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ost pharmaceutical companies in

the United States and Europe use

laboratory Total Organic Carbon

(TOC) analyzers to control the TOC
quality attribute for the release of Purified
Water (PW) and/or Water for Injection (WFI)
for product manufacturing. The goals of this
article are to illustrate the advantages of auto-
mating this process, discuss critical consider-
ations and possible strategies to employ, and to
review TOC automation in light of the FDA
guidance documents published in September
2004.

The United States Food and Drug Adminis-
tration has issued both a final report “Pharma-
ceutical cGMPs for the 215 Century — A Risk-
Based Approach™ and a guidance for industry
“PAT — A Framework for Innovative Pharma-
ceutical Development, Manufacturing, and
Quality Assurance.” These FDA documents
encourage the adoption of risk-based ap-
proaches to the development of automated pro-
cess control systems in the pharmaceutical
industry. The objectives of these initiatives are
lower costs and improved manufacturing effi-
ciency and quality. This risk-based approach is
particularly relevant toinspections as explained
in “Risk-Based Method for Prioritizing cGMP
Inspections of Pharmaceutical Manufacturing
Sites — A Pilot Risk Ranking Model,” also
published by the FDA.

The automation of drug manufacturing pro-
cesses in the pharmaceutical industry is not
new. However, disruption associated with de-
velopment of new processes or process im-
provements that could replace existing vali-
dated manufacturing systems is generally
avoided in the industry. Previously, there has

been little regulatory support for continually
changing and improving processes as demon-
strated by the many filings required for even
the smallest changes. As a result, fixed pro-
cesses are developed to facilitate easy valida-
tion and inspection. The stated goal of these
three FDA documents is to facilitate positive
change and to encourage the industry to apply
adeeperscientificunderstanding of their manu-
facturing process by implementing validated
critical process controls. When quality is de-
signed into the manufacturing process, well
understood and validated process controls pro-
duce superior products. Changes in risk-based
c¢GMP inspections also are designed to support
these concepts and to encourage continuous
manufacturing improvements. In principle, this
new approach will provide regulatory relief
compared to current FDA inspection methodol-
ogy.

Arapidly growing number of companies have
expressed strong interest in converting to auto-
mated on-line TOC analysis-based water re-
lease. Many of them have determined that
releasing water based on automated TOC analy-
sis may be an effective way to achieve TOC
regulatory compliance at a lower cost. Others
have expressed an interest in applying auto-
mated instrumentation, where possible, to al-
low a refocusing of the chemical laboratory
resources to other critical product quality con-
trol and product development areas. Further-
more, the continuous data produced by on-line
TOC analyzers can aid in the general manage-
ment of the water system. It is estimated that
as many as 2,500 water loops worldwide are
candidates for automated TOC and conductiv-
ity compendial release implementation. If the
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entire industry were to automate these steps, it is estimated
that a net yearly savings of $200 million to $250 million could
be achieved.

To develop a better understanding of the state of the
industry, companies that have released water using on-line
TOC analyzers exclusively, or in combination with laboratory
TOC analyzers, were surveyed. From this survey and follow
up interviews, both successful and unsuccessful strategies
for the use of on-line TOC were discovered. On-line TOC
implementation methodologies that best illustrate the major
issues, and some of the effective approaches employed to
solve them, will be presented.

Pharmacopoeia TOC Compendial
Background
TOC analysis was initially specified for pharmaceutical in-
dustry use in the first supplement to Japanese Pharmaco-
poeia (JP) V.121in 1993, and is currently in effect in the latest
JP. The Japanese regulation is applied to WFI produced with
membrane processes such as Ultra Filtration (UF) or Reverse
Osmosis (RO) and requires that TOC be less than 0.5 mg C/
L. The TOC analyzer is to be calibrated at 0.5 mg C/L with

Potassium Hydrogen Phthalate (KHP), and the suitability of
the TOC analyzer is confirmed by 90% recovery or greater of
sodium dodecylbenzene sulphonate (SDBS) at a concentra-
tion of 0.5 mg C/L. In November of 1997, the 23 United
States Pharmacopoeia (UPS), Fifth Addendum, Chapter
<643> Total Organic Carbon went into effect or promulgated.
It replaced the older Oxidizable Substances method for mea-
surement of organics in PW and WFI with the less subjective
and more quantifiable TOC analysis. An identical regulation,
Chapter 2.2.44, was promulgated in the European Pharma-
copoeia (EP) in July of 1999. The USP Chapter <643> is
applied to PW and WFI while the EP TOC regulation is
required for WFI and is optional for PW.

The current USP Chapter <643>*and EP Method <2.2.44>°
TOC regulations require that the analyzer be calibrated, the
suitability of the analyzer for the measurement be periodi-
cally demonstrated, and the analyzer have alimit of detection
0f0.05 mg C/liter or lower. The test methods can be performed
using an on-line analyzer or an off-line laboratory analyzer.
The acceptability of on-line TOC instrumentation for TOC
attribute testing is dependent on its location(s) in the water
system. Additionally, the instrument responses at these
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Figure 1. Typical new pharmaceutical water system design (maximum TOC sample points).
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locations must reflect the quality of the water used at the
point-of-use.

The suitability of the TOC analyzer is determined by
testing three solutions, a blank (Rw), a 0.5 mg C/L sucrose
(Rs), and 0.5 mg C/L of 1, 4-benzoquinone (Rss). The response
efficiency is equal to the result of the calculation:

Response efficiency = 100[(Rss-Rw)/(Rs-Rw)]

The analyzer is considered suitable if the response efficiency
result is not less than 85% and not more than 115%. If the
analyzer is determined to be suitable and the water being
tested (Ru) or the Test Solution is not more than the limit
response (Rs-Rw), then the water meets the regulation re-
quirements and can be used to pass the TOC attribute test.
This “passed water” can then be released to manufacturing
for use in the pharmaceutical manufacturing process.

The System Suitability Test (SST) is a quality assurance
measure that demonstrates acceptable TOC analyzer perfor-
mance for meeting the USP and EP compendial require-
ments. If the suitability of the analyzer is demonstrated to be
acceptable both before and after water testing, the water test
results are recognized as acceptable. In the case where the
initial suitability test is acceptable, the water can be released
to manufacturing, but a second subsequent suitability test
fails then all the water tested after the initial good suitability
determination could be suspect. This type of unexpected
problem will trigger a costly internal investigation. Proper
design of automated on-line TOC release systems can mini-
mize this type of risk. The same risk exists for laboratory TOC
based water release systems ifthe laboratory analyzer has its
periodic SSTs done too infrequently.

The USP and EP specifications do not explain the meaning
of periodic System Suitability (SS) Testing. The SS testing
frequency is determined by the user and is related to value of
the water used between SS testing, the costs of the SS testing,
the reliability of the analyzer to pass the test, and an internal
risk assessment on the product produced.

The FDA and Process Analytical Technology

(PAT) Background
The FDA PAT Web page® and presentations therein summa-
rize PAT principles. The goal of PAT is to understand and
control the manufacturing process, which is consistent with
our current drug quality system: quality cannot be tested into
products; it should be built-in or should be by design. The next
three paragraphs are direct quotes from the Web page intro-
duction section.

“Process Analytical Technology is a system for designing,
analyzing, and controlling manufacturing through timely
measurements (i.e., during processing) of critical quality and
performance attributes of raw and in-process materials and
processes with the goal of ensuring final product quality. It is
important to note that the term analytical in PAT is viewed
broadly to include chemical, physical, microbiological, math-
ematical, and risk analysis conducted in an integrated man-

»

ner.
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“There are many current and new tools available that
enable scientific, risk-managed pharmaceutical development,
manufacture, and quality assurance. These tools, when used
within a system can provide effective and efficient means for
acquiring information to facilitate process understanding,
develop risk-mitigation strategies, achieve continuous im-
provement, and share information and knowledge. In the
PAT framework, these tools can be categorized as multivari-
ate tools for design, data acquisition and analysis; process
analyzers; process control tools; and continuous improve-
ment and knowledge management tools. An appropriate
combination of some, or all, of these tools may be applicable
to a single-unit operation, or to an entire manufacturing
process and its quality assurance.” To be considered a PAT
system it must include two or more of these PAT tools.

“A desired goal of the PAT framework is to design and
develop processes that can consistently ensure a predefined
quality at the end of the manufacturing process. Such proce-
dures would be consistent with the basic tenet of quality by
design and could reduce risks to quality and regulatory
concerns while improving efficiency. Gains in quality, safety,
and/or efficiency will vary depending on the product. These
gains can come from reduced production cycle times by using
on-, in-, and/or at-line measurements and controls, prevent-
ing rejects, scrap, and re-processing, considering the possibil-
ity of real time release, increasing automation to improve
operator safety and reduce human error, facilitation of con-
tinuous processing to improve efficiency and manage vari-
ability, and by improving energy and material use and
increasing capacity.”

This initiative is the governmental basis for cost effective
quality improvements, both within the FDA and the indus-
try. The FDA is actively involving its stakeholders in this
initiative. The PAT has received support from the “FDA
Science Board” and the “Advisory Committee for Pharma-
ceutical Science.”® Additionally, the final guidance document
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Figure 2. Distillation feed to WFI distribution loop with maximum
TOC points.
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Figure 3. Ozonated distribution loop with maximum TOC points.

was co-authored by the Office of Regulatory Affairs (ORA).
This Agency is responsible for enforcement of the FDA regu-
lations. The final report on Pharmaceutical cGMPs for the
215t Century — A Risk-Based Approach” refers to the develop-
ment of the PAT initiative as a key component for the new
FDA philosophy.

Summary of On-line TOC Users
Pharmaceutical Survey
In early 2004, a substantial and detailed survey of the users
was conducted of on-line TOC analyzers in the pharmaceuti-
cal, biotechnology, and biopharmaceutical industries. The
survey results demonstrated the importance, expectations,
and issues relating to on-line TOC implementation today and
in the future. A summary of these results follow.

The respondents were asked to rate the present and future
value of using on-line TOC analyzers for four applications:
QC release of water to manufacturing, process control, pro-
cess monitoring, and clean in place. The value of using on-line
TOC in each of these categories is expected to increase with
time. The release of water to manufacturing was rated the
most important, both presently and in the future.

What impact will the FDA have on the use of on-line TOC
analyzers over the next five years? The respondents clearly
expect that the FDA would encourage on-line use over the
next few years. This result may be related to the responders’
familiarity with recent initiatives by the FDA to establish
improved pharmaceutical manufacturing operations.

How familiar were the respondents with laboratory and
on-line TOC analyzers? The typical pharmaceutical user is
much more familiar with laboratory TOC analyzers than on-
line TOC analyzers. When the implementation of TOC regu-
lations began, it was more common to select a laboratory TOC
instrument than an on-line TOC analyzer. Laboratory in-
struments were considered more useful for evaluating, re-
searching, and implementing TOC for the first time. Because
most companies were already required to determine bacteria
and endotoxins at many water use points, TOC samples could
easily be collected and analyzed in the laboratory along with
the other parameters. Since initial implementation of the
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regulations, many companies have concluded that automa-
tion of the TOC measurement with on-line analyzers can be
more cost effective and eliminate errors associated with
manual collection of samples. Early adopters of on-line TOC
have developed a wealth of useful information on approaches
to implementing on-line TOC analysis with varying degrees
of success. This information is particularly valuable to com-
panies converting or planning to convert or augment labora-
tory TOC measurement with automated on-line TOC water
release process.

The respondents were asked to report the critical factors
that should be considered when implementing on-line TOC.
The key factors included regulatory expectations, reliability,
analytical performance, ease of use, and elimination of manual
errors. It can be difficult to run calibration and System
Suitability standards on some on-line TOC analyzers. Some
on-line TOC instruments impose significant additional oper-
ating costs as reported in McCurdy’s article Implementing
TOC Testing for USP 23- A Case Study.’

According to the survey, more respondents are using
laboratory analyzers for quality control approval of the water
TOC attribute. Fewer are using a combination of both labo-
ratory and on-line TOC analyzers for the same. A small
fraction is using on-line TOC exclusively for water release. A
significant number of people are using on-line TOC for water
system process control purposes.

We asked how frequently respondents ran or preferred to
run the regulatory required System Suitability Test (SST).
The frequency of the System Suitability testing was greater
for laboratory instruments than for the on-line TOC analyz-
ers. The SST frequency ranged from performing the test with
each water sample to conducting SST once per year. The
laboratory instruments where the SSTs were run with each
water sample are typically equipped with autosamplers. In
this case, it is a relatively simple matter to add the SST
standards to the autosampler along with the water samples
being tested for compliance. This assures the analyzer is
suitable for the specific sample being tested and is the most
conservative approach for QC release of water to the TOC
attribute. For on-line TOC applications, the value of products
produced with the released water will influence the chosen
time between SST. Long periods between SSTs can create
issues in the event of an Out-of-Specification (OOS) result. If
a company elected to do the SST at a frequency of once a year
and the analyzer failed the test at the end of that year, how
would the company ensure that all the water released during
the year was acceptable? This example illustrates the seri-
ousness of the problem and the potential for an investigation
of an SST OOS to affect the overall on-line TOC water release
economics.

Why Choose Automated On-Line vs. Manual
Off-Line Laboratory TOC Analysis?

We visited 10 companies that were in the process of convert-

ing or had converted from laboratory based TOC QC water

release to on-line TOC based QC water release. We asked

them “what were their reasons for converting from laboratory
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to on-line TOC analyzers.” In all cases, the most important
reason expressed was to save operating expenses. This single
business factor was also the most critical factor required to
ensure the effective completion of the conversion process.
Other factors reported were internal efforts to implement
manufacturing process automation, elimination of sampling
errors, and a refocusing of the laboratory away from routine
TOC water analysis to product and research based work.
Some larger companies were converting from well-estab-
lished laboratory TOC analysis to on-line TOC analysis for
the first time. We have noted that at many of these sites, the
equipment was installed and operational, but the final steps
required to automatically release the water to production
were not implemented. At most of the new sites, it was also
noted that success with the initial study would likely evolve
tobroad company-wide implementation of water release with
on-line TOC instrumentation.

