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John’s vision, expertise, and tireless
commitment to excellence shaped
this publication from its inception
more than 50 editions ago, setting a
standard that all of us in the
contamination control community
hold in the highest regard. When |
was asked to step in to complete this
edition, | felt both humbled and
daunted. John’s dedication to
advancing understanding and
innovation in contamination control
is unparalleled, and | know that |
have big shoes to fill. My aim has
been to honour his legacy while
continuing to foster the spirit of
knowledge-sharing that he
championed.

This edition reflects the breadth
and depth of the field that John so
passionately supported. The five
papers included here each explore
important aspects of contamination
reduction, control, and monitoring —
areas that are at the heart of
maintaining clean environments
across industries.

® The first paper examines aspects
of the rapidly emerging
technologies involved in
Continuous Manufacturing,
offering insights into practical
applications and future
possibilities.

® QOur second contribution delves
into the subject of Tacky Mats as a
mechanism for limiting
contamination ingress into
cleanrooms. Historically evaluation
of Tacky Mats has focused on the
material retention on the mats,
whereas the study reported here
looks at the impact on control of
air cleanliness inside the
cleanroom at two considered
particle sizes, 20.5um and >5.0um.

® The third paper, being a second in a
series looks in detail assessing the
required clean air supply rate in a
non-unidirectional airflow
cleanroom to achieve a defined

internal cleanliness class in an
energy efficient way, avoiding over-
design. This science-based
approach, using contamination
source strength data, is promoted
as best practice compared with
rule-of-thumb air changes per hour.

® The fourth paper reviews the
practical application of the
Sequential Sampling technique for
classification of cleanrooms. The
method, specified in EN ISO 14644-
1:2025 is most often used for large
cleanrooms requiring meeting 1SO
classes 1-4. In these cases, sample
volumes and sampling times are
often large. The use of Sequential
Sampling allows time to be
reduced by evaluating the rate of
count acquisition to predict likely
success or failure early.

® Finally, this edition concludes with
an important paper that considers
an important aspect of surface
microbial sampling using contact
plates. On cleanroom surfaces,
disinfectant residues can lead to so
called False Negatives. Avoiding
these through appropriate use of
neutralising agents in the
formulation of the contact plate is
reviewed.

Whilst preparing this editorial, |
took the opportunity to explore some
of the other pressing topics currently
exercising professionals in the field of
contamination control. One subject
that struck me during a review of
online forums was the ongoing
discussion around the leak tightness
of cleanroom construction.

It seems there is significant
uncertainty within the community
regarding this issue — questions
abound about the necessity of leak

tightness, acceptable levels/limits,
and the most effective testing
methods. The implications of this
topic are far-reaching, not only for
cleanroom performance but also for
energy efficiency, cost-effectiveness,
and compliance with evolving
standards.

As such, this is a subject that CACR
would like to address more
comprehensively in future editions.
We invite experts, practitioners, and
researchers in the field to contribute
their knowledge, experiences, and
insights on leak tightness. Whether it
is an examination of best practices,
case studies from real-world
applications, or updates on
regulatory guidance, your input could
help clarify these critical issues for
the broader contamination control
community.

Contributions on this subject, or
indeed any other topic that advances
our shared understanding and
practices, are always welcome. Let us
continue to build upon the
collaborative foundation that John
Neiger established, ensuring that
CACR remains a platform where
innovation meets practical
application for the benefit of all.

Once again, thank you to our
contributors for their invaluable
work in this edition, and to our
readers for your continued
engagement. Let us move forward
together in the spirit of discovery,
rigor, and excellence that defines our
profession.

As we move forward, it is my hope
that this publication continues to
embody John’s vision. While his
absence will be deeply felt, his
legacy inspires us to push the
boundaries of what is possible in
contamination control and clean air
technology.

On behalf of the CACR team and
the broader community, | extend our
deepest gratitude to John Neiger for
his remarkable contributions and
unwavering commitment. As a
member of the Editorial Panel John
was setting up, | look forward to
engaging with all of you as we strive
to uphold the standards he set.
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In Memorium/Obituary

John S Neiger C.Eng, MIMechE
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Born on 6th August 1939, John demonstrated a
passion for engineering from an early age, a
curiosity that led him to pursue a distinguished
career in engineering, becoming a Chartered
Engineer and Member of the Institution of
Mechanical Engineers. John’s professional
contributions were both impactful and enduring. His
innovative solutions and meticulous approach to
problem-solving left an indelible mark in his field,
earning him the respect and admiration of his
colleagues and great personal satisfaction. There
were many notable phases in John’s long working
life, the following being particularly notable from
his contribution to cleanroom and contamination
control.

John was Chairman of Envair from 1972 to 2004,
and it was with Envair that John contributed to the
development of microbiological safety cabinets and
latterly isolators. In 1978, a medical photographer
died of smallpox thought to have been contracted
from a poorly maintained service duct running
between her workplace and a research laboratory
above. This incident led to the creation of British
Standard BS 5726:1979 for microbiological safety
cabinets and to Envair entering the market with its
first range of microbiological safety cabinets.
Indeed, he went on to play a leading role in that
sector, joining the British Standards committee for
microbiological safety cabinets. His time as a
respected UK expert on BS, EN and ISO standards
work continued until his death. Members of the BSI
LBI/030 committee remember John as the
‘custodian of the English language’ during his
standards work, always trying to ensure clarity of
understanding in standards and guidance
documents. Isolators were the next target for John’s
focus at Envair, leading to his role as technical
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expert on the UK Pharmaceutical Isolator Working
Group and co-author of ‘Pharmaceutical Isolators’
which was published in 2004. ISO 14644-7:2004
Cleanrooms and associated controlled environments
— Part 7: Separative devices (clean air hoods,
gloveboxes, isolators and mini-environments),
widely known as the isolator standard, was
published in the same year.

More recently, John was an avid and supportive
founding member of the ‘Contamination Control
Network’ (CCN), the Editor of Clean Air and
Containment Review CACR for 52 editions over
more that 15 years (No.53 was in progress at the
time of his death).

John was a committed member of the UK’s BSI
cleanrooms committee, and much more during his
long career in contamination control. He will always
be remembered and very much missed! His loss will
be deeply felt by his family, friends, and the many
colleagues and mentees who had the privilege of
working alongside him. While he is no longer with
us, his legacy will continue to inspire and guide
those who follow in his footsteps.
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In Memorium

Memories of John

| was very sad to hear of the death of John Neiger, and the
passing of a man who contributed so much to knowledge of
Cleanroom Technology. He will be a great loss, not only to
the cleanroom community, but to his friends, colleagues,
and family.

| cannot exactly recall when | first met John as it was a
long time ago, but | certainly got to know John better in
1992, when he joined the BSI committee responsible for
writing cleanroom standards (LBI 30). After the BSI
meetings, he occasionally took me by car to Heathrow so |
could catch my plane back to Glasgow, and it was there that
we got to know each other quite well. | particularly
remember the time when a BSI meeting ended early, and
John and | visited the Museum of Water and Steam to view
old steam engines, as both of us had a keen interest in
history.

Between 1972 and 2004, John was chairman of
Envair Ltd, but when he left Envair he then
offered his services as a technical writer. |
was involved with the Scottish Society for
Contamination Control (S2C2) at the
time, and we needed someone to take
over the editing of the newsletter
known as The Monitor. John took on
the job, and under his editorship,

The Monitor became more that a
newsletter, and was turned into an
excellent source of information

about all aspects of cleanroom
technology. However, after several
editions and difficulties he
experienced in the post, John resigned
from the job. At that time, | happened to
be in contact with Joe Ridge who was the
owner of Euromed Communications, and
suggested that John might be available to edit a new
journal about cleanrooms. John was attracted by this
proposal, and in 2009 began as the Editor of Clean Air and
Containment Review (CACR), and continued as editor until
his death. During that time, he edited 52 editions of the
journal, and was preparing the 53rd edition in his hospital
bed when he died.

Over the 15 years that John had been editor of CACR, |
got to know him well, as | wrote 20 articles for the journal
and, on occasions, helped him with the editing of other
articles. Therefore, there was a continual exchange of
emails and phone calls over the years in the preparation of
articles for publication in the CACR.

Of the wide variety of people that | have come in to
contact over the years, John was one of the best technical
writer and editor of scientific journals. This ability was a
great advantage for writers who submitted articles to
CACR, as some of these articles could be badly written or
unclear, and John had the capability of turning them from
a ‘sow’s ear’ to a ‘silk purse’. Many people who read the
CACR will not understand the great amount of work that
John put into each issue, or the advantage the writers of
articles had with working with John, who had the
combination of writing excellent English, and as a
chartered engineer a wide knowledge of cleanroom
technology. | saw this at first hand, as John was very adept
at finding mistakes | made in English grammar and syntax,

and challenged some of my technical arguments. In
general, | accepted his suggested changes, although
sometimes we had exchanges of information, and both of
us enjoyed learning a little more about the intricacies of
English and cleanroom technology. Over the years | knew
John, we discussed many aspects of cleanroom technology,
aspects which were not only included in my articles, but
articles submitted by other authors. The negative points
about articles were always well informed, and although we
might disagree on some aspects, we always had a pleasant
discussion and came to a mutual agreement. | will miss my
discussions with John.

As mentioned before, | used to meet John in London at
the British Standards Committee, whose responsibility was
the writing of ISO cleanroom technology standards
(LBI/30). He generally showed a quiet presence at these

meetings, but his contributions to the discussions

were always well constructed. John’s ability to
write clearly on all subjects of cleanroom
technology was a great advantage to the
committee when writing ISO cleanroom
standards. It is not unusual for parts
of an ISO standard to be drafted by
engineers from various countries
who are not accomplished writers

of formal English, and these

standards were often in need of
improvement. John was the ‘go to’
person for improving the clarity of
these standards.

I should like to finish this tribute by
sharing information about the medical
problem that John lived with for about 20
years. He had problems with his knee joints,

and in March 2006 had a surgical operation to

replace his left knee joint with an artificial joint.
Unfortunately, the joint became infected after surgery, and
this was the start of a long list of problems that were to
remain with him till his death. | had investigated bacterial
infections in total joint replacements, and the success of
ultra clean ventilated operating theatres in minimising
infections, and John and | were able to exchange
information about his problem. One of the difficulties with
this type of surgical infection is that it can be very difficult
to eradicate. The simple use of antibiotics is often
insufficient, and it is necessary to replace the infected
artificial joint with a new one. John had surgery for
replacement of his faulty artificial knee joint, but it was
not a success, and he had trouble with his knee joint for
the rest of his life. In total, he had his artificial knee
replaced four times by a new one, as well as other minor
surgery; this amounted to about 10 operations in total. His
problem clearly gave rise to pain and restricted his
mobility over many years. However, he bore all these
problems with good grace and rarely made any complaints.
Sadly, it all came to an end when he recently entered
hospital once again to receive treatment for his knee.
Although the treatment was successful, he contracted
pneumonia at the hospital, and passed away at the age of
85. He will be sorely missed.

Bill Whyte, January 2025
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Overview of the Pharmaceutical Industry's Drive
Towards Continuous Manufacturing

Jason Kelly

Abstract

This article explores the pharmaceutical
industry's shift towards Continuous
Manufacturing (CM), a modern
approach that facilitates uninterrupted
production flows compared to
traditional batch methods. CM offers
numerous advantages, including
enhanced product quality through real-
time monitoring, improved efficiency,
cost reduction, and increased supply
chain flexibility. Key technological
innovations driving this transition
include Process Analytical Technology
(PAT), automation, modular production
systems, and single-use technologies.

