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This article
offers an
alternative
method to
cleaning
validation using
online total
organic carbon
analyzers to
determine
cleaning
validation in-
situ. Methods
are compared
with traditional
laboratory
analysis.

Online Total Organic Carbon (TOC) as a
Process Analytical Technology for
Cleaning Validation Risk Management

by Keith Bader, John Hyde, Peter Watler, and
Amber Lane

Online Total Organic Carbon (TOC)
analysis has progressed significantly
in the past few years, yet it remains an
under-utilized technology. The US

FDA has stated that TOC is an acceptable
method for both cleaning validation and rou-
tine monitoring, provided the suitability of the
method has been established and documented.1

Advances in TOC analyzer oxidation and analy-
sis methodologies make their integration into
Clean-in-Place (CIP) systems instrumentation
relatively easy as a means to provide near real
time cleaning process performance informa-
tion. While it is currently possible and practi-
cal to utilize online TOC analysis for the real-
time assessment of CIP cycle performance, the
biopharmaceutical manufacturing industry has
been slow to adopt it without favorable and
accepted regulatory precedents. However, these
precedents do exist in FDA guidance docu-
ments on Process Analytical Technology (PAT),
the Risk-Based Manufacture of Pharmaceuti-
cal Products (both in 2004), and the Interna-
tional Conference on Harmonization (ICH)
Quality Risk Management guideline in 2005,
which signal a regulatory environment recep-
tive to active monitoring and control of critical
process parameters.

The case study presented in this article was
conducted to test the relative cleanability of
three different bottom mounted agitators. The
data by which the cleaning process was evalu-
ated was acquired using an online TOC ana-
lyzer integrated into the return line of a CIP
system as well as by conventional manual
indirect and direct sampling and offline analy-
sis.

Implementing TOC as an online process
analytical technology requires first determin-

ing if the analytical technology and method are
appropriate for the application. Primarily, the
installation of process analyzers on equipment
used in GMP manufacturing facilities should
be done only after risk analyses are performed
to ensure that the installation does not ad-
versely affect the process or product quality.
The location, physical integration, and auto-
mation of the online analyzer into the cleaning
system return piping are important consider-
ations as these factors may impact the accuracy
and robustness of the measurements. Once
installed, the reliability of the technology must
be demonstrated through a comparison of online
results with existing conventional test meth-
ods, including any developmental studies sup-
porting the efficacy and appropriateness of the
particular analytical method. In this case, the
analytical method TOC, is used to detect pro-
cess and product residues in final rinse water
following cleaning.

Selection of a TOC Analyzer
Based on Instrumental

Characteristics and CIP Process
Considerations

The selection of an appropriate TOC analyzer
requires knowledge of its basic operating prin-
ciples to ensure that CIP process conditions do
not interfere with analytical results. Since there
is little opportunity to customize the available
features of an online TOC analyzer, selection of
an analyzer with the appropriate oxidation and
sensor equipment can accommodate both ana-
lyzer specifications and CIP operational re-
quirements. Though the basic operational prin-
ciples for all TOC analyzers are much the same,
the oxidation and sensor technologies vary be-
tween manufacturers. Matching the character-
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istics of CIP processes with an array of specific sensor and
oxidation technologies compatible with those characteristics
will yield a robust application of the online analyzer, enabling
minimized operational and validation efforts with respect to
cleaning processes.

For CIP applications, accurate results from an online
analyzer must not be confounded by interference from ionic
species, variations in sample pressure, or changes in sample
temperature. Since conductivity is used in some cases to
quantify evolved CO2, the ionic species in many cleaning
agent formulations must be considered as a potential source
of interference. These conductive species may be addressed
through the use of a membrane conductometric sensor as in
Figure 1 or through the use of photometric detection schemes
that are insensitive to the presence of conductive ions. Mem-
brane conductometric detectors allow selective permeability
of CO2 across a membrane without permitting other conduc-
tive ions into the measurement zone. Therefore, measured
conductivity results entirely from Inorganic Carbon (IC) or
Total Carbon (TC) oxidized to CO2, effectively eliminating
this source of interference.

For online TOC analyzers in which samples are directly
introduced to the analyzer from the CIP return manifold,
sample temperature and pressure are relevant parameters to
consider. Sufficient pressure is required in the sample line to
ensure that the analyzed sample concentration doesn’t sig-
nificantly lag in the CIP return piping. Additionally, care also
should be taken to protect the analyzer from pressures
exceeding manufacturer’s recommendations. In most cases,
CIP pressures will not exceed the pressure specifications for
an instrument; however, close attention must still be given to

the configuration, size, and placement of automated sam-
pling valves and associated sample lines drawing from CIP
system return lines. Stabilization of analyzer inlet pressure
and flowrate will allow for consistency in the residence time
of fluid in the sample lines.

Temperature fluctuations are a relevant concern depend-
ing on the selected analyzer, especially if the analysis method
is conductometric. Conductivity is a temperature dependant
measurement that each instrument manufacturer accommo-
dates in a different manner. Temperature variations in the
sample stream may be addressed through temperature com-
pensated conductivity sensors, or measurement of raw con-
ductivity data with sampling apparatus that allow for tem-
perature equilibration through ambient dissipation or active
heat exchange. Alternatively, a detection method that is not
temperature dependant (such as NDIR) may be used.

TOC concentration is indirectly obtained by calculating
the difference between two directly measured parameters;
TC and IC. Equation 1 illustrates this relationship.

TOC = TC - IC (Eq1)

Total Carbon is determined by oxidizing organic carbon
containing compounds to CO2 and quantifying both the inor-
ganic carbon already present in the sample along with the
evolved CO2. In the case of a membrane conductometric
analyzer (Figure 1), Inorganic Carbon (IC) in analyzed samples
results from dissolved CO2 species (HCO3

-, CO3
-2), and may be

measured directly without oxidation of the sample.
As depicted in Figure 1, solution from the sample vial is

injected into the analyzer where acid is introduced to the

Figure 1. Diagram of a membrane conductometric UV/persulfate TOC analyzer - optional inorganic carbon removal units may be employed
if samples have higher levels of dissolved atmospheric CO2.

Continued on page 12.
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sample stream. The added acid shifts the equilibrium such
that inorganic carbon species convert to CO2. After the acid
addition, a persulfate oxidant is added and the sample stream
mixed to ensure homogeneity. The sample stream is then
split with one stream passing through a reactor and exposed
to UV light, initiating a photolysis reaction. As the sample in
the reactor is oxidized, CO2 evolves and is transferred across
a gas permeable membrane into a deionized water stream
where its conductivity is measured. The formation of the
conductive species occurs via the carbonate buffer pathway
shown in Equation 2.

CO2 + H2O ↔ H2CO3

H2CO3 + H2O ↔ H3O
+ + HCO- (Eq2)

HCO- + H2O ↔ H3O
+ + CO-2

3 3

3

The other sample stream flows through a hydro-dynamically
identical path (identified in Figure 1 as the delay coil) where
dissolved CO2 is transferred across the membrane and con-
ductivity is measured to provide an inorganic carbon refer-
ence measurement required for the calculation of TOC.

Analytical and Sampling Method
Development

For this study, two analyzers were employed; both equipped
with membrane conductometric sensors. The offline analyzer
used a methodology based upon UV and persulfate oxidation,
whereas the online analyzer used only UV oxidation. To
ensure the reliability and comparability of the measure-
ments from the online and offline analyzers, USP system
suitability tests were preformed to confirm response effi-
ciency using 1,4 benzoquinone and sucrose standards. The
instrumental limit of detection of 50 ppb TOC required per
the USP2 was met for both analyzers.

Once operation of both analyzers was demonstrated to be
acceptable, methods were developed using the offline ana-
lyzer to characterize the Bovine Serum Albumin (BSA) to be
used as a representative process soil and to evaluate and
quantify the systemic and experimental error associated
with TOC surface swab sampling. Stainless steel coupons
also were spiked at multiple weight loadings to develop a
recovery response curve.

From a 10% by weight solution of BSA, a series of dilutions
were prepared with target concentrations of 500, 1000, 5000,
7500, and 10,000 ppb TOC. The solutions were then analyzed
to ensure that the TOC response curve for BSA was linear and
to empirically characterize the samples’ carbon content to
establish a correlation between the concentrations of TOC
and BSA.

Analysis of the samples produced the response curve
shown in Figure 2. Also reported are the linear regression
trend line through the data points, which provides an indica-
tion of the linearity of the relationship, Limits of Detection
(LOD) and Limits of Quantitation (LOQ). The regression line
correlation coefficient (R2) of 0.9998 demonstrates that the
regression line fits the data and is a reasonable model for the
plotted data.

To ascertain the surface swab recovery characteristics
for BSA, a study was conducted using stainless steel cou-
pons spiked with known concentrations of BSA. The target
organic carbon loading (ppb) is indicated by the Sample ID
numbers in Table A. To account for the inter-individual
variability, the study was conducted with three technicians
independently executing the swab sampling method. Swab
sampling recovery was evaluated by comparing the TOC
recovered from the coupons to the TOC content of positive
control samples in which equivalent amounts of BSA solu-
tion to that spiked on the surface of the corresponding
coupons was spiked into a vial containing 40mL of diluent.
The results are summarized in Table A, and shown graphi-
cally in Figure 3 and Figure 4.

The correlation coefficient (R2) value greater than 0.99 for
each of the technicians provides assurance that the recovery
fits a linear model when inter-individual variability is taken
into account. Evaluation of the LOD and LOQ for the sam-
pling method for each technician is shown in Table A and
ranges from 122 to 195 ppb TOC, and 371 to 589 ppb TOC,
respectively. The slope of each recovery curve also is a
representation of the overall surface swab recovery over the

Table A. Surface swab recovery results.

Sampling Positive Control Blank Corrected
Technician Sample ID TOC (ppb) Sample TOC (ppb) Percent Recovery Sampler LOD Sampler LOQ

1 250 231 181 78.5
500 633 594 93.8 125 377

1000 1137 1016 89.3
2 250 231 194 84.1

500 633 561 88.5 122 371
1000 1137 936 82.3

3 250 280 193 68.8
500 808 649 80.2 195 589

1000 1105 1017 92.0

Figure 2. TOC response curve for Bovine Serum Albumin.

Continued on page 14.
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Figure 4. Characterization of TOC surface swab sampling method
(BSA swab recovery [aggregate]).

range of the indication that on average, each of the techni-
cians will, at a minimum, likely recover greater than 80% of
BSA residues remaining on process surfaces within the
tested range.

The slope of each line shown in Figure 3 indicates the
overall recovery across several residue loadings for each
technician. Additionally, relative standard deviation of the
individual recovery results was used as the primary statistic
of interest to assess the precision of the results and the
reliability of the data for each individual technician. Review-
ing the discrete relative standard deviation numbers and the
R2 values for each technician, some variability is expected
and was apparent.

Intuitively, pooling the data for all of the technicians
should create a model incorporating inherent systemic error
as well as that resulting from inter-individual variability. To
confirm this hypothesis, a t-test conducted for the three data
sets confirms that the sample sets for all the technicians may
be pooled since they are statistically similar with a high
probability of sharing the same sample mean.

Linear regression statistics for the response curve, as well
as LOD and LOQ were determined. The LOD and LOQ are
evaluated through the following equations:

Figure 3. Individual technician swab recovery results.

3.3s
LOD= _____ (Eq3)

m

10s
LOQ= _____ (Eq4)

m

In Equations 3 and 4 above, s defines the standard deviation
from the calibration curve and m the slope of the regression
line.3 However, the quantity, s, may be determined multiple
ways: from the standard deviation of the regression line, the
standard deviation of y-intercepts of the regression line, and
the standard deviation of an appropriate number of blank
responses.

The pooled data for all the technicians is represented
graphically in Figure 4, and shows an overall recovery of
approximately 90% with a correlation coefficient of 0.986,
and aggregate limits of detection and quantitation of 160 and
486 ppb TOC.

As noted above, an alternative method for estimating the
LOD is to use the average of the swab results from the
swabbing of 10 clean stainless steel coupons. This will quan-
tify the approximate background levels resulting from the
water, vials, swabs, and other random experimental sources.
The average TOC from the swabbing of 10 clean stainless
steel coupons was 161 ppb with a relative standard deviation
of 9.3%. Accordingly, the LOD values determined by the two
methods were nearly identical.

Using TOC swab LOQ as the limit for passing cleaning
results, values in excess the TOC swab LOD were evaluated
to determine a root cause for the failure. Corroboration of the
online and offline rinse samples also was considered in the
analysis.

Cleaning Study Results
The CIP test system depicted in Figure 5 was used to compare
the cleanability of three bottom mounted agitators of differing
design. The components that comprise the CIP test system
include a water supply tank, a heat exchanger, automated
valves, Variable Frequency Drive (VFD) controlled pumps,

Sampling Method LOD(ppb TOC) LOQ(ppb TOC)
Swab 161 486

Table B. Sampling method limits.

Figure 5. Schematic of CIP skid with online TOC analyzer.

Continued on page 16.



Today Edwards Pharmaceutical Systems is part of the IMA Group.

The best in freeze-drying technology, hand-in-hand with the world’s leading name in one
stop aseptic processing and filling solutions for the pharmaceutical industry.
At IMA, we are dedicated to building strong client relationships and strive to offer solutions 
which guarantee efficiency and competitiveness in the global pharmaceutical market.
That is why we have fully integrated Edwards’s lyophilisation systems and expertise
in order to supply the pharmaceutical industry with even more advanced and complete
aseptic processing and filling lines.

I M A  L I F E  S O L U TI O N S :  VI A L  LOA D I N G  •  WA S H I N G  •  D E P Y R O G E N ATI N G  •  F I L L I N G  •  F R E E Z E  D RY I N G  •  STO PPER I N G  •  C A PPI N G

Sharing the value of
our combined expertise

Today Edwards Pharmaceutical Systems 
is part of IMA Group

The best in freeze-drying technology, hand-in-hand with the world’s 
leading name in one stop aseptic processing and filling solutions 
for the pharmaceutical industry.

At IMA, we are dedicated to building strong client relationships and strive to 
offer solutions which guarantee efficiency and competitiveness 
in the global pharmaceutical market.

That is why we have fully integrated Edwards’s lyophilisation systems 
and expertise in order to supply the pharmaceutical industry with even more 
advanced and complete aseptic processing and filling lines.

Freeze Drying Solutions

IMA LIFE S.r.l. 
mktg.fi lling@ima.it • www.ima.it

IMA EDWARDS
sales@imaedwards.com - services@imaedwards.com • www.imaedwards.com

IMA_EDWARDS_PharmaEngin_Nov08.in1   1 30-09-2008   16:09:58



16 PHARMACEUTICAL ENGINEERING    JANUARY/FEBRUARY 2009

Cleaning Validation

Figure 6. Comparison of manual and online TOC rinse samples.

and a 1000L vessel in which the agitators were installed for
testing. The critical parameters of temperature and flow rate
were controlled via PID controllers, along with carefully con-
trolled circuit fill volumes and detergent concentrations to
ensure uniform reproducible operations for each run.

To asses each run, final rinse water samples were taken
online through the TOC analyzer sample line located at valve
V-8. The TOC analyzer is represented in the drawing as analog
input signal AI-1. All manual samples taken for comparison
were drawn from valve V-9, which was located immediately
adjacent to the TOC analyzer sample line. To provide a point
of reference for each run, the supply water was manually
sampled from V-11. The agitators were each installed in the
tank in analogous positions and, as noted before, subjected to
the same cleaning procedure and parameters.

To soil the equipment, BSA was manually applied to the
internal tank surfaces as well as the entirety of each agitator
and allowed to dry. Once dry, the CIP cycle was initiated,
consisting of an initial rinse, an alkaline wash, an intermedi-
ate rinse, an acidified wash, and purified water final rinses.
For each cycle, Steris CIP-100, at 1% concentration by vol-
ume, was the cleaning agent used for the alkaline wash. The
cleaning agent used for the acidic wash solution was 1% by
weight phosphoric acid. The acid wash cycle was then fol-
lowed by a once-through rinse and a subsequent recirculated
rinse. Since the online analyzer required a brief equilibration
period before it was ready to sample, the second final rinse
was recirculated as once-through rinse durations were inad-
equate for the analyzer to complete its start up cycle.

Just before completion of the cleaning cycle, manual
samples were taken at the beginning of the final rinse
recirculation. After completion of the cleaning cycle, manu-
ally acquired rinse and swab samples were taken for compari-

son with those from the online TOC analyzer.
Comparability of the sampling and analytical methods

was assessed through analysis of the manual and the online
results. These data are shown in Figure 6. The online results
also were compared to TOC surface swab samples to any
correlation between the methods.

Correlation of the results of all three methods is apparent
with the most notable event being the results from run 7. The
supply water was accidentally contaminated by overfilling
the flat topped supply tank, transferring contaminants from
the lid and seal of the vessel into the bulk solution. In each
case, the sampling methods detected the excursion.

The comparative results for the surface swab samples are
shown in Figure 7. The general trend is the same for the
surface swab samples with the exception of run 3 in which the
surface swab results are higher than either the manual or
online rinse samples. This may have been due to inadequate
surface cleaning of BSA residue that was not completely
soluble in the final rinse water.

The data from all runs demonstrates that rinse samples,
whether online or manual, do provide a good indication of the
residue levels on the equipment surfaces with the absolute
TOC value difference between swab and rinse samples being
attributed to the added TOC background inherent to the
swabbing method.

Another interesting observation is the fact that the manu-
ally collected rinse sample TOC results were lower than those
from the online analyzer, while one might expect quite the
opposite. The manual samples were taken at the beginning of
the recirculated rinse cycle prior to an extended recirculation
time. Once the analyzer had completed the initial rinse cycle
(approximately 4 ½ minutes), the online samples were taken.
The higher results from online TOC samples may be due to
the recirculation of the rinse water prior to sampling. Recir-
culation of final rinse water is a deviation from typical CIP
processes, and recirculation causes the rinse water to be
directed back through pathways that would not ordinarily
have contact with a final once-through rinse. This potentially
contributed some TOC to the final rinse results from the
additional surface area contacted by the final rinse water.

Another contributing factor to the higher online TOC re-
sults is the configuration of the online analyzer sampling
piping which is depicted in Figure 8. The illustration approxi-
mates the spatial layout of the sampling equipment. The TOC
analyzer sample valve, XV-8, was oriented downward, and did
not have an additional drain or flush valve to remove solution
from the lines. The manual rinse sampling valve, on the other
hand, was flushed prior to sample collection per the procedure
for the sampling method, clearing any residue from the sample
path that could contribute to elevated TOC levels.

This principle of rinsing the path prior to sample collection
and analysis may be incorporated into the sampling arrange-
ment for the analyzer to allow for clearance of residues prior
to sample collection. An example of a possible piping configu-
ration to minimize process residue retention is shown in
Figure 9. In this arrangement, the sample line branches from
the process line such that the inlet to the line is constantly

Figure 7. Comparison of online to direct and indirect sampling
method results.
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Figure 8. Isometric layout of sampling equipment.

swept clear by the process fluid. Further, the installation of
a drain valve is useful to allow for flushing of the line prior to
sampling, as well as draining the sample line after sampling
is completed. Sloping the sample line back to the drain valve
also will minimize retention of process fluid from previous
sampling operations.

Conclusions
The cleaning of pharmaceutical manufacturing equipment
systems by automated Clean-in-Place (CIP) means has long
provided superior reliability and consistency as compared to
manual cleaning operations that are subject to human error.
Through the introduction of more reliable and affordable
sensor technologies, including advances in online TOC tech-
nology, the cleaning process can be very effectively controlled
and monitored by removing variability inherent to manual
collection and analysis of cleaning verification and validation
samples. Accordingly, implementation of TOC as a process
analytical technology for cleaning systems can improve knowl-
edge and control of the cleaning process beyond real time

Figure 9. Online analyzer sampling configuration.

Continued on page 18.



18 PHARMACEUTICAL ENGINEERING    JANUARY/FEBRUARY 2009

Cleaning Validation

awareness of final rinse water quality at a discrete moment
in time. The combination of online TOC and online conductiv-
ity measurements provides a means for real-time verification
of cleaning cycle performance, and using statistical process
control methodologies, ongoing analysis of the consistency of
critical control parameters and quality attributes for the
cleaning process. This ongoing monitoring can provide the
basis for evaluating drift and the need for re-qualification
based upon events rather than elapsed time. The data from
ongoing monitoring also can provide a foundation for clean-
ing validation that is not based upon a model of three passing
commercial scale runs, but rather a model that uses evidence
from cleaning cycle performance, on an every run basis, to
provide assurance of successful operations prior to the manu-
facture of each production run.

The implementation of online TOC sampling and analysis
must be done by carefully selecting an analyzer that is
compatible with the cleaning process and subsequently in-
stalling it such that the results are truly representative of
TOC levels in final rinse streams. The selected TOC analyzer
must be able to tolerate conductive ions such as those present
in cleaning agents. The analyzer also must be able to tolerate,
and depending on the intended use, analyze occasional spikes
of TOC greater than 1 – 2 ppm. This study has demonstrated
that an advanced oxidation differential conductivity mem-
brane sensor based instrument is suitable for online CIP
rinse water analysis. Other technologies may be suitable
based on the specific requirements of the application. If the
analyzer will not be used for an application in which conduc-
tive ions are present and TOC concentrations are rarely in
excess of 2 ppm, it may be possible to use an advanced
oxidation based instrument that measures TOC through the
use of direct conductivity. For concentrations of TOC in
excess of 2 ppm with the possibility of conductive ions, end
users may wish to consider the use of a UV persulfate
oxidation system with an NDIR or differential membrane
conductivity sensor.

Additionally, the sample equipment on the CIP system
should be configured to deliver solution to the analyzer
quickly without carryover from run to run. This is best
accomplished by ensuring a short residence time with ad-
equate turbulence in fully drainable sample lines for com-
plete removal of fluid when the equipment is not in use. Once
qualified, the TOC analyzer can identify trends predictive of
adverse events or inadequate process control, allowing for
timely application of corrective measures. This utilization of
real time cleaning process performance information will
yield product quality and economic benefits.

To gain regulatory acceptance for the utilization of online
TOC analysis for ongoing monitoring of cleaning efficacy, the
instrumentation and method must be qualified in a manner
consistent with offline validated and compendial sampling
and analytical methods. Further, implementation of online
TOC sampling and analysis as a component of a PAT strategy
for cleaning processes is only practical if the results are
equivalent or better than those attained from existing meth-
ods. This may be done by comparing the results obtained

using both methods and modifying the sampling equipment
configuration to ensure that the online methodology is accu-
rate and robust, and at the very least, equivalent to the
results of offline sampling methods.

Although some have suggested that online TOC measure-
ment provides additional liability should TOC levels exceed
acceptance limits in final rinse water, online TOC measure-
ment compliments and enhances the level of process knowl-
edge from which critical process decisions may be made.
Typically, once a system has been validated, TOC rinse samples
are not taken for every run unless necessitated by poor system
performance or a philosophy that embraces an extremely low
risk tolerance. CIP systems often rely on monitoring and
control of critical process control parameters, measured by
temperature, flow rate, and conductivity sensors in the appro-
priate locations12 to ensure that cleaning cycles operate within
established and validated ranges. While this approach effec-
tively takes care of the input side of the cleaning process, final
rinse water TOC, which is a critical quality attribute for
cleaning, has not typically been addressed. Online final rinse
water and TOC data will provide more complete information
from which to assess the efficacy of cleaning operations on an
every run basis, yielding comprehensive and ongoing control
well beyond the current status quo.

The monitoring and control of critical quality attributes
for cleaning operations offer further economic and quality
benefits in reduction or elimination of cleaning related OOSs
and their associated investigations and resolutions. These
cost reductions can be realized not only through more effi-
cient processes that facilitate faster and more flexible produc-
tion schedules, but also through the minimization of labor
hours invested in manual operations required to support
systems, through manual sampling and analysis, which
cannot provide the same sensor based process control infor-
mation. In many manufacturing facilities, cleaning valida-
tion samples are manually collected and submitted for analy-
sis to Quality Control laboratories, or in some cases to off-site
contract analytical laboratories. These activities involve both
time and expense for the manufacturer in the form of labor
hours for collection of the data, sample collection materials,
time and resources of the QC laboratories, and opportunity
cost related to delays in manufacturing operations from
waiting for analytical results to determine if cleaning pro-
cesses were successful.

Finally, the economic benefits of online sampling are
supported by the time recorded in the execution of this study
to conduct the manual sampling and analysis as compared to
the time investment required for running the online analyzer
during CIP operations. The time required for the collection
preparation and analysis of the samples collected for nine
cleaning runs was in excess of 80 labor hours. In contrast, the
total set up time for the online analyzer was approximately
three labor hours. On a per-run basis, preparations for online
analysis and sampling required approximately 20 minutes.
In comparison, each run required nearly 10 hours of labor for
manual sample collection and analysis. Clearly, extrapolat-
ing this time savings over the period of a year indicates that
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significant savings may be realized, the magnitude of which
depends on the particular facility and the number of cleaning
operations to be qualified and monitored. Although integrat-
ing online TOC measurements into CIP system automation
will result in added capital costs, operating costs can be
significantly reduced and will likely justify the investment.

Summary
Sophisticated measurement and control strategies have been
successfully applied to CIP systems and operations for many
years. The utilization of online TOC measurement repre-
sents a significant step forward in assurance of product
quality and safety through more effective real-time monitor-
ing and control of the cleaning processes. With enhanced
quality assurance and reduced cost of goods as driving forces,
pharmaceutical manufacturers are automating manufactur-
ing operations to accommodate more complex processes,
including more complicated cleaning sequences commensu-
rate with increasingly complex manufacturing equipment
configurations and production methodologies. More robust
automated systems will provide higher levels of assurance of
removal of potential contaminants to acceptable levels. CIP
systems can be automated to the point that risk from manual
operator actions are eliminated from the process stream,
except for manual set-up activities, such as the loading and
un-loading of a glass-washer or the starting of a unit opera-
tion from a control point.
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This article
presents the use
of visible
residue limits.
Parameters
were defined,
their ruggedness
determined, and
applications
described.

Using Visible Residue Limits for
Cleaning

by Richard J. Forsyth

Introduction

Before formal cleaning validation pro-
grams were instituted, visual inspec-
tion was the primary means of deter-
mining equipment cleanliness. The use

of visual inspection is still typically a compo-
nent of a cleaning validation program and for
routine inspections of cleaning effectiveness.
The use of only visual examination to deter-
mine equipment cleanliness was proposed as
far back as 1989 by Mendenhall.1 He found that
visible cleanliness criteria were more rigid
than quantitative calculations and clearly ad-
equate. The FDA, in their “Guide to Inspection
of Validation of Cleaning Processes,” limited
the potential acceptability of a visually clean
criterion to use between lots of the same prod-
uct.2 LeBlanc also explored the role of visual
examination as the sole acceptance criterion
for cleaning validation.3

The Acceptable Residue Limit (ARL) for
drug residue is often determined on a health-
based and an adulteration-based criterion.4,5,6

The limit used is the lower of the two limits. A
health-based limit is generated from toxicity
data, which can be expressed as Acceptable
Daily Intake (ADI). The health-based limit is
calculated using the ADI or lowest therapeutic
dose and the parameters of the equipment used
to manufacture the formulation.5 For the adul-
teration limit, a carry-over limit of 10 ppm or a
baseline limit of 100 µg/swab is often used in
the industry.

Our health-based limit calculation is:

ADI/MDD × DUB/SSA × M = ARL (µg /swab)

Where: ADI is the Allowable Daily Intake (µg/
day) of the residue in question which would
have no pharmacologic effect; MDD is the Maxi-
mum Daily Dose (units/day) of the subsequent
product manufactured in the equipment; DUB

is the Dose Units per Batch (units) of the
subsequent product; SSA was the Shared Sur-
face Area (cm2) for the product contact surface
area of the manufacturing equipment; M is the
swab area (cm2/swab). Our adulteration-based
limit is 100µg/swab.7 An established visible
residue limit, which is below the Acceptable
Residue Limit, is a reasonable criterion for
cleaning validation.

Visible cleanliness is the absence of any
visible residue after cleaning, but a number of
factors influence any determination. The most
obvious is the observer. Not only the observer’s
visual acuity, but also training on what to
observe, influences the outcome of a visual
inspection. The levels of illumination in the
inspection areas and shadows caused by the
equipment influence what is seen. The distance
and the angle of the observer from the equip-
ment surface also have an effect. Finally, the
individual residues that comprise a given for-
mulation affect the overall visible residue limit.
Jenkins and Vanderwielen observed various
residues down to 1.0 µg/cm2 with the aid of a
light source.4 Fourman and Mullen qualita-
tively determined a visible limit at approxi-
mately 100 µg per 2 × 2 in. swab area8 or about
4µg/cm2.

Sample preparation and viewing param-
eters for VRL use have been established for
both pilot plant and commercial manufactur-
ing facilities.9,10 A solution or suspension of the
API applied at different concentrations to stain-
less steel coupons results in residues of uniform
size. Multiple observers determined VRL lev-
els under controlled viewing conditions. The
VRL was established at the lowest residue
concentration all observers visually detected. A
study of viewing parameters, including view-
ing distance, viewing angle, light intensity,
residue composition, and observer subjectivity
resulted in optimal viewing conditions to detect
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visible residues. Viewing conditions in the pilot plant were
set at 18 inches, 30°, and > 200lux. For commercial facilities
with larger, fixed equipment, the viewing inspection param-
eters are more restricted. The optimal viewing conditions for
VRLs are < 10feet, > 30°, and > 200lux. A discussion of the
applications of VRL use and the associated risks concluded
that the potential for a cleaning failure was small under a
well controlled VRL program.11,12,13

The subjectivity of the observers and the appearance of the
dried residues remained as potential limitations to a VRL
program. The original VRL work used a small group of four to
six observers.9,10 For subsequent work, a larger pool of observ-
ers determined the VRLs of development APIs at one site. In
addition, a study of VRL determinations of five APIs at
multiple sites helped serve to address the issue of observer
subjectivity as well as further define the ruggedness of
residue sample preparation. Observers are qualified with a
training program consisting of VRL determinations of com-
pounds with already established VRL levels, while empha-
sizing the importance of residue appearance and viewing
parameters.

Applications of VRL use in pilot plant and manufacturing
facilities were described.

Visible Residue Parameters
The variables associated with studying visible residue in the
pilot plant were defined, and then experimental parameters
for the study were established. The parameters considered
were: surface material, light intensity, distance, angle, resi-
due appearance, and observer subjectivity.9

Stainless steel was an obvious choice for surface material,
since >95% of manufacturing equipment surfaces are stain-
less steel. Representative stainless steel coupons were used
for spotting purposes in the laboratory setting.

The lighting conditions in the manufacturing pilot plant
differ from room to room. The light intensity was measured
in each room of the pilot plant and ranged from 520 – 1400 lux.
To allow for shadows and different positions within a given
room, it was decided to conduct the visible residue study
between 400 and 1400 lux using a light source directly over
the sample. A fluorescent light served as a light source to
provide the same type of light that is used in the pilot plant.
A plastic cover with different degrees of shading was placed
over the bulb and was rotated to adjust and control the
intensity of the light. A light meter was used to set and verify
the various light intensity levels.

To minimize observer subjectivity, a pool of observers
viewed all of the samples. A distance of six to 18 inches from
the equipment surface and a viewing angle of zero to 90° were
considered as practical viewing parameters. A comfortable
viewing distance of 12 inches was chosen. A viewing angle of
30° was chosen although lower angles occasionally provided
more reflectance. A 30° angle provided the shallowest practi-
cal viewing angle, taking into consideration the surface
locations where residues are most likely to be seen in manu-
facturing equipment, i.e., corners and joints.

The lighting conditions in the commercial manufacturing

suites differ from room to room and also depend on equipment
size and degree of disassembly for cleaning. The larger size of
the equipment in the manufacturing facility provided the
greatest difference compared to the smaller equipment in the
pilot plant. The increased size deepens the shadows in the
interior of the equipment. To compensate for lighting condi-
tions, a portable light is used for inspection as necessary.
Therefore, the range of lighting for this study was from 100
lux up to the intensity of the portable light. For the lower
lighting level, ambient fluorescent light served as a light
source to provide the same type of light used in the manufac-
turing plant. The portable light source was a hand held light.
The portable light source was adjusted to maximize viewing
conditions. Moving the light source allowed the observer to
control the lighting conditions; i.e., optimize the incident
light angle and the effect of reflected light on the formulation
residue, and minimize the reflecting light back to the ob-
server. A light meter was used to set and verify the various
light intensity levels.

The viewing distances for this study were dependent on
the size of the equipment. In a commercial manufacturing
facility, equipment sizes are larger and viewing distances are
greater. Rather than define viewing distances for each piece
of equipment, viewing distances were chosen at five, 10, 15,
and 20 feet to complement the pilot plant data.

The viewing angle also is restricted by the equipment size
and configuration. Therefore, residues were viewed over a
range of angles from 15° to 90°. The minimum angle resulted
from a combination of comfortable viewing angle coupled
with viewing distance. Intermediate viewing angles of 30°
and 45° were evaluated in addition to perpendicular (90° to
the observer) viewing.

To minimize the effect of observer subjectivity, four sub-
jects viewed all of the samples independently. Sample con-
centration levels were spotted above and below the previ-
ously determined VRL to allow for increased distances and
higher intensity light respectively. Therefore, the targeted
spotting levels for the formulations were at the swab limit
concentration of the API, which is typically 4 µg/cm2, the
previously determined VRL, at the VRL +25% and at the VRL
-25%.10

Residue appearance varied from white, crystalline to gray.
The standard preparation for residue spots involved pipetting
100µl of sample solution or suspension onto the material
coupon. This volume of methanol consistently supplied a
circular residue spot of about 5 cm in diameter, which was
approximately the 25 cm2 area that was swabbed. As the
sample concentrations decreased, the appearance of the resi-
dues was less likely to appear as a uniform residue and more
likely to appear as a ring. The non-uniform or ring appear-
ance of the residues at the VRL would be observed on
equipment after cleaning. As residue levels increase, the
VRL would fail a piece of equipment long before it became
uniformly coated with residue. A uniformly visible residue
would be so far above the VRL, it would indicate a completely
ineffective cleaning procedure.

Continued on page 26.
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Parameter Limitations
As expected, the overall ability to visually detect formulation
residue decreased with increased viewing distance10 - Figure
1. At 400 lux and at the minimum viewing angle, observers
were able to detect residue at the swab limit concentration, as
well as the VRL for all tested formulations from 5 feet.
Several of the formulation VRLs were not detected from 10
feet. From 15 feet, the observers were not able to see the
majority of the VRLs and were not able to detect any of the
VRLs consistently from 20 feet. With regard to the ARLs, the
observers saw the majority of the formulation residues under
these viewing conditions from 10 and 15 feet10 - Figure 2.
From 20 feet, the observers saw less than half of the formu-
lation ARLs.

