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Give yourself a fighting chance against process contamination.
With pressure and temperature measuring technologies from
WIKA, you can completely eliminate or reduce dead spaces
introduced by instrument connection points. Contaminants
will have no where to hide, meaning your cleaning processes are
more effective and efficient.

Contact WIKA to see how you can reduce the risk of
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PHARMACEUTICAL MANUFACTURING: SPECIAL REPORT

Beyond Compliance

New research evaluates current industry standards for dead legs in biopharmaceutical processing equipment

By Karen Langhauser, Chief Content Director, Pharmaceutical Manufacturing

O Biological products and pro-
cesses can be highly prone to
contamination. Contamination can
be both dangerous and costly, as it
introduces the potential for issues
such as loss of potency, product
variability and impurity. “Contam-
ination usually indicates you are no
longer in control of your process.
On the high end, bacterial con-
tamination could easily approach

a seven-figure price tag, especially
once you take into consideration
product loss and the cost of erad-
icating the issue and reporting

this to regulatory agencies,” says
James Dean Vogel, P.E., founder

and director of The BioPro-
cess Institute.

To ensure the manufacture of
safe, potent and pure drug prod-
ucts, an understanding of microbial
entry points is critical. Contami-
nating microorganisms can enter
the production process from several
sources, including the facility,
equipment, process operations, raw

materials, water or personnel.

EQUIPMENT CONTAMINATION
CHALLENGES

Bioprocess equipment is designed
to be cleaned, sanitized or ster-

ilized to mitigate the risk of
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contamination from the environ-
ment and from carryover/crossover
contamination. Additionally,
clean-in-place or steam-in-place
procedures are developed and val-
idated to support effective removal
of potential contaminants, such
bacteria and residual proteins
between processes.

Branch tee connections on
equipment are a known challenge
in preventing process contamina-
tion especially when they aren’t
properly installed or maintained.
Such connections are commonly
used to position measurement
instruments in the process flow
for accurate monitoring. Instru-
mentation, such as temperature
probes and diaphragm seal pressure
gauges, are typically attached to tee
connections using hygienic clamps,
which are commonly called “tri-
clamp fittings. This technology is
more than 50 years old, originating
in the dairy industry where the
connectors were simply taken apart
and cleaned manually. However, in
CIP and SIP equipment cleaning
processes, these connection points
create “dead legs” when branch tee

connections are capped or closed
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off. The ASME BPE standard
defines a dead leg as “an area of
entrapment in a vessel or piping
run that could lead to contamina-

tion of product.”

ESTABLISHING AND
EVOLVING STANDARDS FOR
EQUIPMENT CLEANABILITY
Industry standards guiding the
requirements for the design of
bioprocessing equipment were
non-existent until the American
Society of Mechanical Engineers
(ASME) stepped up to the plate
30 years ago. ASME created the
bioprocessing equipment standards
(BPE) for the systems and compo-
nents that are subjected to cleaning,
sanitization and/or sterilization in
the manufacture of biologic prod-
ucts. According to Vogel, BPE
standards became the “cookbook”
or “design guide” followed by those
building bioprocessing systems.
ASME BPE guidelines specif-
ically address the cleanability of
dead legs and set recommenda-
tions for the proper ratio of L/D,
where L is the process length and
D is the inside diameter of the
branch. Initially, an L/D ratio of
six was the maximum acceptable
ratio. However, multiple studies
promoted designing to an L/D of
less than two — and as fabrication
methods improved, making smaller
L/D ratios achievable, it became
the standard. The prevailing opin-

ion is that optimum cleaning of

process piping can be achieved with
a tangential turbulent flow rate of
5 feet/sec, and that solution pass-
ing through a pipe at this velocity
would be sufficient to clean-in-
place the piping with branches
having an L/D less than two.