Major pharmaceutical companies,
such as Johnson & Johnson, Pfizer,
Novartis, and Vertex Pharmaceuticals,
are leading the way in CM adoption,
supported by regulatory initiatives from
agencies like the FDA and guidelines
from the International Council for
Harmonisation (ICH). Despite the
promise of CM, challenges remain,
including high initial investment costs,
regulatory uncertainties, and a
workforce skills gap.

The future of CM looks bright, with
potential expansions into
biopharmaceuticals and personalized
medicine, as well as growing global
adoption. Ultimately, Continuous
Manufacturing represents a paradigm
shift in drug production, enhancing
efficiency, quality, and affordability, and
positioning itself at the centre of the
evolving pharmaceutical landscape.

1. Introduction to Continuous
Manufacturing
Continuous Manufacturing (CM) has
emerged as a transformative approach
within the pharmaceutical industry,
characterized by the constant and
uninterrupted flow of production
processes. Unlike the traditional batch
manufacturing model, which is
segmented into discrete steps with
frequent downtime between stages, CM
operates as a seamless, end-to-end
process where raw materials are
continuously fed into the system and the
final product is consistently produced.
This shift from batch to continuous
manufacturing is significant because of
the inherent complexity and precision
required in pharmaceutical production.
Traditional batch methods can be time-
consuming, often requiring extensive

setup and validation between batches.
Furthermore, these processes are
susceptible to variability between
batches, increasing the risk of product
inconsistencies, contamination, or waste.
CM, on the other hand, mitigates these
issues by maintaining a steady
production flow, which allows for more
precise control and real-time monitoring.

The pharmaceutical industry is under
constant pressure to innovate in order to
meet increasing regulatory, economic,
and societal demands. As a result,
continuous manufacturing has been
recognized as a key innovation capable
of addressing many of these challenges.
For instance, the growing complexity of
modern drug products, particularly in
the fields of biologics and personalized
medicine, necessitates a more flexible
and efficient manufacturing approach.
CM'’s ability to deliver high-quality,
consistent products more efficiently
positions it as a crucial tool for the future
of pharmaceutical production.
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The traditional batch manufacturing
process has served the pharmaceutical
industry for decades, and while it has
been effective, it is not without
limitations. In batch manufacturing, raw
materials are processed in a series of
steps, often with time-consuming
breaks for quality control and
equipment cleaning. Each stage of
production is completed in isolation
before the next stage begins, which can
lead to inefficiencies, increased
operational costs, and potential quality
control issues.

Batch manufacturing also tends to
require larger production facilities and
more labor-intensive processes. This
results in higher costs, both in terms of
capital investment and operational
expenses. Furthermore, the inherent
stop-and-start nature of batch
production can create bottlenecks,
making it difficult to scale up production
quickly in response to fluctuating
demand. This is particularly problematic
in situations where rapid drug availability
is critical, such as during global health
crises like the COVID-19 pandemic.

Continuous manufacturing, by
contrast, offers a streamlined solution to
these challenges. In CM, the entire
production process is interconnected,

K& /4 &1&L T

with raw materials flowing continuously
through the system. This allows for real-
time monitoring of critical process
parameters, which can be adjusted
dynamically to ensure optimal
production conditions. The result is a
more efficient, cost-effective, and
flexible manufacturing system that is
better suited to the demands of modern
pharmaceutical production.

& IL+7  "&I&.T.+ &L
The benefits of continuous
manufacturing in the pharmaceutical
industry are numerous, including
improved efficiency, enhanced product
quality, and greater agility in responding
to market demands. CM offers the
following advantages over traditional
batch processes:

Improved Efficiency: Continuous
manufacturing reduces production
times by eliminating the need for
lengthy setup and breakdown periods
between batches. This allows for a faster
overall production cycle and a quicker
time to market for new drugs.

Cost Savings: By reducing downtime,
waste, and labor requirements, CM
leads to significant cost savings for
pharmaceutical manufacturers.
Additionally, the ability to monitor and
adjust production parameters in real-
time minimizes the risk of defective
products, further reducing costs
associated with recalls and product
failures.

Enhanced Product Quality:
Continuous monitoring and control of
production variables ensure that each
unit of the final product meets the same
high standards. This consistency is
particularly important in
pharmaceuticals, where even small
deviations in product quality can have
serious consequences for patient safety.

Agility and Flexibility: CM’s
continuous nature allows for more rapid
adjustments to production volumes,
making it easier for manufacturers to
respond to changes in market demand.
This flexibility is especially valuable for
products with variable or seasonal
demand, such as vaccines or
personalized medicines.

Sustainability: CM processes are
typically more energy-efficient and
generate less waste than traditional
batch manufacturing. This not only
reduces the environmental impact of

,-*1&
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pharmaceutical production but also
contributes to cost savings.

These advantages have led to
increasing interest in CM from
pharmaceutical companies, regulatory
agencies, and industry stakeholders alike.

2. Key Drivers Behind the Shift to
Continuous Manufacturing

The shift toward continuous
manufacturing in the pharmaceutical
industry is being driven by several key
factors, including regulatory support,
the adoption of Quality by Design
(QbD) principles, the need for
increased efficiency, cost reduction,
and enhanced supply chain flexibility.

A (G
Regulatory agencies, including the U.S.
Food and Drug Administration (FDA) and
the European Medicines Agency (EMA),
have been strong advocates of
continuous manufacturing in recent
years. Recognizing the potential for CM
to improve product quality and
streamline production, these agencies
have actively encouraged
pharmaceutical companies to adopt this
innovative approach.

The FDA, in particular, has played a
critical role in promoting CM through the
publication of guidance documents, the
introduction of programs like the
Emerging Technology Program (ETP), and
the approval of drugs manufactured
using continuous processes. The ETP,
launched in 2014, aims to support
manufacturers in implementing new
and innovative manufacturing
technologies, including CM. Through
this program, the FDA provides
companies with early engagement and
regulatory advice, helping to reduce the
risks and uncertainties associated with
adopting CM.

In 2016, the FDA granted its first
approval for a drug produced using
continuous manufacturing, Johnson &
Johnson’s HIV treatment, Prezista. This
milestone marked a turning point for
the industry, demonstrating that CM
could meet the stringent regulatory
requirements for pharmaceutical
production. Since then, several other
drugs have been approved for
production using CM, further solidifying
its place in the industry.
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Quality by Design (QbD) is a
fundamental concept in pharmaceutical
manufacturing that emphasizes the
importance of designing processes to
ensure product quality from the outset.
Rather than relying solely on final
product testing to confirm quality, QbD

encourages manufacturers to
understand and control variability within
the production process itself. This
approach aligns closely with the
principles of continuous manufacturing.

In traditional batch manufacturing,
quality is often assessed after the
production process has been completed.
If defects are detected, entire batches
may need to be discarded, leading to
significant waste and increased costs.
Continuous manufacturing, on the other
hand, allows for real-time monitoring of
critical quality attributes during
production. This enables manufacturers
to identify and correct deviations as
they occur, reducing the risk of defective
products and improving overall process
efficiency.

The integration of QbD into
continuous manufacturing processes
ensures that products are consistently
manufactured to the highest quality
standards. This is particularly important
in the production of complex biologics
and personalized medicines, where even
minor deviations in product quality can
have significant implications for patient
safety and efficacy.
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The efficiency gains associated with
continuous manufacturing are perhaps
one of its most compelling advantages.
By eliminating the need for batch
processing and reducing downtime
between production runs, CM allows for
faster and more streamlined drug
production. This is particularly
important in the context of modern
pharmaceutical manufacturing, where
the demand for new drugs is increasing,
and the time to market is critical.

In batch manufacturing, production
often involves multiple steps that must
be performed sequentially, with quality
checks and equipment cleaning required
between each stage. This can lead to
lengthy production times and increased
costs. Continuous manufacturing, by
contrast, allows for the integration of
these steps into a single, uninterrupted
process, significantly reducing
production times.

In addition to faster production
cycles, CM also offers real-time
monitoring and control of critical
process parameters, such as
temperature, pressure, and
concentration. This enables
manufacturers to make adjustments on
the fly, ensuring that the production
process remains within optimal
operating conditions. The ability to
monitor and control production in real
time also reduces the risk of defects and
improves overall product quality.
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Cost reduction is a major driver of the
shift toward continuous manufacturing.
Pharmaceutical companies are
constantly seeking ways to reduce
operational costs while maintaining
high standards of quality and
compliance. CM offers several avenues
for cost savings, including lower labor
costs, reduced energy consumption,
and minimized waste.

In batch manufacturing, labor costs
can be significant, as workers are
required to set up, monitor, and break
down equipment between production
runs. CM reduces the need for manual
interventions, as the process operates
continuously with minimal downtime.
This leads to lower labor costs and
increased operational efficiency.

Energy consumption is another area
where CM can lead to cost savings.
Continuous processes are generally more
energy-efficient than batch processes, as
they eliminate the need for frequent
startups and shutdowns. This not only
reduces energy costs but also
contributes to the overall sustainability
of the manufacturing process.

Waste reduction is another
important benefit of continuous
manufacturing. In batch processes,
defects or inconsistencies can result in
the need to discard entire batches of
product, leading to significant waste
and increased costs. CM'’s real-time
monitoring capabilities allow
manufacturers to identify and correct
issues as they arise, reducing the
likelihood of defects and minimizing
waste.

(82 & § 11 1912
The pharmaceutical supply chain is
subject to numerous challenges,
including fluctuating demand,
regulatory requirements, and the need
for rapid response to public health
emergencies. Continuous manufacturing
offers greater flexibility in managing
these challenges by allowing
manufacturers to adjust production
volumes in real-time.

For example, in the event of a sudden
increase in demand for a particular drug,
such as during a pandemic or public
health crisis, CM enables manufacturers
to quickly ramp up production without
the need for lengthy setup times. This
agility is particularly valuable for
vaccines, biologics, and personalized
medicines, which often require rapid
production and distribution to meet
urgent healthcare needs.

Continuous manufacturing also
simplifies inventory management, as the
steady flow of production reduces the
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need for large stockpiles of raw
materials and finished products. This
contributes to a more efficient and
responsive supply chain, allowing
manufacturers to better manage their
resources and reduce costs.

%"/ oo, .82

One of the most significant advantages
of continuous manufacturing is its ability
to consistently produce high-quality
products. In traditional batch
manufacturing, variability between
batches can lead to inconsistencies in
product quality, which can result in
defective products, recalls, and potential
harm to patients. CM, by contrast,
allows for continuous monitoring and
control of production parameters,
ensuring that each unit of the final
product meets the same high standards.

The real-time monitoring
capabilities of CM also allow for more
precise control of critical quality
attributes, such as drug potency, purity,
and stability. This reduces the risk of
defects and ensures that products are
manufactured to the highest standards
of quality and safety.

In addition to improving product
quality, CM also reduces the likelihood
of product recalls, which can be costly
and damaging to a company’s
reputation. By ensuring consistent
product quality throughout the
production process, CM helps
pharmaceutical companies avoid the
financial and reputational risks
associated with defective products.

3. Technological Innovations
Driving CM Adoption

The adoption of continuous
manufacturing in the pharmaceutical
industry has been facilitated by several
key technological innovations, including
Process Analytical Technology (PAT),
automation and digitalization, modular
production systems, and single-use
technologies.
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Process Analytical Technology (PAT) is a
system used to design, analyze, and
control pharmaceutical manufacturing
processes through real-time
measurements of critical quality
attributes. In the context of continuous
manufacturing, PAT tools play a critical
role in ensuring that the production
process remains within optimal
operating conditions.