The ability to detect visible residue also diminished with
decreased ambient light10 - Figure 3. With ambient light down
to 200 lux, VRLs were consistently detected from 15 feet and
a 45° viewing angle. With ambient light at 100 lux, some
VRLs were not detected at 15 feet and 45°. However, VRLs
were consistently detected from 10 feet at 100 lux.

The ambient light source controlled the light intensity at
the lower end of the range. The portable light source con-
trolled the light intensity at the upper end of the range. The
observer moved and adjusted the orientation of the portable
light source to optimize individual viewing conditions within
the constraints encountered in different manufacturing equip-
ment; therefore, the maximum intensity of the portable light
source decreased with distance. In general, the use of the
spotlight did not increase the observer’s ability to detect
formulation residue - Figure 4.

The viewing angle of the observer to the residue was a
critical parameter in the ability to detect the formulation
residue. Under ambient light and at the minimum angle,
about 15° - Figure 1, the observers did not detect the majority
of the VRLs at 15 feet and only detected a few at 20 feet. When
the viewing angle was increased to 30°, the observers de-
tected more residue spots at both 15 and 20 feet, but not
enough to make a significant difference compared to the 15°
data. As the viewing angle was increased to 45° and 90°, the
observers detected almost all of the VRLs at 15 feet and
detected the majority of the VRLs at 20 feet. The observers
detected essentially all of the ARLs at 20 feet at viewing
angles greater than 30° - Figure 2. When the position of the

observer was varied with respect to the stainless steel back-
ground, observers detected all VRLs from 10 feet at a 45°
coupon angle down to 100 lux.

Training
Observer variability was a factor in determining the VRL9 for
API and formulation residues. The pool of observers were
recruited based on job function, i.e., those performing VRLs,
those cleaning the equipment, and those inspecting the
equipment. A level of visual acuity is necessary for the
various job functions. No additional eye test was required for
observers in order to mimic real conditions. The data showed
that the observer’s ability to see the residues was not a
limiting factor to VRL determinations. Each viewing param-
eter examined had an effect on the observer’s ability to detect
the formulation residues. Observer detection was dependent
on the formulation residue level, observer viewing distance,
light intensity, and viewing angle. Certain observers had
trouble detecting several of the formulation residues. Ob-
server variability increased with greater viewing distance
and became a factor beyond 10 feet. This same trend was seen
with the observer angle factor. At the minimum angle of 15°
and at 30°, observer variability was comparable to the other
parameters. However, at a viewing angle greater than 30°,
the ability to detect residue increased significantly and ob-
server variability decreased accordingly - Figures 1 and 2.
Observer residue detection was comparable using the por-
table light source and ambient light at 400 lux (Figure 4) and
was not a significant factor at decreasing light intensity
levels until 100 lux, where detection of VRLs was problematic
- Figure 3.

Continued on page 28.

Figure 1. VRL detection versus distance and viewing angle at 400
lux.

Figure 2. ARL detection versus distance and viewing angle at 400
lux.

Figure 3. ARL and VRL detection versus decreasing light intensity
at 15 ft. and 15°.
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Figure 4. ARL and VRL detection at 400 lux and maximum light
intensity at 15 ft. and 15°.

Figure 5. VRL distribution.
Continued on page 30.

The parameters which influence the ability to detect
visible residues were determined and viewing of residues can
be controlled. Under defined viewing conditions, a trained
observer will be able to visually detect formulation VRLs. The
observer should be within 10 feet of the equipment surface.
This minimizes the influence of the light intensity or viewing
angle. Secondly, the observer should view the surface from
multiple angles greater than 30°. This minimizes the possi-
bility of the residue blending in with the background. Finally,
the ambient light level should be at least 200 lux. Otherwise
a portable light source can be utilized.

VRL Ruggedness
Initial vs. Later VRL Determination
Of the original 59 VRLs established,9 the average VRL was
1.6µg/cm2. Three of the four observers agreed on most residue
levels, but one observer differed, which resulted in slightly
higher VRLs. Since observer agreement was a condition for
the VRL determinations, the individual VRL data points
were unaffected by the observer variability. Of the original
set of VRLs, 78% were less than 2µg/cm2, but 14% were
greater than 4µg/cm2 - Table A and Figure 5. Additional VRL

determinations increased the experience level, widened the
observer pool, and refined the experimental technique. In-
stead of a small, dedicated group of observers, the individuals
working on the development compound established the VRLs.
The observer pool is now between 20 to 30 individuals.
However, the most significant difference in the subsequent
VRL determinations was the standardization of the residue
spot preparations using lower spotted residue levels - Table
B, which resulted in lower Visible Residue Limits. Interest-
ingly, the variability among the observers decreased even as
the observer pool increased. The greater observer consistency
was a result of several factors: the initiation of a VRL training
program for observers and equipment cleaners and inspec-
tors; the overall increased experience level of the observers
and the consistent residue spot preparation technique. Of the
additional VRLs established, the average VRL dropped to 0.9
µg/cm2 and 89% of the determinations were less than 2µg/
cm2, 96% of the total were less than 3µg/cm2, and only 2% were
greater than 4µg/cm2 - Table A. A t-test comparison of the
original and additional VRL data in Figure 5 resulted in a t-
stat of 2.45, which is greater than the t-critical value of 1.96
for a two tail comparison with a 95% confidence limit and
showed that the data distributions were not equivalent. The
additional VRL data with its lower average, were statistically

Original VRL Data Subsequent VRL Data
VRL Number of Number of

(µg/cm2) Compounds %Total Compounds %Total
< 1 33 56% 148 76%
1 – 2 13 22% 25 13%
2 – 3 3 5% 14 7%
3 – 4 2 3% 4 2%
> 4 8 14% 3 2%
Total 59 100% 194 100%

Table A. Comparison of VRL data.
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Table D. Multi-Site VRL data (mill finish and mirror finish stainless steel).

Compound Established VRL (µg/cm2) U.K. VRL (µg/cm2) U.S. VRL (µg/cm2) Canadian VRL(µg/cm2)
Mill Mirror Mill Mirror Mill Mirror

A 0.67 <0.29 <0.25 <1.06 <0.83 2.00 <0.22
B 0.485 <0.33 <0.28 <0.52 <0.40 0.64 1.33
C <0.36 <0.26 <0.53 <1.12 <1.12 0.61 <0.23
D 2.05 <0.49 <0.52 <0.93 <0.56 2.29 <0.23
E <0.61 <0.23 <0.25 <0.42 <0.64 2.00 0.47

Spotting Solution Prep Residue Spotted Target Concentration
(20 cm2)

Soln A – 20 mg into 25ml 80 µg 4 µg/cm2

Soln B – 5 ml of A into 10 ml 40 µg 2 µg/cm2

Soln C – 5 ml of B into 10 ml 20 µg 1 µg/cm2

Soln D – 5 ml of C into 10 ml 10 µg 0.5 µg/cm2

Soln E – 5 ml of D into 10 ml 5 µg 0.25 µg/cm2

Soln F – 1 ml of D into 10 ml 1 µg 0.05 µg/cm2

Solvent 0 µg 0 µg/cm2

Table B. Residue target concentrations.

VRL APIs Formulations Excipients Detergents Total
(µg/cm2) (%Total)
< 1 76 51 46 8 181 (68%)
1 – 2 18 9 8 3 38 (17%)
2 – 3 10 2 4 1 17 (7%)
3 – 4 3 2 1 0 6 (3%)
> 4 6 0 5 0 11 (5%)
Total 113 64 64 12 253 (100%)

Table C. Current VRL data.

different when compared to the original VRL data, which
confirmed the effects of experience and technique refine-
ment. The overall average VRL is now below 1.1µg/cm2 for the
253 VRLs determined to date - Table C since 63% of the VRLs
determined are “less than” the lowest level tested.

API vs. Excipient vs. Formulation Determinations
An analysis was conducted of the VRL data broken down into
API, excipients, and formulation categories to determine any
VRL correlation between a formulation and its components.
Earlier work9 compared the VRL of 12 formulations against
the VRLs of the formulation components. Logically, the VRL
of the formulation would be the same as the lowest compo-
nent VRL. That was the case in seven of the 12 comparisons.
However, in three of the cases, the formulation VRL was
higher and in the other two, it was lower than the component
VRLs.

The more important comparison was between the VRL of
the formulation and its API. In the pilot plant, it is not practical
to perform a VRL on every development formulation. The
formulation compositions continually evolve up to the final
market formulation selection. In the VRL comparison of for-
mulations against components,9 nine of the 12 formulation
VRLs were lower than the VRL of the respective API. In one
case, they were equal and in the remaining two, the formula-
tion VRL was higher. The data concluded that the VRL of the
API is not a good indicator for the VRL of a formulation.

However, the data was generated during the original VRL
work, where the residue concentrations and observer vari-
ability were higher. The subsequent VRL work generated
additional data with increased experience and refined tech-
nique. The data gap narrowed between the formulations and
APIs. The current average VRL of 64 formulations is 0.7µg/
cm2 and of 113 API determinations is 1.0 µg/cm2. The average
VRL of the 64 excipients tested to date is 1.6 µg/cm2. The VRL
data showed significant overlap among formulations, APIs,
and excipients. A t-test comparison of the API and formula-
tion VRL data in Table C and Figure 6 showed that the data
distributions were equivalent. The formulation VRL data,
despite its lower average value, was not statistically different
when compared to the API VRL data. The expanded data set
analysis concluded that the VRL of the API was a good
indicator for the VRL of a formulation. One can determine the
VRL of a development API and safely employ that number as
the VRL for the development formulation(s).

Multi-Site Study
The VRL data from the three sites are shown in Table D. Data
from the UK site were generally lower than from the other
sites. Data from the US site were slightly higher, which
correlated to smaller spot sizes and resulting higher spot
concentrations.14 The observers in the UK and US typically
were able to detect the lowest or next to lowest residue level.
The data from the Canadian site showed three VRLs which
were higher than the other sites. Observer variability at
Montreal also was greater. Of the three higher levels, one was
comparable to the established VRL, while the other two were
higher than the established VRL. All three were still well
below the adulteration limit of 4µg/cm2. A review of the
observer data showed that in all cases the higher levels were
based on one observer not detecting the residue. Otherwise
the data more closely agreed with the other sites.

The variability of the multi-site data was the result of
several factors. The sample solution concentrations, spot sizes,
and the resulting residue concentrations influenced the VRL
determination. The UK site’s lowest residue level was lower
than the other sites, which explained their overall lower VRL
levels. The observer variability at the Canadian site was
similar to the early US site data. A single observer skewed the
results compared to the other observers and other sites.

Two grades of stainless steel finish were evaluated. The
majority of process equipment is mill (matte) finish, but the
use of mirror (electropolish) finish equipment has increased.
There were no consistent differences between the VRL re-
sults from the mill and mirror stainless steel finishes. The
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Continued on page 32.

Table E. VRL application and risk assessment.

VRL Application Pilot Plant/Manufacturing Process Risk Risk Mitigation
New Compound Introduction Pilot Plant Low - VRL determination

New worst-case - Redundant inspection
- Evaluate API physical properties

New Compound Introduction Manufacturing Low - Redundant inspection
New worst-case - Evaluate formulation physical properties and

cleanability
Routine Use Inspection Pilot Plant None - Already in place

- Cleaning validation
Routine Use Inspection Manufacturing None - Already in place

- Cleaning validation
Periodic Assessment Pilot Plant Low - Redundant inspection

Carryover - Periodic swab confirmation
Periodic Assessment Manufacturing Low - Redundant inspection

Carryover - Periodic assessments trending performance based
on visual inspections.

Technology Transfer Pilot Plant Low
New Equipment Introduction Pilot Plant Low

Cleaning procedure doesn’t work - Redundant inspection
- Evaluate versus current equipment

Campaign Length Extension Manufacturing Low to None
Cleaning Procedure Optimization Pilot Plant None - Surface sampling after optimization
Cleaning Procedure Optimization Manufacturing None - Surface sampling and validation after optimization
Reduced Cleaning Documentation Manufacturing Low to None - Data to demonstrate VRL < ARL
(Manual Cleaning, Equipment accessible - All cleaning parameters demonstrated during
to visual inspection) validation

finish of the stainless steel had no impact on the VRL
determinations.

It was concluded from the study that VRL determination
was comparable at the three sites and the experimental
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Figure 6. VRL distribution.

Figure 7. Effect of concentration on residue appearance.

variability from sample preparation and observer subjectiv-
ity posed no risk for a potential cleaning failure since all VRL
values were well below the ARL. The study also pointed out
the value of VRL training program and the experience gained
through ongoing visual equipment inspections.

Residue Appearance
The standard preparation for residue spots involved pipetting
100µl of sample solution or suspension onto the material
coupon. This volume of methanol consistently supplied a
circular residue spot of about 5 cm in diameter, which was
approximately the 25 cm2 area that was swabbed. As the
sample concentrations decreased, the appearance of the resi-
dues changed from a uniform residue to that of a ring - Figures
7 and 8.

To determine the effect of spotting volume, 60µl of the
lowest spotted solution was pipetted along with 0, 20, 40, 60,
80, and 100 µl of methanol. The lowest concentration was
used since the appearance of the residue near the VRL was
the primary area of interest. The appearance of the different
volumes had little effect on the appearance of the residue
around the VRL. All of the residues were similar, but as
expected the rings became larger with the increased volume
- Figure 9. Eventually, larger volumes of spotting solvent

would make the ring too dilute to detect, but the area of the
ring at that point would be significantly larger than the swab
area of 25 cm2.

It can be concluded that the appearance of residues near
the VRL concentration are expected to take on the appear-
ance of a ring. If the residue has a uniform appearance, it is
most likely well above the VRL limit.

Applications
Uses of VRLs by a Pilot Plant Facility
The use of VRLs has previously been described9,11 for the
introduction of new compounds into a pilot plant. Before a
new compound is manufactured in the pilot plant, a VRL is
established for the API. After the initial batch is manufac-
tured, the equipment is cleaned and visual inspection using
the VRL confirms the current cleaning procedure is sufficient
and that the new compound is not a new worst-case requiring
further validation. This application along with its risk miti-
gation is shown in Table E.

VRLs also are used for periodic assessment of cleaning in
the pilot plant. Monthly independent visual inspections us-
ing VRLs are conducted on several pieces of equipment to
assure that routine cleaning removes all product residues.
Over the course of the year, these independent periodic
inspections check all of the different types of equipment in the
pilot plant to generate a comprehensive review of ongoing
cleaning effectiveness in the pilot plant.

Other uses of VRL in the pilot plant include technology
transfer either to a contract or a manufacturing facility. Since
cleaning procedures between facilities are different, VRLs
would be a quick, simple verification of cleaning in place of
analytical method transfer and testing. VRLs also can be
used for the introduction of new equipment into the facility.
VRLs would be an efficient way to get equipment on line and
ensure baseline cleanliness, while demonstrating equiva-
lency with respect to the cleaning efficacy of a previously
validated procedure.
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Concludes on page 34.

The optimization of new cleaning procedures during de-
velopment is another application for VRLs. Cleaning cycle
times could be challenged with VRL determination as the
acceptance criteria. A more immediate benefit would be
realized with manual cleaning procedures. Personnel who
clean the equipment could effectively determine optimal
scrub times and rinse volumes with a visual limit.

Uses of VRLs in a Manufacturing Facility
Several opportunities to apply VRL as a surrogate to surface
sampling have been identified in manufacturing facilities
using Good Manufacturing Practices (GMPs). Process con-
trols and procedures also have been identified to mitigate the
risks when applying VRL in a GMP facility. Given that VRL
determinations for drug product formulations have been
established9,10 and the relative accessibility to visual inspec-
tions with this equipment, the scope of these applications
would be primarily applicable to pharmaceutical manufac-
turing and primary packaging operations.

As with pilot plant facilities, VRL data may be used to
develop new or optimize existing cleaning procedures. The
extent of routine documentation and cleaning records could
be streamlined in a GMP facility. Once optimal scrub times
and rinse volumes have been validated and incorporated into
the cleaning procedure, visual cleanliness may be the only
critical cleaning parameter that would require documenta-
tion on a routine basis. With VRL data, a check by a second
person for visual cleanliness confirms performance and en-
sures that the level of residuals is below the acceptable
residue level. This procedure may obviate the need to record
actual cleaning parameter data (i.e., scrub times and rinse
volumes) on a routine basis and reduce the volume of GMP
documentation that must be maintained for marketed drug
products.

VRL data and visual inspection may be applied to support
the introduction of new products into existing validated
product matrices. The use of product matrices or bracketing
product residues to validate a “worst case” for multi-product
equipment modules is a common practice in industry and
supported by regulatory guidance.2,15-17 If not a new worst-
case, the VRL of the new compound can be compared to the
validated ARL. If the new compound is less than the ARL,
visual inspection alone should be satisfactory for revalida-
tion of the cleaning procedure for a new product.

The interval of use (manufacturing campaign) and the
interval between end of use and cleaning are process param-
eters that must be validated. For stable products manufac-
tured in freely draining equipment, there should be low-to-no
process risks with respect to extending a validated campaign
length based on visual inspection. Routine inspections for
visual cleanliness would mitigate any potential process risks
with carryover of process residuals and confirm cleaning
performance. The risks for bioburden proliferation are low
due to the absence of water and moisture. This same rationale
could be applied to extending validated times for the interval
between the end of use and equipment cleaning.

Once a cleaning process is validated in a GMP manufac-
turing environment, the process should be monitored periodi-
cally to ensure consistent and robust performance. Indepen-
dent visual inspections should be incorporated into the peri-

Figure 9. Effect of volume on residue appearance – 6 µg sample.

Figure 8. Effect of concentration on residue appearance.
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odic assessment program to confirm that the cleaning pro-
cesses remain in a state of control. A second person should
check for visual cleanliness and the frequency of recleaning
is an appropriate metric for assessing cleaning performance.
This additional control helps to ensure robustness of the
validated cleaning procedure. With an appropriate VRL pro-
gram, visual inspection may be used rather than surface or
reinstate testing to demonstrate continued consistent clean-
ing performance.

Conclusion
Visible Residue Limits (VRLs) have been evaluated for pilot
plants and manufacturing facilities from a risk-assessment
perspective. The VRL data, particularly when compared to
the health-based cleaning limit for most compounds, makes
VRL use a low risk approach to cleaning verification and
validation. The ruggedness of VRL viewing conditions has
been tested and optimal viewing conditions defined. The
current studies established the ruggedness of VRL determi-
nation among multiple observers at different sites, showed
the relationship between VRLs of formulations and indi-
vidual components, and assessed the effects of residue ap-
pearance on VRL preparation parameters. The studies also
highlighted the value of a VRL training program for all
personnel involved in the program. Opportunities for VRL
implementation have been identified along with the accept-
able mitigation of the associated risks.
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In this
interview, senior
staff members
from China’s
State Food and
Drug
Administration
share the latest
developments
and
achievements of
China’s
activities in drug
manufacturing
and supervision
of drug safety,
and ideas for
future potential
cooperation
with ISPE and
other
international
organizations in
the industry.

by Robert P. Best, Robert W. Tribe, Paul N. D’Eramo,
and Cheryl Siow

Editor’s Note: In light of the burgeoning phar-
maceutical industry in Asia, ISPE’s involve-
ment with activities in this region is growing
rapidly, especially in China. Last year, ISPE
made several monumental strides to build a
presence in a country that continues to in-
crease its role on the world stage.

In 2008, ISPE opened an office in Shanghai;
recruited close to 30 local volunteers who are
forming ISPE’s first China Affiliate; started
ISPE’s first Student Chapter with more than
100 members at Sichuan University; and joined
forces with the China Center for Pharmaceuti-
cal International Exchange (CCPIE) to bring
education programs to Chinese pharmaceuti-
cal professionals at the ISPE China Confer-
ence in November in Beijing.

Moving into 2009, there will be more activ-
ity to come. Pharmaceutical companies will
increasingly rely on China for integrated re-
search, development, and innovative manufac-
turing solutions. The Chinese pharmaceutical
government and industry are aware that to
move beyond imitation toward innovation, they
must have an educated workforce trained in
the latest technologies and informed about the
latest global regulations.

As a neutral organization that promotes
worldwide collaboration to improve the indus-
try on a scientific and technical basis, ISPE
met with senior staff members from China’s
State Food and Drug Administration (SFDA)
in November in Beijing to share ideas and
information.

In addition, Robert P. Best, President and
CEO, ISPE, Robert W. Tribe, ISPE Asia-Pacific
Regulatory Affairs Advisor, Paul N. D’Eramo,
Executive Director, Johnson & Johnson, Glo-
bal Quality, ISPE Past Chairman, and Cheryl

Siow, Manager, ISPE China Office, conducted
an interview with the following SFDA officials
on behalf of Pharmaceutical Engineering:

• JiangYing Yan, Spokeswoman of SFDA,
Deputy Director-General, Department of
Policy and Regulations, SFDA

• WenZuo Chang, Counsel, Department of In-
ternational Cooperation, SFDA

• JianHua Ding, Director, Division of Phar-
maceuticals, Department of Drug Registra-
tion

• Ai Liu, Consultant of Liaison Division, De-
partment of International Cooperation,
SFDA

• QingWu Guo, Deputy Director, Division of
Drug Manufacturing Supervision, Depart-
ment of Drug Safety and Inspection, SFDA

• Zhongzhi Qian, Professor, Director, Divi-
sion of TCMs Standard, Chinese Pharmaco-
poeia Commission

• Lili Cao, Director, Division of External Co-
operation, CCPIE, SFDA

More comprehensive information on the cur-
rent state of China’s pharmaceutical industry
is available in the Country Profile on China, a
Supplement included with this issue of Phar-
maceutical Engineering.

•   •   •

JiangYing Yan   We know that Pharmaceu-
tical Engineering is a world-renowned publica-
tion of ISPE. We hope to share with the world
the latest developments and achievements of
China’s activities in drug manufacturing and
supervision of drug safety and the future poten-
tial cooperation.
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Food and Drug Administration (SFDA)
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Q What is the status of the revised
China GMPs?

QingWu Guo    I would like to briefly
introduce the process of the revision
work on the China GMPs which will
help you understand our work. We
started revising GMP Revision 98 four
years ago. We conducted a study on all
the available GMP guidelines in the
world for two years. The study covers
the GMPs of the Australian Therapeu-
tic Goods Administration (TGA), the
Pharmaceutical Inspection Convention
and Pharmaceutical Inspection Co-op-
eration Scheme (PIC/S); the European
Medicines Agency (EMEA); the World
Health Organization (WHO); the US
Food and Drug Administration (FDA);
and the Japanese Ministry of Health,
Labour and Welfare (MHLW). We be-
gan to revise the current GMPs after
the study and comparison. The first
draft of the GMP has been completed
and we will post it on the SFDA Web
site to solicit opinions at the end of this
year or early next year. If you have a
chance to look at the draft, you will find
the new revision of the GMPs is quite

similar to what the EMEA and the
WHO have, but some of the format has
been tailor-made for China. We wel-
come ISPE’s suggestions and opinions
on the draft.

I would like to address that we in-
cluded a detailed appendix on Tradi-
tional Chinese Medicines (TCMs). It
might be different from other countries
since TCMs have many kinds of formu-
lations, including sterile and non-ster-
ile. According to the specialties of
TCMs, we set up detailed regulations,
especially for the process of the pre-
treatment, which is not required in
other countries. China has Good Agri-
cultural Practices (GAP) on TCM manu-
facturing and we require a GAP in-
spection on the source of TCM before
the GMP inspection for some TCM drug
products.

Q You mentioned that the draft will
be available on the Web site at

the end of this year. Will there be a
transition period for the local manu-
facturers and individuals overseas to
make comments?

QingWu Guo   Definitely. The period
will be at least three months or more to
solicit opinions and suggestions twice.

Q How is the SFDA cooperating
with ICH?

JianHua Ding   ICH played a very
important role in China’s regulatory
system. We adopted many guidelines
from ICH in drafting our local techni-
cal guidelines. I believe ICH is not only
very important for our regulatory sys-
tem, but also for the industry. We send
Chinese delegates to attend many ICH
conferences to learn and study their
progress. We also learn ICH guidelines
through many ways. We organize sev-
eral workshops each year with relevant
ICH authorities, such as the ICH Glo-
bal Cooperation Group (GCG). This
helps us to study and understand ICH
technical guidelines. In addition, we
have several experts who have been
involved in the drafting of ICH guide-
lines, such as ICH Q10 and Gene
Therapy guidelines.

I am involved in ICH Q10. The SFDA
also sends people on behalf of the Life
Science Innovation Forum (LSIF) to
the ICH GCG. In February, ICH GCG
invited six country members, includ-
ing China, to attend the ICH GCG
meeting in Portland.

Q Will the SFDA plan to apply for
PIC/S?

QingWu Guo    We know that PIC/S
is recognized as an excellent GMP in-
spection cooperation organization.
There is mutual learning, information,
and resource sharing among the mem-
bers. We feel that there is mutual rec-
ognition in PIC/S. Therefore, we think
we could benefit a lot by mutual shar-
ing in PIC/S.

As PIC/S is a country membership,
we believe participation of China in
PIC/S will promote GMP development.

From left to right: Cheryl Siow, Paul N. D’Eramo, Robert W. Tribe, Robert P. Best,
JiangYing Yan, WenZuo Chang, QingWu Guo, Prof. Zhongzhi Qian, Ai Liu, and Lili Cao.

“ICH played a very important role in China’s regulatory system.
We adopted many guidelines

from ICH in drafting our local technical guidelines.”

Continued on page 40.
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However, being a nation with a 1.3
billion population and more than 4,600
manufacturers, we are evaluating the
participation in PIC/S. You will hear
our voice on this in the near future.

WenZuo Chang   I would like to
introduce you briefly to the interna-
tional cooperation mechanism and gen-
eral situation of the SFDA.

The SFDA attaches great impor-
tance to and participates diligently in
the international exchange and coop-
eration on drug administration includ-
ing international activities of drug
safety. We actively develop collabora-
tions with international organizations
and other national drug regulatory
agencies around the world.

In regard to the cooperation with
government agencies, we have signed
a cooperation agreement or Memoran-
dum of Understanding (MOU) with
more than 10 agencies from the US,
Canada, France, the UK, EMEA, Italy,
Australia, Cuba, Brazil, South Korea,
Singapore, Thailand, etc. Therefore,
SFDA has preliminarily formed the
pattern of intensive cooperation com-
bined with extensive cooperation with
its foreign counterparts.

Very importantly in the international
cooperation, the SFDA pays close atten-
tion to reinforcement of the cooperation
on traditional medicines, for China, they
are TCMs and ethnic medicines. The
SFDA has good cooperation on TCMs
and herbal medicines standards with
the WHO, Forum of Herbal Medicine
Harmonization (FHH), in the Western
Asia Pacific Region and a number of
countries, such as the US, France, the
UK, the Republic of Korea, etc.

In addition, we also have coopera-
tion with governmental international
organizations and other international
organizations in the drug regulatory
sector, especially with the WHO in
facilitating the system of national es-
sential medicines, GMP, traditional

medicines, the enhancement of vac-
cine management, and the develop-
ment of anti-malaria medicines, which
has achieved positive results. The co-
operation is on the basis of mutual
benefits. In the international activi-
ties, we also perform the international
obligations meticulously, and always
refer to the international best prac-
tices and experiences in drug adminis-
tration and practice it under the Chi-
nese context, for instance, in those
mentioned by Mr. Ding and Mr. Guo
regarding the cooperation with ICH,
and considering to participate in ac-
tivities of PIC/S. The SFDA has learned
lots of valuable experiences, shared
from the all international activities,
which helps in raising the level and
capacity of China’s drug administra-
tion and to be in line with the interna-
tional practice.

Q Will the SFDA set up a special
inspection department for TCM?

QingWu Guo    I would like to clarify
that China has 4,682 companies which
are API and drug manufacturers.
Among them, 1,900 companies are
TCMs manufacturers. About 40% of
the drug manufacturers are TCMs
manufacturers. A lot of companies pro-
duce Chinese medicines, chemical drug,
and biological products at the same
time. There are more than 800 manu-
facturers which produce TCM prepa-
rations only. SFDA has a Division re-
sponsible for registering TCMs in the
Drug Registration Department. Other
than this, we do not have other specific
departments for regulating TCM; how-
ever, we do have specialists respon-
sible for that.

JiangYing Yan   Let me add that
during the development of Chinese
medicine in our country, we need to
ensure safety and quality while we
reserve the tradition and encourage

innovation at the same time. As what
has been applied to chemical drugs,
the first priority is to ensure the safety
and effectiveness.

Q How can ISPE be supportive of
the Chinese pharmaceutical in-

dustry?

QingWu Guo    Based on my under-
standing of ISPE, your organization
has a lot of cooperation with the China
Center for Pharmaceuticals Interna-
tional Exchange (CCPIE). I suggest
ISPE look into two areas should you
wish to have a wider cooperation with
China. First is to establish cooperation
with the China pharmaceutical indus-
try, such as through exhibitions and
forums/conferences, as what ISPE has
done during China-Pharm this year.
My second suggestion is to cooperate
with government agencies, e.g., the
SFDA by providing GMP training to
inspectors or assistance with on-the-job
training in international inspections.
For example, we have trained 100 in-
spectors on international inspections.
Perhaps ISPE could support us in this
area. Another aspect of cooperation will
be providing comments and suggestions
after we announce the GMP revision.

We also hope ISPE can recommend
to us the latest information on the
GMPs. We understand that ISPE has
many of the latest guidances, require-
ments, and standards. We know that
ISPE has a great pool of technical ex-
perts worldwide on developing practi-
cal standards, which I believe will be
very useful to help improve the GMP
activities in China.

Zhongzhi Qian   I would like to
introduce the international coopera-
tion development on drug standards.
Drug standards have been widely com-
municated between countries and many
cooperation relationships have been
established with many countries. We

“...China has 4,682 companies which are API and drug manufacturers.
Among them, 1,900 companies are TCMs manufacturers. A lot of companies produce

Chinese medicines, chemical drug, and biological products at the same time.”
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have developed international coopera-
tion through three channels: First, the
WHO, second, the National Drug Regu-
latory Agency, and third, the interna-
tional organizations on drug standards.

I would like to focus on the interna-
tional cooperation situation on TCM stan-
dards. We started cooperation with the
WHO in 1979 when Mr. Yuan Shicheng,
the Secretary-General of the Chinese
Pharmacopoeia Commission was nomi-
nated as WHO Foreign Expert for the
first time. In 2002, China, Japan, Korea,
Singapore, Vietnam, Australia, and Hong
Kong SAR established the Western Asia
Pacific Forum of Herbal Medicine Har-
monization (FHH) under WHO’s initia-
tive. FHH’s goal is to promote the coordi-
nation and development of traditional
and herbal medicines standards within
Western Asia Pacific countries.

On the subject of cooperation with
the National Drug Regulatory Agency,
there is effective cooperation between
the SFDA and the French AFSSAPS.
We have had cooperation since 2000.
We have 27 Chinese crude drugs re-
corded in the French list of medicinal
plants, of which seven are in the French
pharmacopoeia, and five were recom-
mended into the European pharmaco-
poeia by the French pharmacopeia.

With regard to cooperation with in-
ternational organizations on drug stan-
dards, we have had cooperation on co-
operative research and mutual recog-
nition mechanism of TCM standards
with the US, European, and British
pharmacopoeias. In April 2008, an
MOU was signed with the USP for
2008-2010, which is an extension of the
MOU for 2005-2007. The MOU covers
the drug standards between the two
countries. First is the harmonization
of the analytical methods, and then the
cooperation and coordination on drug
standards focusing on TCMs, as well
as on chemical and biological products.

JiangYing Yan   ISPE has a strong
body of technical knowledge and re-
sources, including standards, regula-
tions, technical documents; these will
really help our pharmaceutical indus-
try and drug supervision. In the future,
we at SFDA, including CCPIE, will
further strengthen cooperation with
ISPE.
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with this issue of Pharmaceutical Engineering!
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ISPE China Office
Suite 2302, Wise Logic International Center,
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Beyond the Bell Curve: A Report on
Managing Capital Project Risk

by Jeff Lukowski and Mark Bridgers

Complexity creates risk and drives an
increase in both its frequency and impact.
In a world that is growing more complex,
global, and interconnected in ways poorly
understood, but recently revealed during
the US financial crisis, a better way to
manage construction risk is a necessity.
The results of the Ninth Annual Survey of
Owners, recently conducted by the Con-
struction Management Association of
America (CMAA) and FMI Corporation,
will focus on providing a better way to
manage construction risk.

Owners, contractors, engineers/archi-
tects, and material or equipment sup-
pliers are just a few of the players that
are involved and participate in the

construction of facilities and infrastructure.
While this study is targeted at understanding
owners’ perspectives, the risk mitigation strat-
egies they choose to employ, and their ramifica-
tions are applicable to all players. In this study,
these risk mitigation strategies are divided
into four categories: Accept and Manage, Ac-
cept and Transfer, Recognize and Ignore, and
Avoid. Within each category there are numer-
ous potential strategies. The top five strategies
for managing risks are: 1. Integrate Risk into
the Contract, 2. Use Standardization, 3. Hire
Internal Staff, 4. Increase Team Meeting Fre-
quency, and 5. Request Budget Increases.

Four risks exhibited both very high fre-
quency and major impacts to capital construc-
tion projects. Governmental regulation, inac-
curate budgeting or estimating by the owner,
availability of qualified construction firms and
worldwide commodity demand. The first is
forced upon many owners and requires strate-
gies focused on influencing the development
and application of these regulations. The sec-
ond is self-created in many instances, due to a

lack of recognition of the improbable event,
what Nassim Nicholas Taleb describes as a
Black Swan in his recent book, “The Black
Swan.” The latter two revolve around market
supply and demand issues. The frequency of all
four of these risks dictates that they are rou-
tinely managed by owners and when possible
transferred.1

The reader is encouraged to keep the follow-
ing in mind as he/she considers how to mitigate
risk in today’s capital construction world.

• Using past history as a guide for under-
standing future risk is necessary, but not all
encompassing – history is less applicable
today because complexity is changing the
nature of the game.

• The design and construction mind searches
for historical order and patterns to better
understand the environment; yet random
events will happen. The most severe im-
pacts to capital construction programs noted
by the survey respondents fall into the Cost
Other = Unanticipated Costs category where
they related unpredicted, one-time events
that devastated the project or program.

