samples are that a larger surface area may be 
sampled, and inaccessible systems or ones that can- 
not be routinely disassembled can be sampled and 
evaluated. 

A disadvantage of rinse samples is that the 
residue or contaminant may not be soluble or may be 
physically occluded in the equipment. An analogy 
that can be used is the "dirty pot." In the evaluation 
of cleaning of a dirty pot, particularly with dried out 
residue, one does not look at  the rinse water to see 
that it is clean; one looks at  the pot. 

Check to see that a direct measurement of the 
residue or contaminant has been made for the rinse 
water when it is used to validate the cleaning 
process. For example, it is not acceptable to simply 
test rinse water for water quality (does it meet the 
compendia tests) rather than test it for potential con- 
taminates. 

c. Routine Production In-Process Control 

Monitoring-Indirect testing, such as conductivity 
testing, may be of some value for routine monitoring 
once a cleaning process has been validated. This 



would be particularly true for the bulk drug sub- 
stance manufacturer where reactors and centrifuges 
and piping between such large equipment can be 
sampled only using rinse solution samples. Any indi- 
rect test method must have been shown to correlate 
with the condition of the equipment. During valida- 
tion, the firm should document that testing the un- 
cleaned equipment gives a not acceptable result for 
the indirect test. 

V. ESTABLISHMENT OF LIMITS 

FDA does not intend to set acceptance specifications 
or methods for determining whether a cleaning 
process is validated. It is impractical for FDA to do so 
due to the wide variation in equipment and products 
used throughout the bulk and finished dosage form 
industries. The firm's rationale for the residue limits 
established should be logical based on the manufac- 
turer's knowledge of the materials involved and be 
practical, achievable, and verifiable. I t  is important to 
define the sensitivity of the analytical methods in or- 
der to set reasonable limits. Some limits that have 
been mentioned by industry representatives in the 
literature or in presentations include analytical de- 
tection levels such as 10 PPM, biological activity lev- 
els such as 1/1000 of the normal therapeutic dose, 
and organoleptic levels such as no visible residue. 

Check the manner in which limits are estab- 
lished. Unlike finished pharmaceuticals where the 
chemical identity of residuals are known (i.e., from 
actives, inactives, detergents) bulk processes may 
have partial reactants and unwanted by-products 
which may never have been chemically identified. In 
establishing residual limits, it may not be adequate to 
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focus only on the principal reactant since other 
chemical variations may be more difficult to remove. 
There are circumstances where TLC screening, in ad- 
dition to chemical analyses, may be needed. In a bulk 
process, particularly for very potent chemicals such 
as  some steroids, the issue of by-products needs to 
be considered if equipment is not dedicated. The ob- 
jective of the inspection is to ensure that the basis for 
any limits is scientifically justifiable. 

VI. OTHER ISSUES 

a. Placebo Product 

In order to evaluate and validate cleaning processes 
some manufacturers have processed a placebo batch 
in the equipment under essentially the same operat- 
ing parameters used for processing product. A sam- 
ple of the placebo batch is then tested for residual 
contamination. However, we have documented sev- 
eral significant issues that need to be addressed 
when using placebo product to validate cleaning 
processes. 

One cannot assure that the contaminate will be 
uniformly distributed throughout the system. For ex- 
ample, if the discharge valve or chute of a blender are 
contaminated, the contaminant would probably not 
be uniformly dispersed in the placebo; it would most 
likely be concentrated in the initial discharge portion 
of the batch. Additionally, if the contaminant or 
residue is of a larger particle size, it may not be uni- 
formly dispersed in the placebo. 

Some firms have made the assumption that a 
residual contaminant would be worn off the equip- 
ment surface uniformly; this is also an invalid con- 
clusion. Finally, the analytical power may be greatly 
reduced by dilution of the contaminate. Because of 



such problems, rinse and/or swab samples should 
be used in conjunction with the placebo method. 

b. Detergent 

If a detergent or soap is used for cleaning, determine 
and consider the difficulty that may arise when at- 
tempting to test for residues. A common problem as- 
sociated with detergent use is its composition. Many 
detergent suppliers will not provide specific composi- 
tion, which makes it difficult for the user to evaluate 
residues. As with product residues, it is important 
and it is expected that the manufacturer evaluate the 
efficiency of the cleaning process for the removal of 
residues. However, unlike product residues, it is ex- 
pected that no (or for ultra sensitive analybcal test 
methods-very low) detergent levels remain after 
cleaning. Detergents are not part of the manufactur- 
ing process and are only added to facilitate cleaning 
during the cleaning process. Thus, they should be 
easily removable. Otherwise, a different detergent 
should be selected. 

c.  Test Until Clean 

Examine and evaluate the level of testing and the 
retest results since testing until clean is a concept 
utilized by some manufacturers. They test, resample, 
and retest equipment or systems until an "accept- 
able" residue level is attained. For the system or 
equipment with a validated cleaning process, this 
practice of resampling should not be utilized and is 
acceptable only in rare cases. Constant retesting and 
resampling can show that the cleaning process is not 
validated since these retests actually document the 
presence of unacceptable residue and contaminants 
from an ineffective cleaning process. 
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Appendix B 

Cleaning Validation 
Glossary 

Below is an  alphabetical list of terms that may be 
used in discussions of cleaning validation. All defini- 
tions or explanations are to be taken as  applied 
specifically in the context of such cleaning validation. 

Acceptance limit: The amount or concentration of 
target residue above which possible contamination of 
selected subsequently manufactured products would 
be rejected. Care must be used in how this term is 
applied, because it can refer to the acceptable con- 
centration in the next product, the acceptable sur- 
face concentration in the manufacturing equipment, 
the acceptable amount or concentration in the ana- 
lyzed sample, or the acceptable concentration in a 
rinse sample. The usual process is to first calculate 
the acceptance limit in the subsequent product and 
then to work backward to arrive at the acceptance 
limit in the selected sample. 
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Agitated immersion: A system of cleaning in which a 
manufacturing vessel is flooded with cleaning solu- 
tion; the cleaning solution is agitated, such as  with 
an agitator, in that vessel. 

Agitation: The mixing of the cleaning solution in the 
cleaning system. Agitation may occur from flow of the 
cleaning solution through piping or spray devices, or 
it may be caused by mixers in the equipment. Agita- 
tion is generally beneficial in a system because it con- 
tinually supplies fresh cleaning solution to the 
surfaces to be cleaned. 