PAT tools monitor critical process
parameters such as temperature,
pressure, and concentration in real
time, allowing manufacturers to adjust
these parameters as needed to ensure

consistent product quality. This level of
real-time control is not possible in
traditional batch manufacturing, where
quality checks are typically performed
at the end of the production process.

The integration of PAT into
continuous manufacturing processes
enables manufacturers to detect and
correct deviations from optimal
conditions before they result in
defective products. This not only
improves product quality but also
reduces waste and increases overall
production efficiency.
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Automation and digitalization are critical
components of continuous
manufacturing. Advanced automation
systems allow for the seamless
integration of various production stages,
reducing the need for manual
interventions and ensuring consistent
operation.

In a continuous manufacturing
system, automation reduces the
likelihood of human error and ensures
that the production process operates
smoothly and efficiently. Automated
systems can monitor and adjust critical
process parameters in real time,
ensuring that the production process
remains within the desired
specifications.

Digitalization also plays a key role in
CM by enabling the collection and
analysis of vast amounts of data. This
data can be used to optimize production
processes, identify potential issues
before they become problematic, and
improve overall production efficiency. By
leveraging data analytics and digital
platforms, pharmaceutical companies
can gain valuable insights into their
manufacturing processes and make
more informed decisions about how to
improve efficiency and product quality.

LSRR 1TE 24, %+
Modular production systems are
another important innovation that
supports the adoption of continuous
manufacturing in the pharmaceutical
industry. In a modular system, each unit
operation (such as mixing, granulation,
or tablet pressing) is interconnected in a
flexible and scalable manner. This allows
manufacturers to customize their
production lines according to the
specific needs of different products.

Modular systems are particularly
advantageous for smaller production
volumes, such as those required for
personalized medicines. They also offer
greater scalability, making it easier to
expand production capacity as needed.
For example, a modular system can be

reconfigured or expanded to
accommodate new products or changes
in production demand without the need
for extensive re-engineering.

In addition to providing flexibility,
modular production systems also
enhance process efficiency and reduce
downtime. By enabling the rapid
reconfiguration of production lines,
modular systems allow manufacturers to
quickly adapt to changes in product
formulations or market demand.

& § @+ & 2
Single-use technologies have gained
significant traction in the
biopharmaceutical sector, where they
play a critical role in enabling
continuous biomanufacturing. Single-
use bioreactors and other disposable
components help reduce the risk of
cross-contamination, simplify cleaning
procedures, and speed up the
production process.

In traditional batch manufacturing,
equipment must be thoroughly cleaned
and sterilized between production runs
to prevent contamination. This can be
time-consuming and costly, particularly
in the production of biologics, where
stringent sterility and cleanliness
standards are required. Single-use
technologies eliminate the need for
these cleaning procedures, allowing for
faster and more efficient production.

Single-use technologies are especially
valuable in the production of biologics,
such as monoclonal antibodies and
vaccines, where maintaining sterility is
critical. By reducing the risk of
contamination and simplifying
production processes, single-use
technologies help biopharmaceutical
companies improve efficiency and
reduce costs.

4. Pharmaceutical Companies
Leading the CM Transition
Several major pharmaceutical
companies have made significant
investments in continuous
manufacturing, leading the way in
adopting this innovative approach to
drug production. These companies
have recognized the potential of CM to
improve efficiency, reduce costs, and
enhance product quality.

T&T&T? T &t
Johnson & Johnson has been a pioneer
in the adoption of continuous
manufacturing. In 2016, the company
received FDA approval for Prezista, an
HIV treatment produced using CM. This
approval marked a major milestone for
the pharmaceutical industry,
demonstrating the feasibility and
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effectiveness of continuous
manufacturing in drug production.

Since then, Johnson & Johnson has
continued to invest in CM technologies to
enhance its manufacturing capabilities.
The company has been a strong advocate
for the adoption of continuous
manufacturing, recognizing its potential
to improve efficiency, reduce costs, and
enhance product quality.

13 *
Pfizer has also embraced continuous
manufacturing, particularly for the
production of solid oral dosage forms.
The company has integrated CM into its
operations to improve production
efficiency and reduce its environmental
footprint.

By adopting continuous
manufacturing, Pfizer has been able to
streamline its production processes and
respond more rapidly to changes in
market demand. The company’s use of
CM has also contributed to a reduction
in waste and energy consumption,
further enhancing its sustainability
efforts.

WA
Novartis has been at the forefront of
developing and implementing
continuous manufacturing
technologies. In collaboration with the
Massachusetts Institute of Technology
(MIT), the company has been working
to create smaller, more agile
production facilities that can adapt
quickly to changes in product demand.

This collaboration has positioned

Novartis as a leader in the transition to
CM, and the company continues to
invest in research and development to
further advance its manufacturing
capabilities. Novartis’s focus on
continuous manufacturing is driven by
its commitment to improving
efficiency, reducing costs, and
delivering high-quality products to
patients more quickly.

* 1 L T B
Vertex Pharmaceuticals became one of
the first companies to receive FDA
approval for a continuously
manufactured drug, Orkambi, which is
used to treat cystic fibrosis. This
approval was a significant achievement
for the company and highlighted the
potential of continuous manufacturing
to produce complex, high-quality
medications more efficiently than
traditional batch processes.

Since then, Vertex has continued to
invest in continuous manufacturing
technologies to enhance its production
capabilities and improve the efficiency

of its operations. The company’s success
with Orkambi has demonstrated the
feasibility of CM for producing complex
therapies and has paved the way for
further adoption of continuous
manufacturing in the industry.

5. Regulatory and Industry
Collaboration

The adoption of continuous
manufacturing in the pharmaceutical
industry has been facilitated by close
collaboration between regulatory
agencies, industry stakeholders, and
academic institutions. This
collaboration has been instrumental in
overcoming some of the challenges
associated with implementing CM and
has helped to accelerate its adoption.

&Lt o+

The FDA has been a key driver of
continuous manufacturing adoption
through its Emerging Technology
Program (ETP). The ETP was established
to support pharmaceutical companies in
implementing innovative manufacturing
technologies, including CM. Through
this program, the FDA provides
companies with early engagement and
regulatory advice, helping to reduce the
risks and uncertainties associated with
adopting continuous manufacturing.

The FDA’s approval of the first
continuously manufactured drug,
Johnson & Johnson’s Prezista, was a
significant milestone for the industry.
Since then, the FDA has continued to
provide guidance and support to
manufacturers looking to adopt CM,
further promoting its use in the
pharmaceutical industry.

dosle +
The International Council for
Harmonisation (ICH) has also played a
key role in supporting the adoption of
continuous manufacturing. The ICH has
issued several guidelines aimed at
facilitating the implementation of CM,
including ICH Q13, which provides a
framework for the continuous
manufacturing of drug substances and
products.

These guidelines offer
pharmaceutical companies a clear
regulatory pathway for adopting
continuous manufacturing while
ensuring that product quality and safety
are maintained. The ICH’s efforts have
been instrumental in promoting the
global adoption of CM and ensuring
that regulatory requirements are
harmonized across different regions.

I TN AN S N €
Collaborative partnerships between

academic institutions, regulatory
bodies, and pharmaceutical companies
have been critical to the development
and implementation of continuous
manufacturing technologies. For
example, the collaboration between
Novartis and MIT has played a key role
in advancing the understanding and
application of CM in the
pharmaceutical industry.

These partnerships have helped to
accelerate research and development
efforts, leading to the creation of new
technologies and processes that
support continuous manufacturing. By
fostering collaboration between
industry stakeholders, these
partnerships have also helped to
overcome some of the challenges
associated with implementing CM, such
as the need for specialized expertise
and the development of new
regulatory frameworks.

6. Challenges in Adopting
Continuous Manufacturing
Despite the many advantages of
continuous manufacturing, there are
several challenges that have hindered
its widespread adoption in the
pharmaceutical industry. These
challenges include high initial
investment costs, regulatory
uncertainty, technological complexity,
and a workforce skills gap.

bogh gy &/ +,% &,

One of the primary barriers to adopting
continuous manufacturing is the high
initial investment required to set up a
continuous manufacturing line. CM
involves significant capital expenditure
on new equipment, infrastructure, and
technology, which can be a major
obstacle for smaller pharmaceutical
companies with limited resources.

However, as CM technologies
become more widespread and the costs
associated with their implementation
decrease, it is expected that these
barriers will diminish. In the meantime,
larger pharmaceutical companies with
the resources to invest in CM are
leading the way in adopting this
innovative approach.

$,7%2 & %, 18,2
While regulatory agencies have been
supportive of continuous
manufacturing, the guidelines
surrounding its implementation are still
evolving. This regulatory uncertainty
can make it difficult for companies to
ensure compliance and validate their
CM processes. As more drugs are
approved for production using
continuous manufacturing, it is
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expected that the regulatory landscape
will become clearer, reducing the
uncertainties associated with CM.

&8 1§ "on(s 11,2
Continuous manufacturing requires
advanced technologies such as Process
Analytical Technology (PAT),
automation systems, and real-time
monitoring tools. Integrating these
technologies into existing production
lines can be challenging, particularly for
companies that lack the necessary
technical expertise or experience.

In addition to the technical
challenges associated with
implementing CM, companies must
also invest in the training and
development of their workforce to
ensure that employees have the skills
needed to operate and maintain these
advanced systems.

e g (
The shift to continuous manufacturing
demands a workforce with new skills in
areas such as automation, process
control, data analytics, and real-time
monitoring. Ensuring that employees
are adequately trained to operate and
maintain CM systems is a significant
challenge for many pharmaceutical
manufacturers.

Companies must invest in training
programs and workforce development
initiatives to bridge this skills gap and
ensure that their employees are
equipped to handle the demands of
continuous manufacturing.

7. The Future of Continuous
Manufacturing in Pharmaceuticals
The future of continuous manufacturing
in the pharmaceutical industry looks
promising. As regulatory support
continues to grow and technological
advancements drive down costs, it is
expected that CM will become more
widely adopted across the industry.

1C &H"&1&," "( *% ., &
One of the most exciting areas of

development in continuous
manufacturing is its application to
biopharmaceuticals. Continuous
biomanufacturing (CBM) is gaining
momentum, particularly for the
production of complex biologics such
as monoclonal antibodies and vaccines.

Biopharmaceuticals are typically
more challenging to produce than
small-molecule drugs, due to their
complexity and the need for stringent
quality control. However, continuous
biomanufacturing offers significant
advantages in terms of efficiency,
scalability, and product quality. By
enabling real-time monitoring and
control of critical process parameters,
CBM allows manufacturers to produce
biologics more efficiently and with
greater consistency.

The development of single-use
technologies has also played a key role
in the growth of continuous
biomanufacturing. Single-use
bioreactors and other disposable
components reduce the risk of
contamination, simplify cleaning
procedures, and speed up the
production process, making CBM an
attractive option for biopharmaceutical
companies.

*+& $13 11&
The flexibility of continuous
manufacturing makes it an ideal solution
for the production of personalized
therapies, such as cell and gene
therapies. These therapies often require
smaller, more agile production systems
that can be easily adapted to individual
patient needs. Continuous
manufacturing is well-suited to meet
these requirements, making it a valuable
tool in the era of personalized medicine.

As the demand for personalized
therapies continues to grow, it is
expected that continuous
manufacturing will play an increasingly
important role in the production of
these treatments. CM’s ability to
produce small, customized batches of
drugs more efficiently and with greater

consistency makes it an ideal solution
for personalized medicine.