• It is much easier to plan, obtain financing,
and hire service providers by ignoring the
possibility that a Black Swan-type event
may take place, but take place it will.

• History takes the sharp edges off unpredicted,
one-time events that devastated the project,
compelling practitioners to underestimate
the probability that a one-time event is not
really a one-time event. The destruction of
the Wheeling Suspension Bridge in 1849
and subsequent destruction of the Tacoma
Narrows Bridge in 1940 is an example.

• Focusing on the well-defined sources of un-
certainty is the normal practice in the indus-
try where numerous experts prepare writ-
ing and research to identify an all-encom-

This report
presents the
results of the
FMI/CMAA
Ninth Annual
Survey of
Owners and
provides insight
into how
companies with
ongoing capital
construction
programs
manage risks on
projects.
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passing list of design and construction risks – we must see
the forest and trees for success, recognizing that the most
devastating risks will originate from the forest, which is
harder to see and discuss.

Survey Highlights
The highest-observed frequency and impact risks, along with
the favorite strategies, tactics and processes to address them,
are detailed in Table A. The highlights of the survey include
the following:

• Throwing Money at the Problem: 33 percent of the
time owners request a budget increase to manage project
or program risks.

• Application of Leverage: 75 percent of the time owners
use some form of program-level purchasing power to
transfer or manage project or program risks.

• Hammer Looking for a Nail: 25 percent of the time
owners use the same strategy, tactic, or process to address
both frequency and impact (severity) without recognizing
the different challenges of each.

• Tunneling: Seven out of 28 survey risks were rated with
both low frequency and impact, indicating a focus on a few
well-defined sources of risk.

• Black Swans Do Exist: With only two exceptions, an
“immense” impact was reported by multiple survey re-
spondents in every risk description presented, indicating
that every risk has the potential for catastrophe.

• The Impact of the Highly Improbable: “Major” and
“Immense” impact were most frequently reported in “Cost
Other = Unanticipated Risks” category where respondents
described unpredicted, one-time events that devastated a
project or program 22 percent of the time.

• Greatest Fear: Schedule impact was described as the
greatest negative outcome to project or programs; nearly
twice as many “Major” and “Immense” impacts were de-
scribed versus the other impact categories of financial
(cost) or qualitative (public or internal reputation, quality
or safety).

• Size Matters: The biggest capital construction programs
choose to “Accept and Manage” risk nearly 70 percent of
the time (50 percent more than the smallest programs that
“Avoid” or “Accept and Transfer” nearly 60 percent of the
time).

• Risk Appetite Matters: Financial institutions, real-
estate developers, and sports authorities have the lowest
risk appetite and frequently choose to “Avoid” or “Accept
and Transfer” risk, while chemical companies, energy
firms, and various types of manufacturers tend to have the

highest risk appetite and “Accept and Manage” risks
frequently.

• Consistent Strategy Use: Owners elect to either “Accept
and Manage” or “Accept and Transfer” the 28 risks in-
cluded in the survey 61 percent and 22 percent of the time,
respectively.

• Avoidance: 41 percent of the time when inability to
effectively plan is perceived as a risk, owners prefer to
avoid the project rather than ignore, manage, or transfer
the risk.

• Management: 38 percent of the time when inability to
estimate accurately is perceived as a risk, owners prefer to
accept and manage the risk rather than avoid, ignore, or
transfer.

Risk Management Focus
The focus of the FMI/CMAA Ninth Annual Survey of Owners
is on understanding how program- or project-level risks are
assessed and managed prior to or during project execution
(planning through turnover) and how they impact an owner’s
overall capital program. Life Science industry participants
represented more than ten percent of the total participation.
FMI analyzed the frequency of occurrence and severity of
impact of specific risks, and more broadly, how owners tend
to manage construction risks by electing to use certain strat-
egies, tactics or processes.

FMI/CMAA worked with a team of highly experienced
industry professionals to establish a common definition of
risk management in the survey. Although the general topic of
risk management in the construction industry covers a broad
range in scope (e.g., insurance, bonding, litigation, opera-
tions, economic, etc.), we settled on the following definition:

“Risk management for projects in the construction in-
dustry consists of a process where risks are identified
and quantified, and opportunities for mitigation are
discovered. Owners involved in construction will make
decisions about how to mitigate risks, which may in-
clude elements of accepting, reducing, sharing, transfer-
ring, or avoiding the risk. Ultimately, risk management
involves the implementation of the mitigation plan.”

FMI/CMAA designed the survey in order to develop a basic
understanding of how owners today, including those in Life
Sciences, are managing risk in construction projects. In order
to accomplish this, we set out to understand owner behavior
when faced with a given set of risks. FMI and CMAA believe
owners make risk mitigation decisions in their capital con-
struction programs according to the degree of assumed own-

Highest Frequency Risks Software Highest Impacting Risks* Favorite Strategies, Tactics and Processes
1. Commodity Demand 1. Estimating Accuracy 1. Integrate Risk into the Contract
2. Energy Prices 2. Government Regulations 2. Use Standardization
3. Skilled Craftsmen 3. Commodity Demand 3. Hire Internal Staff
4. Estimating Accuracy 4. Construction Firms 4. Increase Team Meeting Frequency
5. Construction Service Demand 5. Construction Service Demand 5. Request Budget Increase
* excluding self-selected other responses

Table A. Top five risks and strategies.
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ership and the selection of a passive or active risk manage-
ment approach. These decisions fall within a two-by-two
matrix as proposed in Figure 1.

“Recognize and Ignore” and “Accept and Manage” are catego-
ries where the risk management strategies, tactics, or processes
employed result in a high degree of ownership exhibited by the
owner. Risks that owners perceive as difficult to influence,
including security requirements or energy prices, are typically
recognized and ignored. In extreme cases, this risk can destroy
a project. Risks that are believed to be subject to influence are
typically accepted and managed. These include construction
management talent or estimating accuracy.

“Avoid” and “Accept and Transfer” are categories where
the risk management strategies, tactics, or processes em-
ployed result in a low degree of ownership exhibited by the
owner. Risks that owners perceive as severe and uncontrol-
lable are the most actively analyzed and likely to be avoided.

“Accept and Transfer” and “Recognize and Ignore” are
categories where the risk management strategies, tactics, or
processes employed are more passive. In the first case, the
owner pushes responsibility to actively manage the risk onto
a third party. In the second case, ignoring the risk requires no
action.

“Accept and Manage” and “Avoid” are categories where the
risk management strategies, tactics, or processes employed
are more active. In the first case, the owner actively takes on
responsibility to manage the risk for his/her own account
with his/her own staff. In the second case, an active investi-
gation of the risk indicates that it is severe and uncontrol-
lable and dictates the owner must take action to remove the
exposure to the risk.

“Accept and Transfer” and “Accept and Manage” are oppo-
sites of one another in the owner’s perspective in that the first
pushes risk to an external party for active management, while

Continued on page 46.
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the second retains the risk internally for active management.
“Avoid” and “Recognize and Ignore” are opposites of one

another in the owner’s perspective in that the first requires
action to remove the exposure to the risk, while the second
requires no action.

While owners prepare lists of known risks that may occur,
research suggests that owners are reluctant to consider
pessimistic scenarios while performing risk assessments.2

These pessimistic scenarios are outside of this matrix in that
they are not considered. Nassim Nicholas Taleb refers to
these pessimistic scenarios as little Black Swans and he
describes a set of more severe outcomes as the Unknown
Unknowns or true Black Swans.

A Construction Black Swan
The Tacoma Narrows Bridge was one of the most spectacular
failures in engineering history. This suspension bridge used
a stiffened-girder design rather than the customary and
necessarily deeper open truss. This innovative design gave a
slender silhouette whose appearance was dramatic and grace-
ful, albeit inappropriate for the site conditions. The last
spectacular undulating motions of the roadway being twisted
to destruction were recorded on newsreel film even as engi-
neers were trying to understand the phenomenon of its
aerodynamic instability.

Othmar Ammann, designer of the George Washington and
other monumental bridges wrote:

“...the Tacoma Narrows bridge failure has given us
invaluable information…It has shown [that] every new
structure which projects into new fields of magnitude
involves new problems for the solution of which neither
theory nor practical experience furnish an adequate
guide. It is then that we must rely largely on judgment
and if, as a result, errors or failures occur, we must
accept them as a price for human progress.3”

The possibility of failure of the Tacoma Narrows Bridge
because of a steady crosswind of 42 miles per hour was
unforeseen by its designers. Nassim Nicholas Taleb refers to

this as tunneling4 or “we focus on a few well-defined sources
of uncertainty... at the expense of the others that do not easily
come to mind.”

If the designers of the Tacoma Narrows had known the
story of the Wheeling Suspension Bridge, the longest span in
the world when it was completed in 1849, they would have
anticipated that wind could be a possible cause of failure. The
Wheeling bridge was destroyed in a storm. In this older
incident, the technical literature on the design and ultimate
failure of this bridge was not well-documented even though a
local reporter made detailed observations of the bridge as it
experienced similar undulation, due to relatively modest
crosswinds.

Survey Results
Risks
A meaningful discussion about program and project-level
risks is undertaken in the context of the perceived frequency
and impact of that risk. There are hundreds, if not thousands,
of possible risks that an owner may face when managing a
construction project or program. A considerable effort was
made to narrow the list of risks based on the idea that owners
tend to focus on what they have previously experienced as
opposed to what they have not experienced. Said a different
way, owners manage the risks they know as opposed to what
they do not know. FMI selected 28 specific risks and an
additional four respondent-chosen risks which were tied to
four areas of impact to the owner: 1. Quality, 2. Cost, 3.
Schedule, and 4. Scope.

Respondents were asked to define any other risks that
impact them in the areas of quality, cost, schedule, and scope.
FMI selected a name for these risks based on frequency of
mentions: Quality Other = Vendor Performance, Cost Other
= Unanticipated Costs, Schedule Other = Commissioning or
Turnover, and Scope Other = Internal Scope Control.

In Figure 2, FMI plotted each of the original 28 risks along
with the four self-described risks into quadrants describing
their perceived frequency and impact. High-frequency and
high-impact risks are referred to as “Tornadoes.” Nine risks
fall into this quadrant with governmental regulation, inaccu-
rate budgeting or estimating by the owner, and commodity
demand exhibiting the combined highest frequency and se-
verity. Risks in which the perceived frequency was high and
impact was low are referred to as “Thunderstorms.” Nine
risks fall into this quadrant with internal customer integra-
tion representing the greatest frequency and one of the
highest impacts in this quadrant.

Risks in which the perceived frequency was low and
impact was low are referred to as “Water Spouts.” Eight risks
fall into this quadrant with a group of four, including Clear-
ing Customs, Project Collaboration Software, Security Re-
quirements, and Modularization Capability, perceived as
exhibiting little impact. There can be two explanations for the
perception of both low impact and frequency: 1. These risks
actually result in an insignificant impact or 2. The assess-
ment of impact is incomplete. As described previously, the
fact that a particular risk is perceived as having low impact

Figure 2. Frequency vs. impact aggregate scores.
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is not the same as saying it cannot have high impact – we
must see the forest and trees for success, recognizing that the
most devastating risks will originate from the forest which is
harder to see and discuss. Risks in which the perceived
frequency was low and impact was high are referred to as
“Hurricanes.” Six risks fall into this quadrant with two
exhibiting major or immense impacts, Cost Other = Unantici-
pated Costs and Quality Other = Vendor Performance. In
Figure 2, these two risks are not depicted to scale and
exhibited an impact twice as high as estimating accuracy.

Highest-Impact Risks
FMI studied how each risk impacted overall project success
through the three basic attributes of the job: cost (financial),
time (schedule), and qualitative (e.g., quality, reputation,
and safety) areas. Participants were asked to score each
attribute as either not applicable, no impact, minimal im-
pact, moderate impact, major impact, or immense impact.

Each risk was ranked from the highest to lowest total
impact for each attribute, and this is shown in Figure 3. For
each risk, the bar length represents perceived severity (e.g.,
estimating accuracy is perceived to have a major reputational
impact, moderate quality impact, and minimal safety im-
pact). For example, the risk of Cost Other = Unanticipated
Costs ranks the highest in both Financial and Schedule
impacts, whereas Quality Other = Vendor Performance ranks
the highest in Schedule impacts. Impacts to the schedule

Continued on page 48.

were twice as high (bad) on average as the financial impacts
and the qualitative impacts. Therefore, schedule impacts
proportionately influenced the total overall impact rank.

Schedule impacts are damaging because in some cases,

Figure 3. Qualitative impacts for each risk.
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Continued on page 50.

there is little that can be done by a project manager to rescue
a project once a major schedule delay occurs. These delays
cannot be easily resolved with a scalar approach, such as
requesting a budget increase.

Participants were further asked to identify the specific
qualitative impact type as either Public or Internal Reputa-
tion, Quality, Safety, or Other as a self-selected impact. This
is shown in Table B. The risk with the largest public or
internal reputation impact is government regulation. The
risk with the largest quality impact is an inability to find or
attract sufficient and trained skilled craftsmen, and the risk
with the largest safety impact is, not surprisingly, security
requirements.

An example of public perception impacts is the scenario of
constructing highly pressurized lines snaking under farms
and past residential areas. This will raise fears about safety

and environmental impacts in communities along these pipe-
line routes. Companies building pipelines face lawsuits,
eminent-domain battles, and jurisdictional fights among the
local, state, and federal authorities that oversee the projects.
Two New England projects have been held up or canceled in
recent months because of local opposition.5

Skilled craftsmen carries the highest quality impact po-
tential. Kenneth D. Simonson, chief economist for the Asso-
ciated General Contractors of America, said, “To the extent
that people are picking college, they’re turning down con-
struction.6"

Risks rated with a combination of low frequency and
impact may represent potential for Black Swan-type events.
Figure 4 displays a select list of low-frequency and low-
impact risks (Water Spouts) from Figure 2 and breaks down
the frequency of observation for each type of owner. Public
and private entities make up nearly 75 percent of the fre-
quency rating of clearing customs risks. Put another way,
government agencies do not observe clearing customs issues,
which suggests that their projects source materials and
equipment domestically.

Modularization capability (capital construction program
at risk due to inexperienced modularization installation
contractor) scored 38 percent of the impact by respondents
(firms) with the average project size of $15 million to $50
million. Meanwhile, projects between $100 million and $500
million expect to see 40 percent of the impacts related to
project collaboration software (capital construction program
at risk due to ineffective use of project collaboration software)
than any other risk. Many owners reported that they also
would like to convince their Procurement and Legal depart-
ments of the benefits of a collaborative delivery method to
improve risk management.

Engineering News Record7 reports that many are fearful of
the transition to Building Information Management (BIM),
outlining a long list of possible and increased exposure. FMI’s
Eighth Annual Survey of Owners;8 however, concluded that

Figure 4. Percent of risk observation frequency by organization type.

Risk Category Financial Schedule Qualitative Total
Impact Impact Impact Impact
Rank Rank Rank Rank

Quality Other = Vendor 2 2 1 1
Performance
Cost Other = Unanticipated 1 1 2 2
Costs
Estimating Accuracy 3 4 3 3
Government Regulations 14 3 4 4
Commodity Demand 4 6 7 5
Construction Firm 8 8 5 6
Construction Service Demand 13 7 12 7
Energy Prices 5 10 9 8
Schedule Other = 21 5 17 9
Commissioning
Skilled Craftsmen 7 14 11 10
Engineers 12 15 6 11
Program Managers 17 12 10 12
Architects 6 9 15 13
Building or Plant Controls 9 11 14 14
Design Reviews 10 19 8 15
Planning 25 13 26 16
Internal Customer Integration 22 17 18 17
Construction Managers 11 22 16 18
Environmental Conditions 24 16 19 19
Project Controls 15 20 25 20
Focus on Price 19 21 21 21
Internal Staff 18 18 22 22
PM/CM Technology Skills 20 25 13 23
Team Integration 16 23 24 24
Scope Other = Internal Scope 26 24 27 25
Control
Procurement/Purchasing 27 26 23 26
Controls
Constructibility 23 27 29 27
Modularization Capability 28 29 28 28
Security Requirements 29 31 20 29
Project Collaboration Software 30 28 32 30
Project Closeout 31 30 30 31
Clearing Customs 32 32 31 32

Table B. Impact ratings for each risk.
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approximately “35 percent of all respondents have used BIM
processes and technology to reduce the frequency and sever-
ity of loss.” Interestingly, projects between $5 million and $15
million perceive 38 percent of the impacts as a result of
planning (capital construction program at risk due to no or
ineffective use of pre-project, resource, and short-interval
planning techniques) than any other respondent’s average

project size. Projects in this range may experience major or
immense cost and schedule impact if the scope changes
dramatically. This is described further in Figure 5.

One participant at a large chemical company was quoted
describing a risk that often goes overlooked in today’s design
and construction environment: “Import/export refers to pro-
tecting intellectual property and technology. This wasn’t an
issue 20 years ago, but we have to manage the risk that our
knowledge will find its way into our competitors’ hands
through the use of foreign-based consultants, engineers, and
contractors.”

Strategies, Tactics, and Processes
The strategies, tactics, and processes are included in the
mitigation plan for each risk, along with ownership assign-
ment, costs, and timing. Unique strategies for mitigating
capital project risk likely number in the hundreds. When
respondents were asked which strategies they use most often,
they integrate risk into contracts 74 percent of the time, while
requiring an equity involvement only 10 percent of the time.
This trend should continue as traditional financing is harder
to obtain and Public Private Partnerships (P3) become more
acceptable. Figure 6 demonstrates that owners continue to
transfer risks to service providers through contractual mecha-
nisms and language more frequently than any other approach.
Using a standardized process or approach was the second most
popular method at 71 percent of the time. Owners could select
and apply more than one strategy at a time.

Figure 5. Percent of impact of select risks by average project size.

Figure 6. Ratio of usage of strategies, tactics and processes.

“...we have to manage the risk that our knowledge
will find its way into our competitors’ hands through the use of foreign-based

consultants, engineers, and contractors.”
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Figure 8. Strategies used by capital program size.

Figure 9. Strategic action by building type.

FMI/CMAA found that on average, 61 percent of the time
owners are accepting and managing risks, 22 percent of the
time owners are accepting and transferring risks, and the
balance of time they avoid risks as shown in Figure 7.

Figure 8 indicates an increasing desire to manage risks
internally by the owner as the size of the capital program
increases. Owners with less than $1 million spending man-
age their own risks 40 percent of the time, whereas owners
that exceed $1 billion spending tend to accept and manage
risks 65 percent of the time. This trend also parallels declin-
ing appetite to avoid risks. Owners become less likely to avoid
a risk as their budget for capital projects increases. This
suggests that owners with large capital programs are seeking
larger returns and are more willing (or blind) to subject
themselves to the risks inherent in these types of projects.

Each survey participant was categorized by FMI into one
construction type to analyze his/her approach to risk man-
agement by this construction type. The segregation ignores
the fact that many owners complete construction of multiple
types in the same project (e.g., a typical life sciences facility
might have both laboratory and commercial building space).
Figure 9 shows that financial, real estate, and government
types of construction all take a more conservative approach to

risks and avoid them as a preferred strategy. Real estate and
sports-oriented projects tend to transfer risks more often
than other types of strategies. These types of projects are
frequently one-time interactions between owner, designer,
and contractor, and pushing risk to another party has mini-
mal long-term consequences for the owner. In the case of
owners who have programmatic work year in and year out,
the more aggressive movement of risk to other parties tends
to have more severe consequences. Life Sciences participants
tend to Accept and Manage risks to the same extent as other
process-intensive industries, such as Chemical, Energy, and
Manufacturing.

Strategies to Mitigate Risks
Participants in the survey were not directly asked how they
addressed each risk. The results in this section are derived
from statistical correlations of the risk frequencies, risk
impacts, and use of particular risk mitigation strategies. We
studied how owners react to risks based only on 1. The
frequency of occurrence and 2. The potential impact that the
risk would have upon their program. Participants also were
not asked about any particular strategies related to ignoring
risks because it is assumed that if an owner ignores a risk, no
strategy, tactic, or process is used to mitigate it; thus, mea-
surement would not be feasible. The results were inferred by
low correlation coefficients associated with the other three
classifications. Refer to Figure 10 and Figure 11 for this
analysis.

The top strategies, tactics, or processes that were most
consistently applied to address a particular risk are shown in

Figure 7. Choice of strategy.
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Figure 10. Connecting strategies and risks based on frequency of
occurrence.

Table C. The risks that were originally scored as low fre-
quency and low impact are italicized for emphasis. For
example, owners that delay or adjust the timing of a project
seem to do so when they are experiencing a risk due to an
inability to attract qualified internal staff.

In 11 out of 32 risks evaluated in the survey, requesting a
budget increase was the most employed strategy, tactic, or
process – throwing money at the challenge. If project direc-

tors know that the tactic of getting more money is an accepted
practice, they are going to be less concerned about cost-
related impacts from risks. This explains the observation
made in connection with Table B in which schedule impacts
are of more concern to owners than financial and qualitative
impacts.

Concluding Thoughts
Innovative owners, progressive corporate boards, and highly
engaged capital construction teams are injecting risk man-
agement discussions routinely into their capital planning.
FMI and CMAA believe this type of assertiveness is neces-
sary across the industry and unfortunately too rare. The pace
of change, design challenges, and financial complexity makes
the process of capital construction higher risk and more
challenging even for the most sophisticated owners. As re-
ported earlier, 30 of 32 risks presented in this study were
rated with multiple “Immense” impacts indicating cata-
strophic or Black Swan-type occurrences. Corporate boards
now consider the “worst things” that could happen as a
method of being engaged and monitoring the business risks.10

CMAA and FMI are driving the industry toward this higher
level of engagement. Use of a Certified Construction Manage-
ment (CCM) professional, selection of aligned and efficient
project delivery systems, and industry training in leadership
and management are just three examples of how FMI/CMAA
support this transformation.

Strategy, Tactic, or Process Most Often Applied to Address
These Risks

Selected an Alternative Scope Planning
Requested a Budget Increase Energy Prices
Team Integration
Estimating Accuracy
Environmental Conditions
Project Closeout
Government Regulations
Focus on Price
Constructibility
Design Reviews
Internal Customer Integration
Cancelled the Project Building or Plant Controls
Delayed or Adjusted Project Architects
Timing Internal Staff

PM/CM Technology Skills
Clearing Customs

Used Hedging Construction Demand
Used Program-level Purchasing Engineers
Power Skilled Craftsmen

Construction Firms
Commodity Demand
Project Collaboration Software
Project Controls
Modularization Capability

Purchased Technology/Software Procurement/Purchasing Controls
Increased Frequency of Program Managers
Meetings Construction Managers

Security Requirements

Table C. How specific risks are addressed.
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More can be done and we believe successful owners will
move “beyond the bell curve” in risk management of their
projects. These efforts will recognize and take into account
the following:

• History is less applicable today because complexity is
changing the nature of the game.

• The most immense and severe impacts to capital construc-
tion programs are unpredicted, one-time events.

• Black Swan-type events will take place and recognizing
their range of impact is more critical than attempting to
predict when they might occur.

• Work to specifically avoid underestimating the impact
and likelihood of improbable events and understanding
the nature of more frequent risks.

• Focus on the “forest” as the source of the most devastating
risks while managing the “trees” which are easier to see
and discuss.
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Fundamentals of Bacterial Adhesion
Applied Toward Infection Prevention:
Focus on Two Case Studies

by Yatao Liu, Paola A. Pinzon-Arango,
Joshua Strauss, and Terri A. Camesano

Introduction

Bacterial infections persist as a public
threat due to the ease by which bacte-
ria adapt to commonly used antibiot-
ics. Traditional antibiotics are effec-

tive against multiplying bacteria that are plank-
tonic (free floating). However, bacteria on sur-
faces develop protective communities called
biofilms that hinder the ability of antibiotics to
completely eliminate the pathogens. The rapid
development of bacterial resistance to antibi-
otics has made pharmaceutical companies re-
luctant to fund new antibiotics research. Hence,
novel approaches to prevent and treat infec-
tions are needed. One promising strategy is to
control the first step of bacterial adhesion, thus
preventing infection. Our work combines ex-
periments and modeling aimed at understand-
ing the initial steps of the bacterial adhesion
process, focusing on two case studies: 1) mecha-
nisms by which cranberry can prevent urinary
tract infections through interfering with bacte-
rial adhesion; and 2) design of anti-adhesive and
antimicrobial coatings for biomaterials. We make
direct adhesion force measurements between
bacteria and substrates with an Atomic Force
Microscope (AFM), and combine such experi-
ments with thermodynamic calculations to de-
velop a set of tools that allows for the prediction
of whether bacteria will attach to a given sur-
face. These fundamental investigations of the
bacterial adhesion process help elucidate the
underlying mechanisms behind bacterial adhe-
sion, thus leading to improved clinical outcomes
for a number of biomedical applications.

Bacterial Adhesion is the First
Step in Infection Development

As one of the earliest life forms, bacteria have
evolved into many thousands of species and

can survive in a wide range of environments.
According to National Institutes of Health
(NIH), fewer than one percent of bacterial spe-
cies can cause disease with most bacteria being
harmless or even beneficial to humans, such as
bacteria residing in human intestines that help
digest food1 or cultures that contribute to the
fermentation processes of yogurts and cheeses.
Despite the fact that most bacteria are not
pathogens, infectious diseases claim 1,500
deaths per hour worldwide.2 Bacterial infec-
tions that lead to pneumonia, tuberculosis, and
severe diarrheal diseases, along with infec-
tious agents of malaria, measles, and HIV/
AIDS, account for half of all premature deaths
worldwide, especially affecting children and
young adults.2 Due to antibiotic resistance,
some infections cannot be cured by convention-
ally prescribed antibiotics. For example, nearly
19,000 people died in the United States in 2005
after being infected with methicillin-resistant
Staphylococcus aureus strains that have spread
rampantly through hospitals and long term
care facilities.3

The increasing public health crisis caused
by bacterial resistance necessitates alternative
approaches to preventing and curing infections.
The initiation of a bacterial infection requires
that bacteria first attach to host tissue. The
attachment of bacteria to a surface is typically
described as occurring through two stages: long
range, non-specific forces help the bacterium
make a close contact with host cells or a sub-
stratum, where stronger specific forces can
become operative. Once attached, bacteria grow,
secrete extracellular material, and can develop
a biofilm, which is a dense and protective com-
munity of microorganisms.

The initial adhesion process is considered to
be governed by specific and non-specific inter-
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Continued on page 58.

action forces between bacteria and substrata. Non-specific
interactions typically refer to 1. Lifshitz-van der Waals (LW)
forces that are almost always attractive and operate between
any two bodies 2. electrostatic interactions, which are often
repulsive because bacteria and many surfaces each possess
negative charges, and 3. electron-donor/electron-acceptor or
Lewis Acid/Base (AB) forces, which include hydrogen bond-
ing. Specific forces, which are much stronger, refer to bonds
between ligands and receptors of two biological samples. We
discuss our approach to modeling and measuring the forces
involved in the initial bacterial adhesion process.

Methods in Studying Bacterial Adhesion
Bacterial adhesion can be studied at various scales, from
macroscale studies that show the adhesion behavior of a
population of bacteria, to nanoscale studies that probe indi-
vidual cells or molecules associated with bacteria. Although
macroscale studies are phenomena-oriented, they cannot
provide information needed to disclose the underlying mecha-
nisms. A combination of studies at different length scales can
provide a more detailed picture.

Direct Force Measurements
Interaction forces between bacteria and host cells or im-
planted medical devices directly determine whether bacteria
will adhere. Although the quantification of adhesion forces
between bacteria and a substrate represents the most accu-

rate and straightforward way of gaining information on
bacterial adhesion, in practice, there are two crucial issues
that need addressing.

Tiny Forces
The interaction forces between bacteria and a substrate are
very small with values typically at the pico-Newton (pN) to
nano-Newton (nN) scales, i.e., (7-70) × 10-12 lb•ft/s2. Cur-
rently, only two techniques can be used to directly detect such
forces. One is optical tweezers4 and the other is atomic force
microscopy (AFM).5, 6, 7 AFM provides larger measurement
range and more sophisticated controls, such as the loading
rate, in addition to providing simultaneous high resolution
imaging - Figure 1. There are additional indirect techniques
used to estimate the interaction forces. These techniques
include Total Internal Reflection Microscopy (TIRM), Total
Internal Reflection Aqueous Fluorescence (TIRAF) micros-
copy, Surface Forces Apparatus (SFA), and Quartz Crystal
Microbalance with energy Dissipation (QCM-D), etc. Inter-
ested readers are encouraged to refer to a comprehensive
review paper on the use of these techniques in bacterial
adhesion studies.8

Obtaining Correct Orientations of Biological
Molecules
In order for bacterial ligands to correctly bind with receptors,
the molecules on bacterial surfaces, including fimbriae (pili),
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and lipopolysaccharides, must expose the appropriate orien-
tation. Experimentally, it is challenging to maintain correct
orientation when biological cells are trapped in optical twee-
zers or immobilized on an AFM tip. In our lab, we invented a
novel coating method that can be used to attach bacteria to an
AFM tip (Figure 2), such that they possess the correct orien-
tation for direct force measurements.9

Some technical issues also need to be resolved in force
measurements such as the timescale and loading rate. The
timescale needed to build a ligand-receptor bond can be

difficult to determine. Further, the loading rate needed to
make AFM force measurements has to be specified for each
experiment. These parameters should be appropriately de-
termined to obtain correct force measurements.

Thermodynamic Modeling of Bacterial-Surface
Interactions
Classical and extended Derjaguin-Landau-Verwey-Overbeek
(DLVO) theory has been used to explain and predict the adhe-
sion behavior of bacteria in aqueous media. The DLVO model
takes into account van der Waals interactions, electrostatic
interactions, and often includes electron donor/electron accep-
tor interactions when the extended DLVO model is applied.
Parameters to include in the thermodynamic models need to be
estimated for each bacterium, substrate, and solution. For
example, zeta potential measurements on bacteria in a suspen-
sion are used for the modeling of electrostatic interactions.

Parameters for the thermodynamic calculations are taken
from contact angle measurements on bacterial lawns and on
the substrates of interest, using probe liquids with varying
polarities. Individual surface tensions can be calculated from
the measured contact angles by using the Young-Dupré equa-
tion.10 The Gibbs free energy change due to adhesion is calcu-
lated from the interfacial tensions for bacteria/substrate, bac-
teria/water, and substrate/water. If bacteria can attach to a
substrate, then the newly formed interface (bacteria-sub-
strate) must be more stable than the two old interfaces (sub-
strate-liquid and bacteria-liquid). The Gibbs free energy change
during the process must be negative to favor the new interface,
which represents bacteria attached to the substrata. If the
Gibbs free energy change is positive, bacteria prefer to not
attach to the surface, but to remain in the aqueous media. One
advantage for using thermodynamic modeling is that the
method is reliable for many kinds of substrates, especially
when at least one non-biological surface is applied. In addition,
this method has a strong and well-defined theoretical founda-
tion, which helps to fundamentally explain bacterial adhesion
and offer a theoretical guide for biomaterial development or
infection-prevention strategy. However, the thermodynamic
modeling only accounts for non-specific interactions. If both
surfaces are biological samples, ligand-receptor interactions
may be present. Then the interaction forces calculated from
the thermodynamic model will be greatly underestimated, as
we reported earlier.11 A detailed explanation on the use of these
models for bacterial adhesion calculations was reported in our
previous studies.11

Macroscale Studies of Bacterial Attachment
One of the simplest ways to quantify bacterial attachment to
a surface is via a retention assay. Bacteria are incubated with
host cells or the biomaterial of interest; either statically or
under flow conditions. After a pre-determined time, host cells
or the substrata are removed and washed to remove the
loosely attached bacteria. The percentage of attached bacte-
ria that are viable can be quantified using a dual DNA
staining kit, in which green and red fluorochromes can be
used to discern the number of viable cells - Figure 3.

Figure 1. Representative AFM amplitude imaging of the deposition
of E. coli culture solution after washed three times with
phosphate buffer saline. Then the solution was deposited onto a
mica surface. They formed a tree-like crystallization.

Figure 2. Representative SEM imaging of S. epidermidis coated
AFM tip.



JANUARY/FEBRUARY 2009    PHARMACEUTICAL ENGINEERING 59

Bacterial Adhesion

Although a bacterial retention as-
say is a quick way to screen various
surfaces or treatments, it does not pro-
vide mechanistic information on why
bacteria attach. In addition, it can be
difficult to conduct the experiments
reproducibly, particularly if bacteria
aggregate, making it difficult to get
accurate cell counts. Numerous trials
may be required to obtain statistically
meaningful data. However, this simple
assay may be used as a reference
method to compare with other meth-
ods of quantifying bacterial adhesion.

Case Studies
While there are numerous types of bac-
terial infections with varying degrees
of clinical severity, we focus on two
examples that our lab has studied ex-
tensively.

Case I: Cranberry as a
Preventive Measure for
Urinary Tract Infections (UTIs)
UTIs and Antibiotic Resistance
Urinary tract infections are defined as
infections of the kidneys, ureters, blad-
der, or urethra and are the second most
common type of infection in the US.
Symptoms generally include a frequent
urge to urinate, pain and burning in
the area of the bladder or urethra dur-
ing urination, and in some cases, fever,
fatigue, and trembling. Women, in-
fants, and elders are more prone to
UTIs. Approximately one third of
women will have at least one UTI in
their lifetime.12 The annual rate of in-
fection among women in the United
States is 11.3 million symptomatic
cases13 and more than 10 million as-
ymptomatic cases.14 The estimated
annual medical expenditures are more
than $1.6 billion.15 The Gram-negative
bacterium Escherichia coli is the main
culprit, responsible for 85 to 95 percent
of cystitis cases (bladder infection) and
90 percent of acute pyelonephritis cases
(a serious kidney infection).16

Although most bacterial infections
are treatable with antibiotics, bacte-
rial resistance to currently available
antibiotics has become an increasing
threat to public health, largely due to
inappropriate dosing and administra-
tion of antibiotics, as well as the rapid

ability of bacteria to exchange genetic
information that confers resistance.
Cotrimoxazole (trimethoprim/sulfa-
methoxazole) is the current first-line
treatment for uncomplicated UTIs in
the US and many other countries, but
cotrimoxazole resistance exceeds 15
percent and can be as high as 25 per-
cent in Canada and the US.17

Cranberries and UTIs
Native Americans used cranberries as

a food source, and for many years,
cranberries have been experientially
recognized for their benefits of main-
taining urinary tract health. Prelimi-
nary clinical studies of cranberry’s ben-
efits began in the early 1920s.18, 19 In
1994, Avorn et al. were the first to
successfully demonstrate that con-
sumption of cranberry juice reduces
the frequency of recurrent urinary tract
infections in a population of elderly
women. Although very early studies

Continued on page 60.
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hypothesized that increased acidity produced in the urine by
eating cranberries was the reason for the beneficial effect,18

more recent work has shown that the pH of urine after
cranberry juice cocktail consumption only changes slightly20

and is transient.21

In 1984, Sotoba et al. found that preincubation of E. coli
and uroepithelial cells in cranberry juice decreased bacterial
adhesion,22 leading to a paradigm shift in the understanding
of the action of cranberry on bacterial adhesion. Since that
time, researchers have focused their efforts on gaining a
detailed molecular-scale understanding of the mechanisms
behind this action.