Bioburden: The level of microorganisms present in a 
system or surface. For a sanitizing, disinfecting, or 
sterilizing process, the higher the bioburden, the 
more aggressive the antimicrobial process has to be 
(for example, a longer time and/or higher chemical 
concentration may be necessary). One way to reduce 
bioburden is through the cleaning process; this 
process may either kill or just physically remove mi- 
croorganisms. 

CIP: Clean-in-place, a system or process of cleaning 
that involves cleaning equipment without disassem- 
bly of the equipment. CIP systems usually include a 
CIP unit [composed of storage tank(s), a heat ex- 
changer, chemical feed equipment, circulation pump, 
process control devices, and some instrumentation], 
one or more spray devices, and associated piping. 

Cleaning agent: The chemical agent or solution used 
for cleaning. This sometimes refers to the concen- 
trated cleaning agent and sometimes to the use-dilu- 
tion of that concentration (such as  5 percent v/v in 
water). Cleaning agents may be formulated products, 



commodity chemicals (such as phosphoric acid), or 
solvents (such as acetone). 

Concentrate: The concentrated form of a formulated 
cleaning agent as sold by the product's manufac- 
turer. This concentrate is usually diluted with water 
for use. 

Contaminant: Something that at a high enough level 
can or may potentially contaminate an equipment 
surface, making the subsequently manufactured 
product unacceptable for use. contaminants are 
those items you want to remove to an acceptable level 
during the cleaning process. Contaminants could in- 
clude drug active species, degradation products (de- 
graded during the cleaning process), drug excipients, 
and cleaning agents. Contaminants could also in- 
clude microorganisms or external contaminants that 
could render the equipment unacceptable for manu- 
facturing purposes because of contamination levels 
achieved during storage (and after cleaning). 

COP: Clean-out-of place, a system or process of 
cleaning that involves disassembly of the equipment 
before cleaning. This disassembly may lead to man- 
ual cleaning of the vessel or to cleaning smaller parts 
in a separate mechanical system, such as a parts 
washer. Generally, COP is less preferred as compared 
to clean-in-place; however, clean-in-place cannot be 
applied to all systems because it usually has to be de- 
signed into a system. 

Coupon: A small model surface that can be used 
for either laboratory testing of cleaning perform- 
ance or for analytical recovery studies for swabbing 
procedures. For example, a coupon for modeling a 
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stainless steel surface may be a 8 cm X 1 6  cm piece 
of 3 16L electropolished stainless steel. 

Cycle development: Work done before the validation 
protocol to establish a cleaning Standard Operat- 
ing Procedure. This work may include lab studies on 
pilot-scale or partial-scale production equipment. 
The purpose of cycle development is to define a 
rugged cleaning procedure that will be validatable. 
Items fixed or established in cycle development in- 
clude the cleaning agent, its concentration, the clean- 
ing and rinsing time, cleaning temperature, and a 
myriad of other process parameters. 

Dead leg: An area, usually associated with process 
piping, that leads nowhere (think of it as a dead-end 
street). Because there is little flow and/or agitation in 
a dead leg, cleaning may take longer. As a general 
rule in the pharmaceutical industry, the length of a 
dead leg should be no more than 1.5 pipe diameters. 
Orientation of a dead leg can also be important. The 
ideal is to have a system with no dead legs; in the real 
world, this is nearly impossible. Dead legs are good 
candidates for sampling for worst-case cleaning loca- 
tions in a cleaning validation study. 

D1 water: Deionized water or water in which all of the 
ionized species (and, most importantly the hard wa- 
ter salts) have been removed. Hard water salts can in- 
terfere with the activity of a cleaning agent, and they 
can precipitate on equipment surfaces during the 
cleaning process. D1 water can be used for cleaning 
and preliminary rinsing. 

Endotoxin: Toxin that is present in the cell walls of 
certain gram-negative bacteria. Endotoxins can 



cause fever and or sickness when injected into the 
bloodstream (and hence are also known as pyrogens). 
Endotoxins are generally assayed using the LAL 
(Limulus amebocyte lysate) testing procedure. Endo- 
toxins are not deactivated by most sanitizing 
processes or by steam sterilization. They can be de- 
activated by very high heat or by physical removal 
during the cleaning process. 

Equipment train: A series of individual pieces of 
equipment linked together for a given process. For 
clean-in-place of a typical equipment train, the entire 
train may be cleaned as one system, or the individual 
pieces can be isolated (by valves, for example) and 
cleaned separately. 

Finish (surface): The degree of roughness or smooth- 
ness of a surface. Generally, the smoother the sur- 
face, the easier it is to clean. 

Grouping strategy: A validation strategy in which 
products produced on the same equipment and 
cleaned by the same process are grouped together for 
cleaning validation purposes. Cleaning validation is 
performed on the most difficult to clean product, and 
that successful cleaning validation is considered to 
apply to all products within the group. Adequate sci- 
entific justification is needed to select the most diffi- 
cult to clean product. An alternative grouping 
strategy is to group by different equipment sizes 
(storage tanks of the same design, but of different 
sizes). Grouping strategies require careful planning 
and have a higher element of risk. However, for mul- 
tiproduct manufacturing equipment, they can be a 
much more efficient way to validate cleaning. 
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Impingement: The process of a cleaning solution 
striking a surface. Impingement usually occurs in a 
spray process. The mechanical action of droplets of 
cleaning solution striking the surface can help to dis- 
lodge and/or to more effectively remove soils from 
surfaces. Impingement may also help improve agita- 
tion, but the effects of impingement and agitation are 
different. 

Interference: Something (other than the target ana- 
lyte) in an  analyzed sample that causes the results of 
the analysis to be imprecise because that something 
either adds to or subtracts from the detector re- 
sponse or otherwise interferes with the assay for the 
target residue. A specific test for a given species takes 
into consideration possible interferences and is de- 
signed so those interfering species are accounted for 
in some way. 

IQ: Installation Qualification, the part of validation 
that documents that the cleaning equipment is in- 
stalled according to specifications. 

LOD: Limit of detection, the lowest level of an  analyte 
that can be detected but not necessarily quantitated. 

LOQ: Limit of quantitation, the lowest level of analyte 
that can be reliably measured with suitable accuracy 
and precision. 