DR (A4
As regulatory frameworks mature and
the costs of continuous manufacturing
technologies decrease, it is expected
that CM will become more widely
adopted globally. Both developed and
emerging markets are likely to embrace
continuous manufacturing, further
transforming the pharmaceutical
manufacturing landscape.

In developed markets, regulatory
support and the need for greater
efficiency and product quality will drive
the adoption of CM. In emerging
markets, the ability to produce drugs
more cost-effectively and with greater
flexibility will make CM an attractive
option for pharmaceutical
manufacturers.

8. Conclusion

The pharmaceutical industry's shift
toward continuous manufacturing
represents a significant paradigm shift
in how drugs are produced. With its
potential to enhance efficiency, product
quality, and cost-effectiveness, CM is
poised to become a cornerstone of the
future pharmaceutical landscape.

Regulatory support, technological
advancements, and industry
collaboration have all contributed to
the growing adoption of continuous
manufacturing. While challenges such
as high initial costs and regulatory
uncertainties remain, the benefits of
continuous manufacturing far outweigh
the obstacles.

As the industry continues to
innovate and adapt, continuous
manufacturing will play an increasingly
vital role in ensuring that patients
receive safe, effective, and affordable
medications in a timely manner. The
future of pharmaceutical
manufacturing is undoubtedly
continuous, and the industry is well on
its way to embracing this
transformative approach.
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Impact of a tacky mat at cleanroom entry on air
cleanliness and particle deposition rate

Koos Agricola, Olof Teulings and Carlos Mourelle

Summary tacky mat. Often this reduction is
In an operational industrial cleanroom, compared with peel off mats. No
an investigation is made on the impact studies have been published on the
of the use of tacky mats to control impact of the use of tacky mats on the
contamination at floor level at the air cleanliness with respect to particles
entry of a cleanroom. Instead of and particle deposition rate in an
investigating the removal efficiency of a industrial cleanroom in operation. Next
tacky mat, the impact on cleanliness to the physical removal of microbe
levels in a cleanroom is determined. carrying particles, antimicrobial
The investigation demonstrated a high properties of a polymeric mat
reduction of airborne concentrations contribute to the reduction of
and particle deposition rates by the use ~ microbial transfer. In industrial
of tacky mats. The tested Dycem applications only the removal of
polymeric mat is more effective than particles is important.
the tested peel off mat. In cleanrooms for technical products
sometimes tacky mats are used. Then
Introduction mostly peel off mats are applied.
Contamination control at floor level in Important for the use of peel off mats is
a changing room is important to limit the frequency and the manner of
the number of particles that are peeling off used sheets, since this can
carried into the cleanroom. Measures increase the airborne contamination.
consist of frequent cleaning and the The location can be at the entry of the
use of tacky mats to reduce the changing room, at the entry of the
transfer of particles including microbe cleanroom or both. No guidance is
carrying particles by footwear from available on the most effective use of
outside into the cleanroom. Tacky mats  tacky mats. There is also no information
are divided into two groups: peel off available on the effectiveness of peel off
mats and permanent, washable mats and polymeric mats with respect
polymeric mats (Dycem). Often to air cleanliness and particle
polymeric mats cover a larger area deposition rates.
than peel off mats. Various studies of In a cleanroom for the assembly of
the removal efficiency of equipment for semiconductor and
microorganisms and particles from micro-electronic processing at NTS a
footwear by Dycem polymeric mats comparison is made for three
have been published (see [1], [2], [3], situations: 1. no mat, 2. peel off mat
[4], [5] and [6]). Both antimicrobial and 3. Dycem polymeric mat before the
properties and particle removal give entry of the cleanroom. The impact on
good results in the reduction of the air cleanliness and particle deposition
transfer of microorganisms across a has been monitored.

Description of the investigation
For the investigation an ISO 7
production cleanroom at NTS is
selected. In this cleanroom process
equipment for the semiconductor
industry is assembled. There is one
shift per day. Daily about 12 operators
and sometimes process or quality
engineers work in the cleanroom. Each
evening the cleanroom is cleaned by
one person. The average number of
entries is 66 per day. Personnel enters
and exits the cleanroom randomly, but
coffee, lunch and tea breaks can be
recognised. At the entrance of the
changing room there is a peel off mat.
The cleanroom garment consists of a
head cover, cleanroom overall,
cleanroom shoes and gloves. There are
2 step over benches. The first one is
used to remove street shoes and the
second one to put on cleanroom shoes
(see ! .* A).

A life investigation is difficult to
execute since the entry and exit and
the behaviour of people is difficult to
control and is not constant. With a
person counter and entry card reader
the number of entries are determined.
In the entry part of the cleanroom the
air cleanliness is measured each 5
minutes at about 0.4m above the floor
with a 1 cfm light scattering airborne
particle counter Solair 3100 (sample
time 1 minute and sample volume
28.3 litre). At the same location the
particle deposition rate for particles
>15um is monitored with a real-time
particle deposition monitor APMON 2

Outside Changing room (air lock) (ISO 8)

2m I | ﬁ
el
Pael off mat Polymeric - .

Cleanroom (ISO 7)

Street shoes off Coverall Cleanroom shoes
Hair cover Gloves

Beard cover (if applicable}

U+ "

12 Clean Air and Containment Review Issue 53 2025 Number Four

www.cleanairandcontainment.com



Main feature

(sample time 4 minutes and test area
50cm?). Randomly the surface
cleanliness of fluorescent particles
>20um is measured with a surface
cleanliness monitor SUMON
(measurement area 10cm?). Surface
cleanliness changed during a day due
to use and the daily cleaning program.
Due to the relative high number of
fibres (particles >200um) the obtained
average results did not give useful
data to evaluate the surface action of
the applied tacky mats. Average
surface cleanliness level in the range
of ISO SCP level 6 to level 7 were
found (see footnote! [7]).

The investigation is divided over 3
periods of 1 week: period 1: no tacky
mat, period 2: a peel off mat (0.7m?)
which is refreshed 2 times per day and
period 3: a polymeric mat (1.5m?)
which is cleaned within the cleaning
program in the evening of each working
day (! .* B).

Theoretical analysis

* 5§ &Sl& ++
Air cleanliness is determined by the
concentration of airborne particles.
These particles can be removed by air
flow or deposit onto surfaces. A
cleanroom class determines the
capability of the cleanroom for a
specific state of occupancy and
particle size at the moment of

classification [8]. Monitoring air
cleanliness demonstrates the
performance of the cleanroom during
operation at one or more locations of
interest. Monitoring results should be
within the operational class limit.

In general the performance of a
cleanroom is determined by the
maximum airborne concentration of
particles from =0.1um to >5um per m3
during operation. Most small particles
will be removed by the air flow. Larger
particles that cannot be removed by
air flow will deposit onto surfaces. It is
difficult to measure these particles
with a light scattering airborne
particles counter because their
concentration is too low and they can
be trapped in sampling system. An
alternative way to determine the
airborne concentration of larger
particles is by measuring the particle
deposition rate.

The removal of larger particles by
air flow or their deposition on surfaces
depends on the air change rate (ACR)
and ventilation efficiency. In the
examined cleanroom almost 95% of
the airborne particles <5um are
expected to be remove by the
cleanroom installation [9].

Surface contamination and by that
product contamination is mainly
caused by deposition of particles that
are not removed by air flow. The

likelihood of product contamination is
determined by the particle deposition
rate, the vulnerable product area and
the time of exposure.

The particle deposition rate [10] is
determined by the local generation of
particles and the removal efficiency of
the cleanroom installation. The local
generation is determined by the way
the cleanroom is used. Important are
the procedures (deducted from the
operations control programmes) for
the entry and exit of personnel and
goods and the removal of surface
particles by cleaning [11].

The particle deposition rate Rp
depends on the particle size D which is
expressed for different particle sizes:

Rp is the cumulative number of
particle 2D um per m? per hour.

$ LML () #TCS
% ") ! (FA<G™ % """

Particle size D is determined by the
diameter of the circumference circle
around the silhouette (or length) of a
particle seen under a microscope.

Rp depends on the local air
cleanliness:

Rp = concentration of particles 2D
um per m3 x deposition velocity in m/h

$ L TH o () +TH),
#+0 " % ") | (FA<G™™ % " "7,
;0C<""6
The particle deposition rate can be

1 Typical results were 5 fibres >200um per cm?, which gives a surface cleanliness level of 5 x 200 x 104 = 107 equivalent number of particles >1um per m? and by taking the

log an I1SO SCP 7 level.
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determined by measuring the increase
of the surface concentration on a
witness or test surface ACs before and
after exposure:
1C - v () )reof
U+ #OB+H(

The particle deposition rate can also
be expressed without a specific particle
size D as a particle deposition rate level
L. Lis the equivalent number of
particles 210um per m?-h. Lis
determined by the maximum product
of particle deposition rate Rp and
particle size D of the different sizes that
are counted in a similar way as the
surface cleanliness level in [7] in the
equivalent number of particles 210um.

E LT o~
4FAG™" )$ FA<<G""

Often with a good cleanroom
installation and cleanroom garments,
the particle deposition rate level L is
determined by the particles >100um,
because these particles can only be
removed by cleaning.

*,! $ ,* &+(-*’ *"0H g
When passing the entry air lock and
changing into cleanroom clothing the
environment will be contaminated by
the emission and distribution of
particles by a person. It is assumed that
the number of particles is reciprocal
proportional to the particle size. This is
not true when there are relative more
fibres. Particles that are not removed
by air flow will deposit on all surfaces

§$ A6 182 /* *'*&(*'$

[9]. Surface particles can re-enter the
air under influence of external forces
and deposit elsewhere. The expected
re-entry will be in the order of 0.01% of
the surface particles 210pum and can
increase with particle size [12].

Cleanroom shoes or boots will also
pick up a fraction in the order of 10% of
the surface particles (contact transfer
rate) and transport these into the
cleanroom. The particles that are
carried from outside into the changing
room and from the changing room into
the cleanroom will impact the air
cleanliness and the particle deposition
rate in the cleanroom. This surface
transfer can be reduced by the use of
tacky mats.

A tacky mat removes particles from
shoe surfaces. A peel off mat uses a
layer of glue to collect particles that are
pressed into the glue film. A polymeric
mat has a flexible top surface that
creates an optimal surface contact
between particle and mat. Because the
contact area of a particle with the mat
surface will be higher than the contact
area with the shoe surface, the
particles will adhere to the mat surface
and will be removed by the mat. This
principle is also applied in Océ
electrographic copiers and printers to
transfer 10um toner particles from a
photo conductor to a substrate (paper)
surface with a very high efficiency [13].

1C § & % ( * W &
In the examined cleanroom the floor
area is 285m? and the height is 3m. The
air supply of the cleanroom is

&¢I g &

26 February No mat
27 February No mat 70
28 February No mat 65
29 February No mat 58
1 March No mat 60
/* "% , FD
4 March Peel off 86
5 March Peel off 75
6 March Peel off 64
7 March Peel off 66
8 March Peel off 42
/* §" FG
18 March Polymeric 72
19 March Polymeric 73
20 March Polymeric 61
21 March Polymeric 78
22 March Polymeric 45
/* "$2% *1 FF

=D<>D =BCC
><<=D @<cc
8196 1466
6789 130
2973 406
EIHF FFH
1714 222
3215 348
2586 422
11263 489
2880 517
DCCB Cll
7152 471
1585 246
6415 394
1589 330
3862 345
DAB@ CEG

1.06m3*/m?/min and the air change rate
is 21/h. The estimated ventilation
efficiency is 0.7. Looking at particles
>5um the average expected emission
per person is 5,000/min [14]. Assuming
a person influences an area of 10m? the
expected air cleanliness will be
5,000/(10 x 1.06 x 0.7) = 674 particles
>5um per m3. This is within ISO 7 for
particles >5um during operation.