Typical Operating Costs of Laboratory TOC
and On-Line TOC

As stated previously, there are a number of compelling
reasons to select laboratory TOC analysis as the TOC method
of choice for meeting the USP and EP regulations. Laboratory
analyzers can be a good choice if there are many water loops,
and other TOC applications such as cleaning validation. On-
line TOC can be an effective choice for repetitive or routine
TOC testing requirements, to reduce frequency of human
errors, and to lower operating costs. The cost to implement
laboratory TOC varies from site to site depending on the
number of sample points, frequency of analysis at each point,
and the overall operating cost for each TOC analysis. The
operating costs for each laboratory TOC analysis are com-
prised of labor (analysis, preparation of standards, sample
collection, vial cleaning, Out of Specification (OOS) actions,
and compliance), and all material costs. The cost depends on
the relative efficiency of each site, but we found that it
typically ranges from $25 to $40 per sample. At one site in the
US, which converted to on-line TOC monitoring from labora-
tory TOC analysis, the total costs were approximated. The
water system at the site included loops for both Water For
Injection (WFI) and Purified Water (PW). There were 24
pointsin the system where both TOC and conductivity samples
were collected and sent to the lab for analysis. They had 12
“points of use” where samples were collected five times a
week (3120 samples/year) and 12 “points of use” where
samples were collected two times a week (1248 samples/
year). This site calculated the laboratory TOC operating cost/
measurement to be $28. The laboratory also measured con-
ductivity at an operating cost of $7 per measurement. The
total operating laboratory TOC costs per year were calculated
to be $28 x 4368 or about $122,300/year. The total operating
costs for laboratory conductivity analysis was $7 x 4368 or
about $30,600/year. The combined yearly operating costs to
release water, based on laboratory TOC and conductivity
measurement, was $152,900/year.

This site chose to install four on-line TOC analyzers for the
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water system, replacing the laboratory TOC and conductivity
measurements. They placed an on-line TOC analyzer on the
inlet and outlet of each water loop (PW and WFI). The cost to
install the new analyzers was $120,000. The total cost in-
cluded the Installation Qualification (IQ), Operational Quali-
fication (0OQ), and Performance Qualification (PQ) validation
of the four new on-line TOC analyzers as well as the capital
costs ofthe analyzers. The yearly operating cost of the new on-
line TOCs is $19,200. The on-line TOC yearly operation cost
includes all maintenance labor, consumable expenses, record
keeping and regulatory QC compliance labor, and calibration
and System Suitability testing costs.

The positive net operating cost savings per year after
automation of the TOC and conductivity measurements at
this site is $133,700/year. The payback period for converting
to on-line TOC and conductivity is projected to be less than 11
months.

Other Benefits of On-Line TOC Use
There are additional benefits for selecting on-line TOC water
testing compared to laboratory TOC analysis. The survey
indicated “elimination of manual errors” as one of the consid-
erations for implementing on-line TOC measurement. Or-
ganics are present everywhere in the factory and in the
laboratory so it is easy to contaminate the samples during
collection from the factory floor and to subsequently contami-
nate the analysis in the laboratory. Errors can be made when
collecting TOC samples if the operator simply touches or
breathes on the sampling vial, standards flask, or sampling
stream. It is not uncommon to have sampling points steril-
ized with ethanol to kill bacteria prior to water collection for
biological analysis. If only 0.000038 grams of ethanol con-
taminates the typical 40 ml sample vial, the TOC will exceed
the USP and EP effective limit of 500 ppb as carbon, and there
will be an out of specification result produced. In the same
way, volatile organics in the air in the laboratory can easily
affect the analyzed TOC results if they are not isolated from
the TOC analysis area.

At the required pharmaceutical levels of TOC sensitivity,
simply cleaning the TOC sample vials properly for accurate
results is not a trivial matter as organic carbon compounds
are ubiquitous in the laboratory. The typical manual labora-
tory operations of labeling vials, autosampler loading, ana-
lyzer operation, and result calculations can produce human
errors resulting in OOS results and require new sample
collections and re-analysis of the water. Similar logic also can
be applied to laboratory water conductivity measurements.

On-line analyzers automatically collect samples directly
from the water system, eliminating many of the possible
sources of manual error and sample contamination. Sam-
pling is the weakest link of the three major chemical analysis
operations; sampling, sample preparation, and measure-
ment.'° The use of on-line analytical instrumentation greatly
improves both sampling and sample preparation reliability
and accuracy, and at the same time can create a significant
yearly operating cost savings.
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Critical TOC Control Points in a
Pharmaceutical Water System
Continuous sampling of the water for TOC allows detection of
excursions and provides critical information for improve-
ments to the design, maintenance controls, and service re-
quirements of the water purification system. Control of TOC
and conductivity in pharmaceutical water systems can be
achieved with analyzer inputs to controllers of proportional
recycle valves. The interactive process control capability of
new water purification systems resonates with the new FDA

initiative, Process Analytical Technology (PAT).!

The new FDA initiatives (2004 ¢cGMP and PAT) are de-
signed to embrace the implementation of new manufacturing
process and control philosophies. They are now risk-based;
which suggests that there is lower risk to new processes and
controls when quality is designed in up-front. As defined by
the FDA, PAT is “a system for designing, analyzing, and
controlling manufacturing through timely measurements
(i.e., during processing) of critical quality and performance
attributes of raw and in-process materials and processes with
the goal of ensuring final product quality.”

To assess the critical parameters associated with real-
time TOC release, it is critical to understand the possible
sources of TOC variability in pharmaceutical PW or WFI
water systems. Once the sources of TOC variability are
identified, then a risk assessment of each can be undertaken
to determine the most critical parameters. Focusing on the
critical parameters simplifies the process and highlights the
most likely areas for effective design of analyzer placements
and control methods. In this case, TOC can be measured
directly with commercially available on-line analyzers and
they are utilized in this system design. Other parameters also
could affect the final level of TOC in the product water, and
therefore, it may be wise to include additional sensors to
provide improved process predictably.

For example, reference to Figure 1 will help to illustrate
how these ideas might be applied. EPA Drinking water
standards mandate a maximum level of 4 mg/L of TOC.
Higher drinking water TOC values must be reduced before
distribution of the water to the consumer or end-user. USP
<643> mandates a maximum level of 0.5 mg/L for all types of
pharmaceutical waters and source water must comply with
EPA standards. In order to produce USP Purified or WFI
waters complying with all mandates, all possible TOC con-
tamination sources must be identified and TOC reduction
schemes employed. The first water system section to consider
possible TOC variations is the “Raw Water” feed. Excursions
of TOC in the source water will affect the final TOC, as each
of the TOC removal processes will generally remove a per-
centage of the inlet TOC. Feed water system TOC excursions
will be few if the water source is a deep well, but may be
considerable if the water source is from a river or lake. If
source water TOC excursions are expected, then a system of
recycling unused buffer storage water volume can be used. A
raw water TOC excursion can be heavily dampened, and at
the final point-of-use, may account for only a few parts per
billion of change in TOC. In this analysis process, one must
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continually ask, how important is it? If the “Make-up Water
System” section of the water system uses a Reverse Osmosis
(RO) process, this unit operation will achieve the single
highest percent TOC reduction in the whole water system.
The TOC rejection of an RO system is often between 95 and
99+ percent. Because of this high rejection rate, the use of an
RO would minimize the need for additional raw water excur-
sion system protections.

Other areas to analyze include the PW and WFTI storage
tanks. These tanks exchange air with the outside environ-
ment through microbial vent filters. Improper placement of
the air intake vents could expose the water to atmospheric
TOC excursions.

The PW distribution loop consists of a storage tank, a 254
nm UV light sterilizer, and electrodeionization (EDI) or
deionization (DI) resin beds. The PW loop can be cold or hot
and may have an ozone system for periodic sanitization. EDI
or DI processes remove ionic organics, but rarely add organ-
ics. If the water loop is heated, there are typically heat
exchangers at each point-of-use. If the main loop heat ex-
changer leaks, the possible resulting TOC increase will be
detected if a TOC analyzer is installed in the loop. If a point-
of-use heat exchanger develops a leak, then the TOC at that
point-of-use may not reflect the TOC of the loop water and the
water would fail this TOC compendial requirement. How-
ever, it is rare that a point-of-use heat exchanger will develop
such a leak.

Purified water is supplied to a distillation unit to produce
WFI. TOC could leak into the WFI water if the main distilla-
tion unit were to develop a heat exchanger leak depending on
the TOC quality of the hot feed steam. The WFT distribution
loop is usually a hot water loop (65 to 80°C). Again, if the loop
heating is done with steam or hot water, any lack of heat
exchanger integrity could lead to a TOC excursion. In some
cases, an ozone system is installed for periodic sanitization.
The ozone systems can lower the TOC levels significantly in
a recirculating system. In an ozonated system of the design
shown in Figure 1, one would expect the TOC level measured
by TOC (D) to be higher than that measured by TOC (E).

Current Strategies for Implementing
On-Line TOC Analyzers
Over the past 10 years, on-line conductivity and TOC process
analytical instrumentation have been installed by some
companies to accommodate the United States Pharmaco-
poeia water monographs.*'2 Useful information can be gained
from their experiences. As indicated earlier, because of the
economic benefits, many companies are currently automat-
ing their water system’s TOC and conductivity measure-
ments. Many of the companies we spoke to were just begin-
ning to study the new FDA ¢cGMP philosophies, and were
actively in the process of designing systems for automatic
water release. We observed many different implementation
strategies from both the past and new installations. Both the
USP and EP TOC compendias require that on-line TOC
analyzers measure TOC representative of the TOC at the
point-of-use. This requires confirmation in the process quali-
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fication step by measuring the TOC at each point-of-use and
comparing it to the on-line TOC measurement result.

Figures 2 and 3 show the possible placement locations of
on-line TOC analyzers within both non-ozonated and on
ozonated distribution loops. The following discussions show
how the logic for determining the critical TOC sampling
points in the system could be developed.

The lowest capital expense approach is to install a single
on-line TOC analyzer on the exit of the distribution loop in
position TOC (F) just before the return to the storage tank.
This approach is effective as long as there are very infrequent
issues with TOC analyzer system. With this approach, it is
common to use the laboratory TOC analyzer as a backup to
the on-line TOC system. The laboratory TOC protocols are
already in place and the personnel were already trained to
collect the grab samples. Having procedures in place for
converting from laboratory TOC to on-line TOC and vice
versa in advance is recommended. It is not uncommon for the
TOC (F) measurement to be periodically checked and backed
up with a laboratory grab sample analysis. It also is useful to
have laboratory TOC measurements performed multiple
times between the normal periodic on-line TOC analyzers’
System Suitability tests. One beneficial strategy being em-
ployed is to use the same analytical measuring technology in
both the lab and on-line TOC instruments to eliminate the
potential instrument response variances. In the case that the
on-line TOC fails a SST, the laboratory data is useful to
establish the water was acceptable at various times and
thereby limit the amount of production water that is brought
into question.

We know of one important case where using a laboratory
TOC as a backup analyzer will not be as helpful as having a
backup dual on-line TOC analyzer system. This instance is
where an on-line analyzer has failed the SST and is found to
be unsuitable. This introduces the question of whether the
water released by this on-line analyzer was acceptable. If a
back-up on-line TOC analyzer passes the SST, the question-
able “released water” would then be shown to be acceptable.
The generation of comparable data with a laboratory ana-
lyzer would have required frequent sampling without the
knowledge of the imminent failure of the on-line unit.

For operations that can justify the capital expense, there
are advantages to installing two on-line TOC analyzers on a
single distribution loop. If TOC (E) and TOC (F) can be shown
to statistically measure the same water, when arranged as
shown in Figures 2 and 3, then they are effectively redundant
and either one can be used as backup. It is not necessary to
install a back-up TOC at the same sample point in the loop.
The later arrangement provides the additional information
on water loop TOC changes from possible contamination
points between the two analyzers. The dual on-line TOC
approach is more robust than a single on-line TOC approach,
primarily, as any problem with one TOC analyzer does not
prevent the continued operation of the automated system. If
one TOC analyzer needs service, maintenance, or if the SST
fails, the second analyzer can be used as backup and the
automated process can continue uninterrupted. The capital
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expense is higher for this approach; however, it is still
common to achieve payback of the investment within one
year. Of the two different approaches, the dual on-line ana-
lyzer per loop is clearly the least problematic in actual
implementation.

The placement of the analyzers TOC (C) and TOC (D) as
shown in Figure 2 or Figure 3 is to ensure the WFI or PW
purification system is operating correctly. Many sites use an
on-line TOC analyzer in one or both of these locations to
ensure these processes are under control. It is possible to
statistically prove either TOC (C) or TOC (D) analyzer is
measuring the same TOC as that of either TOC (E) or TOC
(F), but there can be a small risk the distillation unit or
distribution loop may add TOC due to a system failure and
negate their effective use as backup TOCs. If the risk of TOC
intrusion from the water loop or the distillation unit is
considered to be low, then the use of the pair of either TOC (C)
or TOC (D) and either TOC (E) or TOC (F) analyzers has the
advantage of both checking the performance of the feed water
systems and providing backup duty. However, this is not
possible with the ozonated water loop as shown in Figure 3.
The TOC difference between the feed water and the loop is
likely to be different. The ozone can oxidize some of the TOC
to CO, and decrease the TOC level in the loop compared to the
TOC in the feed water.

Figure 3 shows a typical ozonated loop system. The most
common approach in an ozonated water loop is to place a
single TOC analyzer at location TOC (F). Often the WFI or
PW supply also will have a TOC (D) analyzer to ensure the
water purification system is working properly. The use of
redundant analyzers TOC (F) and TOC (E) is the most robust
approach for the reasons previously stated.