'This requirement for L/D of
< 2 created new challenges in

equipment, components, and

done, examining the flow condi-
tions required to displace air from
piping branches in a timely manner
so that the cleaning solution comes
in contact with the branched piping
components being cleaned-in-place.
A series of experiments were
conducted over a wide range of flow
rates, different geometric configu-

rations, two different temperatures,

Branch tee connections on eguz']bmenz‘ are
a known challenge in preventing process
contamination especially when they
aren’t properly installed or maintained.

process piping design; and with
little specific test data for the new
standard, its validity was called
into question. When new data

and studies were presented to the
ASME BPE Committee, it was
decided that further research was
required and the Branch Leg Study
for Bioprocessing Equipment

was commissioned.

THE ASME BPE BRANCH

LEG STUDY

The Branch Leg study focused on
effective cleaning of equipment
dead legs, specifically looking

to identify the flow conditions
required to ensure contact of clean-
ing solution with the branched
connections in bioprocessing equip-

ment. Several experiments were
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and different back pressures. The
study explored the flow of straight-
through tee connections and

right-angle tee connections.

BRANCH LEG STUDY FINDINGS
'The study confirmed that a high
flow rate is the driving factor for
optimized removal of air in bio-
process piping systems. More
specifically, the study determined
that at the traditional 5 feet/second
flow rate, all air is not removed from
a standard vertical tee connection.
This means that flow rates
greater than the traditional 5 feet/
second are required to remove air
in the piping systems. “Removal
of air is key and often overlooked.
Adjustments may need to be made

to installations after considering
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airflow. The issue is not as straight-
forward as the industry originally

thought,” says Vogel.

ADDITIONAL CHALLENGES

— COMPROMISES FOR
CLEANABILITY

Several key findings and rec-
ommendations were proposed,
however, it’s important to note
that the recommendations were-
based on optimizing air removal
other factors for cleaning and
sterilization were not taken into
consideration. As such, there is
still a gap in terms of bioprocessing
equipment installation that leaves
end users challenged when working
through the specifics.

For example, one observation
made was that the rotation of the
brand leg influences its ability to
clear the air pocket. The study
verified it is easiest to displace the
air from a tee installed in a hori-
zontal line when it is rotated so that
the branched portion is directed
straight downward. Accordingly,
the study recommends that piping
systems are designed with only
downward pointing branches, as air
is most easily removed from down-
ward pointing branches. In practice,
however, this is not suitable for
sterilization nor is it an acceptable
practice in the BPE guidelines, as
it creates a drainability issue, which
also permits contaminants to accu-
mulate in a branch leg. A system

that is optimized for lower flow rate

and velocity then compromises the
system’s sterilization.

Another solution to this problem
is to drastically reduce the length of
the tee as ASME BPE Short Order
Tees perform better than the stan-
dard BPE Tees. Or, an even better
option is to eliminate branch leg
connections altogether.

Fortunately, equipment manu-
facturers have proven solutions that
can accommodate this installation
technique. WIKA, for example,
offers an Inline™ diaphragm seal
that reduces the need for tri-clamp
connections. Due to their circular
design, the seals can be mounted
directly into the pipeline, mean-
ing no special measuring point
connection is required. Through
the integration into the process
line, turbulences, dead spaces,
corners and other obstructions
can be avoided. WIKA takes it
a step further with a bioprocess-
ing-specific thermowell that can
be incorporated by orbital welding,
meaning no sealing in contact
with the product is necessary for
the integration in the pipeline. By
impressing the body of the pipe
in order to adapt it to the sensor
thermowell, the dead spaces that
are normally unavoidable during
extrusion are eliminated. This pre-
vents any deposits of products or
cleaning fluid while on the other,
it significantly facilitates emptying
and cleaning and thus makes the

cleaning process much safer.
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WHERE TO GO FROM HERE

'The high risk involved with bio-
pharmaceuticals means there

are high demands placed on the
hygienic design of bioprocessing
equipment. Current research sug-
gests that even these demands are
not high enough when it comes

to effective cleaning of equipment
dead legs. While it’s understandable
that processors with effective instal-
lations might be hesitant to change
the process (the whole “if it’s not
broken, don’t fix it” adage applies
here) the aforementioned ASME
BPE study is particularly of value in
instances of new installs or if a plant
is struggling with contamination
issues. Applying these new findings
to your installation plan can add
additional insurance to show you
are better in control of your process.