In the examined changing room the
floor area of is 40m? and the height is
3m. The air supply is 0.81 m3/m?/min
and the air change rate is 16/h. The
estimated ventilation efficiency is 0.5
(air return in ceiling).

In the changing room the emission
per person will be much higher, say
50,000/min. Then the expected air
cleanliness will be 50,000/(10 x 0.81 x
0.5) = 12,400 particles 25um per m3.
This is within 1SO 8 for particles >5pum
during operation. Since personnel are
only present during a short time the
average concentration is expected to
be much lower.

The deposition of larger particles
that cannot be removed by airflow
depends on the emission per person
and the re-entry from the floor.

If the emission of particles 250um
by a person is 50/min or 3,000/h over
6m? then the contribution to the
particle deposition rate R50 is about
3,000/6 = 500 particles 250um per
m2-h. This can lead to a particle
deposition rate level of L = 500 x 50/10
= 2,500 equivalent particles 210um per
m2-h and 5,000 equivalent particles
>10um per m?-h in case of two persons.

If the surface cleanliness is ISO SCP
7, the surface cleanliness level is
equivalent to a surface concentration
of 10,000 particles 210um per dm?.
Then the expected re-entry into the air
by cleanroom shoes or boots is about
3-4 particles 210um per footstep. In
case of 100 footsteps per hour this can
give a contribution of 3,500 equivalent
particles 210um per m?-h.

Tacky mats will reduce the transfer
of particles into the cleanroom. This
must have a positive impact on the air
cleanliness especially for particles >5um
and the deposition of particles >10um.
This benefit is expected to increase for
larger particles. It is difficult to make a
good quantitative theoretical estimate
of the effectiveness of tacky mats.

Collected data
The data are collected over 3 periods of
one work week. In the week of 11 to 15
March 2024 the tacky mat is
positioned. The 3 periods are:
1) 26 February to 1 March 2024,
no tacky mat
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Airborne particle size distribution
100000
10000
E
g
E
o
§
o
1000
100
01 1 10
Particle size in um
Nomat Peel off mat ymercmat  =——|S07 ——IS06
wn 3/ ll% # s #$ll I% " " $+ $ I# n $ #$ll I% /
2) 4 March to 8 March 2024, peel $ B6 152 / * (AR (GRI A g & ape & (AR
off mat behind 2nd step over e, § /8
bench * 1S xS * 1S
3) 18 March to 22 March 2024, #% , . (GRAN (RN A:] "
Dycem polymeric mat behind 2nd *. Ee Y $/5%
step over bench 26 February No mat 68 13418 9355 128171
Ix "kg *1§+ 27 February No mat 70 11030 7723 143605
The average air cleanliness in the 28 February No mat 65 11821 9520 244296
changing room is measured during the
. . 29 Feb N t 58 8490 7660 226411
first 2 days and was 19,000 particles e o ma
>0.5um per m3 and 2,880 particles 1 March No mat 60 3706 3243 84387
>5um per m?. On all other days the air /* 7 FD IEIC GEQQ AFECGD
cleanliness is measured inside the . o - B— p— .
cleanroom. 4 Marc Peel o 47447
In case there are no people in the 5 March Peel off 75 3164 2706 54113
cleanroom (during break times are 6 March Peel off 64 4323 3442 80048
when the cleanroom is at rest) no
particles 20.5um were counted. The air 7 March Peel off 66 4317 3532 57182
cleanliness data in the cleanroom are 8 March Peel off 42 5550 4078 96276
collgcted only whfan the number of /* 5 FG CICE CAAH FGAAC
particles >0.5um is larger than 0. The
average data are normalised to the 18 March Polymeric 72 3601 2946 61381
number of cleanroom entries (average 19 March Polymeric 73 3311 2814 41941
concentration multiplied by average )
. . . . 2 P 1 1 2
entries/day entries). The obtained air 0 March olymeric 6 3157 684 47357
cleanliness data for particles >0.5um 21 March Polymeric 78 2641 2421 44013
and particles 25um per m* are shown 22 March Polymeric 45 4857 3838 86167
in § A.The number of entries is
/* "82% *! FF CEAC BIDA EFAGB

shown per day.
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§C6 "o *+T& ", 1%( L& * 5 &N& ++ & (18 (CHLIT&*,
(*!'§ KEL% *,8/%
No mat 668 — 165374 -
Peel off mat 399 40% 67013 59%
Polymeric mat 357 47% 56172 66%

To make an estimate for other
particle sizes the average particle size
distribution for particles 20.3, 0.5, 1, 3,
5 and 10um per period can be
examinedin ! .* C.

It can be seen for particles >5um the
concentration is within ISO 7. For
smaller particles the concentration falls
within ISO 6 distribution. The
difference between no mat and mat
can be seen. The difference between
peel off and polymeric mat is smaller.
The polymeric mat gives the lowest
airborne concentrations. It is
interesting to note that the cumulative
concentration of particles 20.3um and

*1§ CHITE T
When there is no activity there is no
particle deposition. Therefore the
particle deposition rate data are
collected in case there is particle
deposition (R;5>0). In  $ Bresults
for Rsq, Rygg Of particle deposition level
are shown. The average data are
normalised to the number of
cleanroom entries (average
concentration multiplied by average
entries/day entries).

The average particle size distribution
for particles > 15, 50, 100, 500 and
1000 pm per period can be determined
in I .* D.

deposition rate level is determined by
the deposition of large particles
>500um. Many of these will have a
fibre like shape. A large improvement
between no mat and a tacky mat can
be seen. The polymeric mat gives the
best performance, especially for larger
particles.

The observed particle deposition
rate is relatively higher for particles
>100um. The distribution of the
particle deposition rate for different
particle sizes provide information on
the effectiveness of contamination
control measures. From 10 to 40um the
impact of the cleanroom installation
can be seen. From 50 to 100um the
impact of the cleanroom garments and
changing procedure can be seen. For
particles >100um the effectiveness of
the cleaning programme can be seen.
The entry tacky mats can reduce the
transfer from outside into the
cleanroom. The impact on the particle

>0.5um is lower with the mat. It can be seen that the particle deposition rate can be seenin ! .* D.
Particle deposition rate
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Analysis of collected data

To evaluate the impact of tacky mats on
the cleanroom cleanliness levels the
average data per period are collected in

§ C. The result of each period is
given for air cleanliness and particle
deposition rate. The improvement is
calculated 1 —levels ../levels o mat
expressed in percentages.

Both the air cleanliness level and
particle deposition rate level show a
high improvement with the use of
tacky mats. The results of the
polymeric mats were better than the
peel off mats.

Probably the difference in
improvement of the particle deposition
rate level between peel off mat and
polymeric mat was small because of the
difference in cleaning frequency. The
peel off mat was refreshed twice per
day and the polymeric mat was cleaned
once a day with a standard cleanroom
cleaning method. The recommended
cleaning guidelines were not fully
supported and could be a factor in the
findings.

Conclusion

Instead of an efficiency study of tacky
mats, the impact of their use in an
operational cleanroom for the assembly
of semiconductor production
equipment was examined. In such a real
life situation many parameters cannot
be controlled. The behaviour of
personnel, which work with a flexible
schedule, is difficult to control. The
impact of the entry of personnel has
been monitored at the entry part of the
cleanroom behind the entry door of the
changing air lock. The collected data
demonstrate a positive impact of the
use of tacky mats. Dycem polymeric
mat gave a better result than the peel

TG 6 6 6

off mat in a real cleanroom operation.

The monitored air cleanliness level is
in the same range as theoretically
predicted. The relation between the
airborne concentration of particles
>5um and the particle deposition rate
of particle 25um is discussed in I1SO
14644-17 [10]. In case of the ISO 7 air
cleanliness level the theoretically
expected particle deposition rate R5 =
20,000 particles 25um per m2-h. This
could lead to a theoretical particle
deposition rate level L of 10,000. In this
investigation the impact of large
particles >100pm is most important
and L is more than 5 times higher. This
means that operational aspects have
more impact than the cleanroom
installation.
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Determining the required air supply rate to maintain
airborne cleanliness levels in pharmaceutical
cleanrooms using a scientific approach — experimental

information

Nigel D Lenegan and Tim Eaton

Abstract

This is the second of three papers and
presents work completed to
understand the impact of dilution
airflow volume rates supplied into
operational cleanrooms [within
cleanroom standards, dilution airflow is
described as non-unidirectional
airflow]. This series of papers compares
a science-based cleanroom design
approach with more traditional rule of
thumb approaches that are still used,
to show that this traditional approach
can result in poor design that presents
a risk to product quality, patient safety
and energy inefficiency. The third paper
reports on how the scientific approach
enabled permanent airflow reduction
for a GMP cleanroom suite.

Introduction
In the first paper?, the required supply
airflow rate options necessary to
control a cleanroom (volume of 157m?3)
to achieve EU GGMP Grade C (in
operation)? conditions were established
using a scientific based approach and is
shownin § A.The table also
includes the airflows resulting from a
traditional design approach based on 20
and 22 cleanroom air changes per hour
and it can be seen the significantly
reduced air supply rate resulting from
the scientific based approach.

$) 3 These results are only
applicable to this cleanroom with the

§ A § .8, 4.((R2 M8TO*, * A+ 2 ( (KA * 185 * 1"
8l &
=P 1*
778.% +.((2 = 2 = S
* 206000 ((* &' & , & % T 1% +
’ §19%!, =3> /! &+ Peo(@2*, T
1§ * +
97.7 2 3
Scientific 0.032 99.9 3 4
assessment
100 >4 6
0.872
>100 26 27
Traditional® [20 ac/hr]
[22 ac/hr] >100 29 30

defined contamination load that was
detailed in paper 1. Smaller cleanrooms
with proportionally higher
contamination may require higher
supply airflow rates to maintain the
cleanliness levels. In these cases,
simple air changes per hour approach
may result in poor levels of cleanliness
with risk of non-compliance and
implications to product security.

This cleanroom had previously been
utilised for experimental evaluation to
understand the impact of varying the
steady state supply airflow on airborne
cleanliness levels, undertaken with
people performing typical cleanroom
operations. Details of this cleanroom,
and the experimental work, are
included in the next section.

Evaluation of cleanroom airborne
contamination for different air
supply rates

The non-unidirectional (non-UDAF)
cleanroom studied was utilised for
product development activities with a
floor area of 52.3m? and 3m high
(volume 157m?3). It was well designed
and finished to a good standard, with
fully welded sheet PVC (vinyl) surfaces,
a defined personnel entry dress code,
air supply points fitted with swirl
diffusors distributed around the ceiling
and low level air returns evenly located
around the peripheral of the
cleanroom. Five operators, wearing the

hood, smock, over boots, goggles and
gloves shownin ! .* A performed
routine cleanroom operations,
associated with for example, product
preparations, decontamination and
environmental monitoring. These
activities were repeated by the same
five personnel, wearing the same
cleanroom clothing, for two identical
tests (1 and 2) where the air supply
rate was adjusted to provide the
equivalent per hour cleanroom change
rates of 22 and 5 respectively.