Master plan: A document that describes how cleaning 
validation is performed in a given facility. A cleaning 
validation master plan describes the approaches to 
establishing limits, cleaning, sampling, and selecting 
analytical methods. It provides an overview so that 
there is consistency within the facility. It also covers 
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responsibilities and provides templates for cleaning 
procedures and protocols. A master plan is not re- 
quired, but it helps significantly. 

Monitoring: The process of evaluating the cleaning 
process on a routine basis during and after the clean- 
ing process. It may involve visual inspection as  well 
as sensors that record parameters such a s  tempera- 
tures, pressures, and conductivities. The tests that 
are done during monitoring of cleaning are not nec- 
essarily the same tests that are done during cleaning 
validation. Monitoring serves as  a control that can 
identify trends before action limits are achieved. 

Neutralization: The process of modifying the pH of a 
used alkaline or acidic aqueous cleaning solution to 
render it more suitable for discharge into a waste 
treatment system. Most typically, the pH needs to be 
adjusted to the 5.5-9.5 region. As a general rule, pH 
neutralization of a cleaning agent solution should not 
be done in the process vessel that has been cleaned; 
such a pH change may cause the cleaned product to 
redeposit within the system. Neutralization is best 
done in a separate vessel or in an  in-line neutraliza- 
tion system as  the spent cleaning solution is drained 
from the process equipment. 

Once-through: A clean-in-place process in which the 
cleaning solution passes through the spray device, 
through the equipment to be cleaned, and goes di- 
rectly to the drain. This is not commonly done for the 
cleaning solution because of the expense. As applied 
to the rinsing step in a clean-in-place system, once- 
through covers rinsing systems in which the rinse 
water goes directly to drain after passing through the 
equipment to be rinsed. Once-through is commonly 
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used for the rinsing process because it minimizes the 
possibility of recontamination of rinsed surfaces. 
Once-through systems are to be contrasted with "re- 
circulation" systems. 

OQ: Operational Qualification, that part of the vali- 
dation that documents that the cleaning equipment 
operates correctly. This might include documentation 
of such items as the spray pattern in a clean-in-place 
system and pump flow rates. 

Organoleptic: Measured by the senses. Visual exam- 
ination is a type of organoleptic procedure used in 
cleaning validation studies. 

Pitch: The slope of pipes in the cleaning system. The 
slope should be to the drain, because the purpose 
of the slope is to minimize residual water in the sys- 
tem after it is cleaned. The typical target pitch is 
1 / 16 inch per foot of length of pipe (about 5 millime- 
ters per meter). 

Placebo sampling: A method of sampling that uses 
the manufacture of a product placebo to sample the 
cleaned equipment. The placebo is analyzed for the 
presence of the target residue. This is not a sampling 
method preferred by the Food and Drug Administra- 
tion, because of concerns about nonuniform contam- 
ination and the analytical power of a method to 
measure the target residue in the placebo matrix. 

PQ: Process Qualification, that part of the validation 
that documents that in three consecutive cleaning 
trials, the cleaning process consistently produces 
equipment cleaned to the preestablished residue 
limits. 
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Prevalidation: Work done before one actually ap- 
proves and executes the validation protocol. This may 
include cycle development work on the Standard Op- 
erating Procedure, establishment of residue limits, 
analytical method selection and validation, sampling 
method selection, recovery verification, and grouping 
strategy studies. 

PW: USP Purified Water, specially manufactured and 
controlled water with low conductivity and with low 
total organic carbon. See the United States Pharma- 
copeia for more detail. 

Pyrogen: See Endotoxin. 

Recirculation: A clean-in-place process in which the 
cleaning solution passes through a spray device, 
through the equipment to be cleaned, and returns to 
the cleaning solution tank. The cleaning solution is 
then circulated through the spray device and equip- 
ment train again. This is commonly done for the 
cleaning step but not for the rinsing step. Recircula- 
tion systems are to be contrasted with "once- 
through" systems. 

Recovery: For analytical procedures using swab or 
rinse sampling, the percent of the known amount of 
target residue spiked onto a coupon that is actually 
measured in the analytical procedure. Ideally, recov- 
eries should be in the 80-120 percent range. The 
amount spiked should correspond to the amount 
found near the acceptance limit for that residue. 

Residue: Whatever is left behind after the cleaning 
process. Residues may include drug actives, drug 
product excipients, process aids, microorganisms, 
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various degradation products, and cleaning agents. 
Residues are measurement targets in cleaning vali- 
dation protocols to see if acceptance limits are met. 
See also contaminant. 

Revalidation: A regular (for example, every two years) 
process by which the performance of a validated 
cleaning process is evaluated to determine whether 
the cleaning process is still validated. This might in- 
clude a review of monitoring data, cleaning logs, and 
any changes to the system done under a change con- 
trol process. This review and the judgment as to 
whether the process is still under validation should 
be documented. Often, revalidation is used to refer to 
the process of validating a process after a major 
change. However, in a technical sense, one is not 
revalidating a system; one is validating what is (for 
validation purposes) a new process. The two uses of 
the term really apply to different situations. The 
process for revalidation of a cleaning process should 
be defined in the cleaning validation master plan. 

Riboflavin testing: A procedure for testing the spray 
pattern from a spray device by coating the interior 
equipment surfaces with a dilute solution of ri- 
boflavin, running water through the system for a 
short time, then opening up the system and examin- 
ing interior surfaces with a black light. Riboflavin will 
fluoresce under a black light, so areas that the spray 
is inadequately contacting can be identified. This test 
is sometimes used for determining worst-case clean- 
ing locations, which can be a misuse of this test. 

Rinse sampling: A procedure for sampling surfaces 
that involves flooding the surfaces with rinse water 
(or another solvent) to effectively remove target 
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residues from the surfaces. The sampling rinse is 
then analyzed for the target residue. Recovery of the 
target residue by the rinse sampling procedure must 
be demonstrated. 

Sensitivity: This is commonly confused with the limit 
of quantitation or the limit of detection. However, for 
analytical chemist purists, sensitivity is really the 
"slope of the working curve" and has to do with the 
relative change in detector units as a function of 
change in analyte concentration. In general, a more 
sensitive method rather than a less sensitive method 
is desired. 