“It’s equivalent to riding in a car
without a seatbelt. If you're looking
to reduce your odds of injury, one
way to do that is to buckle your
seatbelt,” says Vogel.

When selecting and installing
equipment that meets and exceeds
cleanability standards, leveraging
the latest state of the art technology
and hygienic design from reputable
suppliers can also help achieve ideal
conditions for affordable and safe
production of bioprocessing products.

“Every process is unique. These
study findings suggest ways to
create the right conditions in order

to have a better process,” says
Vogel. O
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OEM Improves Micronization

Process with Inline

Measurement Technologies

Pharmaceuticals are not cheap to manufacture. The extensive research and

clinical trials required to develop and market a new drug are a major factor in

the overall cost to enter the market. What’s more, many cutting-edge med-

ications today require complex and expensive manufacturing processes,

meaning a glitch in production can have substantial financial implications.

By Michael Muth, Market Segment Manager, Food

and Pharma, WIKA Instrument, LP

O Given the current situation,
pharmaceutical companies and
their suppliers are constantly on the
lookout for ways to improve effi-
ciencies, streamline manufacturing
processes, and at the same time,
minimize production risks. WIKA
recently collaborated with a global
pharma industry supplier (OEM)
on a project to improve flow char-
acteristics and dramatically reduce
the potential for contamination in a
grinding and dispersing process.
Grinding, often called micron-
ization, is a critical part of many
modern pharma manufacturing
processes. The size of the parti-
cles that comprise the pill, tablet
or capsule is critical in the bio-
availability of a drug—how fast
it dissolves and how long it stays
in a person’s system. A very fine

particle size often means higher

bioavailability, which is typically
the industry preference because
the medication requires a smaller
proportion of active ingredients.
This, in turn, translates into
fewer side effects for the patient
and a lower production cost for

the manufacturer.

ADDRESSING PRODUCT
QUALITY, CONTAMINATION
CONCERNS

With its new micronization system
design, the OEM was seeking to
improve product quality and min-
imize contamination. They had
determined that instrumentation
connection methods were con-
tributing to these issues in other
system designs. Depending on how
instrumentation is installed, proper
cleaning can be difficult, which

invites the risk of contamination.
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Or, the instrument can be posi-
tioned in a way that interferes with
process flow, which can impact
product quality.

For design assistance, the
OEM requested a consultation
with WIKA. Discussions cen-
tered on temperature and pressure
applications for the OEM’s new
micronization system and how
instrumentation could be better
configured to address product qual-

ity and contamination concerns.

PROBLEMS SOLVED WITH
INLINE MEASUREMENT
TECHNOLOGY
WIKA’s engineering team collab-
orated with the OEM’s engineers,
and together they decided that an
Inline™ diaphragm seal system
would be the ideal solution for
reliable cleanability and obstruc-
tion-free pressure measurement in
the compact micronization system.

WIKA’s Inline diaphragm seal
allows for true laminar flow of
process media. With its cylindrical
diaphragm design, the Inline dia-
phragm seal system can be mounted
directly into the process line. Tur-
bulences, dead spaces, corners and
other obstructions are thereby elim-
inated, helping alleviate issues that
can lead to off-quality product and
process contamination.

To further address the issues of
cleanability and obstruction-free
pressure measurements, WIKA

provided the Inline diaphragm
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seal assembly fitted with a pres-
sure transmitter that is specially
designed to prevent contaminants
from collecting after wash-down.
'The OEM also adopted WIKA’s
flow-through RTD thermowells
for temperature measurement,
which can also be mounted directly
into piping and eliminate all

dead space.