In order to determine the airborne
cleanliness levels, eight slit-to-agar
microbial air samplers with a rotating
plate head sampling air at a rate of 28.3
L/min (1ft3/min) with 140 mm diameter
tryptone soya agar (TSA) plates, with
subsequent incubation for 5 days at 30-
35°C, were utilised. This sampler has
been confirmed to be one of the most
efficient available, with a biological
collection efficiency of 254% when
compared to the testing reference
sampler?. In addition, six light
scattering airborne particle counters
(LSAPCs), sampling at 28.3 L/min
(1ft3/min) were also used. The results
are included in $ Band show the
worst case contamination
concentrations identified from of all of
the sampling locations, for each of the
two tests. Also included are the
assured air supply rates, derived from a
scientific approach shown in § A,

§ + AQO 00>
T o+ ot x OB )./ § &,
&* + I* § &% I*
(2%, =%%9e LT A BN
0.096 2.2
0.128 2.9
0.192 4.4
0.872 20
0.959 22

1 Number of times air supply rate should be increased to control the specified airborne concentration against a defined UCL. Ns = 1 + Cv.r (Cy is the

coefficient of variation and a value of 1 has been assigned)
2The increased air supply rate, to achieve control against a specified concentration with a defined UCL. Qs Assured = Qs.Ns
3 The UCL, r and Ns values have been deduced from the air supply rates associated with 20 and 22 air changes per hour
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concentrations obtained for the same
cleanroom with the same operational
conditions, completed for the two tests
utilising air supply rates of 0.959m?3/s
(22 ac/h) and 0.218m3/s (5 ac/h). It can

the 1950’s and 1960’s. Nevertheless,
scientifically derived reduced
cleanroom air supply rates would now
be more appropriate and highly
beneficial in ensuring energy

+# be seen that comprehensive control consumption can be optimised to meet
o/ was achieved, with the worst-case the required cleanroom cleanliness
airborne concentration (5 ac/hr and levels, with the potential for real
>5um particles) recording only 63% of energy savings.
the corresponding Annex 1 limit. This
7+ ==+  reinforces the scientific approach to Conclusion
airflow calculations as all of the A scientific approach to determining
actually measured concentrations were the required cleanroom air supply rate,
$ % &t well below the specified EU Grade to meet defined airborne cleanliness
t'((? Sk limits. Each of the two airflows used for  levels, is a more appropriate approach
82878 1 b , pprop pp
* o g+ the experimental evaluation, 0.959m3/s  to cleanroom design than the
O* .+ ,BBIAD (22 ac/h) and 0.218m3/s (5 ac/h), were traditional application of a specified
&E 9% 4.9 and 1.1 times respectively greater number of cleanroom air changes. If
-y — & %# o+ than the highest scientifically derived this scientific approach is utilised, it is
g / airflow of 0.192m3/s (4.4 ac/h). likely that a reduced airflow rate would

calculated to achieve compliance with
the Grade C limits specified in the EU
GGMP, with UCLs of 100% and 99.7%.
The calculated airborne concentration
levels, determined using the
information given in paper 1, are
similarly included. These results are
discussed in the next section.

In recent years, the pharmaceutical
industry cleanroom sector has
generally improved many elements
which contribute to reducing energy
usage. These include more effective
cleanroom garments, better cleanroom
operator training, high efficiency air
filtration and integrity testing, more
integral cleanroom construction,
improved cleanroom diffusers and

be determined, with considerable
ongoing reduction in the associated
energy requirements.
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(4.4 ac/h), 100% of the contamination
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Classifying cleanrooms by sequential sampling of

airborne particles

W Whyte, University of Glasgow, Scotland, UK
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Editor

Introduction

Cleanrooms and clean zones are
classified by the method given in ISO
14644-1: 20152, This method requires
the concentration of airborne particles
at locations evenly spread about a
cleanroom to be below the maximum
concentration of the ISO class chosen
for the cleanroom. The method is
explained in Chapter 12.

During the classification of a
cleanroom, the concentration of
airborne particles is measured by a
LSAPC. ISO 14644-1:2005 requires that
sufficient air is sampled at each
location to ensure that 20 particles
would be counted if the particle
concentration was at the class limit.
The equation used to calculate the
minimum sampling volume at each
sampling location is given in Chapter
12, and is as follows:

=@x 1000

where,
is the minimum air sample volume (L),
is the particle concentration class limit

for the largest considered particle size
(no/m?3),

20 is the number of particles that could
be counted if the particle concentration
were at the class limit.

If an example is taken of an ISO Class
3 cleanroom, where the I1SO class limit
is 35/m?3 for a particle size of 20.3um, it
can be calculated that the minimum
volume of air sampled at each sampling
location is 571 litres. If the LSAPC has a
sampling rate of 28.3 litres per minute,
then the sampling time is 20.18
minutes. This sampling time applies to
each of the sampling locations and can
result in a long time being required to
classify the whole cleanroom. Long
sampling times are likely to be required
in situations where,

(a) The airborne particle concentration
is low, such as in ISO Class 4, or
cleaner, cleanrooms,

(b) The classification is based on larger
sizes of particles and, therefore, the
particle concentration is lower than
with smaller particles,

(c) The LSAPC has a low sampling rate.

ISO 14644-1: 2015 gives information
on conditions where sequential
sampling might be advantageously
carried out. These are indicated in
italics in Table 4.1 of Chapter 4.

If a LSAPC is used during a
cleanroom classification to sample air
at a location, and repeatedly registers
very low particle counts, then common
sense often suggests that the particle
concentration is going to end up well
below the class limit, and an
unnecessary amount of sampling is
being carried out. Likewise, if the
LSAPC repeatedly registers very high
particle counts, it is often clear that the
cleanroom is going to fail the
classification test. Stopping air
sampling before the end of the full
sampling time is not allowed in the
standard method described in ISO
14644-1: 2015, but that standard
describes a method known as
‘sequential sampling’ that allows
sampling to stop early. This method will
now be discussed.

C.1 Sequential Sampling
calculations
Sequential sampling is an established

statistical method that Cooper and
Milholland? applied to classifying a
cleanroom. The method is based on a
continuous comparison of the
cumulative observed count of the
airborne particles with upper and
lower limit boundaries set by a
statistical method. The method
requires the following information.

1C " .&,5 This is the count
that is expected at a sampling location
in a cleanroom when it is operating at
its specified class limit. If the chosen
ISO class limit is C/m? then, after
sampling for a time t (s) with a LSAPC
that has a sampling rate of Q (L/s), the
expected count is calculated by

). & A

). "% A

x ) x
Expected count = ———~——

1000
It should be noted thatin ). ,!"&
A, the air sampling rate of the LSAPC
is required in litres per second. The
normal measurement units of a LSAPC
are litres per minute and these should
be converted to litres per second. For
example, a sampling volume rate of
28.3L/min is equivalent to 0.47L/s.
((* & $"0 * ".&,8%!,+5The
expected count has upper and lower
count limits that might occur during
sampling. These limits can be
calculated by means of statistics and
use of the following equations.

). ,!I"& B
Upper count limit = 3.96 + 1.03 x
Expected count

). J"& C
Lower count limit =-3.96 + 1.03 x
Expected count

Knowing the expected count and the
upper and lower limits, the sequential
method of cleanroom classification can
be applied to classifying a cleanroom.
The method will now be explained by
means of an example.

C.2 Example of sequential
sampling

The previous example of an ISO Class 3
cleanroom with a class limit of 35/m?
for particles 20.3um is again used. It
has already been calculated that 571
litres of air must be sampled at each
sampling location when such a
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§ A5

). &1 5+ %(I&  § .5 M8

"5.%& &.%

%($'&
1% =

0 *
" .8, $1%!,
= )&O8

. &+ **%
"&

%8,/
b xy

%&., &,

+ %0+ 2

1 60 28.3

2 120 56.6

3 180 84.9

4 240 113.2
5 300 141.5
6 360 169.8
7 420 198.1
8 480 226.4
9 540 254.7
10 600 283.0
11 660 311.3
12 720 339.6
13 780 367.9
14 840 396.2
15 900 424.5
16 960 452.8
17 1020 481.1
18 1080 509.4
19 1140 537.7
20 1200 566.0

1.0 6 03
2.0 7 03
3.0 8 0?
4.0 9 0
5.0 10 1
5.9 11 2
6.9 12 3
7.9 13 4
8.9 14 5
9.9 15 6
10.9 16 7
11.9 17 8
12.9 18 9
13.9 19 10
14.9 20 11
15.8 20 12
16.8 20* 13
17.8 20* 14
18.8 20* 15
19.8 20* 16

! the calculated values in this column are rounded up to the next whole number.

2 the calculated values in this column are rounded down to the next whole number.
3 these calculations give negative results which are taken as zero.

4 these calculations give results greater than 20 which are taken as 20.

cleanroom is classified. The 571 litres
of air are also the maximum amount of
air that needs to be sampled by the
sequential sampling method, although
it is hoped that the method will allow a
smaller amount to be sampled.

A LSAPC with a sampling rate of
28.3L/min is used in this example, and
it can be calculated that it will take 20
minutes to sample 566 litres of air
over 20 minutes. This is considered to
be acceptably close to the required
571 litres. Therefore, 20 samples of
one minute should be the maximum
amount of air sampling that is
required.

Shownin § Aisthe
information required to carry out the
sequential sampling at one location.
The first column gives the sequential
sample number and the second
column gives the total sampling time
that will elapse. The third column gives
the total air volume that has been
sampled after each sample.

The expected count after each total
sampling time is calculated by means

of ). ,!"& Aandshown inthe
fourth column of § A.The upper
and lower limits are then calculated
from the expected counts by use of

). ,!"&*t Band Cand the results
are shown in columns 5 and 6,
respectively.

The airborne particle count is
measured every minute at the
sampling location by means of the
LSAPC and the individual counts are
given in column 7. The observed
cumulative counts, which are running
totals, are shown in column 8.

The conclusion that is drawn after
every air sample is given in column 9.
The conclusions can be as follows:

1. If the cumulative observed count
has not dropped below the lower
limit, or increases above the upper
limit of the expected count, then
sampling has to ‘continue’.

2. If the cumulative observed count
drops below the corresponding
lower count limit, sampling is
stopped, as the cleanroom has

o B O O N O B O

continue
continue
continue
continue
continue
continue
continue
PASS

A A W W W L, L, O

passed its cleanliness classification
test at that location.

3. If the cumulative observed count
exceeds the corresponding upper
count limit, sampling is stopped, as
the cleanroom has failed its
cleanliness classification test at that
location.

4. If the cumulative observed count
does not increase above the upper
limit, or drops below the lower
limit, after the full sampling time
(20 minutes in this situation), the
cleanroom has passed its
cleanroom classification test at that
location.

It can beseenin  § Athatthe
cumulative observed count drops
below the lower count limit after 8
samples. Therefore, that sampling
location has passed the classification
requirement and testing can stop after
the eighth sample.

To help understand the sequential
method, the information in § Ais
usedin ! .* A Shownin ! .* A
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are the upper count limit (red line) and steps are given in Chapter 12. If these References

lower count limit (green line) taken
from § A Alsogivenin ! .* A
are the cumulative observed counts
(blue line). It can be seen that the blue
line (cumulative observed counts)
drops below the green line (lower
count limit) at the eighth air sample
and demonstrates that the test
location conforms to the I1SO Class 3
classification requirement.

The above description of the
sequential sampling method has been
given for a single location. However, to
classify a cleanroom, it is necessary to
sample at the number of locations
specified by ISO 14644-1: 2015. The
number of sampling locations for a
given floor area of a cleanroom is given
in § ABSA of Chapter 12. All of the
sampling locations should be tested by
the sequential sampling method and if
all pass the test, then the required
classification of the cleanroom is
confirmed. If one or more of the
locations fail the test, then the steps
described in ISO 14644-1: 2015 can be
taken to rectify the problem, and these

steps do not rectify the problem, the
cleanroom has failed the classification.
The time saved by sequential
sampling will vary according to the
required ISO classification of the
cleanroom, the size of the cleanroom,

1. ISO 14644-1:2015 — Part 1: Classification
of air cleanliness by particle
concentration. International
Organization for Standardization,
Geneva, Switzerland.