Molecular Mechanisms of Cranberries
Preventing UTIs
Compounds in cranberries affect molecules on the surface of
Gram-negative bacteria. For example, fimbriae are proteina-
ceous structures that extend from E. coli and contain a
specific adhesin molecule (PapG) that helps the bacteria bind
to a receptor on uroepithelial cells, known as the α-Gal(1→4)β-
Gal oligosaccharide receptor. E. coli that posses P type fim-
briae can cause more serious types of UTIs, such as acute
kidney infection (pyelonephritis), in addition to the less
severe cystitis (bladder infection). We review some of our
recent work, focusing on P-fimbriated E. coli and a non-
fimbriated mutant strain, which allowed us to better under-
stand the role of cranberry compounds on P fimbriae.

Bacterial Retention Assay
Building upon the available clinical studies, we performed in
vitro bacterial adhesion assays that were designed to help
understand the mechanisms behind cranberry’s action on the
E. coli-uroepithelial cell interaction. Using neutralized cran-
berry juice so that the effects of pH on bacterial adhesion
could be eliminated, we found that the number of attached E.
coli per uroepithelial cells decreased from 50.2 ± 22.9 bacte-
ria/uroepithelial cell without cranberry juice treatment, to
13.6 ± 5.7, 9.3 ± 4.1, and 2.9 ± 1.5 bacteria/uroepithelial cell,
corresponding to 5, 10, and 27 wt.% cranberry juice treat-

ment, respectively.23 These in vitro attachment results con-
firmed that cranberry juice cocktail can reduce bacterial
attachment to host tissue, and that lower pH is not the
underlying mechanism that makes cranberry juice an effec-
tive agent for preventing UTIs.

P-fimbriae Morphology Characterization
Through Atomic Force Microscopy (AFM) measurements, to-
gether with steric modeling, we found that the average P-
fimbriae length on E. coli HB101pDC1 was 147 nm (around 600
× 10-8 inch) without cranberry juice treatment, but decreased to
50 nm (around 200 × 10-8 inch) when bacteria were exposed to
cranberry juice - Figure 4.24 Thus, we directly demonstrated that
although P fimbriae are not removed by exposure to cranberry
juice, the proteins become compressed significantly after cran-
berry juice treatment, which may account for their decreased
ability to adhere to uroepithelial cells.

Direct Force Measurements
In addition, AFM was used to show that the adhesion force
between E. coli and a uroepithelial cell was ~10 nN (7.233 × 10-

8 lb•ft/s2) when no cranberry juice cocktail was present, but
decreased to ~0.50 nN (0.362 × 10-8 lb•ft/s2) after cells were
exposed to 27% cranberry juice cocktail.25 The specific adhe-
sion forces between PapG adhesin and receptors on uroepithelial
cells were significantly decreased after cranberry juice treat-
ment. This was the first study to directly demonstrate that
cranberry juice treatment reduces the nanoscale adhesion
forces between bacteria and uroepithelial cells.

Thermodynamic Modeling
Through thermodynamic modeling, we showed that the Gibbs
free energy change (ΔGadh) between E. coli and uroepithelial
cells in the absence of cranberry juice treatment was -20 mJ/
m2 (around -150 ft-lbs/ft2), where the negative value implies
that bacterial adhesion is favorable. With increasing concen-

Figure 4. The average equilibrium length of P fimbriae on E. coli
surface derived from steric modelling based on AFM surface
characterizations. Adapted with permission from Liu et al.,
Biotechnology and Bioengineering, 2006, 93, 301 (Ref. 24).
Copyright (2005) Wiley Periodicals, Inc.

Figure 3. Representative image of S. epidermidis stained with live/
dead kit for an adhesion assay.
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trations of cranberry juice treatment, increased and became
positive when the bacteria and uroepithelial cells were ex-
posed to at least 20 wt. percent cranberry juice cocktail,
suggesting that at or above this concentration, bacterial
adhesion is unfavorable.26 These results imply that cranberry
juice can impair non-specific interactions between bacteria
and uroepithelial cells and hence prevent bacterial adhesion.

Therefore, cranberry can provide protection at three dif-
ferent levels:

a. Cranberry juice exposure compresses P fimbriae of E. coli,
thus preventing adhesion between the bacterium and the
uroepithelial cell.

b. Cranberry juice increases the repulsive energy barrier to
adhesion, over a range of hundreds of nanometers (400 ×
10-8 inch), thus preventing the bacteria from coming into
contact with the uroepithelial cells.

c. Even if bacteria are able to penetrate the repulsive energy
barrier, the action of cranberry juice on the bacteria de-
creases the ability of the bacteria to attach to uroepithelial
cells, as demonstrated through direct force measurements.

Future Directions for Cranberry Research
Although progress has been made in understanding
cranberry’s actions against E. coli toward the protection of

urinary tract health, there are a number of key research
issues that remain to be addressed. For example, a large body
of research is devoted to identifying the critical compounds in
cranberry that cause the anti-adhesive benefits, and in elu-
cidating the needed dose and duration of exposure to such
compounds. Due to the acidity of cranberry juice, commer-
cially available cranberry juice cocktails are sweetened with
fructose, water, and vitamin C, yielding 25 to 27 wt. percent
cranberry juice. Therefore, there are more than 120 different
compounds in cranberry juice.27 Most research has focused on
isolating and identifying the class of A-type proanthocyanidins
(PACs) or non-dialyzable materials, which have shown de-
creases in bacterial adhesion in vitro.28, 29, 30, 31, 32, 33

However, it is not easy to translate the dose required to
impart an anti-adhesion effect in an in vitro study to the dose
needed for clinical relevance. Our in vitro studies showed that
5.0 wt. percent cranberry juice was sufficient to prevent
bacterial adhesion24, 25 from the molecular scale perspective
for the first time although similar results were observed in
prior in vitro bacterial adhesion assay experiments.30, 34 Al-
though it is not yet known how these in vitro thresholds will
translate to in vivo conditions, researchers are actively en-
gaged in trying to extend laboratory-scale mechanistic stud-
ies toward clinical trials. Increased understanding of the
molecular action of cranberry juice on E. coli and uroepithelial
cells can lead to better estimation of needed cranberry juice
dose and duration.

Continued on page 62.
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Figure 6. Correlation between Gibbs free energy change and S.
epidermidis viability. Adapted with permission from Liu et al.,
Langmuir, 2007, 23, 7138 (Ref. 11). Copyright (2007) American
Chemical Society.

Case II: Infections of Implanted Medical Devices
Infections on Biomaterials
Modern medicine is highly dependent on implanted medical
devices, such as catheters, cerebrospinal fluid shunts, pros-
thetic heart valves and prosthetic joints, vascular grafts,
cardiac pacemakers, and intraocular lenses, etc., which have
significantly improved quality of treatments for patients.
However, any time a foreign material is introduced into the
body; this surface becomes a likely site of bacterial infection.
For example, 4.3 percent of 2.6 million orthopedic implants
and 7.4 percent of cardiovascular implants become infected
per year.35, 36 Bacterial infections occur in more than two
million surgical cases each year in the US alone, which

burdens patients both physically and financially.37 Annually
in the US, there are more than 250,000 Catheter Related
Bloodstream Infections (CRBSIs).38 The Gram-positive bac-
terium Staphylococcus epidermidis has evolved as a leading
cause of nosocomial sepsis and is the most frequently isolated
causal organism for infections of numerous types of cath-
eters, shunts, and other implanted medical devices.39, 40, 41 For
example, S. epidermidis and other coagulase-negative Sta-
phylococci were the causal agents in ~50 percent of CRBSIs.42

Once bacteria attach to implanted medical devices, they can
easily form a protective biofilm because the biofilm community
is encased in a matrix of polysaccharides and proteins, which
presents a diffusion barrier for antimicrobial agents’ penetra-
tion. Further, the reduced metabolic rate of the bacteria in the
biofilm causes a slow rate of uptake of antimicrobial agents.
The biofilm also shields bacteria from environmental stresses.43

Often the only effective treatment of an infected implanted
medical device is surgical excision.44 In addition to increasing
the patient’s morbidity, mortality, and recovery time, the
economic expenditure on bacterial-infected medical devices
exceeds $3 billion per year in the US alone.35

Strategies toward Preventing Implanted Medical
Device Related Infections
Current research is focused on designing materials that
resist bacterial adhesion or that inactivate attached bacteria.
One strategy has been to coat antimicrobial agents directly
onto the implanted materials to kill bacteria upon initial
adhesion or as they begin to grow. A variety of antibiotics
such as vancomycin, gentamicin, clindamycin, fusidic acid,
ciprofloxacin, cefuroxime, cefotaxime, and chlorhexidine have
been tested in vitro and in animal models;45, 46, 47 however, only
limited success has been obtained. The main challenge is that
it is difficult to maintain a steady release of drug from the
biomaterial. The focus of several research groups, including
ours, is to develop materials that resist the adhesion of
bacteria to surfaces. Coatings such as Self-Assembled Mono-
layers (SAMs) and polymers have demonstrated the ability to
prevent bacterial adhesion by modifying surface properties
such as hydrophobicity, roughness, and surface charge.7, 48, 49

However, bacterial adhesion results do not show consistent
trends in terms of the physicochemical properties of the
surfaces. For example, we showed that surface wettability
and roughness were insufficient properties to correlate with
bacterial adhesion.7 A better ability to characterize the prop-
erties of biomaterials at the molecular level may lead to
better design of antibacterial biomaterials.

Use of Self-Assembled Monolayers (SAMs) to
Create Anti-Adhesive Coatings
SAMs possess a layer of molecules with the same terminal
group and uniform orientation, properties that facilitate the
study of bacterial adhesion since bacteria are always exposed
to the same chemical groups. In our laboratory, we developed
a series of SAMs with varying terminal groups that were
designed to resist bacterial adhesion and/or inactivate bacte-
ria. The two most promising candidates we identified were

Figure 5. Correlation between Gibbs free energy change and S.
epidermidis retention. Adapted with permission from Liu et al.,
Langmuir, 2007, 23, 7138 (Ref. 11). Copyright (2007) American
Chemical Society.
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dodecanethiol-based SAMs (terminat-
ing in isophthalic acid or isophthalic
acid with silver). The silver-containing
SAMs were of interest because the anti-
bacterial properties of silver have been
demonstrated, and bacteria are unable
to develop a resistance to silver’s anti-
microbial abilities.50 In addition, silver
has been shown to be nontoxic to mam-
malian cells at similar concentrations.51

When evaluating the potential of an
antibacterial coating for a particular
biomaterial, it is also important to con-
sider how serum and plasma proteins,
such as fibronectin, laminin, fibrin,
and albumin will adsorb to the bioma-
terial. In our work, we also tested the
adsorption of model proteins (fetal bo-
vine serum and fibronectin) to the SAM-
coated materials.

We found that the attachment of S.
epidermidis to the protein-coated ma-
terial depended on the particular pro-
tein present. Fetal bovine serum ad-
sorption reduced the attachment of S.
epidermidis to the material, while
fibronectin coating promoted S.
epidermidis attachment.52

SAMs terminating in Isophthalic Acid
(IPA) and Isophthalic Acid with silver
(IAG) resulted in lower non-specific ad-
hesion forces with S. epidermidis com-
pared to bare surfaces, as supported by
thermodynamic modeling. When serum
proteins were adsorbed on the SAMs,
non-specific interactions between the
bacteria and substrate decreased - Fig-
ure 5. While the LW forces were un-
changed, AB forces were found to domi-
nate the overall interaction, and showed
more variability in terms of the type of
SAM and protein put on the substrate.
Since AB forces mainly reflect hydrogen
bonds, we suggest that a fruitful ap-
proach to enhanced development of anti-
microbial biomaterials would be to se-
lect materials that prevent or limit the
formation of hydrogen bonds.11

The thermodynamic modeling was
supported by direct AFM force mea-
surements between an S. epidermidis-
coated AFM tip and the various SAMs
or protein-coated surfaces. Stronger
adhesion forces were observed between
S. epidermidis and fibronectin than
between the bacteria and fetal bovine
serum, due to the formation of strong

ligand-receptor bonds that can only
occur with fibronectin.53 Since protein
coatings can mask the underlying sur-
face properties, it is important to con-
sider the competition between S. epi-
dermis and serum protein for adsorp-
tion to the biomaterial.

In our study, the IPA-terminating
SAM showed the best activity in terms of
preventing bacterial adhesion and inac-
tivating bacteria. IAG showed strong
anti-bacterial adhesion properties simi-

lar to IPA. In addition, IAG killed around
60 percent attached S. epidermidis11 -
Figure 6. IAG coated with a protein layer
of more than 100 nm (3.94 × 10-6 inch)
still was able to present antibacterial
activity since we assume some silver
ions could diffuse through the protein
layer. However, when the protein coat-
ing was thicker than 250 nm (9.85× 10-6

inch), the ability of the SAM to inacti-
vated bacteria decreased significantly.52

These results emphasize again that bio-
Continued on page 64.
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material development studies need to consider the interactions
of materials with in vivo proteins, as well as with bacterial
pathogens.

Conclusions
As a crucial step leading to infection development, the cre-
ation of new tools to experimentally measure and model
bacterial adhesion can lead to health benefits. In particular,
we discussed how atomic force microscopy and thermody-
namic modeling could be used to study the fundamental
adhesion processes related to urinary tract infections and
bacterial infections on biomaterials.
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Considering Outsourcing? Risks and
Benefits for FDA-Regulated Firms

by Mukesh Kumar, PhD, RAC

From its modest start about 30 years ago
as an alternative to academic institu-
tions for laboratory and clinical work,
outsourcing has grown into a $16 billion

industry in the US alone. It spans all aspects of
drug development, from discovery to clinical
development to product approval, and even
included commercialization and postmarketing
support. With more than 90% of the
biopharmaceutical industry comprised of small
businesses with limited resources,1 many firms
outsource product development to either re-
duce expenses or compensate for lack of core
competencies. Contract Research Organizations
(CROs) offer an excellent outsourced resource
to guide firms through the risky, costly, and
time-consuming myriad of drug development
pathways.

The cost of drug development has risen
steadily over the last two decades, partly as the
result of increased operational expenses, but
mostly due to the need for increased knowledge
of complex biological processes and the capa-
bility to monitor and understand safety-re-
lated aspects of drugs. The last decade also has
seen high-profile cases where approved drugs
were withdrawn due to unexpected safety is-
sues not identified during development phases
and promising therapies that failed at late
stages of development. These have led the US
Food and Drug Administration (FDA) to re-
quire increasing amounts of data to support
new drug applications. Coupled with the dry-
ing up of product pipelines and loss of revenue
due to several blockbuster drugs going off patent
within a short span of time, this FDA require-
ment has exacerbated financial and opera-
tional problems for biopharmaceutical compa-
nies, both large and small. Changing industry
dynamics have led to extensive, across-the-
board cost-cutting measures.

But companies must innovate to survive.

While they are striving to control costs, they
also need to increase spending on R&D to cre-
ate profitable new proprietary products. CROs
offer a solution to this dilemma: they can de-
velop drugs faster than pharmaceutical compa-
nies with comparable quality and lower overall
cost. Large companies such as GlaxoSmithKline,
Pfizer, and Wyeth have unveiled strategic shifts
in new product development policies, relying
increasingly on CROs for R&D and subsequent
development.2,3

CROs are uniquely capable of addressing
these issues because of their diverse product
experiences (even within the same indications),
infrastructural capabilities and high concen-
tration of human resources. Approximately 500
CROs compete around the world.4 Large CROs
offer a wider range of services while smaller
ones specialize in specific areas, from strategic
consultancy to clinical or preclinical services.
While large pharmaceutical companies still
account for about 70% of the total revenue for
the outsourcing industry, the share of the
smaller companies is steadily increasing and is
expected to continue growing over the next few
years. Also, due to the globalization of drug
development, there is a trend toward increas-
ing revenue from outside the US. Currently,
about 40% of CROs’ revenues are generated
outside the US and that figure is expected to
rise to more than 60% by 2010. The CRO indus-
try is growing at an annual rate of 12.6% and is
expected to reach about $30 billion by 2011,
with one of the highest earning rates per em-
ployee in any industry.4

Almost all biopharmaceutical companies
need to consider outsourcing all or parts of their
operations to CROs. The CRO industry has
evolved from the tactical or transactional
outsourcing model to the role of a strategic
partner. And as in any partnership, the
biopharmaceutical company needs to consider
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several factors before deciding which CRO to work with.
Among these are potential supply chains and markets, the
risks and benefits of outsourcing operations to particular
contractors (whether down the street or overseas), alterna-
tives to outsourcing, and how to maintain an effective rela-
tionship with contractors and suppliers in producing safe,
effective and compliant products for the marketplace. The
main issues companies should consider before outsourcing
are discussed below.

Harnessing Technology Assets:
Building Core Competencies

CROs offer ready availability of core competencies that may
be hard for the biopharmaceutical company to develop inter-
nally in a cost- and time-effective manner, but outsourcing
could be considered as stunting the development of internal
capabilities for conducting strategically important research
at a later time. This is of particular concern for small and
medium-size enterprises that look at working with more-
experienced and technically advanced CROs as a means of
training their personnel for future projects. Companies need
to identify potential areas for building internal core compe-
tencies early on. Most small and medium-sized
biopharmaceutical companies focus their core efforts on dis-
covery, strategic planning and conducting smaller clinical
trials locally; however, certain areas – such as animal testing
and conducting research in countries where the

biopharmaceutical company has little or no native expertise
– are better left to the CROs. By targeting the areas for
building core competency, a biopharmaceutical company can
collaborate with the CRO to train its people on the job. This
hands-on training must be complemented by training and
education programs available in the public domain because
interaction with the CRO cannot replace education.

Long-Term Interests
Companies with one or a few products rely heavily upon
positive relationships with a few opinion leaders. These could
be the individuals who discover the technology they are
developing, or key investigators and consultants. Hence,
developing long-term relationships with these individuals
and organizations is critical for the company’s survival. CROs
might not be aware of the strategic importance of a particular
investigator or site to the company. Since the CRO’s job is to
assure timely and high-quality project execution, they might
get into a negative relationship with the key investigator on
compliance-related issues. To avoid that, the CRO must be
made aware of the logistical role of key investigators. Train-
ing and mentoring programs for key investigators can be
built into the project to ensure higher compliance. This is
particularly important for global trials where each country in
which trial sites are located might have local high-profile
investigators who are critical to the current project’s comple-
tion and future company plans.
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Outsourcing Risks and Benefits

Risk Mitigation
A key component of the decision to outsource usually is the
desire to reduce the risk of failure in developing desired
products. Companies seek strategic advice from the CRO
about the best regulatory pathways, preclinical and clinical
studies, safety monitoring and marketing research. A good
consultant can help a company avoid costly mistakes, iden-
tify issues before they become concerns, and help develop
contingency plans in case things do not happen as predicted.
Companies tend to hire strategic consultants with whom
senior managers feel comfortable sharing confidential infor-
mation. Additional factors to consider are the CRO’s opera-
tional experience: specifically, depth and width of expertise,
technological advancement and global reach.

Strategic Partnership
The outsourcing industry has a come a long way from being
used primarily for transactional or tactical services for spe-
cific tasks in the 1980s and 1990s, to serving as strategic
partners participating in all aspects of drug development. As
a result of their increased experience and technical capabili-
ties, most CROs feel comfortable sharing development risks
with their clients by working for equity or using deferred
compensation models. CROs have developed highly skilled
global teams that provide valuable global reach, not only for
development steps but also access to new markets.

Discovery, which traditionally resided with the innovator
company, is the latest activity to be added to the list of
outsourced functions. The top biopharmaceutical companies
lead in this new strategic shift in policy, where dedicated
facilities are created by partners catering to the new molecule
discovery needs of the client firm.

Most of the world’s top pharmaceutical corporations have
started reducing their in-house R&D budgets and increasing
outsourcing to new regions of the world such as Asia –
primarily India, China, and Singapore – and Latin America.3

Small biopharmaceutical companies, similarly, can tap into
this resource by outsourcing early-stage development steps
to CRO partners, while concentrating their limited resources
on high-end product management. There is a trend toward
companies concentrating on senior management while
outsourcing practically the entire development process to
CROs. Of course, such extensive outsourcing poses an in-
creased risk to small companies because of intellectual prop-
erty concerns for mutually developed technologies, particu-
larly when combined with strategic partnership agreements
and equity or deferred compensation contracts. Such partner-
ships need extensive trust-building efforts and good legal
contracts.

Conclusion
Outsourcing is commonly misunderstood as unidirectional
flow of contract work from the developed countries to emerg-
ing regions in Asia and Latin America. However, the bulk of
pharmaceutical contract research is done by CROs headquar-
tered in the US and Europe. Rising operating costs world-
wide, particularly in China and India, have led some analysts
to predict a slowing of outsourcing to these areas, and even
reversal of activities to the West. For biopharmaceutical
firms, the need for strategic outsourcing and international
localization of development steps cannot be emphasized
enough. The place to start in developing an overall outsourcing
strategy is with an honest appraisal of the contribution of all
parties, including developers and the CROs, to the drug
development value chain. The four keys to an effective
outsourcing strategy are:

• identifying the appropriate tasks to outsource
• developing a rationale and process for CRO selection
• committing to managing CROs
• periodically reviewing deliverables

It is well accepted that outsourcing offers key advantages to
biopharmaceutical companies of all sizes. However, for small
and medium-size business, it could define the difference
between being profitable and going out of business.
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Country Profile - China
Dear ISPE Members,

On behalf of the ISPE China Office and the ISPE Greater China
Steering Committee, we would like to present you with this
Country Profile of Greater China, which contains comprehensive
information about the pharmaceutical industry in China mainland,
Hong Kong SAR, Macau SAR, and Taiwan.

China, one of the countries in the world experiencing double
digit growth, has successfully attracted many investors from
different industries around the world. China has recently success-
fully organized the Olympic games, which showcased China to the
world and vice versa. Shanghai will host another world class large
scale event in 2010 – the World Expo.

With a history of Traditional Chinese Medicine (TCM) applica-
tion for thousands of years and a wide-range application of
chemical drugs and biotech products today, Greater China plays a
key role in the global pharmaceutical industry. A dramatic trend in
this industry is that more and more operations, including R&D, are
moving to China. Considering the importance of this market, ISPE
set up its China office in Shanghai at the beginning of 2008 to
better serve local members. Tightly cooperating with the China
Center of Pharmaceutical International Exchange (CCPIE) under the
State Food and Drug Administration (SFDA), more than 30 volun-
teer leaders have formed the ISPE Greater China Steering Commit-
tee and are driving ISPE activities fervently here. Special thanks to
all volunteer leaders who were involved in contributing infor-
mation for this China Country Profile.

We hope this Country Profile will offer you some insights about the
importance of the pharmaceutical industry in Greater China and we
look forward to seeing you here!

Yours sincerely,

Jason Tang
Chairman, ISPE Greater China Steering Committee

Hang Song
Co-Chairman, ISPE Greater China Steering Committee

Cheryl Siow
Manager, ISPE China Office

For more
information, please visit

the ISPE China
Web site at

www.ISPE.org.cn
or contact:

ISPE China Office
Suite 2302, Wise Logic

International Center,
No.66 North Shanxi Road,
Shanghai 200041 China
Tel:+86 21-5116 0265
Fax: +86 21-5116 0260

Email: china@ispe.org
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History of the Pharmaceutical Industry in China

The history of the pharmaceutical
industry in China can be traced

back to thousands of years ago. The
ancient Chinese started to use some
specific species of herbs as medicines
and developed a systemic Chinese
medicine theory. The most popular form
of Traditional Chinese Medicine is
water extract with a mix of different
kinds of medicinal herbs – still under
use today. The prescriptions (kinds and
dosages of the medicinal herbs) of the
water extract form vary from patient to
patient and from time to time even for
the same patient. Thus, the water ex-
tract form is a very customized and
individualized pharmaceutical product.
However, albeit this form may be the
most precise way to treat some patient’s
specific disease, it is inconvenient for
patients to bring it with them and it
takes time for people to cook before
taking the extract – too late for emer-
gencies. Later on, Chinese pharma-
cists developed some traditional dos-
age forms, such as the honey pill, fine
powder, concentrated syrup, quick-re-
lease small pill, etc. Each drug with
these traditional dosage forms has a
fixed prescription, manufacturing pro-
cess, and indication – same as today’s
Chinese or western drugs.

In the 1800s, western drugs entered
China mainland. Penicillin was one of
the most important drugs during that
period as it saved many lives in China.
There were quite some conflicts be-
tween western medicines and Chinese
medicines from time to time as the two
theories are totally different from the
very basis. After many years of debate,
today we are beginning to see ‘harmo-

nization’ between them – at least both
are quite popularly used and, there is
some integration between them in some
fields.

Also, the introduction of western
drugs influenced the development of
Chinese drugs to some extent. That’s
why today we can see a lot of Chinese
drugs with the same dosage forms as
western drugs like injectable, capsule,
tablet, etc.

In the past 30 years, the Chinese
pharmaceutical industry has been de-
veloping very fast. A lot of MNCs en-
tered China, and most of them are
quite successful with aggressive ex-
pansion. Domestic companies also grew
up. And a lot of mergers among phar-
maceutical companies happened espe-
cially in the past 15 years.

At present, China mainland can pro-
duce 1,500 types of drug substances,
many of which lead the world in terms
of output, including penicillin and vi-
tamin C. A number of botanic and natu-
ral drugs, such as anti-infective ber-
berine and anti-tumor colchicine have

Major Focus of the Industry
• Chemical API
• Western formulations
• Biotech
• TCM (finished products and Chinese medicinal drink chips)
• Medical devices and hygienic materials
• Veterinary drugs

been mass-produced and widely used
in China. China’s antibiotic, vitamin,
hormone, antipyretic and analgesic,
amino acid, and alkaloid products make
up considerable shares of the interna-
tional pharmaceutical market. China’s
artemisinin products are used all over
the world, significantly contributing to
the international anti-malaria efforts.
Today, China can produce more than
one billion doses a year of 41 types of
vaccines against infection caused by 26
kinds of viruses and pathogenic bacte-
ria. Among them, the country’s annual
output of vaccines for preventing com-
mon infectious diseases such as hepa-
titis B, poliomyelitis (infantile paraly-
sis), measles, pertussis, diphtheria, and
tetanus, can serve 500 million people.
In addition to meeting the domestic
demand, China also provides vaccines
to the World Health Organization
(WHO) for disease prevention in other
countries. China produces more than
3,000 types of medical devices, among
which high-tech diagnosis and treat-
ment products such as the digital X-
ray, magnetic resonance, ultrasonic and
computed tomography apparatus hold
considerable market shares. By the
end of 2007, China had 12,591 enter-
prises producing medical devices, and
6,913 pharmaceutical enterprises (in-
cluding producers of Chinese medici-
nal drink chips and oxygen for medical
use), of which 4,682 were producers of
active pharmaceutical ingredients and
preparations.1
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Strengths and Challenges Facing the Industry

C hina, in terms of both its
healthcare system and pharma
ceutical market poses both prom-

ises and challenges. As the world’s most
populous country, and one in posses-
sion of the fastest growing major
economy in the world, the nation offers
a vast array of opportunities.

The past two decades has brought
significant changes to the pharmaceu-
tical industry in China, from the ar-
rival of foreign companies and multi-
nationals to the expansion and devel-
opment of the domestic production ca-
pabilities. This has and will continue
to bring many changes and challenges
to the marketplace.

Regulatory
The responsibility for regulating drugs
has undergone a lot of changes in the
past decade in China. Originally part
of the domain of the Ministry of Health
until 1998, the State Drug Administra-
tion (SDA) was formed as a separate
bureau in 1999. This Agency’s name
was changed in 2003 to the State Food
and Drug Administration (SFDA) and
remained separate. In July 2007, ir-
regularities within the organization
called China’s drug manufacturing
practices into question. In March of
this year, the SFDA was amalgamated
back into the Ministry of Health.

The shift in regulatory require-
ments has proved swift in a country
undergoing such a fast paced develop-
ment. There will no longer be the dis-
tinction of products for the domestic
market being treated differently as
products for export or import. Foreign
companies brought with them exper-
tise in many fields. This knowledge
has been taken onboard by local em-
ployees and manufacturers quickly,
and many local manufacturers seek
help from abroad to achieve their de-
sired goals.

The SFDA are currently producing
a new set of GMP guidelines that will
be more robust and reflect other inter-
national standards. There will be many
companies facing changes to manufac-

turing procedures in order to meet these
requirements.

The new GMPs will have far reach-
ing consequences on facility design,
equipment selection and qualification,
operating procedures, laboratories and
testing, warehousing, and logistics; and
could very well be a daunting prospect
for many small companies with a lim-
ited product portfolio.

Previous inspections would have
been passed and the products reputa-
tion for safety and quality attributes
never called into question. How the
regulatory bodies steer this change and
enhancement of the production facili-
ties over a suitable time period is para-
mount.

Research and
Development – Pricing and

the Pipeline Problem
There can be no factor of greater im-
portance than the launch of new thera-
pies to the pharmaceutical industry.
As such, all innovator companies are
reliant on novel drugs not only to in-
crease market share, but also to se-
cure their market position. This has
never been more evident than at the
present time as many large compa-
nies are facing patent expirations on
“blockbuster” products. This pressure
is compounded by the increasing num-
ber and sophistication of generics
manufacturers.

As a result, effective and successful
Research and Development (R&D) pro-
grams are essential for these well es-
tablished companies. The cost of bring-
ing a drug to the market place runs into
the hundreds of millions of dollars. So,
any way to reduce this cost is highly
attractive to the manufacturer.

Pharmaceutical R&D in China has
not on the whole been the domain of
individual companies, but more widely
academically driven and government
funded.

This is ultimately biased in the fa-
vor of research rather than that of
development, resulting in a demo-
graphic comprised of many extremely

talented, but under utilized research
scientists. This and the relatively low
cost of building and operation has al-
ready attracted a number of interna-
tional pharmaceutical companies to
open R&D facilities in China.

Pharmaceutical manufacturers also
attribute the cost of clinical trials as
one of the largest barriers to drug inno-
vation. By performing clinical trials in
China for submission to foreign drug
administrations, it also may be pos-
sible to cut costs. However, there are
two major challenges in conducting
clinical trials in China, including that
China has one of the longest applica-
tion review times in the world and that
the SFDA needs to approve the appli-
cation first before it goes to an ethics
committee.

Traditional/
Herbal Medicines

The FDA has formally acknowledged
Traditional Chinese Medicine (TCM)
and its therapeutic qualities.

There are currently TCMs that have
passed successful clinical trials that
are awaiting FDA ruling. Further pat-
ents for TCMs have been sold to the
US, Europe, Japan, Korea, and Aus-
tralia, which are awaiting pilot pro-
duction and trials. However, TCMs are
a cause of confusion and concern in the
foreign market place.

One major factor is that China af-
fords TCMs a protected status which is
not afforded in other countries. In the
US and Europe, drugs have to follow
the western allopathic drug registra-
tion process, so ingredients not in the
European or North American Pharma-
copoeia require a new drug registra-
tion.

Not only are ingredients an issue,
but so is the production process. In
Europe, Annex 7 of the EU GMP ad-
dresses the production of herbal medi-
cines. But the situation in China has
long seemed far from clear as to which
type of product would fall under the
GMP regulations and thus, the scru-
tiny of the SFDA.

Concludes on page 8.
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Geographical Breakdown by Regions

Greater China includes China mainland, Hong Kong SAR, Macau SAR, and
Taiwan. China mainland consists of 27 provinces/autonomous regions and four

big cities under direct jurisdiction of a central government.

The breakdown for Greater China by geographical regions is below:

No Region Description
1 Eastern China Eastern China consists of Shanghai City, Jiangsu, Zhejiang, Anhui, and Fujian

provinces.  The Yangtze River Delta, which also may be called Changjiang
Delta, is located in this region. Many of MNCs have subsidiaries here,
including operations for manufacturing, S&M, and R&D, etc. Domestic
pharmaceutical companies from this region play a very important role in
China and export in big quantity to other countries all over the world.

2 Southern China Southern China consists of Guangdong (Guangzhou as its capital city and
Shenzhen city), Hainan Provinces, and Guangxi Autonomous Region. Located
in Southern China, the Pearl River Delta (PRD) has been one of the fastest
growing economic development regions in the world since the 1980s.

3 Northeastern China Northeastern China consists of Heilongjiang, Jilin, and Liaoning provinces.
4 Northern China Northern China consists of Beijing City, Tianjin City, Hebei, Shandong, Shanxi

(Taiyuan) provinces, and Inner Mongolia Autonomous Region. Mainly located
in the Northern China region, Bo Sea Delta is the third fastest developing
economic area in China. Many MNCs have regional HQs or subsidiaries there,
and domestic pharmaceutical companies are quite strong, especially in API.

5 Central China Central China consists of Hubei, Hunan, Henan, and Jiangxi provinces.
6 Northwestern China Northwestern China consists of Qinghai, Shanxi (Xi ‘an), and Gansu

provinces, Ningxia, and Xinjiang Autonomous Regions.
7 Southwestern China Southwestern China consists of Sichuan, Yunnan, and Guizhou Provinces,

Tibet Autonomous Region, and Chongqing City.
8 Hong Kong SAR It is estimated that there are about 150 biotechnology-related companies in

Hong Kong with their business targeting pharmaceuticals, medical or
healthcare products of traditional Chinese medicine origin, and medical
devices and diagnostics.

9 Macau SAR There is only one internationally known pharmaceutical manufacturer,
“Hovione” in Macau.

10 Taiwan Number of Product Items: 12,189. Market Value: $3.2 Million. Taiwan has a
small, but fast-growing pharmaceutical industry; there are a large number of
manufacturers, but they are concentrating on producing generics, OTC
products, and Chinese medicines.