IMPROVEMENTS REALIZED
BY MINIMIZING, IMPROVING
INSTRUMENT CONNECTIONS
The OEM engineers were
extremely pleased with these
improvements to their micron-
ization process. By addressing
potential blockages in the process
flow, the OEM’s micronization
system offered reliable product
quality. Plus, the Inline diaphragm
seal assembly notably improved
cleanability by eliminating four
pain points: two dead leg spaces
related to instrumentation, and two
tri-clamp fittings in the system.
Dead legs, also called branch
legs, are a well-known source of
contamination. Dead legs are
common in instrumentation tee
connections because air pockets
can form and prevent cleaning
solution from reaching all surface
areas. 'The gaskets associated with
tri-clamp fittings are another
known source of potential con-
tamination. Under-tightening of
a gasket can lead to process media

escaping or unwanted crevices.

With its new micronization system
design, the OEM was seeking
to improve product quality and
minimize contamination.

Over-tightening can lead to gasket
breakdown, which can force small
pieces of the gasket into the process
or restrict pipe drainage. Getting
rid of these four potential sources
of contamination resolved many of
this OEM'’s design challenges.
Additionally, the flow-through
RTD thermowell makes it pos-
sible to calibrate the temperature
without opening the process.
Assuming a quarterly calibration

schedule, that’s fewer incidents

per year of potentially introducing
contaminants and exposing the
manufacturer to other costly risks.
It also means savings in water costs
by not having to clean the piping
again to sterilize the system.

'This OEM and its pharma cli-
ents are realizing the benefits of the
new and improved micronization
process. In fact, discussions are
underway to update to older sys-
tems with WIKA solution-driven

technologies. [

Quality is Priceless Because

Deviations Are Expensive

The cost of a bioprocess component is not simply the price of the gasket,
diaphragm or hose. Beyond the purchase price and the cost to qualify the
component and its supply chain, comes the expense of any deviations that
may occur. Deviations are often more expensive than assumed because

they have so many hidden costs.

By Maureen Eustis, Technical Communications

Coordinator, Bioprocess International

O Whether we like it or not, devi-
ations are a part of every business.

'The quality of biopharmaceutical
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drugs depends directly on how the
industry responds to these devi-

ations. However, the manner in



PHARMACEUTICAL MANUFACTURING: SPECIAL REPORT

which they respond to the sever-
ity of the event and its potential

to affect future batches varies
significantly. The ability of the
organization to obtain an effective
understanding of the event, usually
depends on the maturity and size
of the organization. This degree of
difference can be increased by the
current business situation within
the organization and its avail-

able resources.

Consider a fighter jet that crashes
after its pilot ejects because of a bad
locking pin on one of its wing flaps.
Besides the loss of the $10 pin,
you can add on the loss of the $15
million aircraft, future productivity
slated for that plane, the accident
investigation, the damage caused
on the ground, and the cost of
replacing the faulty pin in each and
every other aircraft in the fleet.

In the biopharmaceutical indus-
try, a process component is similar
to that locking pin: necessary but
has potential to cause a financial
disaster or worse. In terms of the
bottom line, a quality component
performs well. When a component
performs well, in the short term,
the result is the direct savings of
thousands of dollars. Good perfor-
mance can also prevent millions of
dollars in losses from nonconfor-
mance events, investigations, and
corrective and preventive actions,
as well as the risk to the quality,

safety and efficacy of the drug

product and having to report to
the FDA.
CFRs Sec. 600.14 (Reporting
of biological product deviations by
licensed manufacturers) requires,
in part, that “you must report
any event... (which) represents
a deviation from current good
manufacturing practice, applicable
regulations, applicable standards,
or established specifications that
may affect the safety, purity, or
potency of that product.”
Technically sound solutions, such
as implementing the use of qual-
ity components, lower risk to the
process. Lowering risk fosters oper-
ational excellence. If you decrease
potential threats to the patient, the
purity of your product, the personal
safety of your employees, potential

for property loss, and the integrity

of the business, you proportion-
ally increase the quality of your
operation. Operational excellence
means lower costs. This is evident
through better run times and plant
throughput, less maintenance,
fewer deviations/investigations,
and more time focused on the busi-
ness instead of the crisis.