For the proper implementation of an automated real time
TOC release system, the computer, data acquisition, process
sensors, process equipment, and process analytical instru-
mentation should be well integrated into a comprehensive
management system. A comprehensive management system
ensures the continual operation of the process within pro-
scribed limits ensuring product quality. The GAMP guidance
provides valuable help in designing the process control sys-
tems.'3 The 21 CFR Part 11 rules will apply for controlling
and protecting the integrity of the data so it is important to
select equipment that supports 21 CFR Part 11 require-
ments. The FDA is examining industrial feedback on this rule
and is expected to issue new guidance early in 2005. In spite
of the various difficulties, progressive companies in the phar-
maceutical industry have already been implementing new
process controls and control system via Supervisory Control
and Data Acquisition Systems (SCADA), Distributed Control
Systems (DCS), Facility Monitoring Systems (FMS), Pro-
grammable Logic Controllers (PLCs), and Man-Machine In-
terfaces (MMI). These systems have increased the usage of
analytical and on-line sensors in automated processes. The
recent PAT guidance documents offers an opportunity to
substantiate the operation, control, and monitoring of water
systems by integrating automation, sensory data, and feed-
back mechanisms with the target of implementing PAT and
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on-line instrumentation for automatic formal QC water re-
lease to production.

Risk-Based Method for Prioritizing TOC
Measurement Points

The various possible TOC points should be analyzed from a
risk-based perspective to help assess the optimum critical
instrument locations. “The need for applying a risk-based
ranking process is driven by the disparity between obliga-
tions to manage, mitigate, or reduce an array of risks (or
many sources of a given type of risk) and available re-
sources.”™ Risk categorization and risk ranking or similar
approaches have been described by Haimes,* Ayyub,* Health
and Safety Executive,'® and Morgan et.al.'” These sources
were referenced in the FDA’s “Risk-Based Method for Priori-
tizing cGMP Inspections of Pharmaceutical Manufacturing
Sites — A Pilot Risk Ranking Model.” It is expected that
pharmaceutical automation processes and control systems
should have a risk assessment model developed to justify the
final engineering design choices.

PAT Framework and Real-time
Compendial Water Release
Water is a common excipient and the most common ingredi-
ent used in drug manufacturing and it is always manufac-
tured onsite. There are many advantages to be gained by
applying the PAT framework and working with the FDA’s
PAT team to implement automatic compendial TOC and
conductivity release system. The PAT Guidance for Industry?
describes what elements are needed to qualify a control
system to fit within the PAT framework. The section in the
guidance on “Principles and Tools” requires a PAT system to
have at least two of the four described tools, and there is a sub-
section describing Real Time Release. Some of the elements
that would need to be shown are an understanding ofthe TOC
or conductivity removal/addition processes in the water sys-
tem, understanding of possible sources of conductivity or
TOC, the determination of critical TOC and conductivity
control points, implementation of TOC and conductivity
analyzer(s), and a control system to satisfy the compendial
requirements. A PAT System is not simply replacing a labo-
ratory TOC analysis with an online TOC analysis. There
must be a control element involved, whether automatic or
manual. The guidance document section on Real Time Re-
lease includes the statements, “T'ypically, the PAT compo-
nent of real time release includes a valid combination of
assessed material attributes and process controls.” “The
combined process measurements and other test data gath-
ered during the manufacturing process can serve as the basis
for real time release for the final product and would demon-
strate that each batch conforms to established regulatory
quality attributes. We consider real time release to be compa-
rable to alternative analytical procedures for final product
release.” “Measurements, controls, and “real time” release
based on PAT are expected/likely to be “private” or company
standards (alternate analytical procedure).”'® The FDA re-
quests that prior approval be attained if the product is subject
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to market applications or licenses. This is not the case for
water. Real time release, as described in the guidance, meets
the requirements of testing and release for distribution (21
CFR 211.165).

A well understood process implies that “all critical sources
of variability are identified and explained. Variability is
managed by the process. Product quality attributes can be
accurately and reliably predicted.”® It is recognized that not
all process knowledge can be achieved prior to actually
operating the process and learning from it. The analysis of
the data can be done using many possible statistical and
mathematical tools to arrive at a deeper process understand-
ing. One of the tenets of the new FDA concepts and in
particular the PAT initiative is continuous process improve-
ment and the associated changes will be embraced by the
Agency. This is often interpreted as regulatory relief for
process improvement changes. A well understood process can
simplify the Agency’s validation approach, as risk is in-
versely proportional to process understanding.

The following quotations are from Dr. Ajaz Hussain,
Deputy Director, Office of Pharmaceutical Science, CDER,
FDA and Chairman of the FDA PAT Steering Committee as
presented on 4 May 2004 at the EDQM Spring Conference in
Cannes.? “Process understanding can provide a high assur-
ance of quality on every batch and provide alternative,
effective mechanisms to achieve validation.” He continues
with the remark “process validation can be enhanced and
possibly consist of continuous quality assurance where a
process is continually monitored, evaluated, and adjusted
using validated in-process measurements, tests, controls,
and process endpoints.” He further states “process under-
standing can justify real-time release.” Where “real-time
release is the ability to evaluate and ensure acceptable
quality of in-process and/or final product based on process
analytical data.”?! If the new processes or changes are devel-
oped through close communication with the FDA PAT team,
some degree of compendial regulatory relief may be possible.
And finally, he says “The optimal application of the PAT
Framework can assure quality is built into the product and
process by design. Therefore, companies utilizing this frame-
work will not have to worry about non-conformance to
compendial monographs (since such risks would be mitigated
by design and the risk level is expected to be lower than the
corresponding current risk level). However, this aspect of
PAT is not widely appreciated and some companies seek
further clarification on issues with compliance to
pharmacopeial monographs for situations with larger sample
size for analysis.”

One of the goals of the final PAT guidance is to tailor the
Agency’s usual regulatory scrutiny to meet the needs of PAT-
based innovations that (1) improve the scientific basis for
establishing regulatory specifications, (2) promote continu-
ous improvement, and (3) improve manufacturing while
maintaining or improving the current level of product qual-
ity.?2 An automated “real time release of water” system using
an on-line TOC may fit within the PAT framework if it
includes two or more of the basic PAT tools.? If the proposed
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process is determined to be a PAT process, the PAT team will
provide guidance on the most appropriate implementation
approach. The PAT team recommends contact as early as
possible to clarify and simplify the PAT implementation.? To
facilitate adoption or approval of a PAT process, companies
may request a preoperational review of a PAT manufacturing
facility and process by the PAT Team (see the ORA Field
Management Directive No. 135).2*

The compendial regulation is written in a way that sup-
ports the use of automation. The USP and EP TOC regula-
tions suggest the use of on-line TOC as an effective means to
achieve compliance as long as the on-line TOC results are
representative of the TOC of the water being used and, in
principle, are in harmony with a PAT system.?

Conclusions
The responses to the pharmaceutical TOC surveys provide
insight into on-line TOC analyzer implementation. The most
important application of on-line TOC analyzers is to provide
the TOC data of record for regulatory QC release of water for
manufacturing use. The use of on-line TOC is expected to be
encouraged by the FDA in the next few years. This is a result
of efforts by the FDA to encourage the improvement and
design of automated process systems for manufacturing drugs.

The current approach to TOC analysis is most often
accomplished with the use of laboratory analyzers or the
combination oflaboratory and on-line TOC analyzers. Only a
small fraction of the surveyed companies are using on-line
TOC today exclusively for release of water. Survey results
also suggest a trend toward greater use of on-line TOC over
the next several years.

Many companies are currently evaluating or are in the
process of converting to on-line TOC from laboratory TOC
analysis. A major factor driving this effort is the significant
operating cost savings that can be achieved. Payback from a
conversion to the robust dual on-line TOC analyzer per
distribution loop approach can be a year or less. This payback
depends on the cost of the laboratory TOC analysis, the
number of “points of use,” and the frequency of TOC measure-
ments at each “point-of-use” being analyzed in the labora-
tory. The cost of sample collection can be high and is often the
weakest link in the analytical measurement process. Collec-
tion of TOC samples and TOC analysis in the laboratory can
be influenced by environmental contamination. On-line TOC
analyzers eliminate many sample collection and manually
induced errors. For those companies using a combination of
lab and on-line TOC analyzers, standardizing on the same
analytical instrumentation technology can eliminate ana-
lytical variability common with disparate measuring tech-
nologies.

The implementation of dual on-line TOC analyzers for
each water distribution loop enables a superior level of
robustness in the process compared to a single on-line ana-
lyzer. The TOC output from the on-line TOC analyzer must be
representative of the TOC at the “points of use” in the
distribution loop and this relationship must be confirmed in
the process qualification of the analyzers during validation.
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New FDA philosophies as stated in “Pharmaceutical cGMPs
for the 21 Century — A Risk-Based Approach” are highlight-
ing the value of applying knowledge and process understand-
ing to automation of manufacturing processes. Risk analysis
is fundamental to critical process understanding. The PAT
team formed within the FDA has developed guidance docu-
ments for the implementation of automation and control to
new and old processes. When the PAT framework is properly
applied, product quality will be equal to or better than that
produced with prior manufacturing processes. They also will
be more economical and new cost effective regulatory ap-
proaches can be used.

References

1. Final Report, “Pharmaceutical cGMPs for the 21* Cen-
tury - A Risk-Based Approach,” September 2004, http://
www.fda.gov/cder/gmp/gmp2004/GMP_finalreport2004.
htm.

2. Guidance for Industry, “PAT - A Framework for Innova-
tive Pharmaceutical Development, Manufacturing, and
Quality Assurance,” September 2004, http://www.fda.gov/
cder/guidance/6419fnl.htm.

3. “Risk-Based Method for Prioritizing cGMP Inspections of
Pharmaceutical Manufacturing Sites - A Pilot Risk Rank-
ing Model”, September 2004, http:/www.fda.gov/cder/
gmp/gmp2004/risk_based_method.htm.

4. United States Pharmacopoeia 27, Chapter <643> Total
Organic Carbon (Jan 2004).

5. European Pharmacopoeia Method 2.2.44- Total Organic
Carbon in Water for Pharmaceutical Use, European Phar-
macopoeia Commission.

6. Process Analytical Technology (PAT) Initiative, http:/
www.fda.gov/cder/OPS/PAT.htm.

7. Science Board to the Food and Drug Administration,
http://www .fda.gov/oc/advisory/sci.html.

8. Pharmaceutical Science Advisory Committee, http:/
www.fda.gov/cder/audiences/acspage/pharmaceutical
meetingsl.htm.

9. McCurdy, Lisa, “Implementing TOC Testing for USP 23
- A Case Study,” Pharmaceutical Engineering, Vol. 17, No.
6, November/December 1997.

10. Pharmaceutical Quality by Design: Improving Emphasis
on Manufacturing Science in the 215t Century, Ajaz S.
Hussain, PhD, Deputy Director, Office of Pharmaceutical
Science, CDER, FDA, FDA Pharmaceutical Inspectorate,
Slide 14 of 52, 5 August 2004, http://www.fda.gov/cder/
OPS/PAT . htm#other.

11. FDA Process Analytical Technology Team, Office of Phar-
maceutical Science, HFD-003, Center for Drug Evalua-
tion and Research, Process Analytical Technology (PAT)
Initiative, (http://www.fda.gov/cder/OPS/PAT .htm).

12. United States Pharmacopoeia 27, Chapter <645> Con-
ductivity (Jan 2004).

13. GAMP 4, Good Automated Manufacturing Practice
(GAMP) Guide for Validation of Automated Systems,
Version 4.0, December 2001, ISPE.

JANUARY/FEBRUARY 2005 PHARMACEUTICAL ENGINEERING

9



PAT Principles

14.

15.

16.

17.

18.

19.

20

21.
22.

23.

24.

25.

10

Haimes, Y.Y., (1998), Risk Modeling, Assessment and
Management. New York: John Wiley and Sons, Inc.
Ayyub, B.M., (2003), Risk Analysis in Engineering and
Economics. Boca Raton, FL: Chapman & Hall/CRC.
Health and Safety Executive, (1999), Risk Ranking for
Small And Medium Enterprises, Contact Research Re-
port 256/1999 prepared by Risk and Policy Analysis
Limited for the Health and Safety Executive, UK.
Morgan, G.M., Florig, H.K., DeKay, M.L., and Fischbeck,
P., (2000), Categorizing Risks for Risk Ranking, Risk
Analysis 2: 49-58.

The Process Analytical Technology Initiative: PAT and
the Pharmacopeias, Ajaz S. Hussain, PhD, Deputy Direc-
tor, Office of Pharmaceutical Science, CDER, FDA (Posted
5/5/2004), Hussain, Ajaz S. Ph.D., EDQM Spring Confer-
ence, Cannes, 3-4 May 2004, Slides 28, http:/www.fda.gov/
cder/OPS/EDQM _files/frame.htm or http:/www.fda.gov/
cder/OPS/PAT.htm#other

ibid, Slide 18.

ibid, Slides 20-22.

ibid, Slide 35.

Guidance for Industry, “PAT - A Framework for Innova-
tive Pharmaceutical Development, Manufacturing, and
Quality Assurance,” September 2004, “PAT Regulatory
Approach,” page 14, http://www.fda.gov/cder/guidance/
6419fnl.htm.

Contact the Process Analytical Technology FDA team at
PAT@cder.fda.gov.

FDAField Management Directive 135. http:/www.fda.gov/
ora/inspect_ref/fmd/fmd135a.html.

The Process Analytical Technology Initiative: PAT and
the Pharmacopeias, Ajaz S. Hussain, PhD, Deputy Direc-
tor, Office of Pharmaceutical Science, CDER, FDA (Posted
5/5/2004)Hussain, Ajaz S. PhD, EDQM Spring Confer-
ence, Cannes, 3-4 May 2004, Slides 28 and 29, http:/
www.fda.gov/cder/OPS/EDQM _files/frame.htm or http://
www.fda.gov/cder/OPS/PAT htm#other.

PHARMACEUTICAL ENGINEERING JANUARY/FEBRUARY 2005

About the Authors

Richard Godec is the New Product Devel-
| opment Manager at the Ionics Instrument
Business Group of Ionics, Inc. He has more
than 24 years of experience in the design,
development, marketing, and manufactur-
ing of analytical instrumentation for process
and laboratory applications in the pharma-
ceutical, semiconductor, power, aerospace,
and petrochemical industries. He has been solely or jointly
responsible for the development of new analytical analyzers
for measurement of TOC and TOx in water, trace boron in
water, trace urea in water, and organic sulfur in petrochemi-
cals. He holds more than 30 US and international patents in
these fields. Godec is a member of ISPE, AICHE, serves on
the ASTM E55 PAT committee, and is a member of the ISPE
PAT “Community of Practice.” He received a BS in chemical
engineering from the University of Colorado. He can be
contacted by e-mail: rgodec@ionicsinstruments.com.