Interview with
Senior Leaders
from China’s SFDA

An interview with senior lead-
ers from China’s State Food

and Drug Administration
(SFDA) appears in the January/
February 2009 issue of Pharma-
ceutical Engineering. This inter-
view discusses the latest devel-
opments and achievements in
SFDA’s activities in drug manu-
facturing and supervision of drug
safety. Participants of the inter-
view include:

• JiangYing Yan, Deputy Di-
rector, Department of Policy
and Regulation, SFDA

• WenZuo Chang, Counsel,
Department of International
Cooperation, SFDA

• Ai Liu, Liaison Officer, De-
partment of International Co-
operation, SFDA

• QingWu Guo, Deputy Direc-
tor, Division of Drug Manu-
facturing Supervision, De-
partment of Drug Safety and
Inspection, SFDA

• JianHua Ding, Director, Di-
vision of Chemical Drugs, De-
partment of Drug Registra-
tion

• Zhongzhi Qian, Professor,
Director, Chinese Pharmaco-
poeia Commission

• Lili Cao, Director, Division
of External Co-operation,
CCPIE, SFDA
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inherent problems. Standard QC test-
ing, for batch release of product, has
not in the past been permitted under
Chinese drug law for local mainland
companies. This has led to a lack of on
site laboratory facilities and as such
analytical testing, stability studies, and
laboratory method development and
validation has been outsourced.

Conclusion
It can be seen that a great many changes
are taking place in the pharmaceutical
industry at present in China. While
models for this change have been de-
rived from industry and industry part-
ners elsewhere in the world, the chal-
lenges facing China are uniquely Chi-
nese.

Time and red tape may be factors
that limit some operations from being
attractive to conduct in China, but as
can be seen from measures being con-
sidered by the ministry of health and
other governing bodies, it may only be
a matter of time before this situation is
resolved.

This is by no means a situation
unique to China; however, only in very
few other cultures are traditional medi-
cines in such prevalent use.

Product Recall
The mechanism for product recall is
currently undergoing some serious re-
forms in China. Measures that have
been implemented in other sectors, such
as food and toy manufacturers, are
now being considered for the pharma-
ceutical sector. The essence of this
change is that manufacturers would be
made to instigate and finance their
own product recalls. This is a radical
reform of the industry in China, but
brings the sector in line with more
established industries around the
world. These new regulations are en-
visaged to make voluntary recalls man-
datory for firms, with state ordered
recalls used only in the event of this not
happening, which would then be sub-
ject to firms being fined for non compli-
ance.

This type of reform can be further
seen to enhance companies taking
greater responsibility for the raw ma-
terial supply chain, drug safety and
quality testing prior to release into the
marketplace.

Validation
Some aspects of validation have been
very quickly accepted and taken on
board by many Chinese manufactur-
ers. The main reason for this is the
technologically advanced local employ-
ees. Purchasing of production equip-
ment is seen as one of the fundamental
cost aspects of any new production en-
vironment. So since equipment is an
easily tangible cost center, validation
of equipment is seen as a beneficial
step in added value engineering.

However, this does not automati-
cally cross over in other areas of valida-
tion usually seen as fundamental in
assuring a complete production facil-
ity. Process validation as a whole is
still in its infancy and laboratory based
validation activities incur their own

Strengths and Challenges Facing the Industry
Continued from page 6.

Annual export and import of pharmaceutical industry in China
mainland.

Size and Growth of the Industry

Annual total production of pharmaceutical industry in China
mainland.

Recent years have witnessed a marked increase in the total
output value and trade volume of China’s pharmaceutical

industry, which is divided into seven categories: 1. Chinese
patent medicines, 2. prepared slices of Chinese crude drugs,
3. bulk chemical drug substances, 4. chemical drug prepara-
tions, 5. biologicals, 6. medical devices, and 7. hygienic
materials. Their total output value rose from 137.1 billion
Yuan in 1998 to 667.9 billion Yuan in 2007. From 1998 to

2007, the export trade volume of pharmaceutical industry
increased from $3.4 billion to $24.6 billion, and the import
trade volume from $1.5 billion to $14.0 billion.1

The following contents are presented in the charts below:

• Annual total production value of the industry for 1998 and
2007

• Annual export and import for 1998 and 2007
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Second tier cities.

According to the various economic stature of each city, the
cities of China are divided into three different tiers:

Tier 1
Beijing, Shanghai, and Guangzhou comprise the top tier
cities, which account for 21% of the total pharmaceuticals
market in China.2 With more than 7 million populations
each, three cities’ total GDP represent 11.48% of China’s in
2006. The average annual per capita expenditure on healthcare
was $143 in 2006, among which $70 was medicine expenses.3

Tier 2
The second tier cities include cities from the Yangtze River
Delta hub, the Pearl River Delta hub, and the hubs of Central
and Northeast China, where pharmaceutical market size
doubled in the past five years.2 Take a group of 13 of China’s
main second tier cities, for example.4 While this group of
cities comprises only 8% of China’s total population, it ac-
counts for more than 17% of China’s total GDP. The group of
cities’ average expenditure on healthcare per capita was $112
in 2006, a little lower than the level of top tier, but much
higher than the level of the whole country – $88.3

Tier 3
Other mid to small-sized cities comprise the third tier cities.
Due to the lower income and less attention to healthcare,
annual per capita expenditure on healthcare is less than
other tier cities. Taking 11 cities for example,5 the average
annual expenditure on healthcare is $82.3

Market Size Breakdown by
City Tier

Academic Affiliations

There are many pharmaceutical-related academic affili-
ations in China. The following is a partial list of key
academies and universities/colleges.

Key academies include China Academy of Science (CAS),
China Academy of Medical Sciences (CAMS), China Academy
of Chinese Medical Sciences (CACMS), Shanghai Institute of
Pharmaceutical Industry (SIPI), Tianjin Institute of Phar-
maceutical Research (TIPR), and Chongqing Pharmaceutical
Research Institute (CPRI).

Under CAS, is the Shanghai Institute of Materia Medica
(SIMM), Chengdu Institute of Biology (CIB), Shanghai Insti-
tute of Organic Chemistry (SIOC), and Kunming Institute of
Botany (KIB).

Located in Beijing, the China Academy of Chinese Medical
Sciences (CACMS) was established in 1955. At present, is the
largest research organization on TCM throughout the coun-
try. There are 13 institutes, six hospitals, as well as the
Graduate School, the Publishing House of Ancient Chinese
Medical Books and the Journal of TCM.

The staff of CACMS is more than 4,000, including 3,200
professionals in various fields. In addition, three WHO col-
laborating centers for traditional medicine have been set up
through the cooperation and joint efforts between WHO and
CACMS in the fields of clinical medicine and information,
acupuncture, and Chinese materia medica. Moreover, the
World Federation of Acupuncture and Moxibustion Societies
(WFAS), the Chinese Association of Integration of Tradi-
tional and Western Medicine (CAIM), and the Chinese Asso-
ciation of Acupuncture and Moxibustion (CAAM) are also
attached to the Academy.

Over the past 50 years, remarkable achievements have
been obtained in the Academy in the fields of basic theory of
TCM, prevention and treatment of prevalent diseases, and
R&D for new herbal medicines. In addition, the National
Clinical Trial Center for New Herbal Medicines (GCP), the
National Standardization Laboratory for Chinese Herbal
Pharmacology, China Center for TCM Literature Retrieval
and P3 Laboratory, the national Center for Evaluation on
Safety of Herbal Medicines (GLP), and the National Develop-
ment Research Center for Herbal Compound Medicine are all
located in the Academy.

As an important window of external cooperation and
exchange of TCM, extensive and friendly communications
and links have been established between CACMS and the
medical circles, research institutions, higher learning uni-
versities, pharmaceutical companies, and non-governmental
societies of more than 100 foreign countries and regions.
Now, CACMS enjoys more and more popularity in the medi-
cal circle of traditional medicines throughout the world. More
detailed information can be found at http://www.cacms.ac.cn.

Institute of Materia Medica, Chinese Academy of Medical
Sciences, and Peking Union Medical College is one of the
primary institutions for drug research in China. It was founded
in 1958. There are more than 400 employees, among them,

Continued on page 11.
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instruments and supervising the implementation; orga-
nizing the inspection on Adverse Drug Reactions (ADR)
and medical instruments.

• Guiding local food and drug management, such as admin-
istration, emergency, inspection, and IT construction.

• Drafting and improving the qualification system for Li-
censed Pharmacists; directing and supervising the regis-
tration of licensed pharmacists.

• Undertaking international exchanges and cooperation on
food and drug administration.

Ministry of Agriculture
The Ministry of Agriculture is responsible for the following
activities:

• Drafting the laws, rules, and regulations regarding veteri-
nary, veterinary drugs, and animal quarantine; and to
define and implement related policies.

• Organize supervision, inspection, completion, and accep-
tance of related industry projects.

• Defining the growth plan of veterinary and veterinary
drug regulation system and organizational development;
and to implement the policies on veterinary and veteri-
nary drugs.

• Engaging in animal health-related issues, the supervision
and regulation on the drug residue, and the quality and
safety of animal and animal products.

• Supervising and regulating veterinary drugs and medical
devices, as well as import and export regulations.

• Developing and amending the directories of drug and feed
additives as well as forbidden drugs and other compounds.

• Drafting animal health codes; prepare and publish the
national codes for veterinary drugs, the standards of
residue limits, and the standards of residue testing; and to
engage in the implementation.

• Undertaking the negotiation and execution of multilat-
eral and bilateral agreements on veterinary, veterinary
drugs, and animal quarantine.

The Pharmaceutical Service of HKSAR
The Pharmaceutical Service of the Department of Health of
the Hong Kong Special Administrative Region (HKSAR) is
responsible for the registration and licensing of pharmaceu-
tical products and manufacturers, importers and exporters,
wholesalers and retailers.

Good Manufacturing Practice (GMP) has been enforced
and implemented in pharmaceutical and food industries to
ensure the products can meet the standard and safety re-
quirements of the international standards implemented in
the US, Europe, and Australia.

The HKSAR has supported the development and have
plans to monitor and control the Traditional Chinese Medicine
and integration into the mainstream health service systems.

Regulatory responsibilities in Greater China are
split between a number of organizations on the
mainland and other regions. These include the State

Food and Drug Administration (SFDA), the Ministry of Agri-
culture, the pharmaceutical service of the Department of
Health of the Hong Kong Special Administrative Region
(HKSAR), and the Macau Health Authority with the
Departamento dos Assuntos Farmacêuticos (DAF) or Phar-
maceutical Affairs Department. Taiwan Regulatory Affairs
are controlled by the Taiwan Department of Health (DOH).

China SFDA
The China SFDA is responsible for the following activities:

• Formulating policies and schemes and monitoring the
implementation of safety, supervision, and management
of drugs, medical instruments, cosmetics, and consumer
food goods. Participating in drafting relevant laws and
regulations as well as relevant authorities’ stipulations.

• Formulating management practice on Chinese Traditional
Medicine (CTM) and medicine of ethnic minorities, and
organizing the implementation; drafting quality stan-
dards on CTM and medicine of ethnic minorities; organiz-
ing the establishment of quality management practice on
CTM and regulations on processing procedures of Chinese
herbal medicine drinks, and supervising the implementa-
tion; organizing the implementation of a protection sys-
tem on CTM varieties.

• Supervising and managing sanitation licenses of said
industries.

• Organizing the inspection and penalty of illegal activities
in said industries.

• Establishing safety management and quality practices,
safety investigation, technical supervision, and inspection
in said industries.

• Administering registration of drugs and medical instru-
ments; drafting national standards on drugs and medical

SFDA organizational structure.

Regulatory Agencies in Greater China
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2. Bureau of Pharmaceutical Affairs (BPA) – Policy making
and Rule Setting for DOH

3. Bureau of Food and Drug Analysis (BFDA) – Quality
Control of Food and Drug; GMP Inspection for DOH

4. Centre for Drug Evaluation (CDE) – Full-time profes-
sional reviewers, in-house reviewing organization for DOH/
BPA

5. Committee on Chinese Medicine and Pharmacy – provide
technical advice and consultation to DOH/BPA

Sources for Further Information
1. China State Food and Drug Administration – http://

www.sfda.gov.cneng
2. China ministry of agriculture – http://www.agri.gov.cn
3. Hong Kong Department of Health – http://www.dh.gov.hk/

eindex
4. Macau Ministry of Health – http://www.ssm.gov.mo/de-

sign/home
5. Taiwan Department of Health – http://www.doh.gov.tw/

english

there are three members of the Chinese Academy of Sciences
and two members of the Chinese Academy of Engineering. Fifty
of these experts receive governmental funding.

The main task of the Institute is searching for new drugs
for treatment of commonly occurring diseases that seriously
threaten people’s health. These include cancer, cardio- and
cerebral vascular diseases, inflammatory and immunological
disease, hepatitis and other viral diseases, disorders of the
nervous system and retrogression of old age, etc. At the same
time, emphasis is put on the application and development of
modern medical theory and high technology.

Since establishment of the Institute, more than 270 prizes
have been awarded for its research achievements. More than
100 new drugs have been developed. Since the research fund
system was established in China in 1986, the Institute has
been granted approximately 500 research subjects of all

Academic Affiliations
Continued from page 9.

kinds. Three thousand one hundred scientific papers and 115
monographs have been published by staff members. More
than 135 patents, both domestic and abroad, have been
applied for.

Scientific and technological cooperation has been estab-
lished with pharmaceutical companies, universities, and re-
search institutes from more than 30 countries and areas in the
world, such as Taisho Pharmaceutical Co.  Ltd. (http://
www.taisho.co.jp/en/), Les Laboratoires Servier (http://
www.servier.com/), and Bayer AG (http://www.bayer.com/en/
homepage.aspx). More detailed information could be found at
http://www.imm.ac.cn

Key Universities/Colleges Include China Pharmaceutical
University (CPU), Shenyang Pharmaceutical University
(SPU), Peking University Health Science Center (PUHSC),
Beijing University of Chinese Medicine (BUCM), Sichuan

Macau Health Authority and DAF
Responsibilities for the Macau Health Authority and DAF
include:

• Developing the quality standards and conditions for li-
cense issuance concerning the production, wholesale, and
supply of pharmaceuticals and conventional and regular
drug products.

• Granting licenses to pharmaceutical manufacturers, im-
porters, and wholesalers.

• Granting licenses to traditional Chinese medical facili-
ties.

• Monitoring the compliance of rules and regulations on
quality production, distribution, and supply of pharma-
ceuticals and conventional and regular drug products,
subject to laws and regulations.

• Inspecting and determining whether the efficacy, safety,
and quality of pharmaceuticals and conventional and
regular drug products meet the standards, and notify the
healthcare agency in case of any potential hazards to
public health.

• Imposing proper penalty on the above-mentioned defects.
• Registering and updating all pharmaceuticals permitted

to distribute in Macao.
• Evaluating the applications for pharmaceutical registration.

Taiwan Department of Health (DOH)
1. Department of Health (DOH) – Pharmaceutical registra-

tion/drug approval, review of free sales certificates and
plant master files

Taiwan Department of Health (DOH) organizational structure.

Regulatory Agencies
Continued from page 10.

Continued on page 12.
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Academic Affiliations
Continued from page 11.

University West China Center of Medical Sciences, School of
Chemical Engineering. CPU and SPU are the only two
comprehensive pharmaceutical universities in China.

The China Pharmaceutical University (CPU), originally
the National Pharmaceutical School founded in 1936, is one
of the “211 project” key universities affiliated with the Min-
istry of Education. CPU was China’s first independent school
of pharmacy and one of the biggest multi-specialty universi-

Pharmaceutical Engineering Program:
Education Opportunities and Challenges
in China’s Pharmaceutical Engineering:
1998-2008
by Cheng Qiang and Song Hang

In China mainland, paralleled with the establish-
ment of the State Drug Administration, the pharma-

ceutical engineering program was authorized and added
to the China’s Higher Education Bachelor Program
Catalogue amended by the State Education Commit-
tee in 1998. In this revised catalogue, there are only
four Bachelor’s programs covering the pharmaceutical
system fields, instead of the more than 10 previous
programs. They include a BS in Pharmacy, a BS in
Traditional Chinese Medicine, B Eng in Pharmaceuti-
cal Engineering, and BS/B Eng in Pharmaceutics.

Unlike the pharmacy education, pharmaceutical
engineering is still a relatively new engineering field in
academia worldwide. However, this program has grown
substantially in its first decade and rapidly has been
attracting more and more fresh students. The number
of universities and colleges with established pharma-
ceutical engineering bachelor programs was 34 in 1999;
59 in 2002; 98 in 2003; 121 in 2004; and 148 in 2007,
meanwhile the undergraduate enrollment for the phar-
maceutical engineering program increased dramati-
cally from 1165 in 1999 to almost 10,000 in 2008.

It is critical to be able to define its common knowl-
edge, core curriculum, range of activities, and profes-
sional skill to face the growing challenges in drug
discovery, development, manufacturing, and distribu-
tion.

The Subcommittee of Pharmaceutical Engineering,
Teaching Advisory Committee for Chemistry and
Chemical Engineering of Ministry of Education have
played an important role in this engineering education
field and the need for the effective interaction between
academic universities and the pharmaceutical indus-
try will continue to be a key driver in the continual
success of engineering education in China.

ties of pharmacy with the complete pharmaceutical subjects
in China. Located in Nanjing, CPU consists of seven schools,
including the School of Pharmacy, the School of Traditional
Chinese Pharmacy, the School of Life Science and Technol-
ogy, the School of International Pharmaceutical Business,
the School of Continuing Education, the Zhenjiang Voca-
tional School, and the School of Basic Sciences, three depart-
ments, including the Department of Social Sciences, the
Department of Physical Education, and the Department of
Foreign Languages, six research institutes and seven re-
search centers. For details, visit http://www.cpu.edu.cn/
English/xin2intoductions1.htm.

Shenyang Pharmaceutical University (SPU) has devel-
oped into a multi-disciplinary, multi-level, and multi-form
pharmaceutical institute of higher learning. It consists of
Schools of Pharmacy, Pharmaceutical Engineering, Tradi-
tional Chinese Medicines, Business Administration, Basic
Courses, and Adult Education. The University has been
authorized to confer Master’s and Doctor’s degrees and to
enroll students from areas of Hong Kong, Macao, Taiwan,
foreign countries, as well as recommended students from
senior middle schools for admission to the University. Cur-
rently, the total students of all levels are more than 7,000.
At the University, there is an Institute of Materia Medica,
an Institute of Pharmaceutical Education of Higher Learn-
ing, a computer center, an audio-visual education program
center, a center of instrumental analysis, a botanic garden
of medicinal herbs, and a subsidiary pharmaceutical fac-
tory, etc. For details, visit http://www.syphu.edu.cn/en/about/
about.htm.

Peking University Health Science Center (PUHSC) is
located in Xueyuan Rd., Haidian District, a cultural area with
many universities. It is in the center of the well-known Zhong
Guan Cun Hi-Tech Zone. PUHSC is a well-structured, multi-
disciplined comprehensive medical education palace with a
long history. PUHSC offers a full range of courses for eight
specialties, including basic medical sciences, clinical medi-
cine, preventive medicine, stomatology, pharmacy, nursing,
medical laboratory diagnosis, and biomedical English. It has
47 accredited doctoral programs and 59 Master’s programs.
In addition to offering undergraduate and graduate pro-
grams, it also plays an active role in continuing education.
PUHSC hosts six postdoctoral programs. PUHSC has six
schools, namely, the School of Basic Medical Sciences, the
School of Pharmaceutical Sciences, the School of Public
Health, the School of Nursing, the School of Distance Educa-
tion, and the Faculty of Foundation Education. For details,
visit http://www1.bjmu.edu.cn/E_bjmu/html/about/about.
html.

The Center for Pharmaceutical Information and Engi-
neering Research (CPIER) of Peking University operates the
Graduate Program of the International Pharmaceutical En-
gineering Management of Peking University. The center was

Concludes on page 14.
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A Brief Introduction to the ISPE China Affiliate
Membership

The ISPE China Affiliate has grown to 158 Chinese members
since the ISPE China Office began the official operation in
April 2008.

Student chapter meeting at Sichuan University.

Volunteer leaders of the ISPE China Advisory Committee.

Professor Song Hang and a student representative attended the
ISPE-CCPIE China Conference.

Volunteer Leaders
The ISPE China Advisory Committee consists of about 30
members as listed below:

Mr. Jason Tang (Chairman), Prof. Song Hang (Co-Chair-
man), Mr. Mars Ho, Dr. Zhao Chun Hua, Mr. Gustavo A. Fuente,
Mr.Yang Huichuan, Ms. Cao Lili, Ms. Liangqiu(Tracy) Li, Mr.
Allan Hong, Mr. Zheng Qiang, Mr. Kam Liu, Mr.Bowie Soe, Ms.
Qi Ying, Mr. Meng Yu, Mr. David Sun, Mr.Sun Xiaobing, Ms.
Yunxia(Sophia) Zhao, Dr. Beatrijs Van Liedekerke, Dr. Xu Jia,
Mr. Jonathan Woodburn, Mr. Tommy Li, Mr. Cheng Qiang, Mr.
Lu Tao, Mr.Shih Younan, Mr. Makoto Koyazaki, Ms. Lin Hong,
Ms. Wu Qing, Mr. Bono Tang, Mr. Sui Jingo, Mr. Yang Haifeng,
Mr. Michael Lee, and Mr. Morten Stenkilde.

Growth of membership in ISPE China.

Student Chapter
The first Student Chapter in China was established at Sichuan
University in November 2008 with 111 student members.

Professor Song Hang, Faculty Advisor of the ISPE Student
Chapter of SCU, and a student representative attended
ISPE-CCPIE China Conference 2008.

Conference
ISPE-CCPIE China Conference 2008 was successfully held in
conjunction with the 13th China International Pharmaceuti-
cal Industry Exhibition (China Pharm 2008) in Beijing from
11-12 November, 2008. More than 20 renowned international
and local speakers, including representatives from the FDA
and SFDA shared latest regulatory information and cutting-
edge technical knowledge with more than 250 delegates.

ISPE will hold a conference in China annually. The 2009
conference will be held in Shanghai.

 Training Courses
A curriculum designed to meet the needs of the Chinese
pharmaceutical industry will be offered over the next three
years. One series of training courses will review the US FDA
pre-approval and post-approval phases for exporting phar-
maceuticals to the United States.

Concludes on page 14.

Current membership breakdown by region.
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Other Activities
ISPE Communities of Practice (COPs): COPs will be
launched in the Chinese language.
Publications Translation: ISPE publications and techni-
cal documents will be translated into Chinese.

More information of ISPE Greater China will be available at
www.ISPE.org.cn which is updated weekly.

A Brief Introduction to ISPE China
Continued from page 13.

Academic Affiliations
Continued from page 12.

established in June, 2006, under the leadership of Dr. Qiang
Zheng, Center Director and a Professor at the College of
Engineering of Peking University. The center engages in
scientific research and educational activities in the areas of
pharmaceutical engineering management, drug clinical data
management and analysis, in order to teach practical knowl-
edge and to provide science-based decision-making support
for the pharmaceutical industry and government regulatory
agencies, as well as to provide quality drug usage information
to the public. For details, visit http://www.cpier.pku.edu.cn.

Sichuan University has the widest coverage of disci-
plines and the largest scale of operation in West China, and
is rated the “Top University in Western China.” It incorpo-
rated three famous universities, namely, the former Sichuan
University, Chengdu University of Science and Technology
(CUST), and West China University of Medical Sciences
(WCUMS) since 1994 and 2000. Over more than 100 years
of development, the University has laid a sound foundation
and has built a high reputation in academic research and
learning. It has great potential in the field of Chinese
language and history, mathematics, life science, polymeric
science and engineering, electrical engineering, chemical
engineering, leather science and engineering, water re-
source and hydropower, stomatology, clinical medicine, phar-
maceutical science and engineering.

The pharmaceutical scientific and engineering education
in this University can be traced back to 1932 when the
Department of Pharmacy of College of Science of West
China Union University was founded. At present, Sichuan
University provide both the BS program in pharmaceutical
science by the School of Pharmacy and BEng program in
pharmaceutical engineering by the School of Chemical En-
gineering. There are currently more than ten Master’s and
Doctoral degree programs in pharmaceutical science and
engineering, mainly from the School of Pharmacy, School of
Chemical Engineering, and State the Key Laboratory of
Biotherapy of Human Diseases. For details, visit http://
www.scu.edu.cn.

Beijing University of Chinese Medicine (BUCM), founded
in 1956, is one of the earliest established TCM institutions for
higher learning in China. It is the only TCM university that
entered the “211 Project” key universities affiliated with the
Ministry of Education. At present, the University consists of
the School of Preclinical Medicine, the School of Chinese
Materia Medica, the School of Acupuncture, Moxibustion and
Tuina, the School of Administration, the School of Tradi-
tional Chinese Nursing, the International School, the School
of Distance Education, the School of Continuing Studies, the
School of Chinese Clinical Medicine, the Department of
Humanities and Social Science, and the Department of Chi-
nese Medicine for Taiwan, Hong Kong, and Macao. It also has
three affiliated hospitals and one pharmaceutical plant. For
details, visit http://www.bucm.edu.cn.

ISPE China Affiliate Web page.

Bob Best, ISPE President and CEO at the ISPE-CCPIE China
Conference.
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Pharmaceutical Associations and Organizations in China

China-Regional

Beijing Branch of the Chinese
Medical Association
www.chinamed.com.cn

China Association of Traditional
Chinese Medicine (CATCM)
www.catcm.org.cn

China Quality Association for
Pharmaceuticals (CQAP)
www.cqap.org.cn

Introduction of China
Pharmaceutical Association of
Plant Engineering (CPAPE)
www.cpape.org.cn

China Pharmaceutical
Enterprise Management
Association (CPEMA)

China Medicine Health Products
Marketing Association
(CMHPMA)
www.cmhpma.org.cn

National Institute for the Control
of Pharmaceutical and Biological
Products (NICPBP)
www.nicpbp.org.cn

Chinese Institute of Food
Science and Technology (CIFST)
www.cifst.org.cn

China Food and Packaging
Machinery Industry Association
(CFPMA)
www.chinafpma.org

China Dairy Industry Association
(CDIA)
www.cdia.org.cn

China Association on Monitored
and Controlled Chemicals
(CAMCC)

China Chemical Industrial
Equipment Association (CCIEA)
www.cciea.com

China Health Food Industry
Association

Tianjin Pharmceutical Profession
Association (TPPA)
www.tppa.sina.net

Tianjin Packaging Technology
Association

Shanghai Medical Association
www.shsma.org.cn

China Federation of Industry
Beauty Cosmetics Chamber of
Commerce

Liaoning Packaging Technology
Association

Huayin Media Group China
Packaging Federation

Henan Packaging Technology
Assciation (HPTA)

Hebei Medical Association
www.hebma.com

Hangzhou Pharmaceutical
Industry Association

Dalian Packaging Technology
Assciation
www.dalianpack.net

Beijing Association of
Integrative Medicine
bjaim.itcmedu.com

Beijing Zhongguancun Enterprise
Association of Biotech. and
Pharma.
www.zgceabp.org.cn

Beijing Association of
Acupuncture-Moxibustion

Beijing Medical and Health
Sector Overseas Friendship
Association

Beijing Pharmaceutical
Association

Beijing Pharmaceutical
Profession Association (BPPA)
www.bppa.org.cn

Beijing Pharmacists Association

Beijing Packaging Technology
Assciation

Beijing  Biomedical Engineering
Society

Beijing Bioengineering Association
www.bjbio.org.cn
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ISPE Starts Science and Technology Initiative in 2009

Project Encourages Greater Emphasis on Science and
Technology to Advance Industry’s Manufacturing and
Distribution Performance
by Charles Hoiberg, Chairman of the ISPE International Board of Directors

Our global, not-for-profit Society
that we have come to love during
its 28 years of existence has

grown close to 25,000 members in more
than 90 countries and whose members
are employed in industry, academia,
and government as engineers, scien-
tists, suppliers, and as regulators. So,
for a simple chemist like me, this will
be a complex operation to help man-
age. But, ISPE has gained prestige
globally, in large part, because it has so
many dedicated, talented, and engaged
Members like you.

However, there are many signifi-
cant challenges that will test the Soci-
ety and our Members in the year ahead.
One only needs to look at current stock
prices for many of the leading firms, or
the list of innovator drug products com-
ing off patent, or the decreasing num-
ber of new drugs in the development
pipeline to understand some of the
pressures the industry is facing. This
is in addition to the overall state of the
global economy. Most firms are thor-

fessionals and more fully engage them.
We must ensure that ISPE is the

professional development organization
of choice. In other words, we must excel
at being the best in serving our Mem-
bers.

I strongly believe that ISPE can be
a major resource to the industry and its
regulators in these challenging times.
Let me give you an important example.
The approaches that many pharma-
ceutical firms are taking to develop
and manufacture drugs are changing,
in part due to the recent ICH Quality
Guidelines Q8, Q9, and Q10.

It is assumed that as the business
case for Quality by Design (QbD) is
better appreciated, QbD will be in-
creasingly implemented and the goal
of achieving the “desired state” will be
obtainable. The implementation of QbD
also will impact and result in dramatic
changes in the ways regulatory assess-
ments and inspections may be per-
formed.

Based on these realities, ISPE lead-
ers held a strategic discussion during
our annual planning retreat in July to
develop a “Science and Technology” ini-
tiative to meet these needs. The vision
is that ISPE will act as an integrator
for all pharmaceutical disciplines to
assist industry and regulators in ad-
vancing manufacturing science in or-
der to achieve excellence in developing
drugs and in pharmaceutical produc-
tion.

We have defined Science and Tech-
nology as the collective term for the
umbrella project that integrates the
Society’s understanding and advance-
ment of manufacturing sciences. Manu-
facturing sciences is defined by ISPE as
the integrated application of scientific
knowledge, technical innovation, and

oughly examining how to reduce over-
head and how to cut drug development
and manufacturing costs. These trou-
bling trends will undoubtedly have an
impact on ISPE.

Another challenge is that as firms
relocate more of their drug develop-
ment and manufacturing sites to the
Asia-Pacific region, ISPE Members’
needs will change. We must react to this
and design our offerings accordingly.

It is also evident that some tradi-
tional new chemical entity firms are
realigning or expanding their business
interests into the generic and the bio-
technology areas. ISPE is not as well
known in these sectors, but our tools
and services are equally valuable to
professionals in these fields. The Soci-
ety must expand its reach into these
areas.

Many large firms are also
outsourcing more and incorporating
many other parties, vendors, and sup-
pliers into their business plans. ISPE
needs to better connect with these pro-

Global Suppliers Directory and More Available on
INTERPHEX365 Web Site

Sponsored by ISPE, INTERPHEX365 (www.interphex365.com) provides a
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municate directly with suppliers. 
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through online community networking, industry education, white papers, and
Web seminars, as well as get the latest industry and regulatory news. Content
from the pharmaceutical and life science industries is free with registration and
is easily searchable and readily accessible year-round. 
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ISPE-CCPIE Conference in China a Success

A very successful ISPE Conference was held in Beijing 11
to 12 November in cooperation with the China Center of

Pharmaceutical International Exchange (CCPIE), an affili-
ate of the State Food and Drug Administration (SFDA).

The Conference was oversold with more than 260 del-
egates and many registrations had to be rejected due to venue
capacity. The smooth delivery of the Conference resulted in
positive feedback from delegates as they enjoyed one day of
plenary sessions and a keynote address; one day for three
parallel sessions on biotechnology, GAMP 5, and validation;
and an elegant dinner reception for professional networking.

In addition, there were more than 20 renowned interna-
tional speakers who delivered presentations. Keynote speak-
ers included Bob Best, ISPE President and CEO; Mr. Bian
Zhenjia, Director of Drug Safety and Inspection Department
of the SFDA; Steven Wolfgang, Compliance Officer of the US
FDA; Bob Tribe, ISPE Asia-Pacific Regulatory Affairs Ad-
viser and Former PIC/S Chairman, and other high level
officials from the SFDA, etc.

The Conference was held in conjunction with the 13th
China International Pharmaceutical Industry Exhibition
(China Pharm) which took place from 12 to 14 November
2008 at the China International Exhibition Centre. Sponsors

of the event included DoveBid, Hewlett-Packard, NNE
Pharmaplan, Pall Life Sciences, Pharm-Tech Magazine,
Rockwell, and Shimadzu.

In addition to ISPE’s annual conference in China, CCPIE
will cooperate closely with ISPE in a variety of ways, includ-
ing providing training opportunities for the region. Visit
www.ispe.org.cn for more information about conferences,
training, and symposiums being offered in China.

Bob Best, ISPE President and CEO at the ISPE-CCPIE China
Conference.

www.proscon.com      info@proscon.com 
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Participants from 30 Countries
Attend Successful PIC/S-PDA-ISPE
Workshop in Geneva

In conjunction with the Committee meeting, PIC/S in partnership with ISPE
and the Parenteral Drug Association (PDA) organized an interactive joint work-

shop on the “Manufacture of Sterile Medicinal Products (EU-PIC/S GMP revised
Annex 1)” in Geneva on 13 to 14 November. It was the second time that PIC/S co-
organized such a joint event with professional and industry associations.

The meeting was open to both regulators and industry. It was attended by more
than 80 participants (among which 50% came from Regulatory Authorities) repre-
senting around 30 countries.

The workshop started with a plenary session, including presentations on the
interpretation of the revised Annex 1 and on inspection experiences from both
regulators’ and industry’s perspectives. GMP inspectors and industry representa-
tives also participated in practical workshops (case studies) on the capping of vials,
media fills (process simulations), the continuous monitoring, the clean area classi-
fication and ISO norms, as well as on the sterilization and depyrogenation of contact
parts and containers.

The workshop was unanimously considered as a success by both inspectors and
industry representatives. More joint workshops will likely be organized with these
professional and industry associations in the future.

Guide on Good
Engineering
Practice Released

In November 2008, ISPE released the
first edition of the ISPE Good Prac-

tice Guide: Good Engineering Practice.
“Good Engineering Practice (GEP)

is defined as the minimum engineer-
ing methods and standards that are
applied throughout the lifecycle of an
asset to deliver fit for purpose and cost
effective solutions,” said Chris Derrett,
Chair of the ISPE Good Practice Guide:
Good Engineering Practice Task Team.

This Guide covers the complete
lifecycle of engineering from concept to
retirement. The Guide:

• aims to promote a common under-
standing of a benchmark definition
that could be usefully employed in
assessing an individual company’s
practices

• is aligned with the pharmaceutical
industry, recognizing that the GEP
core concepts that apply universally
through specific practices vary from
industry to industry

• identifies key attributes of GEP,
including how GEP relates and in-
terfaces with GxP

For additional information and the com-
plete table of contents, please visit
www.ISPE.org/publications.