Whether good or not, a bio-
process component reaches much
farther than the fittings on either
side of it. A better performing
component increases the probabil-
ity of a more robust process, a more
pure and stable drug substance, a
reduced risk to the entire process,
better cGMP compliance and pro-
cess reproducibility. The cost of a
poorly performing component goes

up exponentially, as the batch size
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increases, and the plant production
is at or beyond its capacity.
According to a 2008 BioPlan
Associates survey of 145 Com-
panies, published in BioProcess
International, batch failures occur
on average every 40 weeks. For
batch sizes smaller than 1,000
liters, these failures were blamed on
contamination, equipment failure,
and/or operator error. For batch
size greater than 1000 liters, the
causes were attributed to material
failure, equipment failure, and
cross-product contamination.
Quality isn’t cheap, but

the cost of a single deviation can

escalate quickly. And, this is before

the impact on safety, quality and

efficacy of the final product is taken

into account.

In addition to the obvious loss of

product costs, in the case of a major

deviation such as a contamination,
the corrective action is man-

aged as a project (already sounds
expensive), and all corrections are
implemented to affected equip-
ment, procedures, etc. The project
assures that all required steps are
taken with all affected equipment
and business practices. These steps
usually include, documentation

changes (component specifications,

batch records, SOPs), equipment
changes (components, piping
changes, validation, performance
testing), and changes to business
practices (training, vendor con-
tracts, global specifications). The
meter keeps running. And you're
not done yet because then the con-
tamination task force presents its
formal report to management and
releases the process/plant for pro-
duction. Finally, the process/plant
contamination log is updated and
reported to the regulatory author-
ities. If you’re keeping score, the
end user is losing more than just

capital. O

Identifying Contaminants in

Pharmaceutical Manufacture

In-process testing for contaminants is only as good as the methods used, so employing carefully developed and

validated protocols is essential

By Gayla Velez, general manager, Laboratory Services, SGS Lincolnshire

O One of the many factors that
must be considered when manu-
facturing a pharmaceutical product
is the control and prevention of
contamination. The presence

of something unexpected and
unwanted within a dosage form can
pose serious risks to patients and,
rightly, regulators demand that any
contaminants are documented, and

that their levels are below specific

tolerances deemed safe. Ensuring
that the levels are controlled within
these limits is an important part
of any manufacturing process, and
suitable analytical techniques must
be developed to prove that these
standards are being met.

Various regulatory agencies
publish guidance documents to
assist manufacturers in meeting the

pertinent regulatory specifications.
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Examples of these documents
would be USP General Chapter
1086 in the United States, or EP
General chapter 5.10 in Europe.
Other relevant documents include
ICH Q3 a, b, ¢ & d, European
Monograph 5.10, and EMA doc-
ument CPMP/QWP/1529/04.
Every global regulatory agency will
have some variation of guidance

document to assist in meeting its
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own individual requirements for

impurity control.

In the U.S,, regulators require
screening to be carried out for
three types of impurities: organic
impurities, inorganic impurities and
residual solvents. The organic impu-
rities are generally process-related,
being created as by-products during
the synthesis or purification of the
molecule, or they might be an unre-
acted starting material or reagent.
Inorganic impurities are typically
substances that have been added
during the process, such as catalysts
and other chemicals that might be
required for the reaction to proceed.
Residual solvents can remain from
the synthesis or, more likely, be left
over from the purification process.
Again, these have been deliberately
added during the process.

Identifying true unknowns is
usually a very slow and expen-
sive business, so the first step in
monitoring for contaminants is to

develop a thorough understanding

of the process. This allows predic-
tions to be made for what might be
present, and therefore what should

be tested for.