Nissan Cohen has more than 30 years of
experience in instrumentation and mission-
critical monitoring with emphasis in semi-
conductor manufacturing, pharmaceutical
process and production, ultrapure water,
drinking water, waste water, chemical sys-
tems, nuclear, hydroelectric, and fossil fuel
power generation, and environmental issues
of containment and remediation. Cohen has written more
than 30 technical and peer reviewed articles. A recognized
expert in TOC and water systems, Cohen is a member of
ISPE, the Institute for Environmental Science and Technol-
ogy (IEST), Technical Editor for the Journal of the Institute
for Environmental Science and Technology, and Chairman of
the ISPE Web site Sub-committee. He is the Environmental
Marketing Manager for Ionics Instruments Business Group.
Cohen received a BS from the University of Wisconsin and an
MS from Hebrew University Israel. He can be contacted by e-
mail: ncohen@ionicsinstruments.com or by telephone: 1-303/
444-4491 ext. 134.

Tonics Instruments Business Group, 6060 Spine Rd., Boul-
der, CO 80301.(3

©Copyright ISPE 2005



This article
reviews the
major concepts
of equipment
CIP and issues
related to the
overall layout of
modern
biopharmaceutical
facilities.

Figure 1. Simplified flow
diagram of a typical CIP
system.
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Equipment Cleaning-In-Place in
Modern Biopharmaceutical Facilities:
Engineering Concepts and Challenges
by Leonid Shnayder, PhD, PE and Maria Khanina

ne of the authors recently had to esti-
mate average daily usage of water and
generation of the wastewaterin a major
biopharmaceutical facility. As ex-
pected, equipment Cleaning-In-Place (CIP) was
found to be one of the largest contributors to the
water loads. However, the actual volumes used
for the CIP operations exceeded expectations:
the plant is using, on average, more than 2000
gallons of water to clean a piece of process
equipment and associated piping. Why so much
water? Before answering this question and
making recommendations for improving the
situation, let us review the major concepts of
equipment CIP, as well as some of the issues
related to the overall layout of modern
biopharmaceutical facilities.

Typical CIP System Design

and Operation
Figure 1 shows a schematic diagram for a
typical CIP system. It includes a wash tank
used for preparation of cleaning solutions and
for their recirculation, optional tank for puri-
fied water used for the final rinse, CIP supply/
recirculation pump, metering pumps for clean-
ing chemicals, heater, instrumentation and
controls.

The CIP Supply (CIPS) line is connected to
the spray devices located in the vessel or other
piece of equipment that needs to be cleaned.
The cleaning solutions exiting such vessel can
be routed back to the CIP skid either by gravity
(where feasible) or via a low-speed CIP Return
(CIPR) pump. Upon return to the skid, the
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solution can either be recirculated into the CIP supply line, or
diverted to drain.

In order to overcome commonly found difficulties with
returning the cleaning solutions back to the CIP skid, it was
suggested to use the eductor-assisted CIP return approach.!?
The CIP system in that case (Figure 2) includes a motive
pump recirculating the cleaning solutions through an educ-
tor, creating vacuum in the CIP return line connected to it.
The mushroom-shaped recirculation tank is used for air
disengagement from the CIPR stream, and allows keeping
positive suction head for both the motive pump and CIP
supply pump with minimum amount of solution in the sys-
tem. The skid also may include hold tanks for softened water
and/or purified water; these are needed if the existing distri-
bution system for either grade of water cannot supply the
high flow rate required for CIP (typically 30 to 60 gpm,
sometimes even higher). The eductor-assisted CIP systems
offer improved hydraulic performance and reduced consump-
tion of water and chemicals due to more effective evacuation
of the cleaning solutions from equipment and piping between
the steps.

Equipment CIP cycle used in a biopharmaceutical facility
may consist of the following steps:

¢ Pre-Rinse
e (Caustic wash

e Air blow
¢ Rinse

e Acid wash
e Air blow
¢ Rinse

¢ Final rinse
e Air blow

The caustic and acid wash steps are usually performed with
the cleaning solution recirculating in the CIP circuit in order
to provide sufficient contact time for the cleaning action with
minimum amounts of water and chemicals. For all the rinse
steps, the water flow is once through. In some cases, the
rinses are performed in the pulsing fashion (supply to the
spray devices is on for a few seconds then off for a few seconds,
allowing solution to drain from the vessel, then on again etc.).
Air blows are used to empty the CIP supply piping between
the steps, thus reducing the amount of water needed to rinse
the wash solution out of the circuit.

Not all of the above steps are always used; for example,
some cleaning recipes do not include a recirculated acid wash.
Sometimes an acidified rinse intended to remove the traces of
caustic is used instead. In other cases (such as for buffer hold
tanks), cleaning is achieved by simply rinsing a vessel with
purified water without using any chemical solution at all.

MOTIVE

SOFT
WATER  WFI

CIP SUPPLY CONDENSATE
PUMP

CLEAN
AR Y
DRAIN PROCESS TANK
CAUSTIC  ACD CIP SKID

F 3

CIP RETURN PUMP

Figure 2. Conceptual flow diagram of eductor-assisted CIP system.
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The water used for the final rinse shall be of the same
grade as the water used in the corresponding process: in the
pharmaceutical industry, that usually means either USP
Purified Water or Water-For-Injection (WFI). As for all other
rinse and wash steps, the water quality is up to the user.
Potable or softened water works fine although many compa-
nies choose to use higher grades for various reasons. It is not
uncommon to see deionized or USP Purified Water used for
all such steps, and WFI for the final rinse. Some
biopharmaceutical facilities use WFI for all their cleaning
needs.

CIP Distribution Concepts
Initial CIP systems developed for the dairy industry in the
1950s were portable.? Such a system (Figure 3) was wheeled
next to the piece of equipment being cleaned, connected to the
source of water and other utilities as needed (power, steam,
drain), and connected to the spray devices and to the equip-
ment outlet with hoses. While portable systems are relatively
labor intensive, they have two major benefits: low capital cost
(no need to install a lot of CIP supply and return piping,

transfer panels etc.) and low usage of water and chemicals Figure 3. Portable CIP system. (Courtesy of Electrol Specialties Co.)
(because cleaning circuit is very short).

To avoid the labor and inconvenience associated with process transfer lines are utilized to deliver the CIP solutions
moving a portable CIP skid around the plant, and to achieve so that the amount of piping that needs to be installed
a higher level of automation, companies started to install specifically for CIP is kept to a minimum. The important
fixed CIP systems. A fixed system may look like the schematic features of the CIP supply and return piping networks are:
shown in Figure 1. Some systems also include one or more
additional tanks for recovery of various wash and rinse * The piping needs to be configurable to wash any one of the
solutions (this is not common in the pharmaceutical indus- pieces of equipment, or more accurately, any of the CIP
try), and features like an eductor with a motive pump to circuits served by the system.
facilitate the return of the cleaning solutions to the CIP skid
- Figure 2. One fixed system can serve 5 to 20 pieces of process * The piping needs to be designed in such a way that it is
equipment depending on the frequency of cleaning required thoroughly cleaned with any of the circuits (no “dead legs”
for each piece, and the complexity of the cleaning cycle, which etc.).
translates into the CIP cycle time. The CIP skid is connected
to all the process equipment it serves via elaborate network * The pressure drop and hold-up volumes in the CIPS and
of supply and return piping. Where feasible, portions of the CIPR piping shall be kept to reasonable minimums.

A - > >
CIPS
CIP SKID ] & )
TP-1\, TP-2'\, L TP-3
Te o Qoo [loe”
l V-101 V-201 V-303 V-301 V-303 V-304

CIPR V-102 V-103 V-202 V-302

Figure 4. CIP distribution system with multiple transfer panels in series.
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Figure 5. CIP distribution system with master transfer panel.

Some of the possible designs for the CIP distribution net-
works are shown in Figures 4-7.

Figure 4 illustrates the design with the CIP supply piped
to one transfer panel (TP-1), where it can be diverted either
to one of the process vessels V-101, V-102, V-103, or to a line
leading to the next transfer panel (TP-2), serving the next
group of process vessels. This way several local transfer
panels can be connected in series. The downside of such
design is the high pressure drop and solution hold-up volume
in the CIPS lines. To minimize this problem, designers often
employ a “master CIP transfer panel” or valve manifold
concept (Figure 5 and Figure 6), where a dedicated CIPS line
serves each of the local transfer panels. With the valve
manifold, the dead legs can be avoided either by providing
two valves at each branch point or by installing a drain valve
(such as YV-01 on Figure 6) at the end of the CIPS header. In
the latter case, one valve per branch is enough, but the drain
valve needs to be pulsed open at the end of each of the wash
and rinse steps as part of the CIP program. Depending on the
equipment layout, the CIP distribution valves may be scat-
tered around the facility (as implied in Figure 6) or they may
all be clustered in the vicinity of the CIP skid.

Another alternative is to install the CIPS piping in a loop
form (Figure 7), where CIP solution leaving the skid splits
into two streams and is delivered to each of the multiple
destinations from both sides of the loop, thus avoiding any
dead legs. The loop is made out of smaller diameter piping
(usually 1.5" as compared to 2" for most CIP distribution
systems) since any particular section ofit carries roughly half
of the flow. To be exact, the flow split between the two loop
sections depends on their relative lengths, and therefore
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varies from one CIP circuit to another. Some people express
concerns about that (how do you validate the exact fluid
velocity in each section?), but experience shows that properly
designed systems of this type work satisfactory.!

The CIPR piping also can be arranged in various ways:
from simple branched piping system with check valves to
more complex arrangements similar to the ones used for CIP
supply. Where feasible, the cleaning solutions are returned to
the CIP skid by gravity, but more often a portable or fixed CIP
return pump is employed.

In large plants, it is common to see multiple CIP systems,
each serving a particular process area. One reason for that is
a simple issue of equipment utilization: how many cleaning
cycles each CIP skid can perform per day. Another reason is
the desire to separate services for various process areas. For
example, in biopharmaceutical plants, we often find dedi-
cated CIP skids for media prep, cell culture, buffer prep,
initial purification, and final purification areas.

Water Usage for CIP
As we mentioned before, fixed CIP systems offer some advan-
tages over portable systems, especially in labor savings and
extent of automation. However, they also may have one major
disadvantage: the hold-up volume in the CIP supply and
return piping. The longer the piping, the more water is
needed to wash and rinse the cleaning circuit. The CIP cycle
time, amounts of chemicals, and plant steam (heating me-
dium) required also are increased. It has been reported? that
the amount of water needed to rinse a wash solution out of a
pipe section is at least 1.5 to 2 times the internal volume of
such pipe. The actual rinse volumes in the pharmaceutical
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industry tend to be 4 to 5 pipe volumes due to more stringent
acceptance criteria based on the final rinse conductivity.
And, here is where the problem starts. If you ask any CIP
expert, he or she will tell you that the CIP skid should be
located as close as practical to the process equipment it
serves. When the CIP skid is installed within 50 to 80 feet of
the process equipment, it is possible to wash an average size
tank (say, up to 1,000 gal) with 400 to 500 gal of water or even
less. You do not need a lot of cleaning solution to wash a tank.
The amount required is determined by the need to keep the
CIP supply pump (and CIP return pump, if used) primed, to
maintain reliable level control in the wash tank, plus the
volume of the CIP supply and return piping. While some well-
designed systems can operate with as little as 30-35 gal of
water in the circuit,? not much can be done about the hold-up
volume in the supply and (to a lesser extent) return piping.
However, if you look at the layout of most modern large-
scale biopharmaceutical facilities, you are likely to find that
several CIP skids serving various process suites are all
located in a central area. The advantage is keeping all the
drums with cleaning chemicals and high volume discharges
of used solutions to drain away from the classified production
areas, as well as simplified maintenance of the CIP equip-
ment. But that also leads to the CIPS and CIPR lines being
very long. For example, some of the CIP circuits in the
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biopharmaceutical facility mentioned at the beginning of this
article include more than 600 feet of piping. The hold-up
volume in such circuit with 2" diameter tubing is close to 100
gal. That leads to a very high water usage for a CIP cycle
involving multiple wash and rinse steps. The long CIP supply
and return lines also affect the CIP cycle time: at 50 gpm
circulation rate, it will take almost two minutes just to fill the
CIP circuit in the example above so each rinse and air blow
takes much longer.

Possible Ways to Improve the CIP Design in
Large Biopharmaceutical Facilities

As we described above, installing multiple CIP skids serving
various areas of a large facility in one central area leads to a
dramatic increase in the amount of water, chemicals, energy
used, wastewater generated, and cycle time increase due to
the long CIP supply and return lines. Considering the current
trend to build the larger and larger biopharmaceutical plants,
this problem is likely to persist. Although the authors are not
aware of any solution that would be perfect in all respects and
applicable to any project, here are some options that may be
useful.

1. Portable CIP skids.

This approach is not likely to gain wide acceptance in large
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V-201 V-203
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CIP SKID
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Figure 6. CIP distribution system with valve manifold. Upper header illustrates option with two valves per branch, lower header - with one

valve per branch.
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modern plants for cleaning of major equipment, but it may be
useful for cleaning some smaller vessels, especially those
that do not need to be cleaned very often. The greatest
disadvantages of using a portable CIP skid are the labor
intensity and the need to move it between various process
areas.

2. Fixed CIP skids installed near or inside the
area they serve.

This approach would reduce the usage of water and chemicals
for CIP (in almost direct proportion to the average distance
from the CIP skid to the process equipment), but may present
challenges for the development of the overall facility layout.
Since many of the process operations are conducted in the
GMP classified areas (Class 100,000, class 10,000 etc.) or in
controlled manufacturing areas, it would require special
effort to find a suitable place for the CIP skid nearby. On the
other hand, we often have to place utility equipment such as
temperature control modules or CIP return pumps within
close proximity to the process vessels so we should be able to
find a space for a CIP skid, especially a small one. And, a CIP
skid can be as small as 3' x 5' if we provide the water supply
to it at a high flow rate, eliminating the need for on-skid
holding tanks. To avoid handling of the drums with cleaning
chemicals throughout the building, the bulk storage tanks
may be located in the utility area, and the concentrated
chemicals may be distributed to various CIP skids. In our
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opinion, this design approach based on the proper use of
conventional recirculated CIP technology shall be seriously
considered for new biopharmaceutical facilities.