Philippines Affiliate Launched

The challenges posed by the soon-to-be implemented ASEAN harmonized regis-
tration system for pharmaceuticals as well as dynamic regulatory requirements

were some of the factors that prompted industry executives to form the ISPE
Philippines Affiliate.

With more than 90 participants from various pharmaceutical companies and
academe, the Philippines Affiliate was launched at the Wyeth Training Centre in
Makati on 10 October 2008.   

Talks about forming the Affiliate started in February 2008 with eight volunteers
who saw the value and benefits of ISPE in the country. After eight months of
preliminary work, the Affiliate was finally launched in the Philippines.

The board consists of 15 volunteers, all of whom are professionals in the industry
and academe. The Affiliate will work in conjunction with ISPE to extend benefits to
local members and to promote networking and interaction between professionals
within the pharmaceutical industry. The Affiliate also aims to deliver a program
throughout the year that is beneficial to members and will address the current
concerns/issues within the industry. The Board hopes that the presence of ISPE in
the Philippines can help promote and develop a pharmaceutical and engineering
infrastructure in the country.

Klara Tisocki, Drug Registration Specialist currently with BFAD as a consult-
ant, and Peter Tan, ISPE Asia Pacific Affiliate Relations Manager, were guests at
the launch. Tan gave a brief introduction on the benefits of ISPE membership to the
attendees present.  The attendees also were encouraged to sign up as volunteers for
the different committees within the Affiliate.
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ISPE Update

quality risk management to deliver
product and process understanding.

Product Quality Lifecycle Implemen-
tation (PQLI) is an initiative focused on
providing guidance on best practice
implementation of the concepts de-
scribed in ICH Guidelines, particularly
Q8, Q9, Q10, and the future Q11.

Starting in 2009, Science and Tech-
nology will be a system set up within
ISPE to work with industry and regula-
tory leaders worldwide to encourage a
greater emphasis on science and tech-
nology to advance and enhance the
manufacturing and distribution perfor-
mance of the pharmaceutical industry.

It will generate a Science and Tech-
nology pipeline of projects for ISPE to
develop, advance, and disseminate to
its Members. The initial emphasis will
be to promote PQLI and the further
development of pragmatic and practi-
cal implementation of ICH and related
guidelines — such as Q8, Q9, Q10, and
Q11 — based on sound scientific, engi-
neering, and business principles.

What has been completed to date
are five published papers in the June
issue of ISPE’s Journal of Pharmaceu-
tical Innovation (JPI). What is cur-
rently in progress is a case study docu-
ment led by the Control Strategy group.
What our future plans involve are an
integration paper, case studies, addi-
tional JPI articles, and technical guid-
ance documents.

As implied by the project name,
PQLI encompasses the total lifecycle of
a pharmaceutical product from devel-
opment through regulatory approval
into commercial manufacturing and
finally termination. It also encom-
passes all manufacturing and produc-
tion activities, including raw materi-
als, APIs and drug product production,
facilities design and operation, and
product distribution.

The Society will develop a multi-
horizon plan for the Science and Tech-
nology initiative through PQLI that
ensures a continuous flow of the best of
science and technology to all sectors of
membership. We think the Science and

Technology and PQLI initiatives are
good examples of the way ISPE can
play an important role in helping the
industry and regulatory authorities
find practical solutions to move into
the future.

Yes, the challenges ahead of us are
many, but I am very optimistic that

ISPE is adapting its programs and
business plans so it will remain a leader,
a catalyst of change, an innovator, and
a valuable resource to all.

As the ISPE Chairman of the Interna-
tional Board for the next 12 months, I
sincerely thank you — the ISPE Mem-
bers — for the privilege of serving you.

Project Encourages Greater Emphasis on Science and Technology...
Continued from page 72.

Reliable solutions 

for sterile applications

 

 

 

 



76 PHARMACEUTICAL ENGINEERING    JANUARY/FEBRUARY 2009

Classified Advertising

Concludes on page 78.

Architects, Engineers – Constructors

CRB Consulting Engineers, 7410 N.W.
Tiffany Springs Pkwy., Suite 100, Kansas
City, MO 64153. (816) 880-9800. See our
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Knolls, NJ 07927. (973) 775-7777. See
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Publish your work in Pharmaceutical Engineering, the Global Information
Source for Pharmaceutical Science and Manufacturing Professionals.
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Theme: Utilities

Manuscripts Due:
2 March 2009
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21 July 2009
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Theme: Management

of Globalization
Manuscripts Due:

1 May 2009
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21 September 2009

NOVEMBER/DECEMBER 2009
Theme: Integrated Commissioning

and Qualification
Manuscripts Due:

2 July 2009
Publishes:

20 November 2009

ISPE’s recognized industry magazine, Pharmaceutical Engineering, is
looking for industry case studies demonstrating advanced technologies,
manufacturing efficiencies, and solutions to regulatory compliance
issues with a global perspective. Articles must be noncommercial in
nature, describe new developments or work, and significantly contribute
to the body of knowledge relating to pharmaceutical manufacturing,
quality management, and technology.

Do you have an idea, innovative
solution, unique application, or success
story that you want to share with your
colleagues in the biopharmaceutical
manufacturing industry?

Pharmaceutical Engineering is now
accepting articles for its 2009 Editorial
Calendar.

For further information,
please visit us on the Web site at

www.ISPE.org/
pharmaceuticalengineering.
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Fike Corp., 704 SW 10th St., Blue Springs,
MO 64015. (816) 655-4546. See our ad in
this issue.

Sterile Products Manufacturing

Tanks/Vessels

Lee Industries, PO Box 688, Philipsburg,
PA 16866. (814) 342-0470. See our ad in
this issue.

Used Machinery

Validation Services

Commissioning Agents, Inc., 1515 N.
Girls School Rd., Indianapolis, IN 46214.
(317) 710-1530. See our ad in this issue.

Valves

Gemu GmbH & Co., Fritz-Mueller-Str. 6-
8, D-74653 Ingelfingen, Germany. +49
7940123-0. See our ad in this issue.

Gemu Valves, 3800 Camp Creek Pkwy.,
Bldg. 2600, Suite 120, Atlanta, GA 30331.
(678) 553-3440. See our ad in this issue.

Vial Traying Systems

Hurst Corp., Box 737, Devon, PA 19333.
(610) 687-2404. See our ad in this issue.

Water Treatment
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Genova, Italy. +39 0108300014. See our
ad in this issu.

Siemens Water Technologies, 10
Technology Dr., Lowell, MA 01851. (978)
934-9349. See our ad in this issue.

Call ISPE Director of Sales Dave Hall
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Brazil
Pharmaceutical Ingredients1

Resolution RDC 30 from ANVISA re-
leased on 15 May 2008 established
that companies which manufacture,
import, export, fraction and distribute
pharmaceutical ingredients had 6
months to update their files with
ANVISA. The recent Resolution RDC
83 on 17 November 2008 from the
ANVISA has allowed an extension of 6
months.

Vaccines and Hyperimmune
Heterologous Serums2

Resolution 73 dated 21 October 2008
regulates the release of Batches of
Vaccines and Hyperimmune Heterolo-
gous Serums in Brazil. The National
Institute for the Quality Control in
Health (INCQS – Instituto Nacional
de Controle de Qualidade em Saude)
will be in charge of approving the re-
lease of such biological medicinal prod-
ucts, for their export and will also de-
liver a Batch Release certificate. This
regulation will come into force on 2
December 2008.

Czech Republic
Requirements for Documents
on Good Manufacturing
Practice3

A second version (October 2008) of
guidelines summarizing the require-
ments for GMP documents when sub-
mitting a clinical trial application in
the Czech Republic has been released.
These guidelines are based on § 57 par.
1 and § 62 of Law 378/2007 Coll. on
pharmaceuticals, according to which
the manufacture of investigational
medicinal products and their import
from third countries is subject to a
manufacturing licence.

The guidelines go through the fol-
lowing topics among others: The manu-
facturing/import licence for investiga-
tional products, GMP certificate for
manufacturer/importer/control labora-
tory, declaration of the qualified per-
son, manufacturing steps and required
documents, all manufacturing steps at
the territory of EU/EEA, all manufac-
turing steps (except for batch release)
out of EU/EEA or required documents
for comparator product which is not

further adjusted for the purpose of a
clinical trial for instance.

Quality and Safety Assurance
in Human Tissues and Cells
Intended for Human Use4

This guideline establishes detailed re-
quirements for quality and safety as-
surance in human tissues and cells
intended for human use in the Czech
Republic. This guideline has been pre-
pared in line with Law 296/2008 and
includes national requirements of De-
cree 437/2002 Coll. on assessment of
health capability and extent of exami-
nation of living or dead donor of tissues
or organs for transplantations.

The guidance covers these following
topics among others: Requirements for
establishment of quality systems, ob-
taining tissues and cells and their pro-
vision to a tissue institution, require-
ments for acceptance of tissues and
cells, for procedures of their process-
ing, labeling, release, packing, storing,
distribution and recalls from distribu-
tion, and quality and safety inspec-
tions, application for approval of activ-
ity, and its changes, and templates of
applications, application form for ap-
proval of activity of tissue institution,
application for approval of activity of
sampling institution or application for
approval of activity of a diagnostic labo-
ratory as well.

Estonia
Quality Assurance: Good
Manufacturing Practice and
Inspections5

In Estonia, the state supervision over
compliance with the requirements to
manufacture shall be exercised by the
State Agency of Medicines (SAM). Af-
ter conducting a general inspection in
an enterprise belonging to the holder
of an activity license for manufacture
of medicinal products or a part of such
enterprise, the State Agency of Medi-
cines shall, within ninety days (90
days), issue a certificate to the holder
of the activity license concerning the
conformity of the enterprise with good
manufacturing practices if inspection
results confirm the conformity. Manu-
facturers should comply with the fol-
lowing:

1. Presence of adequate facilities, in-
structed staff and confirmed rules
for procedures in terms of sampling,
controlling, testing of precursors,
packaging materials, intermediate
products, products for wholesale and
ready products, as well as for check-
ing of environmental conditions for
manufacture.

2. Samples of precursors and package
materials, intermediate products,
products for wholesale and ready
drugs shall be taken only by in-
structed specialists according to the
method established and approved
by quality control department;

3. Testing methodology shall be vali-
dated;

4. Minutes of the control processes can
be registered by hands, with the
help of registering devices or using
both;

5. Active ingredients of ready product
shall comply with qualitative and
quantitative composition of the prod-
uct stated in MA associated docu-
mentation, be appropriately pack-
aged, labeled and pure as required;

6. Minutes for control results shall be
taken, as well as orderly evaluation
in terms of complying with quality
requirements of materials, interme-
diate, wholesale products and prod-
ucts ready for use;

7. No one batch can be marketed or
purveyed before the competent per-
son has confirmed batch compliance
with requirements of MA associ-
ated documentation;

8. Enough samples of precursors and
products that shall be stored in the
final package, excluding cases with
very big amount of product in one
package shall be left for future to
enable analyzing if needed.

Europe
GMP6

The EMEA has released on their Web
site a Questions and Answers on EU
GMP Guide Annexes regarding the
Annex 19 Reference and Retention
Sample.

Variations7

An amendment has been put forward
to update Directive 2001/83/EC Varia-
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tions. A variation application is an
application to amend the contents of
the documentation used to support an
existing marketing authorization. The
types of variations are classified into
minor variations (Type IA or Type IB)
or major variation (Type II). Alterna-
tively the change may necessitate an
extension application. The marketing
authorization holder has an obligation
to update the marketing authorization
by variation applications as new data
emerges. This is particularly impor-
tant for new information that affects
the risk-benefit balance.
The document outlines the require-
ments relating to variations of market-
ing authorizations approved via the
centralized procedure, mutual recog-
nition procedure or decentralized pro-
cedure.

The following meetings were held
during the period covered by this up-
date:

• The Committee for Medicinal Prod-
ucts for Human Use (CHMP) held
its October plenary meeting from 20
to 23 October 20088

• The Committee for Medicinal Prod-
ucts for Veterinary Use (CMPV) held
its October meeting on 14 to 16
October 20089

• The Committee for Medicinal Prod-
ucts for Veterinary Use (CMPV) held
its November meeting on 11 to 13
November 200810

• The Committee for Orphan Medici-
nal Products (COMP) held its ninety-
fifth plenary meeting on 4 to 5 No-
vember 200811

• A joint meeting by TOPRA and the
European Medicines Agency – Medi-
cines Legislation within the Euro-
pean Regulatory Network – A re-
view of the Medicines Legislation
by the EMEA and National Compe-
tent Authorities held on 2 to 3 De-
cember 2008.12

Israel
GMP13

The Israeli Minister of Health has pub-
lished a new regulation in order to
define medicinal product Good Manu-
facturing Practice in Israel. The new
regulation is based on the Pharmacist

Ordinance 1981 and states among other
topics guidelines on GMP approval and
validity, manufacturing control,
samples, internal audits, equipment
and utilities, contract manufacturers
and quality assurance and control. This
regulation will come in effect on Sep-
tember 2009 next year.

Japan
Quality and Safety Assurance
of Medicines using Human
Cells and Tissues
Components14

The Pharmaceutical Affairs Division
of the Health and Hygiene Depart-
ment in Japan has published on 3 Oc-
tober 2008 a Questions and Answers
bulletin on Quality and Safety Assur-
ance of Medicines and Medical Devices
Manufactured Using Human Cells and
Tissues Components which was issued
on 12 September 2008.

Export15

The Pharmaceutical Affairs Division
of the Health and Hygiene Depart-
ment in Japan has released a Ques-
tions and Answers bulletin on 11 No-
vember 2009, about the application for
Exporting Medicinal Products.

Latvia
Procedure of Import and
Export of Medicinal Products16

Revised regulations determine the pro-
cedures for import and distribution of
medicinal products in Latvia and ex-
port thereof from Latvia, as well as
requirements for opening and opera-
tion of medicinal product wholesalers.
Only Medicinal Products recognized
and registered as such shall be subject
to trade. A qualified person shall en-
sure that all trade operations are legal.
Data on the concerned products shall
be kept at least 5 years, 10 years in the
case of psychotropic and narcotic sub-
stances on a secure support. Medicinal
products may be imported into the ter-
ritory of Latvia or exported from Latvia
if the wholesaler has an import or ex-
port permit. The State Agency of Medi-
cines is entitled to import medicinal
products (standard samples, medici-
nal product ingredients) which are in-
tended for testing. Medicinal products

may be imported from third countries
only through customs points where
Sanitary Border Inspection controls are
ensured. The importer of the medicinal
products shall ensure that at least one
qualified person is permanently and
continuously at his or her disposal.

Outside pharmacies importers are
allowed to distribute non-prescription
medicinal products, which are included
in the list approved by the Minister for
Health and which:

• are intended for self-treatment,
• comply with the restriction speci-

fied by the Minister for Health re-
garding the strength, maximum
single and daily dosage, form, route
of administration and packaging size
of the medicinal products for distri-
bution outside pharmacies,

• shall retain the status of medicinal
products for distribution outside
pharmacies,

• do not belong to the groups of non-
prescription medicinal products.

The State Pharmaceutical Inspection
is entitled to take a decision regarding
the prohibition of the supply of medici-
nal products or batch from the market,
which are objects of dispute.

The State Pharmaceutical Inspec-
tion shall on a regular basis: control
the persons involved, pharmacies and
medical treatment institutions, medici-
nal product wholesalers and medicinal
product manufacturing undertakings,
wholesale and retail undertakings.
After each examination a report shall
be drawn up.

Poland
Good Manufacturing Practice17

A new decree has been released on 17
October 2008 by the Polish Ministry of
Health which provides general and
detailed requirement of good manufac-
turing practice. Manufacturing or im-
port licenses will be delivered after full
compliance with these requirements
including for instance management of
quality, manufacturing site and equip-
ment, quality control, self inspection,
manufacturing and analysis on de-
mand, complaints and withdrawal,
documentation and personnel.
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South Africa
GMP18

The Medicines Control Council has
released version 3 of the Guide to “Good
Manufacturing Practice for Medicines
in South Africa” in September 2008.

This update intends to facilitate the
removal of barriers to trade in medici-
nal products, to promote uniformity in
licensing decisions and to ensure the
maintenance of high standards of qual-
ity assurance in the development,
manufacture and control of medicinal
products. The guidance is also aimed to
serve manufacturers by elaborating
specific rules adapted to their indi-
vidual needs.

Comments to this guidance are due
for January 2009 and will come into
force on 1 November 2009.

Turkey
Wholesale Warehouse of
Medicinal Products19

The Turkish law on wholesale ware-
house of medicinal products dated 20
October 1999 has been amended and
articles 4, 9 and 11 updated on 24
September 2008. Topics included in
these modifications are warehouse for
products storage (MA holder’s/manu-
facturer), the list of entities authorized
to be supplied by wholesalers and prod-
ucts forbidden for sale and supply.

United Kingdom
Marketing Authorization
Procedures: Renewal20

Based on the requirements of 2005,
marketing authorizations had to be
renewed every five years. Under the
revised requirements, a marketing
authorization is valid for five years
and will then be renewed on the basis
of a re-evaluation of the risk benefit
balance. Applications for renewal
should be submitted at least six months
before expiry. Once renewed the mar-
keting authorization will be valid for
an unlimited period unless there are
justified grounds relating to
pharmacovigilance, to proceed with one
additional five-year period. Periodic
safety update reports (PSURs) will be
required in accordance with European
requirements. For products with exist-
ing national authorizations at the time

of implementation of the revised legis-
lation the following will be required:

If acquired via the mutual recogni-
tion procedure: one more renewal, fol-
lowing European procedures before the
authorization gains unlimited valid-
ity. If acquired nationally: a further
renewal is not required. This applies to
marketing authorizations which have
been renewed at least once before 30
October 2005.

In the past the renewal process has
sometimes been used to make minor
changes to the safety sections of the
Summary of Product Characteristics
(SmPC). As there will no longer be a
continual cycle of five yearly renewals
this procedure can no longer be used to
update SmPCs and leaflets. Such
changes should be notified under the
appropriate variation procedure.

USA
Cellular and Gene Therapy21

A draft document released in October
2008 by the Food and Drug Adminis-
tration (FDA) provides guidance to the
manufacturers of cellular and gene
therapy (CGT) products. This guidance
provides recommendations for devel-
oping tests to measure the potency of
CGT products and provides the require-
ments for the support of an Investiga-
tional New Drug Application (IND) or
a Biologics License Application (BLA).

GMP22

The FDA has published on 12 Novem-
ber 2008 a Questions and Answers on
Current Good Manufacturing Prac-
tices, Good Guidance Practices con-
cerning equipment validation, control
of product containers and closures, pro-
duction and process controls and the
implementation of process analytical
technology.

GMP Biological Products23

The FDA published on 18 November
2008 the draft guidance for Industry
named Process Validation: General
Principles and Practices that outlines
general principles and approaches that
FDA considers to be appropriate ele-
ments of process validation for the
manufacture of human and animal
drug and biological products, includ-

ing active pharmaceutical ingredients
(API or drug substance). The guideline
aligns process validation activities with
the product lifecycle concepts which
are found in existing FDA guidances.
This FDA guidance promotes modern
manufacturing principles, process im-
provement, innovation, and sound sci-
ence that all manufacturers can use in
validating a manufacturing process.
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Letter to the Editor

23 October 2008

I am writing to you with reference to an article in the
September/October 2008 edition of Pharmaceutical Engi-
neering. The article was titled “How to Make a Perforated Pan
PAT-Compliant” and the banner at the top of the pages of this
article read “PAT Compliance.” The reason for my letter is to
point out that, whilst the technical content of the article was
excellent, the phrase “PAT Compliance” is an oxymoron. The
whole purpose of the new approach to the management and
regulation of pharmaceutical quality, which has been evolving
over the past five to six years, has been to move us away from
a compliance mentality to one of science and risk manage-
ment.

So one does not and cannot “comply” with PAT. The PAT
approach (which most opinion leaders are now calling the
‘Quality by Design (QbD)’ approach, as this is the more
encompassing term) is about the pharmaceutical industry
catching up most other industries in its thinking on quality
management. The QbD philosophy is all about utilising scien-
tific knowledge, which is often gained by using PAT tech-
niques to continuously measure the performance of pro-
cesses in real-time, and risk management to identify the
critical to quality attributes of the product and the critical
process control points. One of the fundamentals of the QbD
approach is that we move away from the era of blind
compliance to rules to a position where we think about what
we do and have the freedom and responsibility to manage
quality in a manner that, firstly, protects patients but also
improves efficiency.

So the repeated use of the phrase “PAT Compliance” within
this article is unhelpful and misleading in the context of the
paradigm shift that the pharmaceutical industry is living
through. I would respectfully suggest that the term to use
would have been “PAT Capable.”

Peter H. Gough
Partner
David Begg Associates (DBA)
York, United Kingdom

Give Feedback via the
PAT COP Discussion
Forum

The Process Analytical Technol-
ogy (PAT) COP acknowledges the
valuable contribution that Mem-
bers provide to the Society for
technical innovation and industry
advancement. We encourage any
Member with interest in providing
feedback and additional viewpoints
to the Letter to the Editor to post a
message to the PAT COP Web site
under the Community Discussions
forum. You begin discussions by:

• Logging onto the PAT COP Web
site main page:
h t tp : / / cop . i spe .o rg /COP/
PATCOP/

• Click Create New Topic on Com-
munity Site

• Type your discussion into the
Message box and indicate Sub-
ject line

• Click Post Message to post dis-
cussion

To become a member of the PAT
COP and to begin participating im-
mediately, simply go to www.
ISPE.org/cops and click the button
to the right labeled “Login to COPs”
if you are not currently logged in.
Otherwise, you will then be taken
to the COP Home Page. There, you
can choose the “Join/Unjoin COP”
tab under the page heading, click
the box next to the PAT COP, and
then click Join.
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Cleaning Validation

Continued on page 10.

This article
offers an
alternative
method to
cleaning
validation using
online total
organic carbon
analyzers to
determine
cleaning
validation in-
situ. Methods
are compared
with traditional
laboratory
analysis.

Online Total Organic Carbon (TOC) as a
Process Analytical Technology for
Cleaning Validation Risk Management

by Keith Bader, John Hyde, Peter Watler, and
Amber Lane

Online Total Organic Carbon (TOC)
analysis has progressed significantly
in the past few years, yet it remains an
under-utilized technology. The US

FDA has stated that TOC is an acceptable
method for both cleaning validation and rou-
tine monitoring, provided the suitability of the
method has been established and documented.1

Advances in TOC analyzer oxidation and analy-
sis methodologies make their integration into
Clean-in-Place (CIP) systems instrumentation
relatively easy as a means to provide near real
time cleaning process performance informa-
tion. While it is currently possible and practi-
cal to utilize online TOC analysis for the real-
time assessment of CIP cycle performance, the
biopharmaceutical manufacturing industry has
been slow to adopt it without favorable and
accepted regulatory precedents. However, these
precedents do exist in FDA guidance docu-
ments on Process Analytical Technology (PAT),
the Risk-Based Manufacture of Pharmaceuti-
cal Products (both in 2004), and the Interna-
tional Conference on Harmonization (ICH)
Quality Risk Management guideline in 2005,
which signal a regulatory environment recep-
tive to active monitoring and control of critical
process parameters.

The case study presented in this article was
conducted to test the relative cleanability of
three different bottom mounted agitators. The
data by which the cleaning process was evalu-
ated was acquired using an online TOC ana-
lyzer integrated into the return line of a CIP
system as well as by conventional manual
indirect and direct sampling and offline analy-
sis.

Implementing TOC as an online process
analytical technology requires first determin-

ing if the analytical technology and method are
appropriate for the application. Primarily, the
installation of process analyzers on equipment
used in GMP manufacturing facilities should
be done only after risk analyses are performed
to ensure that the installation does not ad-
versely affect the process or product quality.
The location, physical integration, and auto-
mation of the online analyzer into the cleaning
system return piping are important consider-
ations as these factors may impact the accuracy
and robustness of the measurements. Once
installed, the reliability of the technology must
be demonstrated through a comparison of online
results with existing conventional test meth-
ods, including any developmental studies sup-
porting the efficacy and appropriateness of the
particular analytical method. In this case, the
analytical method TOC, is used to detect pro-
cess and product residues in final rinse water
following cleaning.

Selection of a TOC Analyzer
Based on Instrumental

Characteristics and CIP Process
Considerations

The selection of an appropriate TOC analyzer
requires knowledge of its basic operating prin-
ciples to ensure that CIP process conditions do
not interfere with analytical results. Since there
is little opportunity to customize the available
features of an online TOC analyzer, selection of
an analyzer with the appropriate oxidation and
sensor equipment can accommodate both ana-
lyzer specifications and CIP operational re-
quirements. Though the basic operational prin-
ciples for all TOC analyzers are much the same,
the oxidation and sensor technologies vary be-
tween manufacturers. Matching the character-
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istics of CIP processes with an array of specific sensor and
oxidation technologies compatible with those characteristics
will yield a robust application of the online analyzer, enabling
minimized operational and validation efforts with respect to
cleaning processes.

For CIP applications, accurate results from an online
analyzer must not be confounded by interference from ionic
species, variations in sample pressure, or changes in sample
temperature. Since conductivity is used in some cases to
quantify evolved CO2, the ionic species in many cleaning
agent formulations must be considered as a potential source
of interference. These conductive species may be addressed
through the use of a membrane conductometric sensor as in
Figure 1 or through the use of photometric detection schemes
that are insensitive to the presence of conductive ions. Mem-
brane conductometric detectors allow selective permeability
of CO2 across a membrane without permitting other conduc-
tive ions into the measurement zone. Therefore, measured
conductivity results entirely from Inorganic Carbon (IC) or
Total Carbon (TC) oxidized to CO2, effectively eliminating
this source of interference.

For online TOC analyzers in which samples are directly
introduced to the analyzer from the CIP return manifold,
sample temperature and pressure are relevant parameters to
consider. Sufficient pressure is required in the sample line to
ensure that the analyzed sample concentration doesn’t sig-
nificantly lag in the CIP return piping. Additionally, care also
should be taken to protect the analyzer from pressures
exceeding manufacturer’s recommendations. In most cases,
CIP pressures will not exceed the pressure specifications for
an instrument; however, close attention must still be given to

the configuration, size, and placement of automated sam-
pling valves and associated sample lines drawing from CIP
system return lines. Stabilization of analyzer inlet pressure
and flowrate will allow for consistency in the residence time
of fluid in the sample lines.

Temperature fluctuations are a relevant concern depend-
ing on the selected analyzer, especially if the analysis method
is conductometric. Conductivity is a temperature dependant
measurement that each instrument manufacturer accommo-
dates in a different manner. Temperature variations in the
sample stream may be addressed through temperature com-
pensated conductivity sensors, or measurement of raw con-
ductivity data with sampling apparatus that allow for tem-
perature equilibration through ambient dissipation or active
heat exchange. Alternatively, a detection method that is not
temperature dependant (such as NDIR) may be used.

TOC concentration is indirectly obtained by calculating
the difference between two directly measured parameters;
TC and IC. Equation 1 illustrates this relationship.

TOC = TC - IC (Eq1)

Total Carbon is determined by oxidizing organic carbon
containing compounds to CO2 and quantifying both the inor-
ganic carbon already present in the sample along with the
evolved CO2. In the case of a membrane conductometric
analyzer (Figure 1), Inorganic Carbon (IC) in analyzed samples
results from dissolved CO2 species (HCO3

-, CO3
-2), and may be

measured directly without oxidation of the sample.
As depicted in Figure 1, solution from the sample vial is

injected into the analyzer where acid is introduced to the

Figure 1. Diagram of a membrane conductometric UV/persulfate TOC analyzer - optional inorganic carbon removal units may be employed
if samples have higher levels of dissolved atmospheric CO2.

Continued on page 12.
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sample stream. The added acid shifts the equilibrium such
that inorganic carbon species convert to CO2. After the acid
addition, a persulfate oxidant is added and the sample stream
mixed to ensure homogeneity. The sample stream is then
split with one stream passing through a reactor and exposed
to UV light, initiating a photolysis reaction. As the sample in
the reactor is oxidized, CO2 evolves and is transferred across
a gas permeable membrane into a deionized water stream
where its conductivity is measured. The formation of the
conductive species occurs via the carbonate buffer pathway
shown in Equation 2.

CO2 + H2O ↔ H2CO3

H2CO3 + H2O ↔ H3O
+ + HCO- (Eq2)

HCO- + H2O ↔ H3O
+ + CO-2

3 3

3

The other sample stream flows through a hydro-dynamically
identical path (identified in Figure 1 as the delay coil) where
dissolved CO2 is transferred across the membrane and con-
ductivity is measured to provide an inorganic carbon refer-
ence measurement required for the calculation of TOC.

Analytical and Sampling Method
Development

For this study, two analyzers were employed; both equipped
with membrane conductometric sensors. The offline analyzer
used a methodology based upon UV and persulfate oxidation,
whereas the online analyzer used only UV oxidation. To
ensure the reliability and comparability of the measure-
ments from the online and offline analyzers, USP system
suitability tests were preformed to confirm response effi-
ciency using 1,4 benzoquinone and sucrose standards. The
instrumental limit of detection of 50 ppb TOC required per
the USP2 was met for both analyzers.

Once operation of both analyzers was demonstrated to be
acceptable, methods were developed using the offline ana-
lyzer to characterize the Bovine Serum Albumin (BSA) to be
used as a representative process soil and to evaluate and
quantify the systemic and experimental error associated
with TOC surface swab sampling. Stainless steel coupons
also were spiked at multiple weight loadings to develop a
recovery response curve.

From a 10% by weight solution of BSA, a series of dilutions
were prepared with target concentrations of 500, 1000, 5000,
7500, and 10,000 ppb TOC. The solutions were then analyzed
to ensure that the TOC response curve for BSA was linear and
to empirically characterize the samples’ carbon content to
establish a correlation between the concentrations of TOC
and BSA.

Analysis of the samples produced the response curve
shown in Figure 2. Also reported are the linear regression
trend line through the data points, which provides an indica-
tion of the linearity of the relationship, Limits of Detection
(LOD) and Limits of Quantitation (LOQ). The regression line
correlation coefficient (R2) of 0.9998 demonstrates that the
regression line fits the data and is a reasonable model for the
plotted data.

To ascertain the surface swab recovery characteristics
for BSA, a study was conducted using stainless steel cou-
pons spiked with known concentrations of BSA. The target
organic carbon loading (ppb) is indicated by the Sample ID
numbers in Table A. To account for the inter-individual
variability, the study was conducted with three technicians
independently executing the swab sampling method. Swab
sampling recovery was evaluated by comparing the TOC
recovered from the coupons to the TOC content of positive
control samples in which equivalent amounts of BSA solu-
tion to that spiked on the surface of the corresponding
coupons was spiked into a vial containing 40mL of diluent.
The results are summarized in Table A, and shown graphi-
cally in Figure 3 and Figure 4.

The correlation coefficient (R2) value greater than 0.99 for
each of the technicians provides assurance that the recovery
fits a linear model when inter-individual variability is taken
into account. Evaluation of the LOD and LOQ for the sam-
pling method for each technician is shown in Table A and
ranges from 122 to 195 ppb TOC, and 371 to 589 ppb TOC,
respectively. The slope of each recovery curve also is a
representation of the overall surface swab recovery over the

Table A. Surface swab recovery results.

Sampling Positive Control Blank Corrected
Technician Sample ID TOC (ppb) Sample TOC (ppb) Percent Recovery Sampler LOD Sampler LOQ

1 250 231 181 78.5
500 633 594 93.8 125 377

1000 1137 1016 89.3
2 250 231 194 84.1

500 633 561 88.5 122 371
1000 1137 936 82.3

3 250 280 193 68.8
500 808 649 80.2 195 589

1000 1105 1017 92.0

Figure 2. TOC response curve for Bovine Serum Albumin.

Continued on page 14.
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Figure 4. Characterization of TOC surface swab sampling method
(BSA swab recovery [aggregate]).

range of the indication that on average, each of the techni-
cians will, at a minimum, likely recover greater than 80% of
BSA residues remaining on process surfaces within the
tested range.

The slope of each line shown in Figure 3 indicates the
overall recovery across several residue loadings for each
technician. Additionally, relative standard deviation of the
individual recovery results was used as the primary statistic
of interest to assess the precision of the results and the
reliability of the data for each individual technician. Review-
ing the discrete relative standard deviation numbers and the
R2 values for each technician, some variability is expected
and was apparent.

Intuitively, pooling the data for all of the technicians
should create a model incorporating inherent systemic error
as well as that resulting from inter-individual variability. To
confirm this hypothesis, a t-test conducted for the three data
sets confirms that the sample sets for all the technicians may
be pooled since they are statistically similar with a high
probability of sharing the same sample mean.

Linear regression statistics for the response curve, as well
as LOD and LOQ were determined. The LOD and LOQ are
evaluated through the following equations:

Figure 3. Individual technician swab recovery results.

3.3s
LOD= _____ (Eq3)

m

10s
LOQ= _____ (Eq4)

m

In Equations 3 and 4 above, s defines the standard deviation
from the calibration curve and m the slope of the regression
line.3 However, the quantity, s, may be determined multiple
ways: from the standard deviation of the regression line, the
standard deviation of y-intercepts of the regression line, and
the standard deviation of an appropriate number of blank
responses.

The pooled data for all the technicians is represented
graphically in Figure 4, and shows an overall recovery of
approximately 90% with a correlation coefficient of 0.986,
and aggregate limits of detection and quantitation of 160 and
486 ppb TOC.

As noted above, an alternative method for estimating the
LOD is to use the average of the swab results from the
swabbing of 10 clean stainless steel coupons. This will quan-
tify the approximate background levels resulting from the
water, vials, swabs, and other random experimental sources.
The average TOC from the swabbing of 10 clean stainless
steel coupons was 161 ppb with a relative standard deviation
of 9.3%. Accordingly, the LOD values determined by the two
methods were nearly identical.

Using TOC swab LOQ as the limit for passing cleaning
results, values in excess the TOC swab LOD were evaluated
to determine a root cause for the failure. Corroboration of the
online and offline rinse samples also was considered in the
analysis.

Cleaning Study Results
The CIP test system depicted in Figure 5 was used to compare
the cleanability of three bottom mounted agitators of differing
design. The components that comprise the CIP test system
include a water supply tank, a heat exchanger, automated
valves, Variable Frequency Drive (VFD) controlled pumps,

Sampling Method LOD(ppb TOC) LOQ(ppb TOC)
Swab 161 486

Table B. Sampling method limits.

Figure 5. Schematic of CIP skid with online TOC analyzer.