2. Cooper DW and Milholland DC. A

and the sampling rate of the airborne
particle counter. In many situations, the
savings of time can be considerable.

sequential sampling plan for Federal
Standard 209. Journal of the IES 1990;
33(5): 28-32.
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Advances in Cleanroom Technology — 2nd edition
William Whyte

The second edition of Advances in Cleanroom
Technology by international cleanroom expert Dr W
Whyte includes nine new articles. The book is divided
into seven sections with helpful introductions
explaining the background to each section and
summarising the key points. The cleanroom topics
discussed in these sections are: history of
cleanrooms; risk management and risk assessment of
contamination; airflow and measurement of air
supply; calculation of airborne concentrations of
contamination and air supply rates; validation of
sampling methods; sources of contamination from
people, surfaces, and air supply; deposition of
airborne particles.

The articles have been rearranged and the summaries
of each section improved to give a clearer and more
holistic approach, ensuring that this new edition will
prove even more helpful to anyone involved in the
design, testing and operation of cleanrooms. Full
details on the book can be found at

https://euromedcommunications.com/collections/cleanroom-publications/products/advances-incleanroom
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Avoiding false negatives: Assessing the suitability of
critical surface contact plate neutralisers

Tim Sandle
Abstract

Environmental monitoring in
cleanrooms requires an assessment of
the population of microorganisms on a
surface. Often the surfaces within
cleanrooms contain residues of
cleaning and disinfection agent. These
agents can suppress the growth of
microorganisms when surface samples
are taken (using the contact plate). This
tendency towards ‘false negatives’ can
be overcome by including a neutraliser
in the agar formulation. This article
describes the role of neutralisers and a
test method to assess neutraliser
suitability in overcoming disinfectant
residues.

Introduction

Cleaning and disinfection are
fundamental for microbial
contamination control within
cleanrooms used for pharmaceutical
manufacturing or healthcare-related
activities. Not only should the cleaning
and disinfection agents be suitable in
terms of efficacy, but the practices for
their application should also minimise
the presence of residues from the
cleaning and disinfection agents. EU
GMP Annex 1 (2022) states that
“cleaning programmes should
effectively remove disinfectant
residues” (4.33). While efforts should
be made to remove residues or to
deploy low-residue disinfectants, it is
probable that non-volatile residues,
from either detergents or disinfectants
(or both), will remain on surfaces for
some hours after application. The
consequence of residues can lead to
the potential for an underestimation of
the microbial population when an
attempt is made to recover organisms
from a cleanroom surface.

The primary method for the
microbiological examination of a flat
surface is the contact plate (consisting
of a raised, domed 25cm? surface of
microbiological agar culture media).
Contact plates are the primary method
of choice for quantitatively sampling
impervious surfaces for the presence of
microorganisms, generally showing
superiority over swabbing (for this
reason, swabs are best reserved for
narrow or non-flat surfaces)?. Despite
the relative advantage of the contact
plate for recovering microorganisms
from surfaces, there are limitations

with the level of recovery that might
reasonably be expected. This is due to
the degree to which the pressure and
time applied to positioning the plate
onto a surface can overcome microbial
surface attachment? which is itself
complicated by the types of organisms
and types of surfaces and the
physicochemical interactions between
them3. Recovery is further challenged
by the degree of surface roughness and
the length of time the microorganism
has been attached to the surface for?,
especially if a biofilm forms and a more
rigidly bound community, protected by
a polymeric matrix®, develops.

There are other limitations with the
recovery of organisms that have
undergo and adaptive stress response
to the cleanroom environment and
become unrecoverable on culture
media®; while for those organisms that
retain the ability to be resuscitated on
culture media there can sometimes be
issues with readability, such as when
the clumping or merging or colonies
occurs, which can affect the reliability
of plate counting. As such, no
conclusive microbiological surface
sampling method exists. Nonetheless,
the chances of recovery can be
improved through the use of devices to
control pressure; through the use of a
standardised contact time; and by
ensuring that disinfectant residues are
overcome through the inclusion of
neutralisers added to the agar during
plate manufacture’.

Hence, contact plates, used to
assess the microbial content of surfaces
within the cleanroom, are expected to
contain a neutraliser against the in-use
disinfectant(s). Thisis a
recommendation in the
biocontamination control standard 1SO
14698: 20038 and this recommendation
exists due to the likely presence of
disinfectant residues and the potential
for these to cause an under-estimation
of the ‘true’ microbial count. The
pertinent questions are: what is the
most appropriate neutraliser to use
and how can it be determined if the
intended neutraliser is toxic to the
microorganisms that we are seeking to
recover?

What are neutralisers?
A neutraliser, in the context of
disinfection, is a chemical or

combination of chemicals designed to
overcome the inhibitory effect of a
residual antimicrobial substance.
Cleanroom surfaces are subject to the
regular application of detergents and
disinfectants (often daily). Should a
contact plate take up disinfectant
residues alongside the contaminants,
this could suppress microbial growth
and lead to ‘false negative’ results.

Neutraliser selection

The selected neutraliser must be non-
toxic to the microorganisms expected
to be recovered; be able to stop
residual disinfectant activity; and,
importantly, be effective against each
disinfectant in use. This latter
requirement often proves the most
challenging.

A neutraliser can be a single
chemical additive or, more commonly, a
cocktail of chemicals. The chemical
composition selected will be based on
the class of disinfectant intended to be
neutralised. Examples include®:

< A combination of lecithin,
polysorbate 80 and L-histidine
neutralises aldehydes and
phenolic compounds.

< A combination of lecithin and
polysorbate 80 neutralises the
guaternary ammonium
compounds (QACs).

< Polysorbate 80 neutralises
hexachlorophene, ethanol
(including 70% IMS), isopropyl
alcohol, QACs, iodine, parabens
and mercurial derivatives.

< Sodium thiosulfate neutralises
halogen compounds.

< Lecithin neutralises
chlorhexidine.

< |-Histidine neutralises QAC’s and
aldehydes.

With the above, lecithin is the most
commonly used chemical (in
conjunction with polysorbate 80, which
is needed as a dispersal agent). Lecithin
is a plant-based, fatty amphiphilic
chemical. When combined with
polysorbate, the term ‘Letheen Media’
is sometimes applied®.

Some researchers argue that a
neutraliser is not needed when alcohol
is used as a disinfectant. This is based
on the risk of residues from alcohol
being relatively low, a phenomenon
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that arises since a large proportion of
the alcohol evaporates rapidly to leave
minimal detectable residue?®.

A common type of neutraliser used
to assess culture media used in
cleanroom environments is based on
Dey-Engley Neutralizing Agar'’, which
is widely used in the pharmaceutical
sector. This neutraliser was developed
in the later 1960s and early 1970s for
the specific purpose of adding to agar
used for environmental monitoring,
specifically to address concerns around
disinfectant residues'®. The additive
neutralises a broad spectrum of
antiseptics and disinfectants including
longer chain alcohols (including
ethanol and isopropyl), quaternary
ammonium compounds, phenolics,
iodine and chlorine preparations,
mercurials, formaldehyde and
glutaraldehyde?®. An example
formulation is:

< 40g/L Tryptone soya agar.
1g/L Agar.

0.7g/L lecithin.

5mL/L Polysobrate-80.

0.5g/L Sodium thiosulphate.
1g/L L-histidine.

1 Litre of demineralised water.

N N N N NN

These types of neutraliser agents
are added to an agar-based medium
like tryptone soya (a practice that
dates to the early 1970s)%. The
appropriateness of selection will be
theoretical until tested in practice
since any two disinfectants from
different suppliers may vary in terms of
composition or with the method of
preparation?!. Furthermore, the
guantity of residue remaining on a
surface varies depending on the active
ingredient and product formulation, as
well as the method of application.

Assessing neutraliser efficacy and
toxicity

The process of evaluating the
suitability: toxicity and efficacy begins
using variations of the suspension test,
where samples of disinfectants are
evaluated against different
formulations of neutralisers. Successful
combinations can next be taken
forwards to evaluate further, when the
neutraliser is incorporated into a
culture medium (when mixed with agar
to form the contact plate).

To assess efficacy, a neutraliser
efficacy (NE) recovery is performed.
These outcomes are determined by
comparing the recovery of identical
microbial inocula from the neutralising
solution in the presence, or the
absence, of a dilution of the

disinfectant under test. Different
statistical criteria can be applied to
measure acceptability, such as a 75%
recovery of the neutraliser with the
disinfectant compared to the
neutraliser without disinfectant?2.

There are different ways through
which the suitability of a neutraliser
included in the formulation of a
contact plate can be assessed. This can
include attempts at quantification,
whereby organisms are inoculated
onto different surfaces in the presence
of disinfectant residues and without?3.
This method is affected by the
unknown effects of microorganisms
binding to surfaces and is perhaps best
reserved for assessing the general
ability of a contact plate to recover a
known population from a surface (such
as when experimenting with different
contact times) rather than a
mechanism for assessing the
properties of a neutraliser.

An alternative approach for
examining NE is to develop an
assessment based on inhibition zones
by direct plating. With this method,
tryptone soya agar (TSA) with
neutraliser can be inoculated with the
disinfectant under test, at the working
concentration, and allowed to dry
according to the in-use contact time.
The contact time is the period required
for a disinfectant to contact with the
microbial cell, interact with it, and
then inactivate or kill the
microorganism. The test plate can be
evaluated against a control plate and
the growth patterns compared.

This method also enables toxicity to
be evaluated from the control plate
data. This occurs because the control
plate contains a neutraliser, but the
plate has not been exposed to the
disinfectant. This plate can aid the
assessment of neutraliser toxicity (NT).

In performing both NE and NT
studies a range of suitable
microorganisms must be selected,
including those typically recovered
from a cleanroom environment.
Sometimes outcomes vary in terms of
a difference between different types of
microorganisms. For example, a Gram-
negative bacterium (like a
Pseudomonas species) is often more
susceptible to neutraliser toxicity than
a Gram-positive bacterium (like a
Staphylococcus species)®.

Zones of inhibition approach

For the ‘zones of inhibition” approach,
the neutralisation efficiency of a
contact plate a quantity of disinfectant
at the in-use concentration is spread
directly onto the agar surface of a

neutraliser-containing agar plate. The
guantity of disinfectant applied is
often 25uL. A volume of 25uL per
55mm contact plates corresponds to
10mL disinfectant per m2. Not only
does this present a suitable challenge
in terms of the volume of disinfectant
applied to an area of cleanroom
surface?®, it also facilitates a suitable
drying time and is of a sufficiently
small volume as to avoid packing cells
on top of cells (which can create false-
positive results).

After an exposure period designed
to allow the plate to absorb the
disinfectant, the plates are inoculated
with between 10 to 100 cells of
challenge organisms (individual plates
were individual organisms). It is
recommended to avoid mixing cultures
and instead to use individual
organisms (this is because, typically,
one organism will outgrow another).

Microbial challenges can be
estimated using McFarland standards
(made using barium chloride and
sulphuric acid) and a densimeter?®.
These provide a reference to estimate
the turbidity of bacterial suspensions
so that the number of bacteria will be
within a given range to standardize
microbial testing. Alternatively, optical
cell density can be determined against
a standard curve using a
spectrophotometer (as light passing
through a suspension of
microorganisms is scattered, the
resultant amount of scatter is an
indication of the biomass present in
the suspension)?®.