3. Modify the cleaning recipe for maximum
water conservation.

In particular, the customer may collect the final rinse water
from one CIP cycle for re-use in the pre-wash step for the next
piece of equipment. This approach is widely used in the food
and dairy industries, but not in the pharmaceutical industry.
The argument commonly made against it is the increased
probability of cross-contamination. While we don’t find this
argument very convincing, most biopharm companies prefer
to err on the side of caution and do not re-use the final rinse
water.

4. Alternative CIP approach.

This option entails moving away from the concept of a single-
use recirculated CIP system that has been the de-facto
standard in the industry for many years. Instead, it uses a set
of the storage tanks located in a central utility area each
holding one of the “standard” cleaning solutions: one tank for
diluted caustic, one for diluted acid, one for purified water.
Each solution is maintained at required temperature and
concentration, and distributed throughout the building like
any other utility - Figure 8. To clean a piece of equipment, we
simply open and close the point of use valves for appropriate
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solutions that flow once through to drain. While implement-
ing such approach, it is important to incorporate some mea-
sures that would prevent backflow of the cleaning chemicals
into the WFI loop. The example in Figure 8 shows the mix-
proof sanitary valves as one of the means for achieving that
goal.

The advantages of alternative CIP design are:

¢ Lessequipment dedicated to CIP may be required. Instead
of six CIP skids, each containing two tanks, one pump and
one heater, we might have to install only two tanks for
diluted chemicals, each with a pump and a heater (that
assumes that facility already has a purified water storage
tank and recirculation pump).

e No need for the CIP return piping network: all used
cleaning solutions go directly to drain. This combined with
the item above may lead to the reduced capital cost of the
facility.

¢ Increased operating flexibility. Unlike the traditional ap-
proach with dedicated CIP skids where only one piece of
equipmentin a particular area can be cleaned at any given
time (even if five other CIP skids dedicated to other plant
areas are sitting idle), this design allows several pieces of
equipment to be cleaned simultaneously, regardless of
where they are located.

¢ Reduced risk of equipment cross-contamination. With
once-through flow of all cleaning solutions, there is no
chance of introducing any would be contaminants from
one process tank to another. While the authors believe

Equipment Cleaning

that the standard recirculated CIP systems do not pose
cross-contamination risk in the majority of applications,
there are cases where this is a valid concern. For example,
as a matter of cGMP, the same CIP skid shall not be used
for cleaning of “virus-free” and “virus contaminated” equip-
ment in the cell culture facility. Such concerns would be
removed with the once-through CIP design.

Reduced complexity of the biological containment for the
facilities handling hazardous microorganisms. For ex-
ample, in a Biosafety Level 2 (BL-2) facility, the CIP
solutions from a process vessel cannot be recirculated back
tothe CIP skid unless the skid itselfis designed for routine
sterilization and is located in a BL-2 containment area.
Once-through cleaning eliminates this problem.
Reduced CIP cycle time. Since all required cleaning solu-
tions are always available at the correct concentration and
temperature, there is no need to spend time for their
preparation and heating every time we run a CIP cycle.
Combined with the shorter time required for each wash
and rinse step due to elimination of the long CIP supply
and return piping, the overall CIP cycle time reduction can
be substantial.

Reduced usage of water for all rinses. While the amount of
chemical solutions used in the proposed once through
system would likely be higher than with a typical CIP
system (where the chemical wash is normally recircu-
lated), the amount of water required for rinses would be
reduced because all rinses are once through in both sys-
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Figure 8. Concept diagram of a plantwide CIP system with separate distribution piping for each of the cleaning solutions.
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Conventional CIP Alternative CIP scheme
Step Time | Volume | Time Volume Volume
(min) | (gal) | (min) | (without local (with local
recirculation) recirculation)
1st rinse 5 250 3 150 150
Caustic 15 190 1" 550 80
wash
2ndrinse | 9.4 470 3 150 150
Acid wash | 10 190 6 300 80
3rd rinse 9.4 470 3 150 150
Final rinse | 9.4 470 3 150 150
TOTAL 58.2 | 2040 29 1450 760

The numbers for the step times and solution volumes in Tables A and B are
calculated as follows:

For the caustic wash steps: 10 min (minimum contact time), plus 1 min for
the branch valves, plus (for conventional CIP only) 2 min to fill the CIP
supply/return lines and 2 min to heat up the solution. The volume in
conventional CIP equals system volume (which is 100 gal for piping, plus 20
gal in wash tank, plus 20 gal in process tank = 140 gal), plus 1 min flow for
branch valves (50 gal for the large or 25 gal for the small vessel).

For the acid wash steps: 5 min (minimum contact time), plus 1 min for the
branch valves, plus (for conventional CIP only) 2 min to fill the CIP supply/
return lines and 2 min to heat up the solution. Volume is the same as above.

For the first rinse steps: 2 min (minimum rinse time), plus 1 min for the
branch valves, plus (for conventional CIP only) 2 min to fill the CIP supply/
return lines.

For all other rinse steps: for the conventional CIP the rinse volumes are 3
times the system’s volume (3*140 gal), plus 1 min flow for branch valves.
For the alternative CIP scheme the rinse volumes are assumed the same as
for the first rinse.

Table A. Solutions usage comparison for CIP of a large process
vessel.

tems, but in the proposed design the length of the CIP
supply and return piping is greatly reduced. The total
amount of water per cycle may increase or decrease de-
pending on the required duration of the chemical wash
step, length of the CIP supply and return piping (in the
standard CIP option), and other factors.

The main disadvantages of this design are the reduced
flexibility to modify the recipe (no ability to use chemical
solutions at different concentrations and/or temperatures for
different pieces of equipment) and higher usage of cleaning
chemicals. Another minor disadvantage is losing the ability
to monitor the conductivity and temperature of the used CIP
solutions normally performed at the CIP skid - Figure 1.
Instead, a separate conductivity sensor has to be installed at
the outlet of each process vessel. Alternatively, conductivity
monitoring can be done during CIP validation studies using
portable or temporarily installed instruments, and then not
used in the day-to-day operations.

This CIP distribution approach may be beneficial for the
large facilities with many pieces of equipment that otherwise
would be served by multiple CIP skids. In the
biopharmaceutical plants it definitely seems very attractive
for the buffer hold tanks that are normally cleaned by a WFI
rinse. Another likely application would be washing of small
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vessels or small diameter process lines that use only 10 — 15
GPM of CIP flow. In such cases, a once-through wash opera-
tion for five to 10 minutes may actually use less chemical
solution than would be used by a conventional CIP system
with long CIP supply and return lines. This approach also is
useful in cases where once-through CIP operation is dictated
by process reasons such as biohazard containment etc.

5. Alternative CIP approach with local
recirculation.

To avoid the increased usage of chemicals associated with the
Option 4 above, the design can be modified by adding a
portable recirculation pump to each large piece of equipment
(or to a group of several pieces of equipment) and recirculat-
ing the wash solutions locally instead of sending them back
to the remotely located CIP skid - Figure 8. In most cases,
such a pump already exists in the conventional design — the
CIP return pump. Essentially, this option is a crossover
between Option 4 and the conventional recirculated CIP
system. The benefit of reduced chemical usage is achieved in
this case at the expense of adding some system complexity
and capital cost to Option 4.

Comparison of the Water and Chemical

Usage for Various CIP Concepts
In order to quantify the “pros” and “cons” of the various CIP
distribution design options discussed above, we estimated
how much water and cleaning chemicals are required for a
complete CIP cycle of a process circuit, depending on the
design option and on the size of process equipment being
cleaned. The two main design options compared are the
conventional recirculated CIP approach with long distribu-
tion lines from the CIP skid to the process equipment, and the
“alternative approach” described as Option 4 above. In addi-
tion, effect of the local recirculation (Option 5) is also esti-
mated. We considered cleaning of one “large” (6 to 7 feet
diameter) and one “small” (3 to 4 feet diameter) vertical tank
with associated piping.

Before presenting the results, we would like to emphasize
that the “conventional CIP” case considered here refers to the
situation where the CIP skid is located very far from the
process equipment being cleaned, which creates a major
disadvantage for this approach. If it wasn’t for that, the
comparison with once-through CIP would have looked quite
differently.

The following assumptions were made for the estimates:

¢ distance from the CIP skid (or alternate CIP equipment)
to the process vessel is 300 ft

¢ minimum volume of liquid in the CIP wash tank required
to keep the CIP supply pump primed is 20 gal

¢ residual volume of liquid in the process tank during CIP
washes and rinses is 20 gal

e CIP flow rate for the “large” tank is 50 gpm, for the “small”
tank is 25 gpm

e CIP distribution (supply and where applicable, return)
lines throughout the plant are constructed of 2" sanitary
tubing
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¢ the volume of liquid required to fill the CIP supply and
return piping for the conventional CIP design is approxi-
mately 100 gal

¢ The cleaning circuit includes some branch valves (such as
for example valve YV-01in Figure 6) that have to be pulsed
open during each step of the CIP cycle, diverting the
cleaning solution to drain. The total amount of each
solution used to flush these branch valves (and therefore
not recirculated) is equal to one minute’s flow (50 gal for
the “large” and 25 gal for “small” vessel).

* minimum contact time required for the caustic wash is 10
minutes, for acid wash — five minutes.

¢ volume of water required to rinse the previous solution out
of the cleaning circuit equals three times the operating
circuit volume.

¢ Forthe alternative CIP approach (and for the first rinse in
the conventional case), the rinse volume for the vessel
itself is based on the two minutes time at the design flow
rate. That does not include the water required to rinse the
branch valves or to fill the CIP supply/return lines.

Tables A and B represent the results of our estimates for the
“large” and “small” vessel CIP respectively.

As can be seen from Table A, an alternative CIP approach
may lead to an overall reduction of the water used for the CIP
cycle, even though the usage of chemical solutions increases
compared to the conventional recirculated CIP design. Incor-
porating local recirculation of the wash solutions in the
process vessel can help in reducing the water and chemical
usage much further. The CIP cycle time is substantially
shorter with the alternative CIP distribution design because
time is not spent filling up the long supply and return lines,
heating up the wash solutions to required temperature, or
rinsing the wash solutions out of those long lines. In fact, the
cycle times for the conventional CIP case tend to be even
longer than shown here because we didn’t allow for the time
spent filling up the wash and rinse tanks on the CIP skid, as
well as for the cleaning circuit set-up time.

The results of the small vessel CIP simulation presented
in Table B are somewhat similar, except that the savings in
water usage and in the cycle time achieved with the alterna-
tive design approach are even more pronounced. In fact, we
may notice that with conventional recirculated CIP, the
amount of water used is almost independent of the scale of
equipment being washed (1840 gal for a small versus 2040 gal
for a large vessel). That highlights the fact that with the long
CIP distribution lines, most of the water is essentially used
to wash and rinse those lines rather than the process equip-
ment itself. And, due to the reduced CIP flow rate, the cycle
time for cleaning a small vessel by conventional recirculated
CIP skid is much longer than that for cleaning of a large
vessel. The alternative CIP distribution design overcomes
these problems by bringing each of the necessary CIP solu-
tions to the process equipment in a separate line, leaving only
a very short section of CIP supply pipe (from the point-of-use
valve to the spray ball) that needs to be rinsed at every step.

It may be prudent to point out that any savings in the
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Conventional CIP Alternative CIP scheme
Step Time | Volume | Time Volume Volume
(min) | (gal) | (min) | (without local (with local
recirculation) recirculation)
1st rinse 7 175 3 75 75
Caustic 17 165 1" 275 b5
wash
2nd rinse | 17.8 445 3 75 75
Acid wash | 12 165 6 150 b5
3rdrinse | 17.8 445 3 75 75
Final rinse | 17.8 445 3 75 75
TOTAL 89.4 | 1840 29 725 410

Table B. Solutions usage comparison for CIP of a small process
vessel.

usage of water and cleaning chemicals achieved by modifying
the CIP design approach is likely to cause a corresponding
reduction in the energy usage (plant steam, chilled water,
electrical power), and in the wastewater generation.

Effect of the CIP Design Concept on the
Facility’s Capital Cost
Selection of one or another approach with regard to CIP
equipment may affect not only the facility’s operating factors
such as water, chemicals, and energy usage, but also the
amount of CIP-related equipment and piping required, and
therefore capital cost of the plant. To get a general idea of how
the capital cost may be affected, we compared order of
magnitude costs of the CIP-related equipment and piping for
two hypothetical design cases - Table C. For this exercise, we
assumed that a large biopharmaceutical facility requires six
conventional CIP skids to clean all process equipment and
estimated the total length of CIP supply and return piping at
9,000 ft (the piping length estimate is based on the author’s
experience with an actual design of similar plant). For the

Description Quantity | Units Unit Cost Subtotal
Conventional CIP with 6 skids

CIP skid (installed cost) 6 each $ 500,000 | $3,000,000
CIP supply/return 9000 feet $ 300 | $2,700,000
piping

Total $ 5,700,000
Alternative CIP

Caustic tank skid 1 each $ 300,000 | $ 300,000
(installed)

Acid tank skid 1 each $ 300,000 | ¢ 300,000
Caustic distribution 3000 feet $ 150 | $ 450,000
piping

Acid distribution piping | 3000 feet $ 150 | $ 450,000
WFI piping 2000 feet $ 300 | $ 600,000
(incremental portion)

Total $2,100,000

Table C. Order of magnitude cost comparison of conventional and
alternative CIP distribution concepts.
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alternative CIP design, we assumed that six automated CIP
skids could be replaced with two simple (and less automated)
skids, one containing holding tank and recirculation pump
for the diluted caustic solution, and another — for acid solu-
tion. We also assumed that the distribution piping for those
two solutions is made out of general purpose stainless steel
pipe rather than more expensive sanitary tubing typically
used for the CIP supply and return. As for the Water-For-
Injection, each biopharmaceutical facility has a distribution
system for it in any case, but in order to implement the
alternative CIP concept, the system needs to be expanded so
we made an allowance for the 2,000 feet of extra tubing.

