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In this issue of the PMF Newsletter we will look at two aspects of
cleanliness in the pharmaceutical industry.
Jay A. Glasel of Global Scientific Consulting, LLC describes aspects
of the cleaning and disinfection program that warrant particular attention. He correctly points out how
these procedures are critical to the
success of a manufacturing facility,
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This leads to compliance issues and
potential product contamination concerns. Dr. Glasel provides practical
advice on how to deal with these situations as well as some excellent
theoretical background on the reasons for the regulations.

The second article in this issue deals with a favorite topic - handwashing. In this treatment we will take a look at the pharmaceutical
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Finally, the call for
papers that went out
met with strong response and I would like to talk this opportunity to
thank everyone who has submitted a paper and who is working on
one for the newsletter. The newsletter is designed to provide a
mechanism for communication - let’s get as many people involved
as we can!
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The All-important Fine Details Underlying an Effective Cleaning and
Disinfection Program
Jay A. Glasel, PhD
Global Scientific Consulting, LLC
The following is an excerpt from an FDA 483
notification to a facility operated by a large international pharmaceutical manufacturer (the identity of the product mentioned in the excerpt is
XXed out by the FDA).
“…5. Cleaning of surfaces within
Grade A areas of the influenza manufacturing facility was not consistent
with SOP A002328, Requirements for
Cleaning/Disinfecting Procedures in
Controlled Areas in that surfaces were
not wiped with a sterile wipe after disinfectant dwell time. There is no assurance that the disinfectants applied
without wiping do not inhibit growth
on RODAC surface samples. Qualification studies used to demonstrate the
ability of XXXXXXXX to support the
About the Author
Jay Glasel is the Managing
Member and founder of Global
Scientific Consulting, LLC. He is
a Professor Emeritus in the Department of Microbial, Molecular
and Structural Biology at the
University of Connecticut Medical/Dental School in Farmington,
Connecticut. Global Scientific Consulting has served
a number of clients including both large and small
companies in the areas of scientific writing, chemistry, biochemistry, biophysics, and microbiology. Dr.
Glasel obtained a BS in chemistry and physics from
Caltech and his PhD from the University of Chicago.
He is senior author on over 100 original research
publications in refereed scientific journals and is a co
-editor and an author for the Academic Press textbook “Introduction to Biophysical Methods for Protein
and Nucleic Acid Research”.
Jay Glasel, PhD
Global Scientific Consulting, LLC
860-677-7913
jaglasel@consult-globalsci.com

growth of microorganisms is not inhibited by potential exposure to residual
antimicrobial agents found on surfaces
following cleaning did not specify how
surfaces were cleaned for the study
(disinfectants allowed to dry on or wiped
with sterile wipe after dwell)…”
Anyone reading an FDA 483 such as this one (and
there are many, many like it) has to wonder what
was going through the minds of the QA/QC personnel, or the operating executives of a multi-billion
dollar company that allowed such a situation to develop, and continue.
(Continued on page 3)
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The only answer I have ever been able to come
up with is what I call the GID “Gross Inattention
to Detail” syndrome.
Cleaning and disinfection of pharmaceutical and
medical device manufacturing facilities, in particular production cleanrooms, are examples of
operations where details of how things are done
are all-important. The details are important because they involve humans doing things that require skill but involve tools that are, in many
cases, of medieval design—witness the string wet
mop.
In all too many facilities, cleaning and disinfection procedures are left to the lowest paid, least
skilled, and often least trained, employees. The
same disturbing phenomenon occurs in the commercial airline industry where the lowest paid
employees are the baggage handlers, who have
the greatest opportunities to steal from passengers’ luggage (or to place explosives in a plane
they’re not travelling on).
In some companies cleaning and disinfection is
contracted out to external vendors who supply
these services. In a recent PMF Newsletter, Sutton described how outside microbiological laboratory contractual arrangements should be monitored (http://www.microbiologyforum.org/
PMFNews/PMFNews.15.05.0905.pdf). It is logical that a similar sort of monitoring of cleaning/
disinfection vendors should take place. But in 8
years of teaching courses on cleanroom microbiology, I’ve found that only a minority of companies actually know what training their contractual
cleaning vendors give their employees, know
what their cleaning vendor’s cleaning/
disinfection procedures are, know whether their
vendor’s employees adhere to validated disinfectant and application usage methods including
dwell time (see below), know whether their vendor monitors removal of disinfectant, and pay
attention to many other details?
An even partially complete discussion of the de-