Shadow area: In a clean-in-place process, any area 
that does not adequately receive spray from the spray 
device because of some impediment within the 
process vessel. For example, in a tank with a top ag- 
itator and only one offset spray ball, there will be an 
area on the opposite wall that will not be adequately 
contacted with cleaning solution because it is 
blocked by the agitator shaft. Any shadow area can 
be detected by riboflavin testing. If shadow areas ex- 
ist, it is necessary to change the orientation or num- 
ber of spray devices to make sure that all surfaces 
are adequately contacted with the cleaning solution. 

Shared product surface area: The surface area within 
the process equipment that has the potential to di- 
rectly transfer a contaminant to the subsequently 
manufactured product. These surfaces should be 
focused on during the cleaning process. When the 
acceptance limits per surface area of equipment 
are calculated, the shared product surface area is 
required. 



272 Validated Cleaning Technologies 

Soil: The material in process equipment to be re- 
moved during the cleaning process. This includes the 
drug active, drug product excipients, and process 
aids (such as  fermentation broth or process solvents). 

SOP: Standard operating procedure, a written docu- 
ment detailing the specific steps to be taken in the 
cleaning process. In some facilities, it might be called 
a work instruction rather than a SOP. The FDA will 
want to see cleaning SOPS if they take a look at clean- 
ing validation; cleaning validation can only be done 
once a cleaning SOP is defined. 

Specificity: The ability of an analytical method to un- 
equivocally assess the analyte (target residue) in the 
presence of components that might also be expected 
to be present. Specific methods are preferred but not 
required for cleaning validation studies. 

Swab: This is an expensive Q-tipTM. It usually con- 
sists of cotton on a wooden handle or knit polyester 
on a plastic handle. A swab is used to effectively re- 
move target residues from the surfaces in swab sam- 
pling. Swabs must be carefully selected because they 
can contribute interferences to analytical procedures. 

Swab sampling: A procedure for sampling surfaces 
involving wiping the surfaces with a swab (usually a 
swab wetted with water or another solvent) to effec- 
tively remove target residues from the surfaces. For 
chemical analysis, the swab is then desorbed into a 
greater quantity of water or solvent and analyzed for 
the target residue. Recovery of the target residue by 
the swab sampling procedure must be demonstrated. 
For microbiological sampling, the swab is desorbed 
into a buffer solution, and a plate count is done. 



TOC: Total organic carbon, a nonspecific analytical 
procedure that can be used in cleaning validation 
studies. 

Use-dilution: A relatively dilute solution of a cleaning 
agent concentrate. This is the concentration of the 
cleaning agent as  it is prepared for use. For example, 
most concentrates are commonly used as cleaning 
agents at a use-dilution from 1 to 10 percent by vol- 
ume in water. 

Validation: Documented evidence with a high degree 
of certainty that a cleaning process will consistently 
produce product contact surfaces meeting their 
preestablished residue acceptance limits. 

Verification: Documented evidence that an individual 
specific cleaning event has produced product contact 
surfaces that are acceptably clean. Verification 
should be contrasted with validation. While valida- 
tion involves a repeating process (where one can con- 
duct at least three process qualification runs), 
verification involves testing a specific cleaning event. 
Data obtained in a verification study, while sugges- 
tive of what might happen in the future if the process 
is repeated, should only be used to support that one 
specific cleaning event it is associated with. 

WFI: Water for injection, essentially Purified Water 
that is endotoxin free and with a lower level of rni- 
crobes. 

Worst case: The FDA requires the evaluation of 
cleaning Standard Operating Procedures under 
worst-case conditions. As applied to process condi- 
tions, worst cases mean those conditions within 
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normal operating parameters most likely to cause 
process failure. For example, if the cleaning tempera- 
ture is controlled from 55 to 65"C, then the worst- 
case cleaning might be at the lower end of the 
temperature or around 55°C. As applied to sampling 
locations, worst case means those locations in the 
equipment most likely to have the highest levels of 
residue after cleaning (these locations may be the 
most difficult-to-clean locations). As applied to recov- 
eries, worst case means those recovery conditions 
(within normal recovery procedures) giving the most 
likely chance that limits are exceeded. For example, if 
swab recoveries are established as  80 percent for 
1 pg/cm2, 85 percent for 5 pg/cm2, and 90 percent 
for 10 pg/cm2, the 80 percent recovery value should 
be used for cleaning analyses. As applied to accep- 
tance limit calculations for contamination of a subse- 
quent product, worst case means calculating the 
minimum dose of the target active residue in the 
maximum daily dose of the subsequently manufac- 
tured product. As applied to product grouping strate- 
gies, worst case mean selecting the representative 
product for testing in the three validation process 
qualifications runs as that product that has been 
demonstrated to be most difficult to clean. 
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surfactants and, 33 
temperature and, 99 

endotoxins 
defined, 264-265 
GMPs and, 6 
in product. 3, 194, 199 
from recontamination. 79 
SIP and, 24 1 
visual cleanness and. 174 

Entei-ococcus, 148 
environmental factors, equipment 

storage and, 103 
environmental issues 

of aqueous cleaning, 36 
of cleaning agent disposal, 83-84 
of organic solvent cleaning. 36 

Enzyme-Linked Irnrnunosorbent As- 
say. See ELISA 

equipment, cleaning of. See also 
glass-lined equipment: stainless 
steel equipment 

in API manufacturing. 220-224 
in biotechnology manufacturing, 

2 18-220 
change control in, 206, 207 
in clinical manufacturing, 228-229 
in contract manufacturing, 

224-228 
FDA expectations for. 237-239. 

240-24 1 
GMPs for. 5. 6 
IQ/OQ revalidation and. 2 12 
in IVD product manufacturing, 

229-230 
between lots of same product, 

238-239 
for multiproducts, 12-13, 38, 

39, 225 

product grouping and, 122-123 
recontamination and. 77-78 
time of storage and, 78-79 

equipment brushing, 69-70 
equipment design. FDA expectations 

for. 239-24 1, 252-254 
equipment grouping &ate@, 

129-131 
equipment life, cleaning and, 1 1- 12, 

52, 53. 74 
equipment limitations 

of agitated immersion. 56 
of high-pressure spraying. 66 
of static immersion, 58 

equipment reuse. 4 
equipment train. defined. 265 
equipment utilization. 1 1 
Escherichia colt 148 
esters, hydrolysis of. 26-28, 34. 35 
etching 

by aqueous cleaners, 37 
cleaning &er. 91, 92. 111-112 
cleaning agent concentration and, 

82-83 
visual cleanness after, 172- 173 

ethylenediaminetetraacetic acid. 
See EDTA 

evaporative light-scattering detection. 
See ELSD 

family approach. See grouping 
strategies 

FDA 
Biotechnology Inspection Guide, 7-8 
expectations of cleaning valida- 

tion, 4-9, 233-239 
acceptance criteria and. 