INORGANIC IMPURITIES
Because of the regulatory require-
ments for routine testing, elemental
impurities are the most common
tests to be run. Arsenic, cadmium,
mercury and lead levels must
always be tested, regardless of how
likely they are to be present in any
given sample. They can be found
in natural sources, with lead the
most common, and their toxicity
has led to their inclusion in testing
monographs. Any other metals that
might have been added during the
synthesis, such as catalysts, must
also be checked for.

Inorganic impurities are typ-
ically monitored via inductively
coupled plasma techniques, either
via optical emission spectrometry
or mass spectrometry. Atomic

absorption spectroscopy can also
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be appropriate, depending on the
levels that are being tested.

The safe levels of any metals that
may be present must also be taken
into account. What is deemed
acceptable greatly depends on the
size and form of the dosage that
will be administered to patients.
Limits for oral formulations are
generally less strict than they are
for products that will be admin-
istered parenterally. The more
frequently the tablets are taken,
or injections are given, the lower
those limits will have to be in order
to preserve patient safety.

However, the dosage method
and level is often unknown early on
in the development process. This
poses a particular challenge for a
contract lab, as the client may have
no idea whether the product they
are developing will be given as,
say, a 250 mg oral dose, or a 100
pg injection, and the limits will be
very different. The contract labo-
ratory’s job is to advise the client
what their options are. It might be
appropriate to test each individ-
ual component that goes into the
finished drug product, or it could
be preferable to focus solely on the

finished product.

ORGANIC IMPURITIES

As organic impurities are most
likely to be process-related, a sound
knowledge of the synthetic route,
and an understanding of what

side-products might be generated
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during the reaction, are important.
These will give a starting point for
identifying what impurities could
be present, rather than having to
undergo the slow, laborious and
expensive process of identifying
true unknowns.

It is, of course, impossible to
predict everything that might be
present. Any unexpected peak
in a mass spectrometry analysis
should be investigated and eval-
uated for potential toxicity. If the
culprit is not toxic at this level, no
further action is required besides
its monitoring. Anything truly
unknown needs to be identified
and characterized before its toxicity
can be determined. This can often
be a slow and laborious process.
Modern advances in mass spec-
trometry detection, coupled with
gas chromatography (GC) and
high-performance liquid chro-
matography (HPLC) separation
techniques, have greatly improved
this process.

Any problematic organic impu-
rities will have to be controlled
in some way in the manufactur-
ing process. This may involve
changes to the purification pro-
tocol to ensure the impurity is
more effectively removed; if this
proves impossible, then the only
solution may be to modify the con-
ditions of the synthesis to ensure
that it is not made, or, made at
a level that is sufficiently low to

meet specifications.

Either way, if it is known that
a potentially hazardous organic
impurity can be produced, then the
process must be carefully moni-
tored for its presence on a routine
basis. The monitoring does not
involve further complex identifi-
cation, but uses a validated testing
protocol that can definitively say
whether the impurity is present,
and at what level. This testing is
an important part of controlling
impurity levels in a product, and
preventing problems further down
the line. Any resulting product
recall would obviously be much
more expensive.

Most organic impurity testing is
carried out by HPLC techniques.
Where appropriate, other meth-
ods can be employed, including
Ultra-Violet (UV) spectroscopy, or
even simple thin layer chromatog-
raphy, depending on the level of
specificity required.

RESIDUAL SOLVENTS
Although they are also organic in
nature, identifying residual solvents
is much more straightforward.
'The identities of all the solvents
that have been used throughout
the process are known, whether
they were employed as a reaction
medium or in purification, and
thus, it is usually a relatively simple
task to develop a method for rou-
tine monitoring,.

Gas chromatography is the most

common technique for residual
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solvents. A few solvents, such as
high-boiling solvents or organic
acids, do not respond well using
traditional GC detection tech-
niques. Customized GC methods
or ion chromatography techniques
must be developed and validated
in order to monitor these types

of solvent.