tails of all parts of cleaning and disinfection programs is not possible in this short article so I’m going to confine the discussion to one important detail
each for cleaning, disinfection, and validation.
Before I begin, I want to point out a good source
for finding out about the regulatory aspects of
cleaning and disinfection. For a comprehensive
(Continued on page 4)
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Expertise: Microbial Identification and Analysis
Microcheck Signature Reports – There is no need to guess
what your results mean, we use our 19 years of experience to
create your comprehensive interpretive report with analytical
comments.
Depth: Offering a comprehensive analysis suite (genotypic
and phenotypic) of bacteria, fungi, yeasts and actinomycetes.
• 16S and 28S rDNA gene sequencing
• Fatty acid methyl ester (FAME) analysis, a cost effective alternative
• Microscopic fungal identifications by our staff mycologist
• Professional consultation with our microbial experts
• Custom projects to meet your individual needs
Experience:
• First commercial laboratory to offer FAME identifications - 200,000+ IDs since 1988
• 40,000+ fungal IDs by our staff mycologist
Excellence:
• FDA registered, cGMP, ISO/IEC 17025 Compliant
• Standard quality purity checks for every FAME sample before release of result
• Microcheck signature reports
Cost effective: Low pricing and volume discounts
Trust: Personal, rapid, responsive service with on-time
results from our microbiology lab personnel
NELAC Accredited microbiological PT Provider for water
testing labs

As the first lab to offer commercial microbial identifications we
would like to be your first choice service laboratory. For more
information about our services and pricing please visit our website
at www.microcheck.com or contact us at 866-709-6600.
The PMF Newsletter thanks Microcheck for its sponsorship.
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view of the regulatory aspects of cleaning compliance, a good place to start is the free 176 page
download of the 2007 update “Cleaning Processes
and Cleaning Validation” from Validation in Partnership, Ltd:
(http://www.vipltd.co.uk/Downloads/
CLEANING%20PROCESSES%20AND%
20CLEANING%20VALIDATION%
20GUIDE.pdf).
This document is based on a detailed review of a
large number of US and EU regulatory texts, regulatory records, warning letter extracts, and FDA
483 observations. It points out agreements and disagreements between US and EU regulations where
they exist.

bers. The fragments break off via mechanical
“working” of the fibers during wiper use and they
have a very wide range of sizes—from below 1μm
to above 100μm in length (Siegerman 2004). Some
fraction of the fragments—especially the smaller
ones—stick to the surfaces being cleaned and disinfected and they can harbor both microbial and molecular contamination. The construction of the wipers is important because, depending upon the type
of construction, the edges of the wipers may either
be sealed or not. Unsealed edges will contribute
more fragments than sealed ones. The cost problem
arises because the wipers that contribute fewer fragments per use (microfiber or polyester wipers with
sealed edges) are more expensive than ones that
contribute more fragments (cotton wipers).

Details of Cleaning: Wipers, Chick’s Law, Dwell
Time and Systematic Monitoring Errors

Recent reviews of wiper product specification, construction and use are given in (Jones 2008, Sieger-

(Continued from page 3)

(Continued on page 5)

Wipers and Residue
As implied in the 483 notification excerpted above,
cleaning and disinfection of objects and surfaces
are two different processes. A manifestation of neglecting this fact is to leave deposits of cleaning
compounds on surfaces after the cleaning application using textile wipers. Buildup of dried cleaning
compounds on surfaces may actually impede subsequent steps of disinfection by shielding bioburden
from the disinfectant.
There are many details of using wipers that cleaning crews and supervisors need to know about: for
example, wiping patterns, laundering, cleaning and
disinfecting solution deposit and pickup ratios, etc.
There are two aspects of wiper use that are often
overlooked or, more often, compromised on
grounds of cost. Those aspects are: the type of textile the wiper is made of, and its construction.
These are important considerations because they
determine what the wipers themselves contribute as
surface contamination. A major contamination contribution from wipers made of woven textiles are
fragments that break off from the main textile fi-