135, 137 
for analytical methods, 152. 

153, 242 
for API manufacturing, 223 
for clinical manufacturing. 228 
for detergents. 244-245 
for documentation, 24 1 
for equipment design, 239-24 1 
grouping strategies and, 121 
for in-process control, 243 
for limits, 243-244 
microbial contamination and, 

77. 148. 193. 194. 195 
organic solvent reclamation 

and, 32 
for placebo sampling, 185- 

186, 244 
for retesting, 245 
for sampling, 182, 242-243 
soil conditions and. 75 
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visual evaluations and. 145. 174 
Guide to Inspections of Validation 

of Cleaning Processes, 8. 
234-235, 247-259 

Mid-Atlantic Region Inspection 
Guide: Cleaning Validution, 8 

finish, 265. See also surface quality 
finished drug manufacturing 

API residue effects in, 220, 
22 1-222 

cleaning mechanisms and, 30-3 1 
cleaning validation for, 2 17 
water quality and, 97 

fixed CIP systems, 50 
fixed spray devices, 45, 4 8 4 9  
foarn/foanhlg 

automated parts washing and, 
59-6 1 

deionized water and, 208 
rinsing and, 100 
surfactants and, 33 

Food and Drug Administration. U.S. 
See F D A  

formulated cleaning agents 
in aqueous cleaning, 3 1 
change control of, 209-2 10 
cost-effectiveness of. 37-38 
dissolution rates and, 80 
FDA expectations for, 244-245, 259 
oxidant degradation of. 36 
selecting. 38-39 
for target analytes, 162- 164 

Fourier -transform infrared spec- 
troscopy. See FTIR 

free rinsing. of potassium 
hydroxicle, 34 

FTIR, 174 

glass-lined equipment 
cleaning of. 11-12. 37. 82-83. 

89-91, 92, 111-112 
visual cleanness of, 172- 1 73 

glossary of terms, 261-274 
GMPs, 5-9 
Good Manufacturing Practices. 

See GMPs 
grab sample, in single point final 

rinse sampling, 183 
grouping strategies. 12 1 

by cleaning process. 13 1-1 32 
for contract manufacturing, 225 
defined. 265 
by equipment, 129- 13 1 
by product, 38, 39, 74, 122-128 

Guide to Irlspections of Validation of 
Cleanir lg Processes (FDA), 8, 
234-235, 247-259 

hardness ions. See metal ions 
heat exchanger, temperature control 

using, 86, 116 
heroic cleaning. 76-77 
high performance liquid chromatog- 

raphy. See HPLC 
high-pressure spraying, 64-66. 80 
HPLC, 164 

laboratory evaluations using, 1 15 
specificity of, 1 15, 154. 157, l58 
swab sampling and, 180 

humidity, cleaned system and, 103 
hydrolysis. 26-28 

by acids, 35 
by bases, 34 
cleaning temperature and, 8 5  

impingement, 79-8 1 
agitation and. 80-8 1 
compared to mixing, 95 
defined, 266 

in-process control, FDA expectations 
for, 243, 25G257 

Installation/Operational Qualiiica- 
tion. See IQ/OQ 

Installation Qualification. See IQ 
interferences 

to analytical methods. 157, 158 
defined. 266 
in swab sampling, 242 

intermediate cleaning steps, in API 
manufacturing. 220-22 1 

in vitro diagnostic manufacturing. 
See IVD manufacturing 

ion chromatography, 154. 165 
ions. metal. See metal ions 
IQ, 207. 266 
IQ/OQ, 206. 212 
IVD manufacturing, 229-230 

laboratory evaluation 
for cleaning agent change 

control, 2 10 
of cleaning cycle development, 

11 1-1 l 5  
confirmation/optimization of, by 

scale-up, 116, 119 
of IVD products, 229-230 
of worst case product 

grouping, 124 
"last to rinse" component 

concept, 163 
LDS0, of cleaned active, 229 
leaching of soils, from plastics, 90 
Lilly. Eli. See Eli Lilly 
limit of detection. See LOD 
limit of quantitation. See LOQ 
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limits 
in analytical samples, 142. 152-153 
for APIs. 222 
in aseptically produced 

products, 199 
default. 137 
FDA expectations for. 8. 243-244. 

257-258 
in nonsterile products, 200 
per surface area, 140-141 
in subsequently sterilized prod- 

ucts. 198-199 
in subsequent produ'ct, 138-140 
time, for each production 

phase, 6 
uses of the term, 135-136 

linearity of method, 160 
locations, equipment 

direct surface sampling of. 174 
microbial proliferation at, 196- 197 
separate rinse sampling of, 184 
single point final rinse sampling 

of. 183 
soil levels on, 9 1, 93 
swab sampling of, 178- 1 79 
visual cleanness of, 170- 17 1 

LOD 
acceptance criteria and, 137 
defined, 266 
estimation of. 159 
FDA expectations for, 236, 242 
relationship to sensitivity, 152 

LOD/LOQ of method, 153, 159-160 
LOQ 

acceptance criteria and, 144 
defined, 266 
estimation of, 159- 160 
FDA expectations for, 236, 242 
relationship to sensitivity, 152- 153 
swab sampling and, 176, 177, 189 

lot integrity, 3 
low-temperature manufacturing. 8 5  

manual cleaning, 29, 66 
cleaning level and, 108 
by equipment brushing. 69-70 
equipment grouping and, 130 
laboratory evaluation of. 1 13 
by sink brushing. 68-69 
validation concerns of, 106 
by wiping, 66-68 

master plan. See cleaning validation 
master plan 

matrix approach. See grouping 
strategies 

membrane filtration, microbial sarn- 
pling using, 202 

metal ions 
change control and, 208-209 
chelation of, 34 

microbial contamination. 3, 193 
acceptance criteria and. 148-149. 