CONTAMINATION CONTROL
Most manufacturers will have a
good idea of exactly what chemical
contaminants they need to con-
trol before approaching a CRO

for assistance, so the analytical
process rarely needs to be started
from scratch. They are much more
likely to be looking for assistance
in developing a validated method
for detecting a contaminant that
they know may be problematic. A
precise, linear and robust method
is required for the detection of a
contaminant. This requires thor-
ough validation testing, performed
according to a well-documented
protocol that would be appropriate
for a regulatory filing.

If an unexpected and unknown
contaminant is identified, then its
toxicology will have to be evalu-
ated, and the safe exposure level
established. Based on dosages, this
will inform whether the level at
which it is present is acceptable and
nothing needs to be done, or too
high, in which case some remedial
action will have to be taken. There

are many points at which it might
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have entered the manufacturing
process other than as a by-product
of the reaction. A thorough investi-
gation of the entire process is often
required to discover the cause.
Organic impurities are the most
difficult to control, as they are
process related. Both inorganics
and solvents are added during
manufacture, which makes them
easier to control. However, the
source of the starting materials is
key, so supplier qualification, and

verification of their certificates of

analysis, are essential to ensure that
what is received is as advertised. As
the market becomes more global,
managing the supply chain has
increasing significance.

In the long run, it is much faster
to run the tests in-house, so once
the testing protocol has been devel-
oped and validated, provided the
necessary expertise and equipment
is available, it will normally be
transferred to the client so that
they can use it on a routine basis on

their manufacturing train.

'The big advantage of using an
outsourcing partner for method
development is the experience they
bring to bear. Having worked with
a huge number of widely varying
samples and processes, the issues
that have arisen in the past, and the
solutions that have been created,
can help inform future strategies.
In-line process testing for con-
taminants is only as good as the
methods used, so it is essential to
employ carefully developed and
thoroughly validated protocols. O

Value of Temperature Measurement in

Biotechnological Processes

Industry forecasts indicate that the growth of biopharmaceuticals is expected to remain on an upward trajectory

and account for 27 percent of pharmaceutical sales by 2020. In fact, more and more pharmaceutical compa-

nies are focusing R&D dollars on the development of large molecule products, which lends credence to growth

estimates and steepens the competitive environment. With more players in the category, optimal manufacturing

processes are key to maintaining a competitive edge.

By Joachim Zipp, Global Market Segment Manager, Food and Pharma, WIKA

O Temperature measurement is one
of the most important biotech pro-
cess parameters, making up more
than half of the measuring points
in most production facilities. Tem-
perature monitoring plays a central
role in upstream as well as down-
stream processes — from cell growth
to cleaning and sterilization.

In upstream cell cultivation,

inaccurate process temperatures

can effect culture growth and result
in off-quality product. The risk of
process contamination is also more
pronounced if temperatures are not
adequate for proper sterilization.
Precise temperature measurement
ensures optimal use of heat during
cleaning and sterilization pro-
cesses to remove residue from the
pipline and prevent any instances of

bioburden or cross-contamination.
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HIGH ACCURACY DEMANDS,
DESIGN CHALLENGES

To meet the performance demands
of biotech processing, tempera-
ture instrumentation must be
designed to not only to deliver
highly accurate measurements, but
also must comply with essential
sterile production requirements.
Such requirements stipulate design

features that minimize the risk
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of process contamination. These
include easy cleanability of all com-
ponents that are in contact with the
product, and easy drainability of
instruments to eliminate any prod-
uct residues.

Complying with sterile require-
ments when integrating sensors
into the process can present espe-
cially difficult design challenges.
In fact, instrument connection
points are well known to invite
the risk of contamination because
fittings and mounting orientations
can create crevices and dead spaces
where contaminates can linger.
ASME BPE guidelines encourage
equipment designs that limit the
number of connections to thereby
reduce the potential for contam-
ination from these trouble spots,
which can impede cleanabilty
and drainability.