Sartorius is an internationally leading laboratory and process
technology supplier covering the segments of biotechnology
and mechatronics. Sartorius has over 75 years experience in
the manufacturing of cellulose nitrate membranes which are
routinely used today for microbiological analysis.
The detection of microbial contamination in sample liquids
such as final product, incoming inspection or during inprocess testing plays a significant role in the quality assurance process. The requirements for a practical microbiological test method are that it permits quantitative and reproducible detection of trace contamination and that it can be performed efficiently and economically under routine conditions.
These requirements are fulfilled optimally by the membrane
filtration method. The membrane filter method is worldwide
accepted and the preferred method for analyzing aqueous
solutions for microbial contamination.
Sartorius offers an extensive line of high quality and reliable
membrane-based solutions for all your microbial analysis
needs, specifically for microbial enumeration, sterility
testing and air monitoring. To learn more about Sartorius
Microbiology Products, please visit us at:
www.Sartorius.com/microbio.
The PMF Newsletter thanks Sartorius for its sponsorship.
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man 2004,Web 2009). The Siegerman book contains an extensive chapter devoted to a discussion—along with microphotographs—of the fiber
and molecular residues that wipers leave on surfaces. The data shows that even wipers made of
the same material but from different suppliers can
leave dramatically different amounts of residue on
the same surface. For example, just considering
fibers of size ˃100 microns, polyester knit wipers
from 2 different manufacturers released ~65,000
fibers/m2 and ~5,000 fibers/m2, respectively. And
there are similar extraordinary differences between
fibers released from cotton fiber wipers (much
greater release) compared to polyester fiber wipers.
Which ones would you choose to recommend or
buy? And what will happen to microbial cleaning
efficiency monitoring if a firm chooses to switch
to less expensive (or more expensive) wipers?
Some clues to answering these questions: (1) recognition that all choices of what materials or devices are used in any procedure in the real world—
including wiper choices--are going to involve
compromises between affordability and effectiveness; (2) changing cleaning protocols (including
what wipers are used) will most probably cause
changes in monitored levels of microbial contamination (unless the procedures currently used are so
good that there is consistently no contamination
detected—in which case why change procedures?).
The reference given previously (Web 2009) provides some guidance for understanding how to
compare data on wipers from different manufacturers. But the final choice of wipers should be on
the basis of tests performed in-house in accordance
with testing procedures recommended by the IEST
(the publication IEST-RP-CC004.3 describes
methods for testing wipers used in cleanrooms and
other controlled environments for characteristics
related to both cleanliness and function).
Chick’s Law
In 1908 a British scientist, Dr. Harriet Chick, described a method for estimating the destruction of

microorganisms by chemical disinfectants (Chick
1908). She postulated that the microbial mortality
would follow what in physical chemistry would be
called “first-order kinetics”—that is, mortality vs.
time data plots as a straight line on a semilogarithmic graph. In practice, her postulate was
correct and the law works for all liquid disinfectants
and for many sterilization processes (for example,
Chick’s Law has evolved into what is now referred
to as D-value in autoclave sterilization).
This simple “Law” (actually an equation) was
modified quickly to account for varying disinfectant
concentrations, and the pH of the disinfectant solution (Watson 1908) and the modified equation is
now commonly called the “Chick-Watson Law”. In
1908 Chicago and Jersey City were the first U.S.
cities to use chlorine disinfection to supplement
drinking water filtration based on the work of
(Continued on page 6)
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Chick. By 1918, more than 1,000 U.S. cities were
disinfecting water using this method—and, of
course, the method is still in use today. So although
the Chick-Watson Law is over 100 years old, it’s
very applicable to modern disinfection practices.
For our purposes, the Chick-Watson equation is:

(1)
Where:
C = concentration of disinfectant (mg/L)
t = contact time (min)
η = a constant that is different for each different disinfectant
Another way of writing the Chick-Watson equation
is:
ηlogC + logt = a constant
(2)
so that a log-log plot of C vs t yields a straight line.
Equations (1) and (2) are telling us that if η has a
large numerical value for a particular disinfectant
for a specific microbial species, dilution has a large
effect and therefore longer exposures to the diluted
disinfectant are required to kill the same number of
that species. On the other hand if the numerical
value of η is small, dilution has a lesser effect. This
point has discussed in the literature (Cowles 19391940, Tilley 1939) and the effects of dilution on disinfectants is mentioned briefly in Chapter <1227>
of the USP>
The important details that are often overlooked in
developing protocols for the application of disinfectants to cleanroom surfaces are specifying: (a) the
contact time, t that the disinfectant solution should
be in contact with the surface (this is the “dwell
time” mentioned in Figure 1); and (b) the concentration, C, of the disinfectant solution that is should be
applied to the surface.

General Chapter <1072> in the USP provides a
general discussion of disinfectants and antiseptics
and is certainly worth reading. And the EPA in the
US and other sources provide data on approved
disinfectants that allow the lethality of each disinfectant against common bacterial and viral species
to be calculated. But, in reality, it is up to cleaning
supervisors to make sure that the concentration of
the disinfectant chosen for use in their facility be
of the correct concentration and have sufficient
contact time to reduce to a desired level the population of the largest bioburden of the most resistant
species actually found in the facility. Does your
facility’s cleaning unit pay attention to these vital
details?
(Continued on page 7)
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The Importance of Dwell Time
While the EPA specifies the efficacy of different
disinfectants under standard test conditions, their
results can’t be applied directly to specific applications and it becomes the responsibility of either the
external cleaning contractor or the in-house cleaning supervisory unit to determine efficacies of disinfectants used under actual facility conditions.
That is, the efficacies for microbial killing need to
be determined on the actual surfaces that are being
cleaned and disinfected for the actual microbial
species and bioburdens found on the uncleaned
and disinfected surfaces. This is obviously not a
trivial matter. For example, it may be found that a
disinfectant that has high efficacy against the most
prevalent microbial species in a facility has low
efficacy against another species that is less prevalent. This would require longer dwell times for application of the disinfectant in order to kill all species to a desired level.
Monitoring the Effectiveness of the Surface Sanitizer - Swab Samples and Systematic Error
We take for granted that many things in everyday
life are pretty accurate. For example, we usually
assume that the speedometers in our automobiles
are accurate. But do many of us actually calibrate
our cars’ speedometers to see if this assumption is
correct? If you’ve ever owned a car made in Germany—for Germans—you may know that because
of German law, car-makers in that Country set
speedometers in their cars to read slightly higher
than the true speed. That is, they have a systematic
error built into their construction.
One of the often overlooked details about
monitoring the efficacy of disinfection of surfaces
using swab samples is that swabs have systematic
errors associated with their construction. Figure 1
shows the systematic errors (along with random
errors due to operator technique and other vari-