193-194, 197-201 
in biotechnology manufacturing, 

194. 219-220 
changes in residues of, 194-196 
during equipment cleaning and 

storage. 103, 240-24 1 
FDA expectations for, 235 
GMP for, 6 
recontamination by, 77, 79 
residue reduction, 196- 197 

importance of, 194 
limits for aseptically produced 

products, 199 
limits for nonsterile products. 200 
limits for subsequently sterilized 

products, 198-199 
by oxidizing biocide. 30, 36 

restricted organisms, 194, 200 
sampling tools for. 202 
soil conditions and, 75. 95 
swab sampling for, 175 
visual cleanness and, 174. 238-239 
water quality and, 209 

Mid-Atlantic Region Inspection Guide: 
Cleaning Validation (FDA). 8 

minimum daily dose of active, 
137-140, 228-229 

minimum pharmacological effect 
level. 140 

mixing, 95-96. See also agitation 
model surface, in recovery 

studies. 188 
molds, 202 
nlollitorillg 

acceptance criteria and, 20 1 
of action/alert limits. 201 
in CIP systems, 51 
of cleaning temperature cycle, 87 
defined, 267 
FDA guide to, 256-257 
for in-process control. 243 
by 00s tests, 245 
revalidation of, 2 13 
of rinsing water quality, 100 
by visual evaluation. 1 73 
of washing water quality, 98 

multifunctional cleaning agents, 38 
multiproduct equipment/facility 

cleaning of, 12-13, 38, 39 
comparison to contract manufac- 

turing, 225 
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near infrared. See NIR 
neutralization 

of aqueous cleaning discharge, 
36-37 

cleaning agent concentration and, 
83-84 

defined, 267 
of emulsifications, 24-25 
solubilization and, 23 

NIR, 174 
NOEL, 140 
nonionic surfactants, 33 
nonproduct-contact surfaces, critical 

cleanhg of. 233-234 
nonspecific analytical methods, 

155- 157 
nonuniform contamination 

from compacted soils. 95 
placebo sampling of. 186-1 87 
of subsequent product, 145-147 

no observable effect level. See NOEL 

once-through ClP systems, 49, 
267-268 

OOS tests, 245 
operational experience 

FDA expectations for, 240 
precision and, 16 1 
worst case product grouping and, 

124. 126 
Operational Qualification. See OQ 
OQ, 207, 268 
organic solvents 

in agitated immersion. 54 
as cleaning agents. 3 1-32. 81 
cleaning level and. 108 
in combination cleaning, 40 
emissions of, 32 
reclainling. 32 
for residue desorption, l76 
rinsing with. 102 

organoleptic procedure, 268 
out-of-specification tests. See OOS 

tests 
oxidation. 28-29 

in aqueous cleaning, 35-36 
in biotechnology manufac- 

turing. 2 19 
oxidizing agent. See oxidation 
oxidizing biocide, 30, 36 

parts washing, 58-63, 130, l 3  1 
percent recovery 

FDA expectations for, 242 
in recovery studies, 188, 189, 

190-191 
PFTE sampling templates, 178 

pH. 166-167 
acids and, 35 
bases and, 34 
of cleaning discharge, 36, 84 
emulsification and. 24-25 
hydrolysis and, 27-28 
product grouping and, 125 
of residue desorption, 176 
solubilization and, 22, 23 

physical cleaning, 29-30 
pilot plant. See scale-up evaluation 
pitch, defined. 268 
placebo sampling, 185- 187 

defined, 268 
FDA expectations for, 244, 

258-259 
nonuniform contanlination 

and, 147 
plastic vessels, cleaning of, 89, 90 
polarity 

hydrolysis and, 27 
oxidation and. 28 
surfactants and. 33 

polishing step, in combination 
cleaning, 40 

polymerization of contaminants, 2 1 
polytetrailuoroethylene. See PFTE 

sampling templates 
portable CIP systems. 50 
potable water 

change control and, 208. 209 
rinsing with, 99 
standards for, 97 
washing with. 97-98 

PQ 
for change control, 206, 208-209, 

210,211 
in contract manufacturing, 226 
defined, 268 
grouping strategies and, 12 1, 122. 

127-128, 129-130, 131 
nonspecific analytical methods 

and. 156-157 
regulatory requirements and. 7 
for revalidation. 2 1 1-2 14 
scale-up evaluation and, 1 19 
temperature and. 86-87 
for time between processing and 

cleaning, 76, 240 
visual cleanness and, 173, 174 

precision of method, 160- 16 1 
prequalification evaluation, 16 

acceptance criteria and, 198 
for action/alert limits. 201 
for analytical studies, 159 
for change control, 206 
FDA expectations for. 237 
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of rinsing conditions, 100 
swabbing location identified 

by, 178 
prerinsing/prewashing 

in CIP systems, 49 
physical cleaning and, 29 
temperature of, 85  

prevalidation, defined, 269 
prions, 202, 203 
process parameters in cleaning, 

73-74, 89 
action of cleaning. 79-8 1 
concentration of cleaning agent, 

8 1-84 
environmental factors, 103 
mixing, 95-96 
rinsing, 98-102 
soil conditions. 93-95 
soil levels, 9 1-93 
surface quality, 90-9 1 
surface type, 89-90 
temperature of cleaning, 8 4 8 7  
time of cleaning. 74-79 
water quality, 96-98 

Process Qualification. See PQ 
product contact surfaces, critical 

cleaning of. 233 
product grouping strategy, 122-1 28 
product integrity, 2-3 
proteins 

cleaning of, 85. 94, 2 18 
ELISA analysis of. 166 
"setting " of, 85  

pulse rinsing, 1 17-1 18 
pumps, change control of, 207 
purified water. See PW 
PW 

change control and. 208. 209 
defined, 269 
standards for, 96 
washing with. 97 

pyrogens. See endotoxins 

QC. 213-214 
quality control. See QC 

range of method, 158-159 
determinations, 160 

reassembly. See assembly, of CIP 
systems 

recirculating CIP systems, 49 
recirculation, defined, 269 
recontamination 

between cleaning and next use, 
77-78, 79 

environmental factors and, 103 
GMP for, 6 

recovery, defined, 269 
recovery factors, 143 
recovery studies, 188-19 1 

FDA expectations for. 242 
for microbial contamination, 202 
in placebo sampling. 186 
in rinse sampling, 182 
in swab sampling. 176. 178, 181 

redeposition 
in CIP systems, 49-50 
in cleaned systems. 103 
emulsification and. 24, 80 
in high-pressure spraying. 65 
temperature and. 99 
wiping and. 67 

regulatory requirements. 4-9. See 
also FDA 

representative piece of equipment. 
129-130 

representative product. 122, 
123-124, 126, 127-128 

residue limits. See also acceptance 
criteria 

other than actives, 148-149 
residues. See also microbial contami- 

nation: target residue 
baked on, 29 
defined, 269-270 
degradation of. 28, 29, 1 15, 165, 