Properly positioning the tem-
perature sensor is important for
accuracy, but also presents an addi-
tional design challenge. To ensure
precise readings, the instrument
should be installed in the middle
of a pipe or the flowing media. The
temperature of product flowing
in a pipe is considerably higher in
the core of the flow than at the
pipe walls. In fact, the tempera-
ture difference can vary more than
5° C depending on the flow rate,
the process medium and ambi-
ent conditions. This is even true
of turbulent flow. Therefore, the

registration of the temperature in

S
e

Fig. 1: Comparison: New dead-space free
thermowell for orbital welding and a conven-
tional thermowell design

the core of the flow is extremely
important for accurate measure-
ment. However, the instrument
should not obstruct process flow,
which can impact product quality,
nor should it be positioned in a way
that interferes with the operation of
other equipment such as impellars

or agitators.

CONVENTIONAL
THERMOWELLS LEAVE
CHALLENGES UNMET
Thermowells are often installed to
help meet sanitary requirements for
temperature measurement instru-
ments. The thermowell prevents the
temperature sensor from coming
in contact with the medium being
measured. And when a replace-
able measuring insert is used, it
is possible to calibrate the instru-
ment without opening the process,
which reduces the risk of process
contamination. This saves time and
expense associated with steriliza-
tion and validation processes.
However, conventional ther-
mowell designs don’t address all

avenues for possible contamination.

www.PharmaManufacturing.com
-14-

Fig. 2a: Installation of an electrical thermome-
ter via a T-piece with connecting flange.

Hygienic risk:

e Dead space at junction
¢ Risk of leak at seal

Fig. 2b: Installation of an electrical thermom-
eter using an intermediate tee fitting with
welded thermowell.

Hygienic risk:

e Dead space at junction

e Risk of leak at seal

e Manually welded seams with possible
welding errors

Fig. 2c: Installation of an electrical thermom-
eter using a patented thermowell for orbital
welding.

No hygienic risk.
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In standard thermowells, the
instrument insertion point is
elevated above the pipe, creating
dead space that makes clean-
ing difficult and invites the risk

of contamination.

THERMOWELL DESIGN
OPTIMIZED FOR SANITARY
APPLICATIONS

Flow-through thermowells with a
patented, dead-space free design
comply with ASME BPE prin-
ciples for addressing the hygienic
risks that can stem from the instal-
lation of temperature sensors. In
fact, the use of this technology can
eliminate all branch legs in 90%
of piping.

'The flow-through design features
an inverted, curved insertion point
where the temperature probe enters
the process. As a result, there are
no crevices where particles can
become lodged and compromise
sterile conditions. The optimally
designed thermowell also facilitates
cleaning and emptying to further
ensure product safety. (fig. 1)

An orbital weld is used to inte-
grate the flow-through thermowell
directly into the pipeline, providing

! ¥

Fig. 3a: Standardization of measuring inserts
for different nominal sizes of pipes

=

Fig. 3b: Model TR22-B resistance thermome-
ter for orbital welding

a defined, clean weld seam. As
a result, there are no gaskets to
maintain, which saves maintenance
time and costs. Eliminating gaskets
also minimizes the risk of foreign
contamination of the process, as
well as the hazard of genetically
modified microorganisms possibly
escaping and polluting the environ-
ment. (fig. 2)

The flow-through thermow-

ell provides considerable leeway
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regarding the mounting position,
too, because draining and clean-
ing are possible in any mounting
situation. This feature allows flexi-
bility when designing processes for
compact spaces and when concerns
exist about interference with prod-
uct flow and other equipment.

In addition, flow-through ther-
mowell measuring inserts always
have the same length despite dif-
fering nominal pipe widths. (fig. 3)
The standardization of measuring
inserts eliminates the need to stock
a wide range of spare parts. Plus,
this removes the risk of error in
installing the wrong measuring
insert, which would cause incor-
rect readings.

To remain competitive in the
advancing biotech processing
industry, taking any step necessary
to avoid costly issues is the right
step. Instrumentation, like the
flow-through thermowell, has been
optimized to stave off risks that
can'’t be tolerated in a tight market
place. Exploring the latest, state-
of-the-art technology during the
planning phase of your project, can
help you design a cost-effective and

safe operation.
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