When inoculating plates, a control is
required. This will be a contact plate
without disinfectant, and this should
be compared with a TSA plate to which
the disinfectant has been added.

Once the aliquot has been applied
to the surface of the agar and it should
be spread this evenly across the
surface using a sterile spreading device
(such as a commercial L-shaped
‘hockey stick’, in the form of a sterile
glass or plastic bent rod). The
inoculated samples should be
incubated for a short time period, such
as 30-35°C for 1-3 days for bacteria
and 1-5 days at 20-25°C for fungi. The
temperature ranges reflect the
preferred growth ranges for the
organisms; the slightly longer time for
the incubation of the fungal cultures
reflects their slightly slowly metabolic
activity.

Following incubation, the recovery
of microbial growth with no
interruption across the surface of the
agar containing neutraliser is indicative
of a satisfactory neutralisation of
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disinfectant by the neutralising agents
present in the agar. In contrast, where
interruption of the microbial ‘lawn’ is
observed, what is termed a “zone of
inhibition”, this indicates that the
disinfectant residues have not been
deactivated by the neutralising agent in
the agar and hence the disinfectant has
inhibited the microbial suspension in
contact with the disinfectant aliquot. In
such cases the neutraliser is unsuitable.

Suitable organisms to use in the
study could include:

< )% /1$$ +( + +((ATCC

6538)

< H+( (+ ) ! ( (ATCC 6633)

< (+ $U$# (0 + #$( (ATCC
9027)

< # I #( (ATCC 10231)

< (Wt oMt (! #(((ATCC

16404)

The reference to ‘ATCC’ indicates the
organism’s traceability to the American
Type Culture Collection. With these
organisms, 5 +" +(iisa common skin
commensurate; 5 (+ )!(is aspore-
forming environmental organism; 5

"+ #$( is a human pathogen and
common to untreated water systems;

5 1 #(is ayeast-like fungus
associated with human skin; and 5

" (! #( (is a common filamentous
fungus found in the external
environment. These organisms feature
in a number of chapters of the
European Pharmacopeia as
recommended challenge organisms to
evaluate bioburden determinations of a
range of substances.

Evaluation of toxicity and/or
efficacy

The described method enables a given
contact plate containing a specific
neutraliser, exposed to a disinfectant,
to be evaluated either with plates
containing the neutraliser (but not
subjected to disinfectant exposure.

Examples

To illustrate the types of observations
that may occur, ! .* Ashows a test
plate containing a neutraliser exposed to
a disinfectant, subsequently challenged
using the organism M+ (+ *I (.

I _* Ashows the presence of
inhibition. Therefore, the particular
neutraliser is unsuitable for its intended
purpose.

Alternatively, had the same organism
not showing inhibition it would show
growth more characteristicof ! .* B.

I .* Cshows a control plate for 5

" (! #( ((containing a neutraliser in
the absence of a disinfectant) and

| _* A5B. subtilus "&*"§(§, °*
& xSl ¥ %

i’
(W T4
+ "0k

Io*B5 S, & -/ &S,
B. subtilis *"0O, §

I _* Ddisplays the corresponding
test plate, in the presence of a
disinfectant.

In contrast, had 5 " (! #((
showing inhibition, this might be
characteristicof ! .* E.

Different organisms will produce
different growth patterns. ! .* F
shows the growth of 5 +" +( with a
slight indication of inhibition.

I _* CSA. brasilensis "&,*"$(§ , "*
& ¢+ * 2

I _* DSA. brasilensis , +, 5, "*
& ¥l %

I _* G shows the different
growth pattern produced by (5

"+ #$( (agreen pigment) anda
different type of inhibition forming in
the centre of the plate.

As an alternative to the qualitative
assessment from the ‘zones of
inhibition’ approach, an attempt can be
made to quantify the colonies and look
for recovery differences between the
test plate and the control plate.

POoES /Ot H S #E TES(@E, O

& 1 1-"86

— V
I .* F5S.aureus, +, ¢, 6
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\\
N\

I .* GhPs.aeruginosa , +, ( , 6

Summary
As assessment of cleanroom control

within pharmaceuticals and healthcare

requires environmental monitoring to
be performed. For surface monitoring,
the contact plate is the method of

choice. The data from monitoring using

contact plates will be adversely affected

if the medium does not contain a
suitable disinfectant neutraliser. To
assess the suitability of the neutraliser,

an understanding of its effectiveness to

neutralise (as well as its relative toxicity)
is required. One approach, as illustrated

in this article, is the zones of inhibition

method based on direct plating. This is a

relatively straightforward method and
one adaptable to most microbiology
laboratories supporting the cleanroom
environment.
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Industry standard and specialist solutions
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www.cherwell-labs.co.uk

smoke systems

The specialists in
all things smoke!
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Using a quality assured, scientific approach to
raise the standards in Sterile and Non-sterile GMP
cleanroom energy use around the world.

energy&

reduction solutions
knowledge « experience - frust « success

CLEANING & DISINFECTION
OF CLEANROOMS:

AN INTERACTIVE ONLINE
TRAINING MODULE

The new Pharmig Training Portal gives your team access to superior online training.
A series of detailed videos cover:

Introduction to cleanrooms
Disinfectant selection, storage & usage
Cleaning techniques

These are followed by a series of multiple choice assessments on key subject areas
relating to your team’s role in the cleanroom environment.

On successful completion of the entire module, participants will be issued

with a formal certificate. Introducing the NEW TRAINING
The module is designed for Production Operators, Cleaners, online training tool from
and QA. This online training module can also be used as part the training experts. \ PORTAL

of hygiene training for anyone that enters a GMP cleanroom
(eg QC, Engineers etc).

QUANTIFIABLE

Phar‘mlg For further information, please contact:

XCELLENCE IN MICROBIOLOGY

info@pharmig.org.uk or visit www.pharmig.org.uk

(© @pharmig_group {3 Pharmig (Excellence in Microbiology) [ @PharmaMicro [ Pharmig (Excellence in Microbiology) (@ Pharmig Microbiology
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Go Paperless in Your Cleanroom with ApexZ
Bddvsbuf!FowjsponfoubntNpojupsjoh!Ebublup!NffulQibsnb!5/1!boe!Boofy2!DDT

LEARN HOW

ApexZ'enables!alfast!pathlto!paperless!with!easylintuitive
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” PARTICLE Complete Cleanroom
MEASURING . . ) )
e e Contamination Monitoring

Contact us direct in the UK and Ireland
E -E pmeasuring.com

A T: +44 (0) 1733 454 207

[E%%=  E: info.uk@pmeasuring.com

~ Compliance

Global regulatory expertise
Precision A

with a Purpose

~ . [PASS
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Helping you scientifically
interpret the data and
yeur environment
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https://www.pmeasuring.com/product/remote-particle-counter-isoair-pro/
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A higher classification of clean

The essence of 70 years thinking. Everything we do grows from a constant dialogue with our
customers. This made us a world leader in innovative cleaning solutions for controlled environments.
We provide a complete contamination control concept including planning, trial programs, training
and after sales care.

We believe in making people work smarter, not harder. That is why we focus on ergonomics,
performance and design at every stage of the R&D phase, while using unique and patented
technologies. All that to help you realise a higher standard, a NEXT LEVEL CLEAN, sustainably!

Discover the details at: a brand of

https://ce.vileda-professional.com VN FREUDENBERG




Events/Training Courses

Events

2025 Event Location

March 25-27 Lounges Cleanroom Processes Karlsruhe, Germany
March 25-27 ContaminExpo Paris, France

April 29-30 Making Pharmaceuticals Coventry, UK

May 5-8 ESTECH 2025 Orlando, USA

May 21-22 Cleanroom Technology Conference Birmingham, UK
November 10-13 Educon Schaumburg, Illinois, USA

Training Courses

CCN (Contamination Control Network) www.theccnetwork.org

2025 Event Location
February 26 CTCB-I Advanced Cleanroom Technology Letchworth UK
May 7 CTCB-I Introduction to Cleanroom Technology On-line
May 13-15 CTCB-I Cleanroom Testing (Professional and Associate level) Letchworth UK
August 7 CTCB-I Introduction to Cleanroom Technology On-line
October 15 CTCB-I Advanced Cleanroom Technology Letchworth UK
October 21-23 CTCB-I Cleanroom Testing (Professional and Associate level) Knutsford UK
November 6 CTCB-I Introduction to Cleanroom Technology On-line
2025 Event Location
May 6 Cleanroom Classification and Monitoring using 1ISO14644-1&2 Orlando USA/virtual
May 7 Implementation of 1ISO14644-3 Test Methods Orlando USA/virtual
May 8 Fundamentals of Cleanroom Operations with the new changes

to 1SO14644-5 Orlando USA/virtual
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I Precision Health Join us
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Unigque cleanroom
Investment opportunity

Become part of our journey
contact us to find out more.
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Make the connections | Access our clinicians | Drive collaborative innovation
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8 SGL

Pre-Poured Culture Media from SGL

FACILITATING
PHARMACEUTICAL
MICROBIOLOGY

AIRCHECK® 90mm EM PLATES

90mm plates for Environmental monitoring. Multi-layered packaging

to facilitate transfer from non-critical to critical. Gas impermeable
packaging to allow decontamination with Vaporised Hydrogen Peroxide
(VHP).Gamma Irradiated.

BOTTLED & BAGGED CULTURE MEDIA

Pre-Poured Liquid & Solid Media in bottled and bagged format for
Rsdgiitsx Sdrsimf: Ain,Atgcdm™m kxrirt Ogdrdgu”siud Derb ™ bx sdrshf-

Air Techniques
" INTERNATIONAL

Key Benents

T Large, 4.3-inch color touchscreen

T Supports 21 CFR Part 11 compliance

T Enhances data integrity and quality control

T Saves all scan data on the iProbe Plus

T Optional password protection

TUmproves eGciency and saves time

T Use with your current 2i photometer
(Tplug and playi)*

* 2i main unit must be at nrmware rev 4.6.1 or higher

SCAN FOR
DETAILS

Q +44 (0) 1462 676446

Secure data storage, reporting, and traceability in the palm of your hand.

}A salesUK@ATItest.com

SURFACECHECK® CONTACT PLATES
Contact plates for Surface Monitoring. Multi-layered packaging to
facilitate transfer from non-critical to critical. Gas impermeable

packaging to allow decontamination with Vaporised Hydrogen Peroxide
(VHP).Gamma Irradiated.

BESPOKE CULTURE MEDIA

Specialist manufacture of pre-poured media formats where formulation
format & QC can all be tailored to suit your process.

iProbe Plus Scanning Probe

@ www.ATltest.com

www.cleanairandcontainment.com
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https://www.sglab.com/

CONTEC

CLEANROOM

A"
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Annex 1 compliant cleaning
and disinfection

Contec ProChlor

Fast acting sporicide
with multiple modes
of action.

Contec CyChlor

Fast acting broad o
spectrum disinfectant
for everyday use
against bacteria

Contec PeridoxRTU

Fast acting sporicide with a

and yeasts. 3 min contact time.
@ | .
o YONTEC o
VUTRAKLEAN PROCHLOR
Contec NeutraKlean :
: Contec 70% Alcohol

Low foaming neutral pH
detergent. Ideal for low level
cleaning in cleanrooms.

IPA and denatured ethanol,
with sterile, low endotoxin and
filtered options available.

Introducing the Contec range of cleanroom
detergents and disinfectants.

To learn more about the range, request a sample or talk to one of our

experts, visit emea.contecinc.com/annex-1-compliant-cleaning

@) scanme

Clean connisy trmost


https://emea.contecinc.com/annex-1-compliant-cleaning