While the numbers in Table C are just crude estimates and
shall not be taken too seriously, they illustrate the argument
that in certain (not all!) cases, an alternative approach to the
CIP equipment may lead to a reduction of the overall facility’s
cost in addition to other benefits.

Conclusion

Based on the amount of attention given in the preceding
paragraphs to the “Alternative CIP concept,” the reader
might have gotten an impression that the authors recom-
mend it over all other design concepts in most cases. If so, that
would be a wrong impression. The alternative concept exhib-
its clear benefits in water and cycle time savings in our
comparison with conventional CIP approach only because the
conventional CIP case considered in that comparison is far
from optimal. Each of the design schemes would work well
when used for the right applications. More than that, the
options described above do not constitute a comprehensive
list of CIP design solutions. None of them is appropriate for
all facilities or for all types of equipment. There may be many
innovative ways to design biopharmaceutical facilities in
general and the CIP systems in particular. Even a simple
increase in the facility physical size and number of equip-
ment pieces may lead to quite a different design concept for
CIP. The main purpose of this article is to stimulate “out of
the box” thinking when dealing with the CIP issues. It is
likely that an optimum CIP design for a particular facility
would include a combination of several design concepts.

For further reading on various issues related to equipment
CIP, please refer to the following publications.*°
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This article
summarizes and
clarifies terms
and issues
related to the
vacuum integrity
testing of
lyophilizers.

Figure 1. A Typical
research lyophilizer.

©Copyright ISPE 2005

Vacuum Integrity Testing

Reprinted from

PHARMACEUTICAL ENGINEERING-

The Official Journal of ISPE
January/February 2005, Vol. 25 No. 1

The Vacuum Integrity Testing of

Lyophilizers

by Charles D. Dern, PE

Introduction
eferencing equipment that manufac-
tures Large Volume Parenterals
(LVPs), the current Good Manufactur-
ing Practices (cGMPs) state that:
“Equipment shall be constructed so that con-
tact components, including process materials,
drug products, or the drug product contact area
of containers or closures, shall not affect the
safety, identity, strength, quality, or purity of
the Large Volume Parenteral drug product.”™
Because of the nature of the vapor pressure of
ice, both the primary and secondary drying

i E
g
5

Y

(MM

phases of the lyophilization cycle must take
placein a vacuum in order to effect the sublima-
tion and desorption of water or other solvent
out of the product. In turn, because the lyo-
philization process occurs in an evacuated ves-
sel, both designers and users of lyophilizers are
presented with unique challenges in maintain-
ing the sterility of the product in a vacuum.
Among these challenges are the measurement
of system “tightness” and the establishment of
aninleakage criterion that maintains a reason-
able assurance of product sterility. With this in
mind, the Vacuum Integrity Test is an impor-
tant part of any Factory Acceptance Test (FAT),
Site Acceptance Test (SAT), and/or Operation
Qualification (0Q).

Basic Definitions

Before exploring practical issues, some basic
definitions are essential. One can measure the
relative tightness of evacuated vessels by one of
two criteria: “rate of rise” or “leak rate.” Rate of
rise is the amount of pressure change in an
evacuated vessel over a given period, e.g.,
milliTorr per minute (mTorr/min) or milliBar
per second (mBar/sec).? For example, if one
evacuates a vessel to 100 mTorr (0.133 mBar),
closes the isolation valve to the vacuum pump,
and then observes that after one minute, the
pressure is 102 mTorr (0.136 mBar), then the
rate of rise is quite simply 2 mTorr per minute
(0.003 mBar/min). Mathematically the formula
is:

Rate of  Finish Pressure - Start Pressure

Rise ~

Elapsed Time

However, rates of rise, no matter how carefully
done, are not an accurate basis for comparing
tightness among vessels of various sizes. This
is because rates of rise do not account for the
volumes of the vessels in question. If a 10 ft?
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Volume: | Volume: | mBar] | mTorr| Volume: | Volume: | mBar|] | mTorr|
Liters | Feet® | minute | minute Liters | Feet® | minute | minute

50 1.77 |1.20E-02| 9.023 3600 | 127.12 |1.67E-04| 0.125
60 2.12 |1.00E-02| 7.519 3700 | 130.65 [1.62E-04| 0.122
70 247 |8.57E-03| 6.445 3800 | 134.18 [1.68E-04| 0.119
80 2.82 |7.50E-03| 5.639 3900 | 137.71 [1.54E-04| 0.116
90 3.18 |6.67E-03| 5.013 4000 | 141.24 |1.50E-04| 0.113

100 3.53 |6.00E-03| 4.511 4100 | 144.77 |1.46E-04| 0.110
200 7.06 [3.00E-03| 2.256 4200 | 148.31 |1.43E-04| 0.107
300 10.59 (2.00E-03| 1.504 4300 | 151.84 |1.40E-04| 0.105
400 14.12 |1.50E-03| 1.128 4400 | 155.37 |1.36E-04| 0.103
500 17.66 |1.20E-03| 0.902 4500 | 158.90 |1.33E-04| 0.100

600 21.19 |1.00E-03| 0.752 4600 | 162.43 |1.30E-04| 0.098
700 24.72 |8.57E-04| 0.644 4700 | 165.96 |1.28E-04| 0.096
800 28.25 |7.50E-04| 0.564 4800 | 169.49 |1.25E-04| 0.094
900 31.78 |6.67E-04| 0.501 4900 | 173.02 |1.22E-04| 0.092
1000 | 35.31 |6.00E-04| 0.451 5000 | 176.55 |1.20E-04| 0.090

1100 | 38.84 |b.4bE-04| 0.410 5500 | 194.21 |1.09e-04| 0.082
1200 | 42.37 |5.00E-04| 0.376 6000 | 211.86 |1.00E-04| 0.075
1300 | 45.90 |(4.62E-04| 0.347 6500 | 229.52 |9.23E-05| 0.069
1400 | 49.44 |4.29-04| 0.322 7000 | 247.18 |8.57E-05| 0.064
1500 | 52.97 [4.00E-04| 0.301 7500 | 264.83 |8.00E-05| 0.060

1600 | 56.50 |3.75E-04| 0.282 8000 | 282.49 |7.50E-05| 0.056
1700 | 60.03 |[3.53E-04| 0.265 8500 | 300.14 |7.06E-05| 0.053
1800 | 63.56 |3.33E-04( 0.251 9000 | 317.80 [6.67E-05| 0.050
1900 | 67.09 |(3.16E-04| 0.237 9500 | 335.45 |6.32E-05| 0.047
2000 | 70.62 |3.00E-04| 0.226 10000 | 353.11 |6.00E-05| 0.045

2100 | 74.15 |2.86E-04| 0.215 10500 | 370.76 |5.71E-05| 0.043
2200 | 77.68 |[2.73E-04| 0.205 11000 | 388.42 |5.4bE-05( 0.041
2300 | 81.21 |2.61E-04| 0.196 11500 | 406.07 |5.22E-05| 0.039
2400 | 84.75 |[2.50E-04| 0.188 12000 | 423.73 |5.00E-05| 0.038
2500 | 88.28 |2.40E-04| 0.180 12500 | 441.38 |4.80E-05| 0.036

2600 | 91.81 [2.31E-04| 0.174 13000 | 459.04 |4.62E-05| 0.035
2700 | 95.34 |2.22E-04| 0.167 13500 | 476.69 |4.44E-05| 0.033
2800 | 98.87 |[2.14E-04| 0.161 14000 | 494.35 |4.29E-05| 0.032
2900 | 102.40 |2.07E-04| 0.156 14500 | 512.01 |4.14E-05| 0.031
3000 | 105.93 |2.00E-04| 0.150 15000 | 529.66 |4.00E-05| 0.030

3100 | 109.46 | 1.94E-04| 0.146 16000 | 564.97 |3.75E-05| 0.028
3200 | 112.99 [1.88E-04| 0.141 17000 | 600.28 |3.53E-05| 0.027
3300 | 116.53 |1.82E-04| 0.137 18000 | 635.59 [3.33E-05| 0.025
3400 | 120.06 |1.76E-04| 0.133 19000 | 670.90 |3.16E-05| 0.024
3500 | 123.59 |1.71E-04| 0.129 20000 | 706.21 [3.00E-05| 0.023

Table A. Equivalent rates of rise of given volumes for a leak rate
of 1x10-2 mBar-L/sec.

(2831 L) vessel and a 100 ft? (2831 L) vessel have the same
rate of rise, a greater amount of gas must leak into the 100 ft?
vessel to raise the pressure the same amount, in fact, 10 times
as much. To do an accurate comparison, therefore, one must
account for the respective volumes of the vessels. This is
accomplished by a “leak rate.” Obtaining a leak rate involves
multiplying “rate of rise” by the system volume. Thus, ifarate
of rise is expressed in millitorr per minute (mTorr/min.), then
a leak rate is expressed as millitorr x cubic feet per minute
(mTorr-ft3/min.) The general formula is:

Leak (Finish Pressure - Start Pressure) x Volume
Rate Elapsed Time

or
Leak

Rate = Rate of Rise x Volume

PHARMACEUTICAL ENGINEERING JANUARY/FEBRUARY 2005

For example, assume that vessels of 10 ft3 and 100 ft3both are
evacuated to 100 mTorr (0.133 mBar) and are maintained at
a constant temperature. At this pressure, the 10 ft? vessel will
contain 0.00132 standard cubic feet (SCF) (0.037 L) of gas and
the 100 ft3 vessel will contain 0.0132 SCF (0.37 L) of gas.
Assume further that each vessel has an identical leak that
allows 0.001 SCF (0.028 L) of gas in one minute into each
vessel. At the end of one minute:

e The 10 ft? vessel contains 0.00232 SCF (0.066 L) of gas and
is at a pressure of 176 mTorr (0.235 mBar) for a rate of rise
of 76 mTorr/min (0,101 mBar/min).

e The 100 ft3vessel contains 0.0142 SCF (0.40 L) of gas and
is at a pressure of 107.6 mTorr (0.143 mBar) for a rate of
rise of 7.6 mTorr/min (0.0101 mBar/min).

Both chambers have the same leak yet the smaller chamber
has the greater rate of rise. However, if the rates of rise are
multiplied by the respective chamber volumes, one obtains:

10 ft? x 76 mTorr/min = 760 mTorr-ft>/min
(283.1 L x 0.101 mBar/min = 28.6 mBar-L/min)

and

100 ft? x 7.6 mTorr/min =760 mTorr-ft>/min
(2831 L x 0.0101 mBar/min = 28.6 mBar-L/min)

The vessels have identical leak rates. Even though the 100 ft?
vessel has 10 times the evacuated volume of the 10 ft? vessel,
as long as the vessels are at the same pressure and have
identical leaks, virtually the same amount of gas will enter
into each vessel over a limited range. This is because the
orifice of each leak “sees” approximately the same suction.?
The obvious advantage of leak rate over rate of rise is that
those who own lyophilizers of various sizes can specify a
single master acceptance criterion (although the actual test
requires that one measure a rate of rise). Figures 1 and 2 of
research and production lyophilizers respectively, show just
how size can vary among systems. Yet, despite their size
differences, both systems can reasonably be held to the same
leak rate criterion.

Testing for Vacuum Integrity

The actual testing for vacuum integrity is the same time
straightforward and not so straightforward. It is straightfor-
ward in that the basic test sequence is simple: chill condens-
ing plates (to protect vacuum pumps), evacuate system, stop
evacuation, allow system to stabilize, and measure rate of
rise. It is not so straightforward for several reasons: the
problem of “real leaks” and “virtual leaks,” the influence of
system temperature, and the lack of an industry-established
acceptance criterion.
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Real Leaks

Real leaks can be difficult to locate, but once located often are
fixed easily. Location of leaks can be done with equipment as
sophisticated as a Helium Leak Detector, or simply by pres-
surizing the system, coating seal surfaces with soap, and
watching for bubbles (although some seals that leak under
vacuum may not leak under pressure). On external con-
denser systems with a main vapor valve, one can close this
valve and isolate the chamber from the condenser, and check
each vessel for leaks separately. Multiple stoppering rod
ports of some older freeze dryers are a notorious source of real
leaks. Other common points for inleakage include door seals,
main vapor valve flanges, instrumentation connections, ther-
mocouple leadthroughs, relief valves, and process valves.

Virtual Leaks

A major concern for those performing vacuum integrity tests
is the presence of what are called virtual leaks. As the name
implies, virtual leaks are not real or actual leaks caused by a
breach in the vessel’s walls or seals. Outgassing materials or
gas pockets contained within the vessel can cause a greater
rate of rise than one would otherwise obtain. In such a case,
one can be led to believe that there is a defect in the vessel’s
physical structure when in fact there is not. One indication of
virtual leak is a decrease in the rate of rise over time. As
Figure 3 illustrates, when a virtual leak is present, the rate
of rise will taper off as time progresses.

Figure 2. A Typical production lyophilizer.

©Copyright ISPE 2005
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One cause of virtual leaks is humidity and/or fluids within
the vessel. If the vessel to be tested is not clean, dry and
empty, pressure increases caused by the vaporizing of water
and/or solvents (such as from cleaning) contained within the
vessel can occur. As the fluids vaporize, the pressure within
the vessel increases at least in part owing to the vaporization
and not because of any real problem with the system. Water
trapped in the chamber and/or condenser drain is a very
common source for this type of virtual leak. As the system
pressure decreases, water trapped in the drain (upstream of
theisolation valve) begins to evaporate. However, the process
of evaporation requires energy. This energy comes in the form
of a temperature reduction of the standing water, a phenom-
enon called “evaporative cooling.” If enough energy leaves the
standing water, the water will freeze, and cause a virtual leak
as it slowly sublimates. One field technician’s trick to detect
this problem is to feel the drainpipe. If the pipe is rather cold
to the touch, then one likely has water in the drain.

Second, the outgassing of volatiles from polymers and/or
other substances can have a similar effect. As in the first case,
volatiles will leach out of polymers (such as seals) until the
vapor pressure of the volatile equalizes with the system
pressure.