ables) for swabs made of materials in common use.
Clearly the random errors are very large. The random errors are very large for each recovery method
(not just for the average over all recovery methods)
as has been discussed before in this Newsletter
(Sutton 2007; Sutton 2008). So, as everybody in the
monitoring business knows, getting good reproducibility using swab sampling is very difficult.
Actually, data of this sort for any monitoring device
is rarely available to consumers unless they actually
perform comparison testing on their own. So what
is the use of knowing that there are systematic errors associated with swabs made of different materials? In practical situations, the best answer is that
if a firm decides to switch from polyester swabs to
cotton ones on grounds of cost savings it can expect
apparent microbial swab counts to increase when
the switch is made.
(Continued on page 8)
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Handwashing and the GMPs
Scott Sutton, Ph.D.
Vectech Pharmaceutical Consultants, Inc.
We tend to take the basic requirements for granted in the
industry. The operations involved in QC and manufacturing are complex, and it seems safe to assume the simpler
tasks, like “wash your hands” are likely to be performed
correctly. However, these intricate activities must be
based on solid ground, and the beginning of this has to be
adequate preparation of the personnel.
Earlier issues of the newsletter have looked at some recent
publications (http://www.microbiologyforum.org/
PMFNews/PMFNews.13.08.0708.pdf) and how to dry
your hands (http://www.microbiologyforum.org/
PMFNews/PMFNews.15.04.0904.pdf). Let’s look at the
CGMP requirements.
"21CFR 211.28 Personnel responsibilities.
(a) Personnel engaged in the manufacture, processing,
packing, or holding of a drug product shall wear clean
clothing appropriate for the duties they perform. Protective apparel, such as head, face, hand, and arm coverings, shall be worn as necessary to protect drug products from contamination.
About the Author
Dr. Sutton earned his Masters and
PhD in Microbiology from the University of Rochester (NY). After a NIH
postdoctoral fellowship he worked for
Bausch and Lomb until 1994 when he
went to Alcon Laboratories, and in
2004 accepted a position with Vectech
Pharmaceutical Consultants. He has
worked with the USP Microbiology
Committee of Experts since 1993, serving as vice-chair
since 2000. Dr. Sutton also operates an information
source on the internet, The Microbiology Network (http://
www.microbiol.org) which provides services to microbiology-related user’s groups and supports the PMFList, a
microbiology Email list (http://www.microbiol.org/
pmflist.htm) and the PSDG Email list (pharmaceutical stability topics) (http://www.microbiol.org/psdglist.htm).
Scott Sutton, PhD
Vectech Pharmaceutical Consulting, Inc
585-594-8273
scott.sutton@microbiol.org

(b) Personnel shall practice good sanitation and
health habits.
(c) Only personnel authorized by supervisory personnel shall enter those areas of the buildings and
facilities designated as limited-access areas.
(d) Any person shown at any time (either by medical examination or supervisory observation) to
have an apparent illness or open lesions that may
adversely affect the safety or quality of drug products shall be excluded from direct contact with
components, drug product containers, closures, inprocess materials, and drug products until the condition is corrected or determined by competent
medical personnel not to jeopardize the safety or
(Continued on page 10)
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quality of drug products. All personnel shall be instructed to report to supervisory personnel any
health conditions that may have an adverse effect on
drug products. "
In addition to the concern over the quality of our validation studies, there is a personnel consideration as well.
Proper hand washing technique is the most effective
means to slow the spread of disease in our facilities
which is particularly important in this time of increased
concern over global pandemic. There have been a score
of recent articles on the best ways to minimize the
spread of the H1N1 virus transmission (Gallaher 2009,
Hellemans 2008). Interestingly, recent work has shown
that hand washing maybe an extremely effective and
economical way to slow the spread (Grayson 2009).
An obvious consideration in trying to establish the efficacy of hand-washing regimens is the method to determine that efficacy. An in-depth review of methodology
is outside the scope of this article, but the interested
reader is referred to ASTM- E1174-00 Standard Test
Method for Evaluation of the Effectiveness of Health
Care Personnel or Consumer Hand wash Formulations,
or the two European standards prEN 12054 (describing
suspension tests) and prEN 12791 (describing the in
vivo test). We will not discuss the testing methodologies any further, but the reader is cautioned that all results reported by the different studies will, of course, be
dependent on how the regimen was tested.

Facilities
We return to the CGMP for basic requirements:
"211.52 Washing and toilet facilities. Adequate
washing facilities shall be provided, including hot
and cold water, soap or detergent, air driers or single
-service towels, and clean toilet facilities easily accessible to working areas."