218-219 
FDA expectations for, 235. 240 
"setting" by cleaning 

temperature, 85 
sources of. 2-3, 30. 221 

retesting, FDA expectations for. 
245,259 

revalidation. 10, 12, 21 1 
defined. 270 
FDA expectations for. 236 
on regular basis, 2 12-2 14 
with significant change, 2 1 1-2 12 

riboflavin testing, 207, 270 
rinse sampling, 18 1- l82 

advantages of, 242-243 
defined. 270-271 
FDA expectations for. 242-243 
recovery studies of, 190-1 9 1 
separate rinse sampling, 184- l85 
single point final rinse 

sampling, 183 
rinsing, 98-102. See also spray 

devices 
in agitated immersion, 54, 55 
in automatic parts washing, 59-6 1 
burst, 1 17-1 l 8  
change control of, 209 
in CIP systems. 44 
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continuous, 1 17 
following sanitization. 79 
of formulated cleaning agents, 38 
optimization of, 1 17-1 18 
pulse, 117-118 
sampling rinse, 14 1 
temperature of, 85 
water quality for. 98, 197 
wiping and. 67 

risk management, change control 
and, 206, 207 

rob~~stness/mggedness, 107-1 11 
method validation and, 16 1- 162 
nonuriiforrn contamination 

and, 187 
precision and, 16 1 

rotating spray devices, 45, 4 7 4 8  
rouging of stainless steel, 34. 37 
ruggedness. See rol~ustness/ 

ruggedness 

safety 
of aqueous cleaners, 37 
of automated parts washing, 62 
of CIP systems, 52, 53 
cleaning agent concentration 

and, 84 
cleaning between lots of same 

product and, 238 
cleaning objectives and. 13 
of equipnient brushing, 70 
of high-pressure spraying, 65 
of organic solvent cleaning. 32 
of wiping. 67 

safety factors 
in analytxal detection, 153 
for bioburden, 198 
for clinical manufacturing, 229 
for nrD nlanufacturing. 230 
in limit calculations, 139 
placebo sampling and, 187 
in robustness of cleaning, 107, l l l 

sampling 
analytical procedures and. 162 
in combination cleaning, 40 
FDA expectations for, 236, 

242-243, 255-256 
locations, evaluation of, 1 18 
methods, 169 

direct surface sampling, 
170-174 

evaluation of, 1 18-1 19 
placebo sampling. 185- 187 
recovely studies, 188-19 1 
rinse sampling, 18 1- 182 
separate rinse sampling, 

184-185 

single point final rinse sampling, 
183 

swab sampling, 174- 18 1 
for microbial contamination, 202 
for recontarnination, 78 
recovery studies, 154 
visual cleanness. 1 14-1 15, 

170-172 
worst case for, 93. 14 1. 169, 

178-179, 180 
sampling point. 183 
sampling rinse 

for CIP, 185 
in limit calculations, l 4  1 
in separate rinse sampling, 184 

sanitary piping, FDA expectations 
for, 239 

"sanitary type piping without ball 
valves," 239 

sanitization. See disinfection/ 
sanitization 

scale-up evaluation, 116-1 19 
SDS-PAGE, 1 54 
sensitivity. See also LOD; LOQ 

of analytical method, 152 
defined, 271 
FDA expectations for. 236. 242 

separate rinse sampling, 184- 185 
shadow area, defined, 271 
shared equipment surface area. 140 
sheared product surface area. de- 

fined, 27 l 
single point final rinse sampling, 183 
sink brushing, 68-69 
SIP 

antimicrobial action of, 30, 197, 
199, 241 

biotechnology manufacturing 
and, 219 

endotoxins and, 199, 241 
sodium dodecyl sulfate-polyacry- 

lamide gel electrophoresis. See 
SDS-PAGE 

sodium hypochlorite. See bleach 
cleaning 

softened water, standards for. 97 
soil, defined, 272 
soil conditions, 93-95 

impingement and, 80 
laboratory evaluation of. 112 
time limits and, 75 

soil levels. 9 1-93 
cleaning level and, 1 10 
laboratory evaluation of, 1 12 

solids/activity, product grouping 
and, 124, 125-126 

solubility, 20-22 
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increasing, with mixing, 95-96 
in organic solvent cleaning. 32 
product grouping and, 124-125 
rinse sampling and, 243 
swab sampling and. 242 

solubilization, 22-23. 33 
solution saturation, cleaning agents 

and, 92 
solvent reduction, 1@11 
solvents. See also organic solvents 

for swab desorption, 174-1 76 
water miscible, 23, 34 

SOPs 
for change control, 205 
cleaning cycle development 

and, 105 
for clinical manufacturing. 228 
defined, 272 
developing, by laboratory evalua- 

tion, 111. 115 
equipment grouping by, 129, 130 
FDA expectations for, 235- 

236. 241 
GMPs and, 6-7. 8 
for grouping by cleaning process, 

131-132 
product grouping by, 122, 

123-124 
for recovery studies, 188, 189 
for revalidation, 205 
for swab sampling, 18 1 
for time limits, 76-77. 79, 240 

specific analytical methods, 154- 155 
specificity of method, 157-158 

defined, 272 
FDA expectations for. 242 

spray devices 
in CIP systems. 44, 45, 4 7 4 9 ,  50 
impingement from. 80 
OQ of. 207 
validation concerns of. 106 

stainless steel equipment 
bleach and, 2 19 
chelants and, 34 
cleaning of, 12, 37, 89, 90 
laboratory evaluation of, 1 1 1-1 12 
visual cleanness of. 172- 1 73 

Standard Operating Procedures. 
See SOPs 

static immersion cleaning. 56-58 
stationary spray devices, 45. 48-49 
steam-in-place. See SIP 
sterile swabs. microbial sampling 

using, 202 
sterilization 

antimicrobial action and, 30 
in biotechnology manufac- 

turing, 2 19 

GMP for. 6 
microbial reduction by. 