A third type of virtual leak occurs when air (or other gas)
is trapped in an annular space that has no opening to the
outside of the vessel and a relatively small opening to the
inside (e.g. a cavity within a weld). While the main vessel
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Figure 3. Real and virtual leak plots.

evacuates rather quickly, the gas trapped in the annular
space evacuates much more slowly. Thus, while the vessel
will appear to have been evacuated to the desired pressure,
higher pressure gas will remain trapped in the annular space.
When a leak rate or rate of rise measurement is attempted,
a false reading will occur because of the gradual leakage of
the gas from the annular space into the main vessel.

A properly constructed vessel, especially a vessel certified
for positive pressure, should not have any voids, particularly
in the welds. In addition, seals made of polymers with vapor
pressures lower than the process parameters should be used.
EPDM, silicone, and viton work well in vacuum applications
and also withstand exposure to steam during a sterilization
cycle. Still, only trial and error experimentation can deter-
mine if virtual leaks are present. If one suspects a virtual
leak, a possible remedy is to evacuate the vessel for an
extended length of time. This will allow some vapors to be
driven off outgassing substances and/or time for gases to
evacuate from annular spaces.

Temperature, Pressure, and
Time Considerations
The combined gas law (PV=nRT) tells us that temperature
and pressure are inextricably related. Because a system
evacuated to the freeze drying range (50 to 300 mTorr, or
0.067 to 0.40 mBar) contains so little gas, and the unit of
measure (mTorr or mBar) is so small, small fluctuations in
system temperature cause significant variations in readings
and results. Fortunately, lyophilizers have shelves with con-
trollable temperatures and condensing plates, which if oper-
ating properly, will bottom-out at a consistent temperature
(about -95°F (-70°C) for two-stage systems using refrigerant
R507). England’s Parenteral Society recommends that freeze-
dryer shelves be maintained at +104°F (+40°C) to encourage
outgassing while the condenser is kept at -40°F (-40°C) or
colder to protect the vacuum pumps.? Common practice in the
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United Statesis to keep the shelves at or below ambient (68°F
or 20°C) while allowing condensing plates to attain their
minimum temperature.

One caveat, the lyophilizer’s refrigeration system can
mask virtual leaks. If a surface within the evacuated vessel
is cold enough such that outgassing volatiles condense onto it,
the effect of a virtual leak can be reduced if not completely
abrogated. (Most of the components of air, except water
vapor, are non-condensable. As such, the refrigeration sys-
tem minimally affects real leaks.) Foremost, as long as one
maintains consistent temperatures from test to test, one will
have comparable results. Furthermore, it is inaccurate to
compare the leak rate of a vessel performed without refrig-
eration to the leak rate of vessel performed with refrigera-
tion.

The pressure at which one performs a Vacuum Integrity
Test is also a critical parameter. Rates of rise can be per-
formed at any pressure below the local ambient pressure and
can be done for any length of time. The best pressure at which
to test is at the expected working pressure of the vessel,
usually 100 mTorr (0.133 mBar) for lyophilizers. Specifying
start pressures well below that of the system’s normal opera-
tional parameters is unnecessary and potentially costly for
several reasons. Components that satisfactorily contain
vacuum at the operating condition can fail at the test condi-
tion. In addition, volatiles in substances that do not outgas at
the operating condition may do so under the test condition. As
such, one can expend large amounts of time, money, and
effort attempting to solve a “problem” which does not exist at
actual operating conditions. Furthermore, lower pressures
cause a greater suction through leaks than higher pressures.
Therefore, one should expect lower leak rates and rates of rise
at lesser vacuums (higher pressures) and higher leak rates
and rates of rise at higher vacuums (lower pressures). In fact,
one can obtain a rate of rise or leak rate of “0” with any
chamber at local ambient pressure.

Time is the third critical factor. In most cases, the longer
the elapsed time, the more assurance one will have of obtain-
ing an accurate result. This is especially true for very tight
systems. In such systems, the rate of rise can be so slow as to
be beyond the measuring accuracy of even a vacuum head
with a 1 mTorr resolution. Rate of rise times of one hour or
longer allow the measurement of start and end pressures
with increased accuracy.

What is an Acceptable Inleakage Criterion?
First, one must verify whether the leak rate specification is
for a complete assembled system or for the individual post-
fabricated, but pre-assembled chamber or condenser. An
assembled system has many more surfaces to which water
can cling, as well as more seals exposed to the surroundings.
Second, leak rates are most commonly specified in units of
milliBar x Liter per second (mBar-L/sec). The Parenteral
Society specifies a leak rate of 2 x 102 mBar-L/sec “for a new,
clean empty freeze dryer.”® The current, most frequently
specified leak rate for new laboratory and production dryers
is 1 x 102 mBar-L/sec (see Table A for equivalent rates of rise
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for given volumes for this leak rate). This author has found
acceptance criteria in practice as high as 15 mTorr/min for a
mid-sized freeze dryer. Assuming a system volume of 3,000
liters, this translates to a leak rate of 1 mBar-L/sec or, in
other words, a tightness spec 100 times that of the current
standard for new lyophilizers.

Yet, experience shows that even lyophilizers with leak
rates as high as 1 mBar-l/sec apparently produce product
with an acceptable sterility. There are several likely reasons
for this. First, because the various molecules that make up air
are orders of magnitude smaller than microorganisms, one
can have inleakage without contamination. If a system has
multiple leaks all of whose paths are less than the diameter
of a microorganism, one could have a relatively high leak
rate, but still have sterility. Second, leaks through the cham-
ber door seal from a sterile core are inconsequential as long
as the leaks are not so large as to prevent a system from
obtaining the required process vacuum levels. Third, because
the lyophilization process involves the outflow of vapor from
the vials, it is statistically improbable that a microorganism
would flow “backwards” into a vial. Such an occurrence is
even more improbable if the leak is at some point in the vapor
path downstream from the vials. Finally, one might observe
thatlarger systems are inherently more sterile because there
is more volume to “soak up” microorganisms.

Nonetheless, there is a glaring lack of scientific justifica-
tion for any of the aforementioned numbers. The Parenteral
Society gives no rationale for its number of 2 x 102 mBar-L/
sec. The current standard of 1 x 102 mBar-L/sec for new
lyophilizers ostensibly came about as a reasonably obtain-
able minimum. To determine a leak rate that absolutely
would prevent the ingress of microorganisms, one must first
consider that potential contamination can occur only if a
system has at least one leak path that is large enough to pass
a microorganism. The only possible guarantee that no micro-
organism could enter a system is to test to a leak rate that one
would obtain for a single leak path orifice, slightly smaller
than the smallest undesirable microorganism.” Still, even
upon calculation of this inleakage rate, it remains difficult to
determine whether one has multiple small leaks, each of
which is too small to allow the passage of a microorganism, or
some smaller amount of larger leaks, each of which is of
sufficient size to pass a microorganism.

Conclusion

¢ The Vacuum Integrity Test is an integral part of the
quality assurance of lyophilized parenterals.

¢ Nonetheless, there are many factors of which one needs to
be aware when performing this qualification, such as the
influences of time, temperature, start pressure, and vir-
tual leaks.

¢ Tocompare vacuum integrity of vessels, one must have the
same temperature, pressure, and time conditions. If the
volumes of the vessels are dissimilar, then one must
specify a volume-based leak rate.

e Current criteria for acceptable vacuum tightness have not
been scientifically justified; however, current practices
apparently yield acceptably sterile product.

©Copyright ISPE 2005
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Dear ISPE Member,

Having a population of approximately 180 million inhabitants,
Brazil is a country of large territorial extensions with different
regional characteristics and huge coastlines that offer tourism
during the whole year. Brazil also has economic centers with
many of the world’s major corporations.

Brazil has shown a stable economic panorama in the last 10
years with a controlled inflation level which has led to some
big investments in the industrial sector.

In spite of the world’s recession, Brazil has been appearing in
the news reknowned for its representation in Latin America as
well as countries in development.

The Brazilian pharmaceutical industry in particular has shown
a good profit level and growth over the last several years.

Forecasters are predicting a 3% increase in the Gross Domes-
tic Product (GDP) and the industries and trade are preparing
for this increase in consumer demand.

The national pharmaceutical companies have found a strong
and important partnership within the international capital,
which is very important to the multinational companies that
wish to manufacture and distribute their products in this
market worth almost $ 6.5 billion. The local and international
partnerships have offered to both sides a great opportunity for
the country’s development, expertise, and market growth.

In Latin America, Brazil has modern and well prepared
industries able to meet the international demands, producing
locally and meeting the needs of the whole continent.

Brazil is a country whose population is famous for its
hospitality and is happy to invite you to visit. We hope you get
delighted to see all the wonderful things that a tropical country
can offer you.

Silas Teles Filho

Silas Teles Filho
President, ISPE Brazil Affiliate
2000 - 2004
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Industry

razil is a country of large territorial extension
B (8,547,403 km?) full of cultural and economic

diversities that cause a huge contrast in regional
and economic habits. It has a pharmaceutical industry
complex with 239 companies. Out of those, 178 are
Brazilian and most of the big companies are situated
in the south and southeast zones, mainly in two states,
Séao Paulo and Rio de Janeiro.

The industrial development is linked to the state
and metropolitan government actions that have in-
creased fiscal incentives in order to get the installation
of new plants.

The estimated billing for 2004 is of $5.5 billion to
sales of 1.3 billion units. From this billing, 36% come
from Brazilian companies, 23% from American compa-
nies, 16% from German companies, and 11% from
Swiss companies - Table A and Figures 1-3.

From the total of the pharmaceutical market, ap-
proximately 21% of the billing comes

Country Profile - Brazil

A View of the Brazilian Pharmaceutical

by Anténio Costa, ex. Altana Pharma Market Research and
GRUPEMEF (Pharmaceutical Market Researcher Group)

10% a.year. Companies Share (%)

Thls. sector [ onratérios Aché * 6.28
has Ijecelved aca- | Ayentis Pharma 5.76
demic as well a3 "Eygsioma Pharma * 5.47
local industrial Novartis 4.72
attention due to Roche 4.48
t}}e ¥arge d%v'er- Boehringer Ing 4.32
sity in Brazilian  Peepering do Brasil (AG) 3.88
flora, mainly in Schering Plough 3.53
the north and Medley * 3.44
northeast re- Pfizer 3.25
gions, where  [paiian Companies

there are many
different medici-
nal plants.

As one of the most important centers of exportation
in Latin America, Brazil shows a growth expectation of
10% in relation to last year; a period which has ex-

Table A. Ten main laboratories in
billing.

from the Over the Counter (OTC)
section.!

Generic drugs as well as products
containing phytotherapeutic agents
have grown considerably in the last
five years. The generic products
growth is due to governmental policy
of costs reduction which currently
represents 7.3%. The phytothera-

Swiss
11%

Others
14%

Brazilian
36%

peutic agents have gained market German
share due to favorable factors such as 16% .
growing acceptance of doctors and Angzan
patients and profitability, resulting
in higher investments by the indus-  Figure 1. Market share (USD) by country.?
tries in this sector.
The phytotherapeutic products, 1,750,000
historically dominated by German 1,700,000
I companies, are currently receiving a 1,650,000
PG lot of investments within the 1,600,000
""ﬁm national companies such as 1,550,000
“Porto Velho recfe™ | aboratories Aché (the larg- 1,500,000
%“;";,',L*M,-. est Brazilian Company) as 1,450,000
3 % i well as other companies that 1,400,000
E;“"‘ ,‘-""'M work exclusively in this area 1,350,000 2000 001 o 2083 204"
e such as Herbarium and Flora Units (1,000) 1,697,822 1,640,251 1,614,825 1,497,883 1,568,239

o % " Medicinal (now Natura cosmetics).
4 This sector should grow an average of

©Copyright ISPE 2005

JANUARY/FEBRUARY 2005

Figure 2. Brazilian pharmaceutical market in units (1,000).’

Continued on page 5.
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Research and Development

by Carlos A. Morales Paris, MD, Apsen Pharmaceutical
Medical and R&D Director

s ince the mid ‘90s, the Brazilian
pharmaceutical industry has
invested $2 billion in the building,
modernization, expansion of pro-
duction lines resulting in the in-
troduction of top products and an
increase of scale and productivity
(FEBRAFARMA).

Duetothehigh competition and
thetoughrivalry amongthe manu-
facturers in the country, approxi-
mately 2,000 new drugs have been
launched in the last seven years.

A relevant event was the intro-
duction of generic named drugs to
the Brazilian market in 1999. It
generated the availability of 4,500
equivalent drugs. It not only in-
creased the variety of drugs in the
market, but also gave the consumer
the option of having cheaper prod-
ucts with the same quality of the

known brands.

This initiative received invest-
ments of R$ 1 billion reais in build-
ing and modernizing the plants. It
directly created 10 thousand new
jobs and resulted in the opening of
20 new laboratories specialized in
bioequivalence tests

The pharmaceutical industry
invests the equivalent of 21% of
the sales in Research and Devel-
opment, four times more than in
the sectors traditionally associated
with modern technologies, such as
automobiles, electronics and tele-
communications.

This demonstration of techno-
logical, managerial, and market
capacity is still more important
since the pharmaceutical industry
in the country is doing well in an
adverse economic environment

which there is a taxation level of
23% (one of the highest in the
world). In Portugal, for instance,
the tax on medicine is 4.7%) and a
price control policy that suffocates
the companies and inhibits the
sector’s development.

Each year, more and more na-
tional and international laborato-
ries try hard to discover and syn-
thesize new active substances, tak-
ing advantage, among other fac-
tors, of the Brazilian biodiversity.

The Center of Biotechnology of
Amazonia (CBA) invested R$14
million tobuild a complex 0f 12,000
square meters, which is situated
in the area of the industrial state
of Manaus, and will have the units
of basic and advanced research of
cosmetic companies, phytothera-
peutic agents, and extracts that
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Figure 1. Total of registered generic drugs by company.
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use the raw material from the
Amazonica region, the planet’s
highest concentration of biodiver-
sity. CBA was built using mainly
the resources of the Zona Franca
de Manaus Superintendency
[Suframa that today is under the
Ministry of Development, Indus-
try, and Foreign Trade (MDIC)
and Science and Technology (MCT)
and Environment (MMA).]