Water
Some aspects of the availability of soap and water (in
terms of sinks) are self-evident. First of all, there should
be soap and water available to those entering and leaving the lab or manufacturing area. The water should be

of sufficient quality (at least potable). The mechanism
to operate the water flow should not encourage the recontamination of the hands immediately after washing.
This is commonly accomplished through the use of elbow faucets or foot switches to turn the water on and
off. The importance of this consideration was emphasized in the study of Griffith et al (2003) who showed a
positive correlation between surface filth and recontamination of hands - the faucets were the most consistently contaminated feature of the immediate environment.
Current best practice suggests sinks conveniently located near entrance/exit points, with suitable control
mechanisms and a soap dispenser.
(Continued on page 11)
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Soap
The type of soap, and in particular the design of the
soap dispenser, is another important aspect of the efficacy of handwashing. We have three major
choices: bar soap, refillable liquid soap and sealed
liquid soap (for the moment we will set aside the
whole question of antibacterial soaps and address it
later). Bar soap is not suitable as it is a proven reservoir for bacteria (see Hegde et al 2006 for a recent
study). This leaves us with liquid soap.
Liquid soap dispensers come in two general designs.
In the first, liquid soap can be added to a reservoir
when required. Best practice is to completely clean
out this reservoir before filling it again to prevent
bacterial buildup as bacteria can live in soap (BuffetBataillon et al. 2009, Sartor et al. 2000). It is not
recommended to merely "top-off" the soap to refill
the reservoir. So, in choosing between removing the
residual soap and thoroughly washing out the reservoir before refilling, and the other choice of lifting
the lid and topping it off, which is the more likely
practice? This does not even consider the nozzle that
gets touched by the user's hand as soap is dispensed
(to prevent that last drop from falling onto the
counter), and is very likely to have dried soap caked
to its exterior.
The other variety of public area liquid soap dispenser
has a sealed bag with an integral nozzle. Regardless
of the formulation contained within the bag, at least
with this set up you are starting clean at each refill.
Check out the next liquid soap dispenser you see. I
would urge the use of the sealed bag system in the lab
and manufacturing area - no sense in risking the contamination of your hands by the soap if this risk can
be minimized.
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Upcoming Events
November 16-17, 2009 PMF Cosmetic Microbiology
Conference (Philadelphia, PA)
Website: http://www.microbiologyforum.org/2009/
cosmetic/index.htm
The program will range from presentations on technical and compliance-related problems to interactive
case studies to round-table discussions. Participants
will have the opportunity to interact with representatives from FDA, USP and the Personal Care Products
Council (the Council).
. Offering Courses on Microbiology/Aseptic Processing:
The Microbiology Network
http://www.microbiol.org/training.htm
Experienced in custom-designed courses for the lab or the
manufacturing facility.

PROFICIENCY TESTING FOR
MICROBIOLOGY TECHNICIANS
Any good risk assessment strategy should include
regular proficiency testing. Vectech’s Proficiency
Testing package consists of five individual testing
modules designed to evaluate your lab technicians in
the routine performance of standard microbiology
skills.
√

Plate Counting

√

Identification

√

Gram Staining

√

Most Probable
Number (MPN)

√

Basic Math
Skills

Contact for more information at:
http://www.microbiol.org/contact_train.htm

For additional information please contact one of our representatives at +1(800) 966-8832 or visit www.vectech.com

Discussion List Update
PMFList:
Number of Subscribers: 3594
Number of Countries: 88
Number of Messages Last Month: 294
PSDGList (Pharma Stability Discussion Group):
Number of Subscribers: 1214
Number of Countries: 34

USP Corner
Any questions concerning USP documents
should be sent to Radhakrishna (Radha) Tirumalai, Ph.D. You can reach Dr. Tirumalai at:
(706) 353-4514, via mail at United States
Pharmacopeia, 126 Twinbrook Parkway,
Rockville, MD 20852 or via e-mail at
RST@USP.org. You can write representing
your company, or as an individual scientist.

Membership is FREE. To join the PMFList, visit
http://microbiol.org/pmflist.htm and register.
A sister Email is devoted to topics in the stability testing
of pharmaceuticals, medical devices and personal products.
To join the PSDGList, visit
http://microbiol.org/psdglist.htm and register.
You can ask, answer, or read questions and comments
from your colleagues. Archives of the lists are available at:
• http://lists.microbiol.org/archives/PMFLIST.html
• http://lists.microbiol.org/archives/PSDGLIST.html