Continued on page 16.
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Figure 6. Comparison of manual and online TOC rinse samples.

and a 1000L vessel in which the agitators were installed for
testing. The critical parameters of temperature and flow rate
were controlled via PID controllers, along with carefully con-
trolled circuit fill volumes and detergent concentrations to
ensure uniform reproducible operations for each run.

To asses each run, final rinse water samples were taken
online through the TOC analyzer sample line located at valve
V-8. The TOC analyzer is represented in the drawing as analog
input signal AI-1. All manual samples taken for comparison
were drawn from valve V-9, which was located immediately
adjacent to the TOC analyzer sample line. To provide a point
of reference for each run, the supply water was manually
sampled from V-11. The agitators were each installed in the
tank in analogous positions and, as noted before, subjected to
the same cleaning procedure and parameters.

To soil the equipment, BSA was manually applied to the
internal tank surfaces as well as the entirety of each agitator
and allowed to dry. Once dry, the CIP cycle was initiated,
consisting of an initial rinse, an alkaline wash, an intermedi-
ate rinse, an acidified wash, and purified water final rinses.
For each cycle, Steris CIP-100, at 1% concentration by vol-
ume, was the cleaning agent used for the alkaline wash. The
cleaning agent used for the acidic wash solution was 1% by
weight phosphoric acid. The acid wash cycle was then fol-
lowed by a once-through rinse and a subsequent recirculated
rinse. Since the online analyzer required a brief equilibration
period before it was ready to sample, the second final rinse
was recirculated as once-through rinse durations were inad-
equate for the analyzer to complete its start up cycle.

Just before completion of the cleaning cycle, manual
samples were taken at the beginning of the final rinse
recirculation. After completion of the cleaning cycle, manu-
ally acquired rinse and swab samples were taken for compari-

son with those from the online TOC analyzer.
Comparability of the sampling and analytical methods

was assessed through analysis of the manual and the online
results. These data are shown in Figure 6. The online results
also were compared to TOC surface swab samples to any
correlation between the methods.

Correlation of the results of all three methods is apparent
with the most notable event being the results from run 7. The
supply water was accidentally contaminated by overfilling
the flat topped supply tank, transferring contaminants from
the lid and seal of the vessel into the bulk solution. In each
case, the sampling methods detected the excursion.

The comparative results for the surface swab samples are
shown in Figure 7. The general trend is the same for the
surface swab samples with the exception of run 3 in which the
surface swab results are higher than either the manual or
online rinse samples. This may have been due to inadequate
surface cleaning of BSA residue that was not completely
soluble in the final rinse water.

The data from all runs demonstrates that rinse samples,
whether online or manual, do provide a good indication of the
residue levels on the equipment surfaces with the absolute
TOC value difference between swab and rinse samples being
attributed to the added TOC background inherent to the
swabbing method.

Another interesting observation is the fact that the manu-
ally collected rinse sample TOC results were lower than those
from the online analyzer, while one might expect quite the
opposite. The manual samples were taken at the beginning of
the recirculated rinse cycle prior to an extended recirculation
time. Once the analyzer had completed the initial rinse cycle
(approximately 4 ½ minutes), the online samples were taken.
The higher results from online TOC samples may be due to
the recirculation of the rinse water prior to sampling. Recir-
culation of final rinse water is a deviation from typical CIP
processes, and recirculation causes the rinse water to be
directed back through pathways that would not ordinarily
have contact with a final once-through rinse. This potentially
contributed some TOC to the final rinse results from the
additional surface area contacted by the final rinse water.

Another contributing factor to the higher online TOC re-
sults is the configuration of the online analyzer sampling
piping which is depicted in Figure 8. The illustration approxi-
mates the spatial layout of the sampling equipment. The TOC
analyzer sample valve, XV-8, was oriented downward, and did
not have an additional drain or flush valve to remove solution
from the lines. The manual rinse sampling valve, on the other
hand, was flushed prior to sample collection per the procedure
for the sampling method, clearing any residue from the sample
path that could contribute to elevated TOC levels.

This principle of rinsing the path prior to sample collection
and analysis may be incorporated into the sampling arrange-
ment for the analyzer to allow for clearance of residues prior
to sample collection. An example of a possible piping configu-
ration to minimize process residue retention is shown in
Figure 9. In this arrangement, the sample line branches from
the process line such that the inlet to the line is constantly

Figure 7. Comparison of online to direct and indirect sampling
method results.
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Figure 8. Isometric layout of sampling equipment.

swept clear by the process fluid. Further, the installation of
a drain valve is useful to allow for flushing of the line prior to
sampling, as well as draining the sample line after sampling
is completed. Sloping the sample line back to the drain valve
also will minimize retention of process fluid from previous
sampling operations.

Conclusions
The cleaning of pharmaceutical manufacturing equipment
systems by automated Clean-in-Place (CIP) means has long
provided superior reliability and consistency as compared to
manual cleaning operations that are subject to human error.
Through the introduction of more reliable and affordable
sensor technologies, including advances in online TOC tech-
nology, the cleaning process can be very effectively controlled
and monitored by removing variability inherent to manual
collection and analysis of cleaning verification and validation
samples. Accordingly, implementation of TOC as a process
analytical technology for cleaning systems can improve knowl-
edge and control of the cleaning process beyond real time

Figure 9. Online analyzer sampling configuration.

Continued on page 18.
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awareness of final rinse water quality at a discrete moment
in time. The combination of online TOC and online conductiv-
ity measurements provides a means for real-time verification
of cleaning cycle performance, and using statistical process
control methodologies, ongoing analysis of the consistency of
critical control parameters and quality attributes for the
cleaning process. This ongoing monitoring can provide the
basis for evaluating drift and the need for re-qualification
based upon events rather than elapsed time. The data from
ongoing monitoring also can provide a foundation for clean-
ing validation that is not based upon a model of three passing
commercial scale runs, but rather a model that uses evidence
from cleaning cycle performance, on an every run basis, to
provide assurance of successful operations prior to the manu-
facture of each production run.

The implementation of online TOC sampling and analysis
must be done by carefully selecting an analyzer that is
compatible with the cleaning process and subsequently in-
stalling it such that the results are truly representative of
TOC levels in final rinse streams. The selected TOC analyzer
must be able to tolerate conductive ions such as those present
in cleaning agents. The analyzer also must be able to tolerate,
and depending on the intended use, analyze occasional spikes
of TOC greater than 1 – 2 ppm. This study has demonstrated
that an advanced oxidation differential conductivity mem-
brane sensor based instrument is suitable for online CIP
rinse water analysis. Other technologies may be suitable
based on the specific requirements of the application. If the
analyzer will not be used for an application in which conduc-
tive ions are present and TOC concentrations are rarely in
excess of 2 ppm, it may be possible to use an advanced
oxidation based instrument that measures TOC through the
use of direct conductivity. For concentrations of TOC in
excess of 2 ppm with the possibility of conductive ions, end
users may wish to consider the use of a UV persulfate
oxidation system with an NDIR or differential membrane
conductivity sensor.

Additionally, the sample equipment on the CIP system
should be configured to deliver solution to the analyzer
quickly without carryover from run to run. This is best
accomplished by ensuring a short residence time with ad-
equate turbulence in fully drainable sample lines for com-
plete removal of fluid when the equipment is not in use. Once
qualified, the TOC analyzer can identify trends predictive of
adverse events or inadequate process control, allowing for
timely application of corrective measures. This utilization of
real time cleaning process performance information will
yield product quality and economic benefits.

To gain regulatory acceptance for the utilization of online
TOC analysis for ongoing monitoring of cleaning efficacy, the
instrumentation and method must be qualified in a manner
consistent with offline validated and compendial sampling
and analytical methods. Further, implementation of online
TOC sampling and analysis as a component of a PAT strategy
for cleaning processes is only practical if the results are
equivalent or better than those attained from existing meth-
ods. This may be done by comparing the results obtained

using both methods and modifying the sampling equipment
configuration to ensure that the online methodology is accu-
rate and robust, and at the very least, equivalent to the
results of offline sampling methods.

Although some have suggested that online TOC measure-
ment provides additional liability should TOC levels exceed
acceptance limits in final rinse water, online TOC measure-
ment compliments and enhances the level of process knowl-
edge from which critical process decisions may be made.
Typically, once a system has been validated, TOC rinse samples
are not taken for every run unless necessitated by poor system
performance or a philosophy that embraces an extremely low
risk tolerance. CIP systems often rely on monitoring and
control of critical process control parameters, measured by
temperature, flow rate, and conductivity sensors in the appro-
priate locations12 to ensure that cleaning cycles operate within
established and validated ranges. While this approach effec-
tively takes care of the input side of the cleaning process, final
rinse water TOC, which is a critical quality attribute for
cleaning, has not typically been addressed. Online final rinse
water and TOC data will provide more complete information
from which to assess the efficacy of cleaning operations on an
every run basis, yielding comprehensive and ongoing control
well beyond the current status quo.

The monitoring and control of critical quality attributes
for cleaning operations offer further economic and quality
benefits in reduction or elimination of cleaning related OOSs
and their associated investigations and resolutions. These
cost reductions can be realized not only through more effi-
cient processes that facilitate faster and more flexible produc-
tion schedules, but also through the minimization of labor
hours invested in manual operations required to support
systems, through manual sampling and analysis, which
cannot provide the same sensor based process control infor-
mation. In many manufacturing facilities, cleaning valida-
tion samples are manually collected and submitted for analy-
sis to Quality Control laboratories, or in some cases to off-site
contract analytical laboratories. These activities involve both
time and expense for the manufacturer in the form of labor
hours for collection of the data, sample collection materials,
time and resources of the QC laboratories, and opportunity
cost related to delays in manufacturing operations from
waiting for analytical results to determine if cleaning pro-
cesses were successful.

Finally, the economic benefits of online sampling are
supported by the time recorded in the execution of this study
to conduct the manual sampling and analysis as compared to
the time investment required for running the online analyzer
during CIP operations. The time required for the collection
preparation and analysis of the samples collected for nine
cleaning runs was in excess of 80 labor hours. In contrast, the
total set up time for the online analyzer was approximately
three labor hours. On a per-run basis, preparations for online
analysis and sampling required approximately 20 minutes.
In comparison, each run required nearly 10 hours of labor for
manual sample collection and analysis. Clearly, extrapolat-
ing this time savings over the period of a year indicates that
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significant savings may be realized, the magnitude of which
depends on the particular facility and the number of cleaning
operations to be qualified and monitored. Although integrat-
ing online TOC measurements into CIP system automation
will result in added capital costs, operating costs can be
significantly reduced and will likely justify the investment.

Summary
Sophisticated measurement and control strategies have been
successfully applied to CIP systems and operations for many
years. The utilization of online TOC measurement repre-
sents a significant step forward in assurance of product
quality and safety through more effective real-time monitor-
ing and control of the cleaning processes. With enhanced
quality assurance and reduced cost of goods as driving forces,
pharmaceutical manufacturers are automating manufactur-
ing operations to accommodate more complex processes,
including more complicated cleaning sequences commensu-
rate with increasingly complex manufacturing equipment
configurations and production methodologies. More robust
automated systems will provide higher levels of assurance of
removal of potential contaminants to acceptable levels. CIP
systems can be automated to the point that risk from manual
operator actions are eliminated from the process stream,
except for manual set-up activities, such as the loading and
un-loading of a glass-washer or the starting of a unit opera-
tion from a control point.
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This article
presents the use
of visible
residue limits.
Parameters
were defined,
their ruggedness
determined, and
applications
described.

Using Visible Residue Limits for
Cleaning

by Richard J. Forsyth

Introduction

Before formal cleaning validation pro-
grams were instituted, visual inspec-
tion was the primary means of deter-
mining equipment cleanliness. The use

of visual inspection is still typically a compo-
nent of a cleaning validation program and for
routine inspections of cleaning effectiveness.
The use of only visual examination to deter-
mine equipment cleanliness was proposed as
far back as 1989 by Mendenhall.1 He found that
visible cleanliness criteria were more rigid
than quantitative calculations and clearly ad-
equate. The FDA, in their “Guide to Inspection
of Validation of Cleaning Processes,” limited
the potential acceptability of a visually clean
criterion to use between lots of the same prod-
uct.2 LeBlanc also explored the role of visual
examination as the sole acceptance criterion
for cleaning validation.3

The Acceptable Residue Limit (ARL) for
drug residue is often determined on a health-
based and an adulteration-based criterion.4,5,6

The limit used is the lower of the two limits. A
health-based limit is generated from toxicity
data, which can be expressed as Acceptable
Daily Intake (ADI). The health-based limit is
calculated using the ADI or lowest therapeutic
dose and the parameters of the equipment used
to manufacture the formulation.5 For the adul-
teration limit, a carry-over limit of 10 ppm or a
baseline limit of 100 µg/swab is often used in
the industry.

Our health-based limit calculation is:

ADI/MDD × DUB/SSA × M = ARL (µg /swab)

Where: ADI is the Allowable Daily Intake (µg/
day) of the residue in question which would
have no pharmacologic effect; MDD is the Maxi-
mum Daily Dose (units/day) of the subsequent
product manufactured in the equipment; DUB

is the Dose Units per Batch (units) of the
subsequent product; SSA was the Shared Sur-
face Area (cm2) for the product contact surface
area of the manufacturing equipment; M is the
swab area (cm2/swab). Our adulteration-based
limit is 100µg/swab.7 An established visible
residue limit, which is below the Acceptable
Residue Limit, is a reasonable criterion for
cleaning validation.

Visible cleanliness is the absence of any
visible residue after cleaning, but a number of
factors influence any determination. The most
obvious is the observer. Not only the observer’s
visual acuity, but also training on what to
observe, influences the outcome of a visual
inspection. The levels of illumination in the
inspection areas and shadows caused by the
equipment influence what is seen. The distance
and the angle of the observer from the equip-
ment surface also have an effect. Finally, the
individual residues that comprise a given for-
mulation affect the overall visible residue limit.
Jenkins and Vanderwielen observed various
residues down to 1.0 µg/cm2 with the aid of a
light source.4 Fourman and Mullen qualita-
tively determined a visible limit at approxi-
mately 100 µg per 2 × 2 in. swab area8 or about
4µg/cm2.

Sample preparation and viewing param-
eters for VRL use have been established for
both pilot plant and commercial manufactur-
ing facilities.9,10 A solution or suspension of the
API applied at different concentrations to stain-
less steel coupons results in residues of uniform
size. Multiple observers determined VRL lev-
els under controlled viewing conditions. The
VRL was established at the lowest residue
concentration all observers visually detected. A
study of viewing parameters, including view-
ing distance, viewing angle, light intensity,
residue composition, and observer subjectivity
resulted in optimal viewing conditions to detect
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visible residues. Viewing conditions in the pilot plant were
set at 18 inches, 30°, and > 200lux. For commercial facilities
with larger, fixed equipment, the viewing inspection param-
eters are more restricted. The optimal viewing conditions for
VRLs are < 10feet, > 30°, and > 200lux. A discussion of the
applications of VRL use and the associated risks concluded
that the potential for a cleaning failure was small under a
well controlled VRL program.11,12,13

The subjectivity of the observers and the appearance of the
dried residues remained as potential limitations to a VRL
program. The original VRL work used a small group of four to
six observers.9,10 For subsequent work, a larger pool of observ-
ers determined the VRLs of development APIs at one site. In
addition, a study of VRL determinations of five APIs at
multiple sites helped serve to address the issue of observer
subjectivity as well as further define the ruggedness of
residue sample preparation. Observers are qualified with a
training program consisting of VRL determinations of com-
pounds with already established VRL levels, while empha-
sizing the importance of residue appearance and viewing
parameters.

Applications of VRL use in pilot plant and manufacturing
facilities were described.

Visible Residue Parameters
The variables associated with studying visible residue in the
pilot plant were defined, and then experimental parameters
for the study were established. The parameters considered
were: surface material, light intensity, distance, angle, resi-
due appearance, and observer subjectivity.9

Stainless steel was an obvious choice for surface material,
since >95% of manufacturing equipment surfaces are stain-
less steel. Representative stainless steel coupons were used
for spotting purposes in the laboratory setting.

The lighting conditions in the manufacturing pilot plant
differ from room to room. The light intensity was measured
in each room of the pilot plant and ranged from 520 – 1400 lux.
To allow for shadows and different positions within a given
room, it was decided to conduct the visible residue study
between 400 and 1400 lux using a light source directly over
the sample. A fluorescent light served as a light source to
provide the same type of light that is used in the pilot plant.
A plastic cover with different degrees of shading was placed
over the bulb and was rotated to adjust and control the
intensity of the light. A light meter was used to set and verify
the various light intensity levels.

To minimize observer subjectivity, a pool of observers
viewed all of the samples. A distance of six to 18 inches from
the equipment surface and a viewing angle of zero to 90° were
considered as practical viewing parameters. A comfortable
viewing distance of 12 inches was chosen. A viewing angle of
30° was chosen although lower angles occasionally provided
more reflectance. A 30° angle provided the shallowest practi-
cal viewing angle, taking into consideration the surface
locations where residues are most likely to be seen in manu-
facturing equipment, i.e., corners and joints.

The lighting conditions in the commercial manufacturing

suites differ from room to room and also depend on equipment
size and degree of disassembly for cleaning. The larger size of
the equipment in the manufacturing facility provided the
greatest difference compared to the smaller equipment in the
pilot plant. The increased size deepens the shadows in the
interior of the equipment. To compensate for lighting condi-
tions, a portable light is used for inspection as necessary.
Therefore, the range of lighting for this study was from 100
lux up to the intensity of the portable light. For the lower
lighting level, ambient fluorescent light served as a light
source to provide the same type of light used in the manufac-
turing plant. The portable light source was a hand held light.
The portable light source was adjusted to maximize viewing
conditions. Moving the light source allowed the observer to
control the lighting conditions; i.e., optimize the incident
light angle and the effect of reflected light on the formulation
residue, and minimize the reflecting light back to the ob-
server. A light meter was used to set and verify the various
light intensity levels.

The viewing distances for this study were dependent on
the size of the equipment. In a commercial manufacturing
facility, equipment sizes are larger and viewing distances are
greater. Rather than define viewing distances for each piece
of equipment, viewing distances were chosen at five, 10, 15,
and 20 feet to complement the pilot plant data.

The viewing angle also is restricted by the equipment size
and configuration. Therefore, residues were viewed over a
range of angles from 15° to 90°. The minimum angle resulted
from a combination of comfortable viewing angle coupled
with viewing distance. Intermediate viewing angles of 30°
and 45° were evaluated in addition to perpendicular (90° to
the observer) viewing.

To minimize the effect of observer subjectivity, four sub-
jects viewed all of the samples independently. Sample con-
centration levels were spotted above and below the previ-
ously determined VRL to allow for increased distances and
higher intensity light respectively. Therefore, the targeted
spotting levels for the formulations were at the swab limit
concentration of the API, which is typically 4 µg/cm2, the
previously determined VRL, at the VRL +25% and at the VRL
-25%.10

Residue appearance varied from white, crystalline to gray.
The standard preparation for residue spots involved pipetting
100µl of sample solution or suspension onto the material
coupon. This volume of methanol consistently supplied a
circular residue spot of about 5 cm in diameter, which was
approximately the 25 cm2 area that was swabbed. As the
sample concentrations decreased, the appearance of the resi-
dues was less likely to appear as a uniform residue and more
likely to appear as a ring. The non-uniform or ring appear-
ance of the residues at the VRL would be observed on
equipment after cleaning. As residue levels increase, the
VRL would fail a piece of equipment long before it became
uniformly coated with residue. A uniformly visible residue
would be so far above the VRL, it would indicate a completely
ineffective cleaning procedure.

Continued on page 26.
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Parameter Limitations
As expected, the overall ability to visually detect formulation
residue decreased with increased viewing distance10 - Figure
1. At 400 lux and at the minimum viewing angle, observers
were able to detect residue at the swab limit concentration, as
well as the VRL for all tested formulations from 5 feet.
Several of the formulation VRLs were not detected from 10
feet. From 15 feet, the observers were not able to see the
majority of the VRLs and were not able to detect any of the
VRLs consistently from 20 feet. With regard to the ARLs, the
observers saw the majority of the formulation residues under
these viewing conditions from 10 and 15 feet10 - Figure 2.
From 20 feet, the observers saw less than half of the formu-
lation ARLs.

The ability to detect visible residue also diminished with
decreased ambient light10 - Figure 3. With ambient light down
to 200 lux, VRLs were consistently detected from 15 feet and
a 45° viewing angle. With ambient light at 100 lux, some
VRLs were not detected at 15 feet and 45°. However, VRLs
were consistently detected from 10 feet at 100 lux.

The ambient light source controlled the light intensity at
the lower end of the range. The portable light source con-
trolled the light intensity at the upper end of the range. The
observer moved and adjusted the orientation of the portable
light source to optimize individual viewing conditions within
the constraints encountered in different manufacturing equip-
ment; therefore, the maximum intensity of the portable light
source decreased with distance. In general, the use of the
spotlight did not increase the observer’s ability to detect
formulation residue - Figure 4.

The viewing angle of the observer to the residue was a
critical parameter in the ability to detect the formulation
residue. Under ambient light and at the minimum angle,
about 15° - Figure 1, the observers did not detect the majority
of the VRLs at 15 feet and only detected a few at 20 feet. When
the viewing angle was increased to 30°, the observers de-
tected more residue spots at both 15 and 20 feet, but not
enough to make a significant difference compared to the 15°
data. As the viewing angle was increased to 45° and 90°, the
observers detected almost all of the VRLs at 15 feet and
detected the majority of the VRLs at 20 feet. The observers
detected essentially all of the ARLs at 20 feet at viewing
angles greater than 30° - Figure 2. When the position of the

observer was varied with respect to the stainless steel back-
ground, observers detected all VRLs from 10 feet at a 45°
coupon angle down to 100 lux.

Training
Observer variability was a factor in determining the VRL9 for
API and formulation residues. The pool of observers were
recruited based on job function, i.e., those performing VRLs,
those cleaning the equipment, and those inspecting the
equipment. A level of visual acuity is necessary for the
various job functions. No additional eye test was required for
observers in order to mimic real conditions. The data showed
that the observer’s ability to see the residues was not a
limiting factor to VRL determinations. Each viewing param-
eter examined had an effect on the observer’s ability to detect
the formulation residues. Observer detection was dependent
on the formulation residue level, observer viewing distance,
light intensity, and viewing angle. Certain observers had
trouble detecting several of the formulation residues. Ob-
server variability increased with greater viewing distance
and became a factor beyond 10 feet. This same trend was seen
with the observer angle factor. At the minimum angle of 15°
and at 30°, observer variability was comparable to the other
parameters. However, at a viewing angle greater than 30°,
the ability to detect residue increased significantly and ob-
server variability decreased accordingly - Figures 1 and 2.
Observer residue detection was comparable using the por-
table light source and ambient light at 400 lux (Figure 4) and
was not a significant factor at decreasing light intensity
levels until 100 lux, where detection of VRLs was problematic
- Figure 3.

Continued on page 28.

Figure 1. VRL detection versus distance and viewing angle at 400
lux.

Figure 2. ARL detection versus distance and viewing angle at 400
lux.

Figure 3. ARL and VRL detection versus decreasing light intensity
at 15 ft. and 15°.
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Figure 4. ARL and VRL detection at 400 lux and maximum light
intensity at 15 ft. and 15°.

Figure 5. VRL distribution.
Continued on page 30.

The parameters which influence the ability to detect
visible residues were determined and viewing of residues can
be controlled. Under defined viewing conditions, a trained
observer will be able to visually detect formulation VRLs. The
observer should be within 10 feet of the equipment surface.
This minimizes the influence of the light intensity or viewing
angle. Secondly, the observer should view the surface from
multiple angles greater than 30°. This minimizes the possi-
bility of the residue blending in with the background. Finally,
the ambient light level should be at least 200 lux. Otherwise
a portable light source can be utilized.

VRL Ruggedness
Initial vs. Later VRL Determination
Of the original 59 VRLs established,9 the average VRL was
1.6µg/cm2. Three of the four observers agreed on most residue
levels, but one observer differed, which resulted in slightly
higher VRLs. Since observer agreement was a condition for
the VRL determinations, the individual VRL data points
were unaffected by the observer variability. Of the original
set of VRLs, 78% were less than 2µg/cm2, but 14% were
greater than 4µg/cm2 - Table A and Figure 5. Additional VRL

determinations increased the experience level, widened the
observer pool, and refined the experimental technique. In-
stead of a small, dedicated group of observers, the individuals
working on the development compound established the VRLs.
The observer pool is now between 20 to 30 individuals.
However, the most significant difference in the subsequent
VRL determinations was the standardization of the residue
spot preparations using lower spotted residue levels - Table
B, which resulted in lower Visible Residue Limits. Interest-
ingly, the variability among the observers decreased even as
the observer pool increased. The greater observer consistency
was a result of several factors: the initiation of a VRL training
program for observers and equipment cleaners and inspec-
tors; the overall increased experience level of the observers
and the consistent residue spot preparation technique. Of the
additional VRLs established, the average VRL dropped to 0.9
µg/cm2 and 89% of the determinations were less than 2µg/
cm2, 96% of the total were less than 3µg/cm2, and only 2% were
greater than 4µg/cm2 - Table A. A t-test comparison of the
original and additional VRL data in Figure 5 resulted in a t-
stat of 2.45, which is greater than the t-critical value of 1.96
for a two tail comparison with a 95% confidence limit and
showed that the data distributions were not equivalent. The
additional VRL data with its lower average, were statistically

Original VRL Data Subsequent VRL Data
VRL Number of Number of

(µg/cm2) Compounds %Total Compounds %Total
< 1 33 56% 148 76%
1 – 2 13 22% 25 13%
2 – 3 3 5% 14 7%
3 – 4 2 3% 4 2%
> 4 8 14% 3 2%
Total 59 100% 194 100%

Table A. Comparison of VRL data.
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Table D. Multi-Site VRL data (mill finish and mirror finish stainless steel).

Compound Established VRL (µg/cm2) U.K. VRL (µg/cm2) U.S. VRL (µg/cm2) Canadian VRL(µg/cm2)
Mill Mirror Mill Mirror Mill Mirror

A 0.67 <0.29 <0.25 <1.06 <0.83 2.00 <0.22
B 0.485 <0.33 <0.28 <0.52 <0.40 0.64 1.33
C <0.36 <0.26 <0.53 <1.12 <1.12 0.61 <0.23
D 2.05 <0.49 <0.52 <0.93 <0.56 2.29 <0.23
E <0.61 <0.23 <0.25 <0.42 <0.64 2.00 0.47

Spotting Solution Prep Residue Spotted Target Concentration
(20 cm2)

Soln A – 20 mg into 25ml 80 µg 4 µg/cm2

Soln B – 5 ml of A into 10 ml 40 µg 2 µg/cm2

Soln C – 5 ml of B into 10 ml 20 µg 1 µg/cm2

Soln D – 5 ml of C into 10 ml 10 µg 0.5 µg/cm2

Soln E – 5 ml of D into 10 ml 5 µg 0.25 µg/cm2

Soln F – 1 ml of D into 10 ml 1 µg 0.05 µg/cm2

Solvent 0 µg 0 µg/cm2

Table B. Residue target concentrations.

VRL APIs Formulations Excipients Detergents Total
(µg/cm2) (%Total)
< 1 76 51 46 8 181 (68%)
1 – 2 18 9 8 3 38 (17%)
2 – 3 10 2 4 1 17 (7%)
3 – 4 3 2 1 0 6 (3%)
> 4 6 0 5 0 11 (5%)
Total 113 64 64 12 253 (100%)

Table C. Current VRL data.

different when compared to the original VRL data, which
confirmed the effects of experience and technique refine-
ment. The overall average VRL is now below 1.1µg/cm2 for the
253 VRLs determined to date - Table C since 63% of the VRLs
determined are “less than” the lowest level tested.

API vs. Excipient vs. Formulation Determinations
An analysis was conducted of the VRL data broken down into
API, excipients, and formulation categories to determine any
VRL correlation between a formulation and its components.
Earlier work9 compared the VRL of 12 formulations against
the VRLs of the formulation components. Logically, the VRL
of the formulation would be the same as the lowest compo-
nent VRL. That was the case in seven of the 12 comparisons.
However, in three of the cases, the formulation VRL was
higher and in the other two, it was lower than the component
VRLs.

The more important comparison was between the VRL of
the formulation and its API. In the pilot plant, it is not practical
to perform a VRL on every development formulation. The
formulation compositions continually evolve up to the final
market formulation selection. In the VRL comparison of for-
mulations against components,9 nine of the 12 formulation
VRLs were lower than the VRL of the respective API. In one
case, they were equal and in the remaining two, the formula-
tion VRL was higher. The data concluded that the VRL of the
API is not a good indicator for the VRL of a formulation.

However, the data was generated during the original VRL
work, where the residue concentrations and observer vari-
ability were higher. The subsequent VRL work generated
additional data with increased experience and refined tech-
nique. The data gap narrowed between the formulations and
APIs. The current average VRL of 64 formulations is 0.7µg/
cm2 and of 113 API determinations is 1.0 µg/cm2. The average
VRL of the 64 excipients tested to date is 1.6 µg/cm2. The VRL
data showed significant overlap among formulations, APIs,
and excipients. A t-test comparison of the API and formula-
tion VRL data in Table C and Figure 6 showed that the data
distributions were equivalent. The formulation VRL data,
despite its lower average value, was not statistically different
when compared to the API VRL data. The expanded data set
analysis concluded that the VRL of the API was a good
indicator for the VRL of a formulation. One can determine the
VRL of a development API and safely employ that number as
the VRL for the development formulation(s).

Multi-Site Study
The VRL data from the three sites are shown in Table D. Data
from the UK site were generally lower than from the other
sites. Data from the US site were slightly higher, which
correlated to smaller spot sizes and resulting higher spot
concentrations.14 The observers in the UK and US typically
were able to detect the lowest or next to lowest residue level.
The data from the Canadian site showed three VRLs which
were higher than the other sites. Observer variability at
Montreal also was greater. Of the three higher levels, one was
comparable to the established VRL, while the other two were
higher than the established VRL. All three were still well
below the adulteration limit of 4µg/cm2. A review of the
observer data showed that in all cases the higher levels were
based on one observer not detecting the residue. Otherwise
the data more closely agreed with the other sites.

The variability of the multi-site data was the result of
several factors. The sample solution concentrations, spot sizes,
and the resulting residue concentrations influenced the VRL
determination. The UK site’s lowest residue level was lower
than the other sites, which explained their overall lower VRL
levels. The observer variability at the Canadian site was
similar to the early US site data. A single observer skewed the
results compared to the other observers and other sites.

Two grades of stainless steel finish were evaluated. The
majority of process equipment is mill (matte) finish, but the
use of mirror (electropolish) finish equipment has increased.
There were no consistent differences between the VRL re-
sults from the mill and mirror stainless steel finishes. The
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Table E. VRL application and risk assessment.

VRL Application Pilot Plant/Manufacturing Process Risk Risk Mitigation
New Compound Introduction Pilot Plant Low - VRL determination

New worst-case - Redundant inspection
- Evaluate API physical properties

New Compound Introduction Manufacturing Low - Redundant inspection
New worst-case - Evaluate formulation physical properties and

cleanability
Routine Use Inspection Pilot Plant None - Already in place

- Cleaning validation
Routine Use Inspection Manufacturing None - Already in place

- Cleaning validation
Periodic Assessment Pilot Plant Low - Redundant inspection

Carryover - Periodic swab confirmation
Periodic Assessment Manufacturing Low - Redundant inspection

Carryover - Periodic assessments trending performance based
on visual inspections.

Technology Transfer Pilot Plant Low
New Equipment Introduction Pilot Plant Low

Cleaning procedure doesn’t work - Redundant inspection
- Evaluate versus current equipment

Campaign Length Extension Manufacturing Low to None
Cleaning Procedure Optimization Pilot Plant None - Surface sampling after optimization
Cleaning Procedure Optimization Manufacturing None - Surface sampling and validation after optimization
Reduced Cleaning Documentation Manufacturing Low to None - Data to demonstrate VRL < ARL
(Manual Cleaning, Equipment accessible - All cleaning parameters demonstrated during
to visual inspection) validation

finish of the stainless steel had no impact on the VRL
determinations.

It was concluded from the study that VRL determination
was comparable at the three sites and the experimental
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Figure 6. VRL distribution.

Figure 7. Effect of concentration on residue appearance.

variability from sample preparation and observer subjectiv-
ity posed no risk for a potential cleaning failure since all VRL
values were well below the ARL. The study also pointed out
the value of VRL training program and the experience gained
through ongoing visual equipment inspections.

Residue Appearance
The standard preparation for residue spots involved pipetting
100µl of sample solution or suspension onto the material
coupon. This volume of methanol consistently supplied a
circular residue spot of about 5 cm in diameter, which was
approximately the 25 cm2 area that was swabbed. As the
sample concentrations decreased, the appearance of the resi-
dues changed from a uniform residue to that of a ring - Figures
7 and 8.

To determine the effect of spotting volume, 60µl of the
lowest spotted solution was pipetted along with 0, 20, 40, 60,
80, and 100 µl of methanol. The lowest concentration was
used since the appearance of the residue near the VRL was
the primary area of interest. The appearance of the different
volumes had little effect on the appearance of the residue
around the VRL. All of the residues were similar, but as
expected the rings became larger with the increased volume
- Figure 9. Eventually, larger volumes of spotting solvent

would make the ring too dilute to detect, but the area of the
ring at that point would be significantly larger than the swab
area of 25 cm2.

It can be concluded that the appearance of residues near
the VRL concentration are expected to take on the appear-
ance of a ring. If the residue has a uniform appearance, it is
most likely well above the VRL limit.

Applications
Uses of VRLs by a Pilot Plant Facility
The use of VRLs has previously been described9,11 for the
introduction of new compounds into a pilot plant. Before a
new compound is manufactured in the pilot plant, a VRL is
established for the API. After the initial batch is manufac-
tured, the equipment is cleaned and visual inspection using
the VRL confirms the current cleaning procedure is sufficient
and that the new compound is not a new worst-case requiring
further validation. This application along with its risk miti-
gation is shown in Table E.

VRLs also are used for periodic assessment of cleaning in
the pilot plant. Monthly independent visual inspections us-
ing VRLs are conducted on several pieces of equipment to
assure that routine cleaning removes all product residues.
Over the course of the year, these independent periodic
inspections check all of the different types of equipment in the
pilot plant to generate a comprehensive review of ongoing
cleaning effectiveness in the pilot plant.