According to the CBA technical
assessor, Imar Cézar de Arauijo, by
the end 0f 2004, the first 11 labora-
tories (from the total of 26) will be
operational. Aratjo explains that
the programs to be developed rep-
resent in the medium and long
run, the possibility of multiple
opportunities of investments nec-
essary to the installation of a
bioindustry park which will at-
tract new companies, enterprises,
and businesses. To enable this,
according to the coordinator, it is
necessary to have qualified work-
ers, opening new opportunities to
researchers of the region and of
the country.

The center also will stimulate
the areas of science, technology,
and technological innovation toin-
crease competition of the so-called
bioproducts, and of the farming
products produced in the
Amazonas region. Among the ac-
tivities, there are the certification
of the natural products from
Amazonas, having a quality as-
surance stamp (CBA stamp) and
the transfer of the technology of
processes and patents developed
at the center and at the Rede de
Laboratorios Associados - Net As-
sociated Laboratories (RLA). The
net will link universities and pub-
lic and private research centers,
such as Instituto Nacional de
Pesquisas da Amazonia, Museu
Emilio Goeldi and Federal Uni-
versities of Amazonas and Para
and also Fundacao Fiocruz and
Oswaldo Cruz among others.

The CBA was created in the
scope of Brazilian Program of Mo-
lecular Ecology for the Supported
Use of Amazonas Biodiversity
(Probme/Amazoénia), and this year,

Country Profile - Brazil

it has been included in the govern-
mentindustrial, technological, and
international trade policy. Accord-
ing to the technical assessor, the
center will have a laboratory com-
plexofinternational standard aim-
ing the applied research, technol-
ogy transfers, and rendering ser-
vices of a high level. When those
projects are implemented, CBA
will act in bioprospection identify-
ing and extracting the active in-
gredients from plants and animals
to pharmaceutical use, as for ex-
ample, antibiotics, anti-neoplas-
tics, anti-hypertensive substances,
and different products as vegetal
raw material to make biocosmetics,
natural colorants, aromatic sub-
stances, essential oil, biodegrad-
able polymers, bio-insecticides
among others. In the section of
phytotherapeutic, phyto-cosmet-
ics, and fruit culture, CBA was
projected to also attract new busi-
ness and new companies strength-
ening the productive chain with
the consequent settlement of small
producers.@

A View of the Brazilian Pharmaceutical Industry

Continued from page 3.

ported the equivalent of $279.9 mil-

lion. In the first six months of 2004, 8.000.000

Brazilian pharmaceutical companies TN

have exported $163.9 million in fin- 6.000.000

ished medicine and similar products, 5.000.000 i i

vaccine, serum, blood derived prod- 4.000.000

ucts, and parenteral solutions, a 3.000.000

growth of 17.85% in relation to the 2.000.000

same period last year. The exporta- 1.000.000

tions to Mercosur increased 14.77% 0

in the first quarter comparing to the i 2000 2001 2002 2003 20040)

. US$ (1,000)  6.705.678 5.685.430 5.200.494 5.565.566 6.245.985

same period last year, and the re-

sult was $43.6 million. The
rectes™ MoOst important import mar-
kets last year were Mercosur; Argentina,
UG Mexico, and Venezuela.?
Z ;: H"m»w Prescription drugs as well as Over the Counter
}w._ ’We¢ (OTC)products are primarily distributed through
il

Figure 3. Brazilian pharmaceutical market in USD$ (1,000)."

stores/pharmacies)in Brazil, with an average 0f23% of
the products that are not medicine (cosmetics, hy-
giene, etc.) and 77% of medicine.?

The demand of the products is mainly originated by
the doctors’ prescriptions, in which the industries
invest 80% to 85% of the marketing amount. Using the

©
«A  drugstores/pharmacies, clinics and hospitals.

3 '-}f} In the retail, there are 55,000 points of sale (drug-
Concludes on page 7.
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Brazilian Pharmaceutical Market

by Anténio Costa, ex. Altana Pharma Market Research and
GRUPEMEF (Pharmaceutical Market Researcher Group) and
Sérgio Mena Barreto, ABRAFARMA President

associations that represent the

pharmacies such as the Brazil-
ian Association of Pharmacies
(ABRAFARMA), the Brazilian
Association of Pharmaceutical
Trade (ABCFARMA), among oth-
ers. Both associations represent a
total of 90% of the retail pharma-
ceutical market.

ABRAFARMA was founded to
berepresentative and tobe trusted
by the government in negotiations
of the sector.

ABRAFARMA is the reunion of
28 companies with the biggest drug-
storesin Brazilhaving 1,800 stores.
The association represents around
27% of the medicine in Brazilian
market and involves R$5.6 billion
per year. 25% of the sales are of
non-medicine products. Founded in
1991, ithas companies in 237 cities
in 19 Brazilian states that employ
33,284 people. It focuses on the
improvement of the associated com-
panies to preserve the institutional
image, the relationship with public
institutions, government and sup-
pliers, and also the legal support
and market research to improve
the activities.

In Brazil today, the drugstores
survive due to the sales of prod-
ucts that aren’t medicine. In a tra-
ditional drugstore, 75% of the sales
are of drugs, 25% are shampoos,
diapers, hair color, blood glucose
monitoring systems, vitamins
among others. The small stores
have low billing and high informal
level with a monthly income be-
tween R$ 30,000 and R$ 40,000.
(Source: ABRAFARMA)

The research also has shown an
increase of 12.21% in the number
of product units sold and the deliv-

In Brazil, there are some class
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ery system already represents
3.61% of the sales.

In Brazil, there are 53,000 drug-
stores, 80% ofthem are small stores
with low billing and high infor-
mally level with monthly income
between R$30,000 and R$ 40,000.

The initial investment to open
a drugstore is low. It is possible to
buy a drugstore for R$ 50,000,00
orR$70,000,00. Drugstores in Bra-
zil earn their profit primarily
through the sale of non-medicine
products. Abrafarma final net profit
isaround 1.5%. The data have been
audited by Fundacéo Instituto de
Administracéo (Fia). This result is
generated by the non-medicine
products. The organization com-
pletely supports the initiative of
the President Luiz Inécio Lula da
Silva in reducing the State VAT
(ICMS) of the medicines in Brazil.
If he manages to do that, the Fed-
eral Government will solve the prob-
lem of inequity that has been hap-
pening with millions of Brazilians:
the huge amount of taxes that the
patient has to pay on drugs.

In Brazil, the State VAT on
medicine is between 17% and 19%.
Those high taxesincrease the price
of the drugs to the final consumer;
burden the companies that pay
more. ABRAFARMA has been try-
ing to negotiate with the govern-
ment a tax reduction to 7%. Today,
the level of taxes is 18%.

The solution to provide medi-
cine for a country with 180 million
people is to offer individuals the
generic drugs; the government pro-
vides medicine to the population
that can afford a treatment that is
40% cheaper. And the popular
drugstore was started to help those
people whose income is between

JANUARY/FEBRUARY 2005

two and three minimum wages
and can afford very little. But there
is a big part of the population that
the solution is the distribution of
free medicine performed by
Sistema Unico de Saide = Unique
Health System (SUS) maintained
by the government.

Atthe popular drugstore, people
can find 86 drugs at low prices.
Doctors prescribe 10 thousand
drugs in Brazil. At the popular
drugstore, 70% of the products are
of public production. So, out of the
86 drugs prescribed, 77 are of pub-
lic production and the other 19,
bought from private industries.
They are products of good quality.

The number of jobs in drug-
stores is increasing because it is
easy to open a drugstore, as long
as you have an appropriate loca-
tion and abide by government regu-
lations. The City Hall requests a
permission to work, controls, and
registers a pharmacist. There are
no obstacles. A medium-size drug-
store can employ an average of 14
people in each store.

This is a situation that will
change in a few years with the
number of new colleges that have
been opened lately; we should get
to the year 2005 with a consider-
able number of graduated profes-
sionals. In Brazil, 14 thousand
pharmacists graduate every year.

In charge of Abrafarma for the
third time, Sérgio Mena Barreto
fights for the regulation of many
drugstores spread all over Brazil.
He defends the reduction of the
tax rate on medicine as well as
government actions to allow the
population access to medicine as
in the use of generic drugs and the
popular drugstore.
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Professional Profile

he level of education required in the pharmaceuti-

calindustry is high because individuals are respon-
sible for industrial, administrative, and commercial
areas.

The professional working in the industrial arena
must be graduated in chemist-pharmacy, industrial
chemistry, engineering, and must have vast experi-
ence in the pharmaceutical sector.

The industrial area demands highly trained profes-
sionals in the production, products development, and
quality control sectors.

Research and development in the Brazilian phar-
maceutical industry is performed by a few companies
that invest in new drugs research; one of the projects
that has received attention from the government and
from the largest Brazilian pharmaceutical laboratory
(Laboratoérios Aché) that includes phytoterapeutic
agents due to the diversity of Brazilian flora.

Another professional of great importance is the one
responsible for regulatory issues whose task is to
register the products at the government Agéncia
Nacional de Vigilancia Sanitaria (ANVISA).

The marketing of Brazilian pharmaceuticalsis regu-
lated by ANVISA and prohibits direct to consumer
advertising. All technical information is exclusive to
the doctor; therefore, the medical advertisement is the

Country Profile - Brazil

by Renato Pimazzoni, President, Formil Pharmaceutical

most important tool to advertise the product.

The Brazilian market has 140,000 doctors, of which
40% are in south and southeast regions which corre-
spond to 60% of the prescriptions.

In a highly competitive market, the necessity to
narrow the relationships with doctors and drugstores
are the companies’ basic strategies.

Thus, the company’s marketing must be synchro-
nized with the market and with its sales force, whereas
the latter is the means of communication with the
clients and also the information source about market
acceptance and the competitors’ actions.

The pharmaceutical industries professional repre-
sentatives are highly trained, receiving instructions
about pathologies and therapy as well as continuously
updated market information. Today, 80% of the sales
force has university degrees.

In addition to the distribution of medical advertise-
ment, the professional representative visits the drug-
stores in order to obtain information about the
company’s product line, it’s not a sales visit because
the sales are performed by the suppliers/wholesalers.

To increase the visits to the doctors in some special-
ties, some companies hire a group of trainees (directly
or through companies specialized in training and form-
ing groups of representatives).@

Continued from page 5.

media for OTC products, the investment is still too low,
because most of the population still follows the advice
of the drugstore professional.

The Brazilian pharmaceutical market shows a
growth potential, mainly in drugs of continuous use,
because the population of elderly is increasing while
the birthrate is going down.

In Brazil, there is no medicine reimbursement sys-
tem, therefore, the acquisition of a product is totally
lfq_!(\ paid by the user, or it may be received free of charge
R 3"3“\;'_-"" b through a governmental health organ, in the

recte™ latter the patients must be enrolled in the

" Porto Velho _.
»RAZIL Sﬂ\fadw_, f organ.
] The official government laboratories stilldon’t
ZE"“ %, have high productive capability and they pro-
"-M duce some products for their own use in their

hospitals, and these products cannot meet the neces-
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A View of the Brazilian Pharmaceutical Industry

sity so the products are not sold in the selling points.

In the last five years, the national companies have
intensified the partnerships with multinational com-
panies, producing and selling their products, having as
a result the investment in the modernization and
automation of the industrial plants, and in many of
them, including the ones belonging to the big interna-
tional corporations.

The Brazilian pharmaceutical industries have to-
day a modern industrial estate that meets all the
international demands in quality control, and produc-
tion capacity to internal and external market.

Sources
1. GRUPEMEF/FEBRAFARMA.
2. FEBRAFARMA.
3. IMS-MAT:Dec/03. (3
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Brazilian Regulatory Agency

Agéncia Nacional de Vigilancia Sanataria (ANVISA)
End.: SEPN 515, Bl B - Edificio Omega

Brasilia - DF

Cep: 70.770-502

Brazil

www.anvisa.org.br

Brazilian Pharmaceutical Associations

Federacéo Brasileira da Indistria Farmacéutica
(FEBRAFARMA)

Rua Alvorada, 1280 - Vila Olimpia

Séo Paulo / SP

Cep: 04550-004

Brazil

Tel: 55-11-3046-9292
www.febrafarma.org.br

Associacdo Brasileira da Indistria de Medicamentos
Isentos de Prescricdo (ABIMIP)

(OTC s Brazilian Industry Association)

Rua Alvorada, 1280 - Vila Olimpia

Séo Paulo / SP

Cep: 04550-004

Brazil

Tel: 55-11-3045-3842

www.abimip.org.br

Associcdo dos Laboratorios Farmacéuticos Nacionais
(ALANAC)

Rua Sanséao Alves dos Santos, 433 - 8°. andar -
Brooklin Paulista

S&o Paulo / SP

Cep: 04571-090
Brazil

Tel: 565-11-5506-8522
www.alanac.org.br
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Brazilian Associations and Agencies

Associacdo de Indistria Farmacéutica de Pesquisa
(INTERFARMA)

Rua Fernandes Moreira, 1166 - cjto. 72 - Santo
Amaro

Séo Paulo / SP

Cep: 04716-003

Brazil

Tel: 55-11-5180-2380

Fax: 55-11-5183-4247

www.interfarma.org.br

Associacdo Brasileira de Medicamentos Genéricos
(PRO-GENERICOS)

Rua Alvorada, 1280 - Vila Olimpia

S&o Paulo / SP

Cep: 04550-004

Brazil

Tel: 565-11-3897-9767

Fax: 55-11-3845-0742
www.progenericos.org.br

Associacdo Brasileira de Redes de Farmacias e
Drogarias (ABRAFARMA)

Brazilian Pharmacy Association
www.abrafarma.com.br

Brazilian Entities

Associacdo Brasileira das Indistrias de Quimica Fina,
Biotecnologia e suas Especialidades (ABIFINA)
http://www.abifina.org.br

Associacdo Brasileira da Indistria Farmoquimica
(ABIQUIF)
http://www.abiquif.org.br

Associacao Nacional de Farmacéuticos Magistrais
(Anfarmag)
http://www.anfarmag.com.br

Grupo dos Profissionais Executivos do Mercado
Farmacéutico (GRUPEMEF)

http://www.grupemef.com.br
Sociedade Brasileira de Vigilancia de Medicamentos

(Sobravime)
http://www.sobravime.org.br
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