197-199, 241 
sterilization-in-place. See SIP 
storage of cleaned equipment, 78-79 

changes in microbial residue 
and, 195 

environmental factors and, 103 
FDA expectations for. 240-24 1 
microbial proliferation during, 

103. 193, 195 
surface active agent. See surfactants 
surface area 

in limit calculations, 136, 139, 
141, 142, 144 

in recovery studies, 190 
in rinse sampling. 242 
in swab sampling, 174-1 75, 

177-178 
surface finish. See surface quality 
surface quality. 90-9 1 

visual cleanness and. 172 
surface tension, wetting and, 25-26 
surface types, 89-90 

soil levels and. 91 
visual cleanness and, 172 

surfactants 
in aqueous cleaning, 33  
builders used with, 35 
dispersants used with. 35 
in dispersions, 25 
in emulsifications, 24 
in formulated cleaning 

agents, 38 
microbial reduction by. 196 
oxidant degradation of. 36 
in physical cleaning, 29 
potentiation by bases. 34 
solubilization and. 23 
W spectroscopic analysis of, 165 
water hardness and, 97, 208-209 
wetting and. 25-26 

swab, defined, 272 
swab recovery factor. 136, 143, 144 
swab sampling, 1 74- 18 1 

advantages of. 242 
controls for, 180- 18 1 
defined, 272 
FDA expectations for, 242 
handling and transport. 180 
limit calculations and. l 4  1, 

142. 144 
nature of swab, 175-1 76 
number of swabs used. 177 
recovery studies using. 188-189 
surface area swabbed, 1 77- l78 
swabbing pattern, 179- 180 
visual cleanness and. 173 
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wetting and desorption, 176-177 
worst case for, 91, 118, 141, 

1 78- 179 

tap water. See potable water 
target analytes, 162- 164 
target residue 

chemical nature of, 151-152 
nonspecific analytical methods for, 

155-156 
in placebo sampling, 185-187 
in recovery studies, 188, 189. 190 
in rinse sampling, 182 
specific analytical methods 

for. 154 
in swab sampling. 177 

temperature of cleaning, 84-87 
for automated parts washing, 62 
change control and, 2 10-2 1 1 
cleaning level and, 107. 108, 1 10 
concentration of cleaning agent 

VS., 81-82 
control of, 86, 106, 1 16 
in high-pressure spraying, 65 
hydrolysis and. 27 
nlicrobial reduction and. 196 
optimization of, 1 17 
prerinsing and, 29 
for protein products, 2 18 
rinsing and, 99 
selecting, 1 1 1, 1 13-1 15 
for sink brushing, 68 
soil conditions and, 75 
solubility and. 2 1 
temperature change profile. 87 
for ultrasonic washers, 63  

templates, swab sampling using, 178 
testing methods for evaluating clean- 

ing, 114-1 15 
test until clean, FDA expectations 

for, 245. 259 
thin layer chromatography, 244 
time limits 

between cleaning and next use, 77 
GMP for, 6 
between processing and cleaning, 

75. 76-77, 240 
time of cleaning. See cleaning times 
titrations, 166 

nonspecificity of, 157, 158 
of target analytes, 163 

TOC. 164-165 
in biotechnology manufac- 

turing. 2 18 
defined, 273 
nonspecificity of. 155- 157 
organic solvents and, 176 
swab sampling and. 176-1 77, 180 

target analytes assayed by, 
163- l64 

water quality and, 100- 102 
total organic carbon. See TOC 
training 

of operators, FDA expectations 
for, 240 

of workers, 68, 69, 84 
tunnel washers. 59 
turbulence. See agitation 
ultrasonic washers, 63-64 
ultraviolet spectroscopy. See W 

spectroscopy 
underdeposit corrosion, equipment 

life and, 12 
uniformity in cleaning 

impingement and, 80 
maintaining, with mixing, 95  

United States Pharmacopeia Purified 
Water. See USP Purified Water 

U.S. v. Barr Laboratories, 7 
use-dilution, cleaning agent concen- 

trate. 273 
USP Purified Water 

change control and, 208 
rinsing with, 182, 197, 243 

UV spectroscopy, 165 
for HPLC analysis, 164 
monitoring organic solvents 

with, 102 

validation, cleaning. See cleaning 
validation 

validation collfirmation. See 
revalidation 

validation for analytical methods, 157 
accuracy of, 160 
keys to, 161-162 
linearity of, 160 
LOD/LOQ of, 159-160 
precision of, 160- 16 1 
range of, 158- 159 
specificity of, 157- l58 

verification, cleaning. See cleaning 
verification 

viruses. 202, 203 
visual cleanness test 

acceptance criteria and, 144- 145. 
223, 238-239 

criteria for, 1 14-1 15, 170-1 72 
Eli Lilly standard for, 137 
numerical value for, 17 1 
recontamination and, 78 

waste stream, cleaning solution in, 84 
water 

in aqueous cleaning, 33 
deionized. 97 
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for desorption, 176 
potable, 97 
PW, 96 
softened, 97 
wetting by, 25-26 
W F I ,  96 

water break test. 1 14-1 15 
water for injection. See WFI 
water quality, 96-98 

change control of, 208-209 
for rinsing, 98-99. 100 
in washing step, 97-98 

waxy soils, 75, 85 
weight loss test, 1 15 
wetting, 25-26 

cleaning temperature and. 86 
dispersants and. 35 
dissolution rates and, 80 
in high-pressure spraying. 65 
microbial reduction by, 196 
surfactants and, 29, 33 
in ultrasonic washers, 63 
in wiping. 67 

WFI 
change control and, 208, 209 
defined, 273 
rinsing with, 197 
standards for, 96 
washing with, 97 

wiping, 66-68 
visual cleanness and. 173 

worker safety, 13 
with aqueous cleaners, 37 
automated parts washing and, 62 

CIP systems and, 52, 53 
cleaning agent concentration 

and, 84 
equipment brushing and, 70 
high-pressure spraying and. 65 
with organic solvent cleaners. 32 
wiping and, 67 

worker training 
for cleaning agent concentra- 

tion, 84 
for sink brushing. 69 
for wiping. 68 

worst case 
for analyhcal method, 1 58 
for cleaning, 76, 90. 92, 95, l 10. 

112-113, 198 
defined, 273-274 
for grouping. 13. 123-126. 

131, 132 
for locations, 16, 91, 92-93, 112. 

118-119, 210-211. 242 
for sampling. 93, 141. 169, 

178-179. 190 
for water quality. 98 

written procedures. See also docu- 
mentation 

GMPs for, 5, 6 

yeasts, 202 
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