Other uses of VRL in the pilot plant include technology
transfer either to a contract or a manufacturing facility. Since
cleaning procedures between facilities are different, VRLs
would be a quick, simple verification of cleaning in place of
analytical method transfer and testing. VRLs also can be
used for the introduction of new equipment into the facility.
VRLs would be an efficient way to get equipment on line and
ensure baseline cleanliness, while demonstrating equiva-
lency with respect to the cleaning efficacy of a previously
validated procedure.
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Concludes on page 34.

The optimization of new cleaning procedures during de-
velopment is another application for VRLs. Cleaning cycle
times could be challenged with VRL determination as the
acceptance criteria. A more immediate benefit would be
realized with manual cleaning procedures. Personnel who
clean the equipment could effectively determine optimal
scrub times and rinse volumes with a visual limit.

Uses of VRLs in a Manufacturing Facility
Several opportunities to apply VRL as a surrogate to surface
sampling have been identified in manufacturing facilities
using Good Manufacturing Practices (GMPs). Process con-
trols and procedures also have been identified to mitigate the
risks when applying VRL in a GMP facility. Given that VRL
determinations for drug product formulations have been
established9,10 and the relative accessibility to visual inspec-
tions with this equipment, the scope of these applications
would be primarily applicable to pharmaceutical manufac-
turing and primary packaging operations.

As with pilot plant facilities, VRL data may be used to
develop new or optimize existing cleaning procedures. The
extent of routine documentation and cleaning records could
be streamlined in a GMP facility. Once optimal scrub times
and rinse volumes have been validated and incorporated into
the cleaning procedure, visual cleanliness may be the only
critical cleaning parameter that would require documenta-
tion on a routine basis. With VRL data, a check by a second
person for visual cleanliness confirms performance and en-
sures that the level of residuals is below the acceptable
residue level. This procedure may obviate the need to record
actual cleaning parameter data (i.e., scrub times and rinse
volumes) on a routine basis and reduce the volume of GMP
documentation that must be maintained for marketed drug
products.

VRL data and visual inspection may be applied to support
the introduction of new products into existing validated
product matrices. The use of product matrices or bracketing
product residues to validate a “worst case” for multi-product
equipment modules is a common practice in industry and
supported by regulatory guidance.2,15-17 If not a new worst-
case, the VRL of the new compound can be compared to the
validated ARL. If the new compound is less than the ARL,
visual inspection alone should be satisfactory for revalida-
tion of the cleaning procedure for a new product.

The interval of use (manufacturing campaign) and the
interval between end of use and cleaning are process param-
eters that must be validated. For stable products manufac-
tured in freely draining equipment, there should be low-to-no
process risks with respect to extending a validated campaign
length based on visual inspection. Routine inspections for
visual cleanliness would mitigate any potential process risks
with carryover of process residuals and confirm cleaning
performance. The risks for bioburden proliferation are low
due to the absence of water and moisture. This same rationale
could be applied to extending validated times for the interval
between the end of use and equipment cleaning.

Once a cleaning process is validated in a GMP manufac-
turing environment, the process should be monitored periodi-
cally to ensure consistent and robust performance. Indepen-
dent visual inspections should be incorporated into the peri-

Figure 9. Effect of volume on residue appearance – 6 µg sample.

Figure 8. Effect of concentration on residue appearance.
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odic assessment program to confirm that the cleaning pro-
cesses remain in a state of control. A second person should
check for visual cleanliness and the frequency of recleaning
is an appropriate metric for assessing cleaning performance.
This additional control helps to ensure robustness of the
validated cleaning procedure. With an appropriate VRL pro-
gram, visual inspection may be used rather than surface or
reinstate testing to demonstrate continued consistent clean-
ing performance.

Conclusion
Visible Residue Limits (VRLs) have been evaluated for pilot
plants and manufacturing facilities from a risk-assessment
perspective. The VRL data, particularly when compared to
the health-based cleaning limit for most compounds, makes
VRL use a low risk approach to cleaning verification and
validation. The ruggedness of VRL viewing conditions has
been tested and optimal viewing conditions defined. The
current studies established the ruggedness of VRL determi-
nation among multiple observers at different sites, showed
the relationship between VRLs of formulations and indi-
vidual components, and assessed the effects of residue ap-
pearance on VRL preparation parameters. The studies also
highlighted the value of a VRL training program for all
personnel involved in the program. Opportunities for VRL
implementation have been identified along with the accept-
able mitigation of the associated risks.
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Continued on page 38.

In this
interview, senior
staff members
from China’s
State Food and
Drug
Administration
share the latest
developments
and
achievements of
China’s
activities in drug
manufacturing
and supervision
of drug safety,
and ideas for
future potential
cooperation
with ISPE and
other
international
organizations in
the industry.

by Robert P. Best, Robert W. Tribe, Paul N. D’Eramo,
and Cheryl Siow

Editor’s Note: In light of the burgeoning phar-
maceutical industry in Asia, ISPE’s involve-
ment with activities in this region is growing
rapidly, especially in China. Last year, ISPE
made several monumental strides to build a
presence in a country that continues to in-
crease its role on the world stage.

In 2008, ISPE opened an office in Shanghai;
recruited close to 30 local volunteers who are
forming ISPE’s first China Affiliate; started
ISPE’s first Student Chapter with more than
100 members at Sichuan University; and joined
forces with the China Center for Pharmaceuti-
cal International Exchange (CCPIE) to bring
education programs to Chinese pharmaceuti-
cal professionals at the ISPE China Confer-
ence in November in Beijing.

Moving into 2009, there will be more activ-
ity to come. Pharmaceutical companies will
increasingly rely on China for integrated re-
search, development, and innovative manufac-
turing solutions. The Chinese pharmaceutical
government and industry are aware that to
move beyond imitation toward innovation, they
must have an educated workforce trained in
the latest technologies and informed about the
latest global regulations.

As a neutral organization that promotes
worldwide collaboration to improve the indus-
try on a scientific and technical basis, ISPE
met with senior staff members from China’s
State Food and Drug Administration (SFDA)
in November in Beijing to share ideas and
information.

In addition, Robert P. Best, President and
CEO, ISPE, Robert W. Tribe, ISPE Asia-Pacific
Regulatory Affairs Advisor, Paul N. D’Eramo,
Executive Director, Johnson & Johnson, Glo-
bal Quality, ISPE Past Chairman, and Cheryl

Siow, Manager, ISPE China Office, conducted
an interview with the following SFDA officials
on behalf of Pharmaceutical Engineering:

• JiangYing Yan, Spokeswoman of SFDA,
Deputy Director-General, Department of
Policy and Regulations, SFDA

• WenZuo Chang, Counsel, Department of In-
ternational Cooperation, SFDA

• JianHua Ding, Director, Division of Phar-
maceuticals, Department of Drug Registra-
tion

• Ai Liu, Consultant of Liaison Division, De-
partment of International Cooperation,
SFDA

• QingWu Guo, Deputy Director, Division of
Drug Manufacturing Supervision, Depart-
ment of Drug Safety and Inspection, SFDA

• Zhongzhi Qian, Professor, Director, Divi-
sion of TCMs Standard, Chinese Pharmaco-
poeia Commission

• Lili Cao, Director, Division of External Co-
operation, CCPIE, SFDA

More comprehensive information on the cur-
rent state of China’s pharmaceutical industry
is available in the Country Profile on China, a
Supplement included with this issue of Phar-
maceutical Engineering.

•   •   •

JiangYing Yan   We know that Pharmaceu-
tical Engineering is a world-renowned publica-
tion of ISPE. We hope to share with the world
the latest developments and achievements of
China’s activities in drug manufacturing and
supervision of drug safety and the future poten-
tial cooperation.

PHARMACEUTICAL ENGINEERING Interviews
Senior Staff Members from China’s State
Food and Drug Administration (SFDA)
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Q What is the status of the revised
China GMPs?

QingWu Guo    I would like to briefly
introduce the process of the revision
work on the China GMPs which will
help you understand our work. We
started revising GMP Revision 98 four
years ago. We conducted a study on all
the available GMP guidelines in the
world for two years. The study covers
the GMPs of the Australian Therapeu-
tic Goods Administration (TGA), the
Pharmaceutical Inspection Convention
and Pharmaceutical Inspection Co-op-
eration Scheme (PIC/S); the European
Medicines Agency (EMEA); the World
Health Organization (WHO); the US
Food and Drug Administration (FDA);
and the Japanese Ministry of Health,
Labour and Welfare (MHLW). We be-
gan to revise the current GMPs after
the study and comparison. The first
draft of the GMP has been completed
and we will post it on the SFDA Web
site to solicit opinions at the end of this
year or early next year. If you have a
chance to look at the draft, you will find
the new revision of the GMPs is quite

similar to what the EMEA and the
WHO have, but some of the format has
been tailor-made for China. We wel-
come ISPE’s suggestions and opinions
on the draft.

I would like to address that we in-
cluded a detailed appendix on Tradi-
tional Chinese Medicines (TCMs). It
might be different from other countries
since TCMs have many kinds of formu-
lations, including sterile and non-ster-
ile. According to the specialties of
TCMs, we set up detailed regulations,
especially for the process of the pre-
treatment, which is not required in
other countries. China has Good Agri-
cultural Practices (GAP) on TCM manu-
facturing and we require a GAP in-
spection on the source of TCM before
the GMP inspection for some TCM drug
products.

Q You mentioned that the draft will
be available on the Web site at

the end of this year. Will there be a
transition period for the local manu-
facturers and individuals overseas to
make comments?

QingWu Guo   Definitely. The period
will be at least three months or more to
solicit opinions and suggestions twice.

Q How is the SFDA cooperating
with ICH?

JianHua Ding   ICH played a very
important role in China’s regulatory
system. We adopted many guidelines
from ICH in drafting our local techni-
cal guidelines. I believe ICH is not only
very important for our regulatory sys-
tem, but also for the industry. We send
Chinese delegates to attend many ICH
conferences to learn and study their
progress. We also learn ICH guidelines
through many ways. We organize sev-
eral workshops each year with relevant
ICH authorities, such as the ICH Glo-
bal Cooperation Group (GCG). This
helps us to study and understand ICH
technical guidelines. In addition, we
have several experts who have been
involved in the drafting of ICH guide-
lines, such as ICH Q10 and Gene
Therapy guidelines.

I am involved in ICH Q10. The SFDA
also sends people on behalf of the Life
Science Innovation Forum (LSIF) to
the ICH GCG. In February, ICH GCG
invited six country members, includ-
ing China, to attend the ICH GCG
meeting in Portland.

Q Will the SFDA plan to apply for
PIC/S?

QingWu Guo    We know that PIC/S
is recognized as an excellent GMP in-
spection cooperation organization.
There is mutual learning, information,
and resource sharing among the mem-
bers. We feel that there is mutual rec-
ognition in PIC/S. Therefore, we think
we could benefit a lot by mutual shar-
ing in PIC/S.

As PIC/S is a country membership,
we believe participation of China in
PIC/S will promote GMP development.

From left to right: Cheryl Siow, Paul N. D’Eramo, Robert W. Tribe, Robert P. Best,
JiangYing Yan, WenZuo Chang, QingWu Guo, Prof. Zhongzhi Qian, Ai Liu, and Lili Cao.

“ICH played a very important role in China’s regulatory system.
We adopted many guidelines

from ICH in drafting our local technical guidelines.”

Continued on page 40.
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However, being a nation with a 1.3
billion population and more than 4,600
manufacturers, we are evaluating the
participation in PIC/S. You will hear
our voice on this in the near future.

WenZuo Chang   I would like to
introduce you briefly to the interna-
tional cooperation mechanism and gen-
eral situation of the SFDA.

The SFDA attaches great impor-
tance to and participates diligently in
the international exchange and coop-
eration on drug administration includ-
ing international activities of drug
safety. We actively develop collabora-
tions with international organizations
and other national drug regulatory
agencies around the world.

In regard to the cooperation with
government agencies, we have signed
a cooperation agreement or Memoran-
dum of Understanding (MOU) with
more than 10 agencies from the US,
Canada, France, the UK, EMEA, Italy,
Australia, Cuba, Brazil, South Korea,
Singapore, Thailand, etc. Therefore,
SFDA has preliminarily formed the
pattern of intensive cooperation com-
bined with extensive cooperation with
its foreign counterparts.

Very importantly in the international
cooperation, the SFDA pays close atten-
tion to reinforcement of the cooperation
on traditional medicines, for China, they
are TCMs and ethnic medicines. The
SFDA has good cooperation on TCMs
and herbal medicines standards with
the WHO, Forum of Herbal Medicine
Harmonization (FHH), in the Western
Asia Pacific Region and a number of
countries, such as the US, France, the
UK, the Republic of Korea, etc.

In addition, we also have coopera-
tion with governmental international
organizations and other international
organizations in the drug regulatory
sector, especially with the WHO in
facilitating the system of national es-
sential medicines, GMP, traditional

medicines, the enhancement of vac-
cine management, and the develop-
ment of anti-malaria medicines, which
has achieved positive results. The co-
operation is on the basis of mutual
benefits. In the international activi-
ties, we also perform the international
obligations meticulously, and always
refer to the international best prac-
tices and experiences in drug adminis-
tration and practice it under the Chi-
nese context, for instance, in those
mentioned by Mr. Ding and Mr. Guo
regarding the cooperation with ICH,
and considering to participate in ac-
tivities of PIC/S. The SFDA has learned
lots of valuable experiences, shared
from the all international activities,
which helps in raising the level and
capacity of China’s drug administra-
tion and to be in line with the interna-
tional practice.

Q Will the SFDA set up a special
inspection department for TCM?

QingWu Guo    I would like to clarify
that China has 4,682 companies which
are API and drug manufacturers.
Among them, 1,900 companies are
TCMs manufacturers. About 40% of
the drug manufacturers are TCMs
manufacturers. A lot of companies pro-
duce Chinese medicines, chemical drug,
and biological products at the same
time. There are more than 800 manu-
facturers which produce TCM prepa-
rations only. SFDA has a Division re-
sponsible for registering TCMs in the
Drug Registration Department. Other
than this, we do not have other specific
departments for regulating TCM; how-
ever, we do have specialists respon-
sible for that.

JiangYing Yan   Let me add that
during the development of Chinese
medicine in our country, we need to
ensure safety and quality while we
reserve the tradition and encourage

innovation at the same time. As what
has been applied to chemical drugs,
the first priority is to ensure the safety
and effectiveness.

Q How can ISPE be supportive of
the Chinese pharmaceutical in-

dustry?

QingWu Guo    Based on my under-
standing of ISPE, your organization
has a lot of cooperation with the China
Center for Pharmaceuticals Interna-
tional Exchange (CCPIE). I suggest
ISPE look into two areas should you
wish to have a wider cooperation with
China. First is to establish cooperation
with the China pharmaceutical indus-
try, such as through exhibitions and
forums/conferences, as what ISPE has
done during China-Pharm this year.
My second suggestion is to cooperate
with government agencies, e.g., the
SFDA by providing GMP training to
inspectors or assistance with on-the-job
training in international inspections.
For example, we have trained 100 in-
spectors on international inspections.
Perhaps ISPE could support us in this
area. Another aspect of cooperation will
be providing comments and suggestions
after we announce the GMP revision.

We also hope ISPE can recommend
to us the latest information on the
GMPs. We understand that ISPE has
many of the latest guidances, require-
ments, and standards. We know that
ISPE has a great pool of technical ex-
perts worldwide on developing practi-
cal standards, which I believe will be
very useful to help improve the GMP
activities in China.

Zhongzhi Qian   I would like to
introduce the international coopera-
tion development on drug standards.
Drug standards have been widely com-
municated between countries and many
cooperation relationships have been
established with many countries. We

“...China has 4,682 companies which are API and drug manufacturers.
Among them, 1,900 companies are TCMs manufacturers. A lot of companies produce

Chinese medicines, chemical drug, and biological products at the same time.”
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have developed international coopera-
tion through three channels: First, the
WHO, second, the National Drug Regu-
latory Agency, and third, the interna-
tional organizations on drug standards.

I would like to focus on the interna-
tional cooperation situation on TCM stan-
dards. We started cooperation with the
WHO in 1979 when Mr. Yuan Shicheng,
the Secretary-General of the Chinese
Pharmacopoeia Commission was nomi-
nated as WHO Foreign Expert for the
first time. In 2002, China, Japan, Korea,
Singapore, Vietnam, Australia, and Hong
Kong SAR established the Western Asia
Pacific Forum of Herbal Medicine Har-
monization (FHH) under WHO’s initia-
tive. FHH’s goal is to promote the coordi-
nation and development of traditional
and herbal medicines standards within
Western Asia Pacific countries.

On the subject of cooperation with
the National Drug Regulatory Agency,
there is effective cooperation between
the SFDA and the French AFSSAPS.
We have had cooperation since 2000.
We have 27 Chinese crude drugs re-
corded in the French list of medicinal
plants, of which seven are in the French
pharmacopoeia, and five were recom-
mended into the European pharmaco-
poeia by the French pharmacopeia.

With regard to cooperation with in-
ternational organizations on drug stan-
dards, we have had cooperation on co-
operative research and mutual recog-
nition mechanism of TCM standards
with the US, European, and British
pharmacopoeias. In April 2008, an
MOU was signed with the USP for
2008-2010, which is an extension of the
MOU for 2005-2007. The MOU covers
the drug standards between the two
countries. First is the harmonization
of the analytical methods, and then the
cooperation and coordination on drug
standards focusing on TCMs, as well
as on chemical and biological products.

JiangYing Yan   ISPE has a strong
body of technical knowledge and re-
sources, including standards, regula-
tions, technical documents; these will
really help our pharmaceutical indus-
try and drug supervision. In the future,
we at SFDA, including CCPIE, will
further strengthen cooperation with
ISPE.

See the China Country Profile Supplement included
with this issue of Pharmaceutical Engineering!

Features include:
- A Brief Introduction to the ISPE China Affiliate
- Academic Affiliation
- Geographical Breakdown by Regions
- History of the Pharmaceutical Industry in China
- Market Size Breakdown by City Tier
- Pharmaceutical Associations and  Organizations

in China
- Regulatory Agencies in Greater China
- Size and Growth of the Industry
- Strengths and Challenges Facing the Industry

For more information on ISPE's activities in China,
please visit the ISPE China Web site at

www.ISPE.org.cn or contact:

ISPE China Office
Suite 2302, Wise Logic International Center,

No.66 North Shanxi Road, Shanghai 200041 China
Tel:+86 21-5116 0265 Fax: +86 21-5116 0260

Email: china@ispe.org

Want to know more about the
pharmaceutical industry in China?
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Continued on page 44.

Beyond the Bell Curve: A Report on
Managing Capital Project Risk

by Jeff Lukowski and Mark Bridgers

Complexity creates risk and drives an
increase in both its frequency and impact.
In a world that is growing more complex,
global, and interconnected in ways poorly
understood, but recently revealed during
the US financial crisis, a better way to
manage construction risk is a necessity.
The results of the Ninth Annual Survey of
Owners, recently conducted by the Con-
struction Management Association of
America (CMAA) and FMI Corporation,
will focus on providing a better way to
manage construction risk.

Owners, contractors, engineers/archi-
tects, and material or equipment sup-
pliers are just a few of the players that
are involved and participate in the

construction of facilities and infrastructure.
While this study is targeted at understanding
owners’ perspectives, the risk mitigation strat-
egies they choose to employ, and their ramifica-
tions are applicable to all players. In this study,
these risk mitigation strategies are divided
into four categories: Accept and Manage, Ac-
cept and Transfer, Recognize and Ignore, and
Avoid. Within each category there are numer-
ous potential strategies. The top five strategies
for managing risks are: 1. Integrate Risk into
the Contract, 2. Use Standardization, 3. Hire
Internal Staff, 4. Increase Team Meeting Fre-
quency, and 5. Request Budget Increases.

Four risks exhibited both very high fre-
quency and major impacts to capital construc-
tion projects. Governmental regulation, inac-
curate budgeting or estimating by the owner,
availability of qualified construction firms and
worldwide commodity demand. The first is
forced upon many owners and requires strate-
gies focused on influencing the development
and application of these regulations. The sec-
ond is self-created in many instances, due to a

lack of recognition of the improbable event,
what Nassim Nicholas Taleb describes as a
Black Swan in his recent book, “The Black
Swan.” The latter two revolve around market
supply and demand issues. The frequency of all
four of these risks dictates that they are rou-
tinely managed by owners and when possible
transferred.1

The reader is encouraged to keep the follow-
ing in mind as he/she considers how to mitigate
risk in today’s capital construction world.

• Using past history as a guide for under-
standing future risk is necessary, but not all
encompassing – history is less applicable
today because complexity is changing the
nature of the game.

• The design and construction mind searches
for historical order and patterns to better
understand the environment; yet random
events will happen. The most severe im-
pacts to capital construction programs noted
by the survey respondents fall into the Cost
Other = Unanticipated Costs category where
they related unpredicted, one-time events
that devastated the project or program.

• It is much easier to plan, obtain financing,
and hire service providers by ignoring the
possibility that a Black Swan-type event
may take place, but take place it will.

• History takes the sharp edges off unpredicted,
one-time events that devastated the project,
compelling practitioners to underestimate
the probability that a one-time event is not
really a one-time event. The destruction of
the Wheeling Suspension Bridge in 1849
and subsequent destruction of the Tacoma
Narrows Bridge in 1940 is an example.

• Focusing on the well-defined sources of un-
certainty is the normal practice in the indus-
try where numerous experts prepare writ-
ing and research to identify an all-encom-

This report
presents the
results of the
FMI/CMAA
Ninth Annual
Survey of
Owners and
provides insight
into how
companies with
ongoing capital
construction
programs
manage risks on
projects.
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passing list of design and construction risks – we must see
the forest and trees for success, recognizing that the most
devastating risks will originate from the forest, which is
harder to see and discuss.

Survey Highlights
The highest-observed frequency and impact risks, along with
the favorite strategies, tactics and processes to address them,
are detailed in Table A. The highlights of the survey include
the following:

• Throwing Money at the Problem: 33 percent of the
time owners request a budget increase to manage project
or program risks.

• Application of Leverage: 75 percent of the time owners
use some form of program-level purchasing power to
transfer or manage project or program risks.

• Hammer Looking for a Nail: 25 percent of the time
owners use the same strategy, tactic, or process to address
both frequency and impact (severity) without recognizing
the different challenges of each.

• Tunneling: Seven out of 28 survey risks were rated with
both low frequency and impact, indicating a focus on a few
well-defined sources of risk.

• Black Swans Do Exist: With only two exceptions, an
“immense” impact was reported by multiple survey re-
spondents in every risk description presented, indicating
that every risk has the potential for catastrophe.

• The Impact of the Highly Improbable: “Major” and
“Immense” impact were most frequently reported in “Cost
Other = Unanticipated Risks” category where respondents
described unpredicted, one-time events that devastated a
project or program 22 percent of the time.

• Greatest Fear: Schedule impact was described as the
greatest negative outcome to project or programs; nearly
twice as many “Major” and “Immense” impacts were de-
scribed versus the other impact categories of financial
(cost) or qualitative (public or internal reputation, quality
or safety).

• Size Matters: The biggest capital construction programs
choose to “Accept and Manage” risk nearly 70 percent of
the time (50 percent more than the smallest programs that
“Avoid” or “Accept and Transfer” nearly 60 percent of the
time).

• Risk Appetite Matters: Financial institutions, real-
estate developers, and sports authorities have the lowest
risk appetite and frequently choose to “Avoid” or “Accept
and Transfer” risk, while chemical companies, energy
firms, and various types of manufacturers tend to have the

highest risk appetite and “Accept and Manage” risks
frequently.

• Consistent Strategy Use: Owners elect to either “Accept
and Manage” or “Accept and Transfer” the 28 risks in-
cluded in the survey 61 percent and 22 percent of the time,
respectively.

• Avoidance: 41 percent of the time when inability to
effectively plan is perceived as a risk, owners prefer to
avoid the project rather than ignore, manage, or transfer
the risk.

• Management: 38 percent of the time when inability to
estimate accurately is perceived as a risk, owners prefer to
accept and manage the risk rather than avoid, ignore, or
transfer.

Risk Management Focus
The focus of the FMI/CMAA Ninth Annual Survey of Owners
is on understanding how program- or project-level risks are
assessed and managed prior to or during project execution
(planning through turnover) and how they impact an owner’s
overall capital program. Life Science industry participants
represented more than ten percent of the total participation.
FMI analyzed the frequency of occurrence and severity of
impact of specific risks, and more broadly, how owners tend
to manage construction risks by electing to use certain strat-
egies, tactics or processes.

FMI/CMAA worked with a team of highly experienced
industry professionals to establish a common definition of
risk management in the survey. Although the general topic of
risk management in the construction industry covers a broad
range in scope (e.g., insurance, bonding, litigation, opera-
tions, economic, etc.), we settled on the following definition:

“Risk management for projects in the construction in-
dustry consists of a process where risks are identified
and quantified, and opportunities for mitigation are
discovered. Owners involved in construction will make
decisions about how to mitigate risks, which may in-
clude elements of accepting, reducing, sharing, transfer-
ring, or avoiding the risk. Ultimately, risk management
involves the implementation of the mitigation plan.”

FMI/CMAA designed the survey in order to develop a basic
understanding of how owners today, including those in Life
Sciences, are managing risk in construction projects. In order
to accomplish this, we set out to understand owner behavior
when faced with a given set of risks. FMI and CMAA believe
owners make risk mitigation decisions in their capital con-
struction programs according to the degree of assumed own-

Highest Frequency Risks Software Highest Impacting Risks* Favorite Strategies, Tactics and Processes
1. Commodity Demand 1. Estimating Accuracy 1. Integrate Risk into the Contract
2. Energy Prices 2. Government Regulations 2. Use Standardization
3. Skilled Craftsmen 3. Commodity Demand 3. Hire Internal Staff
4. Estimating Accuracy 4. Construction Firms 4. Increase Team Meeting Frequency
5. Construction Service Demand 5. Construction Service Demand 5. Request Budget Increase
* excluding self-selected other responses

Table A. Top five risks and strategies.
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ership and the selection of a passive or active risk manage-
ment approach. These decisions fall within a two-by-two
matrix as proposed in Figure 1.

“Recognize and Ignore” and “Accept and Manage” are catego-
ries where the risk management strategies, tactics, or processes
employed result in a high degree of ownership exhibited by the
owner. Risks that owners perceive as difficult to influence,
including security requirements or energy prices, are typically
recognized and ignored. In extreme cases, this risk can destroy
a project. Risks that are believed to be subject to influence are
typically accepted and managed. These include construction
management talent or estimating accuracy.

“Avoid” and “Accept and Transfer” are categories where
the risk management strategies, tactics, or processes em-
ployed result in a low degree of ownership exhibited by the
owner. Risks that owners perceive as severe and uncontrol-
lable are the most actively analyzed and likely to be avoided.

“Accept and Transfer” and “Recognize and Ignore” are
categories where the risk management strategies, tactics, or
processes employed are more passive. In the first case, the
owner pushes responsibility to actively manage the risk onto
a third party. In the second case, ignoring the risk requires no
action.

“Accept and Manage” and “Avoid” are categories where the
risk management strategies, tactics, or processes employed
are more active. In the first case, the owner actively takes on
responsibility to manage the risk for his/her own account
with his/her own staff. In the second case, an active investi-
gation of the risk indicates that it is severe and uncontrol-
lable and dictates the owner must take action to remove the
exposure to the risk.

“Accept and Transfer” and “Accept and Manage” are oppo-
sites of one another in the owner’s perspective in that the first
pushes risk to an external party for active management, while

Continued on page 46.
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the second retains the risk internally for active management.
“Avoid” and “Recognize and Ignore” are opposites of one

another in the owner’s perspective in that the first requires
action to remove the exposure to the risk, while the second
requires no action.

While owners prepare lists of known risks that may occur,
research suggests that owners are reluctant to consider
pessimistic scenarios while performing risk assessments.2

These pessimistic scenarios are outside of this matrix in that
they are not considered. Nassim Nicholas Taleb refers to
these pessimistic scenarios as little Black Swans and he
describes a set of more severe outcomes as the Unknown
Unknowns or true Black Swans.

A Construction Black Swan
The Tacoma Narrows Bridge was one of the most spectacular
failures in engineering history. This suspension bridge used
a stiffened-girder design rather than the customary and
necessarily deeper open truss. This innovative design gave a
slender silhouette whose appearance was dramatic and grace-
ful, albeit inappropriate for the site conditions. The last
spectacular undulating motions of the roadway being twisted
to destruction were recorded on newsreel film even as engi-
neers were trying to understand the phenomenon of its
aerodynamic instability.

Othmar Ammann, designer of the George Washington and
other monumental bridges wrote:

“...the Tacoma Narrows bridge failure has given us
invaluable information…It has shown [that] every new
structure which projects into new fields of magnitude
involves new problems for the solution of which neither
theory nor practical experience furnish an adequate
guide. It is then that we must rely largely on judgment
and if, as a result, errors or failures occur, we must
accept them as a price for human progress.3”

The possibility of failure of the Tacoma Narrows Bridge
because of a steady crosswind of 42 miles per hour was
unforeseen by its designers. Nassim Nicholas Taleb refers to

this as tunneling4 or “we focus on a few well-defined sources
of uncertainty... at the expense of the others that do not easily
come to mind.”

If the designers of the Tacoma Narrows had known the
story of the Wheeling Suspension Bridge, the longest span in
the world when it was completed in 1849, they would have
anticipated that wind could be a possible cause of failure. The
Wheeling bridge was destroyed in a storm. In this older
incident, the technical literature on the design and ultimate
failure of this bridge was not well-documented even though a
local reporter made detailed observations of the bridge as it
experienced similar undulation, due to relatively modest
crosswinds.

Survey Results
Risks
A meaningful discussion about program and project-level
risks is undertaken in the context of the perceived frequency
and impact of that risk. There are hundreds, if not thousands,
of possible risks that an owner may face when managing a
construction project or program. A considerable effort was
made to narrow the list of risks based on the idea that owners
tend to focus on what they have previously experienced as
opposed to what they have not experienced. Said a different
way, owners manage the risks they know as opposed to what
they do not know. FMI selected 28 specific risks and an
additional four respondent-chosen risks which were tied to
four areas of impact to the owner: 1. Quality, 2. Cost, 3.
Schedule, and 4. Scope.

Respondents were asked to define any other risks that
impact them in the areas of quality, cost, schedule, and scope.
FMI selected a name for these risks based on frequency of
mentions: Quality Other = Vendor Performance, Cost Other
= Unanticipated Costs, Schedule Other = Commissioning or
Turnover, and Scope Other = Internal Scope Control.

In Figure 2, FMI plotted each of the original 28 risks along
with the four self-described risks into quadrants describing
their perceived frequency and impact. High-frequency and
high-impact risks are referred to as “Tornadoes.” Nine risks
fall into this quadrant with governmental regulation, inaccu-
rate budgeting or estimating by the owner, and commodity
demand exhibiting the combined highest frequency and se-
verity. Risks in which the perceived frequency was high and
impact was low are referred to as “Thunderstorms.” Nine
risks fall into this quadrant with internal customer integra-
tion representing the greatest frequency and one of the
highest impacts in this quadrant.

Risks in which the perceived frequency was low and
impact was low are referred to as “Water Spouts.” Eight risks
fall into this quadrant with a group of four, including Clear-
ing Customs, Project Collaboration Software, Security Re-
quirements, and Modularization Capability, perceived as
exhibiting little impact. There can be two explanations for the
perception of both low impact and frequency: 1. These risks
actually result in an insignificant impact or 2. The assess-
ment of impact is incomplete. As described previously, the
fact that a particular risk is perceived as having low impact

Figure 2. Frequency vs. impact aggregate scores.
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is not the same as saying it cannot have high impact – we
must see the forest and trees for success, recognizing that the
most devastating risks will originate from the forest which is
harder to see and discuss. Risks in which the perceived
frequency was low and impact was high are referred to as
“Hurricanes.” Six risks fall into this quadrant with two
exhibiting major or immense impacts, Cost Other = Unantici-
pated Costs and Quality Other = Vendor Performance. In
Figure 2, these two risks are not depicted to scale and
exhibited an impact twice as high as estimating accuracy.

Highest-Impact Risks
FMI studied how each risk impacted overall project success
through the three basic attributes of the job: cost (financial),
time (schedule), and qualitative (e.g., quality, reputation,
and safety) areas. Participants were asked to score each
attribute as either not applicable, no impact, minimal im-
pact, moderate impact, major impact, or immense impact.

Each risk was ranked from the highest to lowest total
impact for each attribute, and this is shown in Figure 3. For
each risk, the bar length represents perceived severity (e.g.,
estimating accuracy is perceived to have a major reputational
impact, moderate quality impact, and minimal safety im-
pact). For example, the risk of Cost Other = Unanticipated
Costs ranks the highest in both Financial and Schedule
impacts, whereas Quality Other = Vendor Performance ranks
the highest in Schedule impacts. Impacts to the schedule

Continued on page 48.

were twice as high (bad) on average as the financial impacts
and the qualitative impacts. Therefore, schedule impacts
proportionately influenced the total overall impact rank.

Schedule impacts are damaging because in some cases,

Figure 3. Qualitative impacts for each risk.
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there is little that can be done by a project manager to rescue
a project once a major schedule delay occurs. These delays
cannot be easily resolved with a scalar approach, such as
requesting a budget increase.

Participants were further asked to identify the specific
qualitative impact type as either Public or Internal Reputa-
tion, Quality, Safety, or Other as a self-selected impact. This
is shown in Table B. The risk with the largest public or
internal reputation impact is government regulation. The
risk with the largest quality impact is an inability to find or
attract sufficient and trained skilled craftsmen, and the risk
with the largest safety impact is, not surprisingly, security
requirements.

An example of public perception impacts is the scenario of
constructing highly pressurized lines snaking under farms
and past residential areas. This will raise fears about safety

and environmental impacts in communities along these pipe-
line routes. Companies building pipelines face lawsuits,
eminent-domain battles, and jurisdictional fights among the
local, state, and federal authorities that oversee the projects.
Two New England projects have been held up or canceled in
recent months because of local opposition.5

Skilled craftsmen carries the highest quality impact po-
tential. Kenneth D. Simonson, chief economist for the Asso-
ciated General Contractors of America, said, “To the extent
that people are picking college, they’re turning down con-
struction.6"

Risks rated with a combination of low frequency and
impact may represent potential for Black Swan-type events.
Figure 4 displays a select list of low-frequency and low-
impact risks (Water Spouts) from Figure 2 and breaks down
the frequency of observation for each type of owner. Public
and private entities make up nearly 75 percent of the fre-
quency rating of clearing customs risks. Put another way,
government agencies do not observe clearing customs issues,
which suggests that their projects source materials and
equipment domestically.

Modularization capability (capital construction program
at risk due to inexperienced modularization installation
contractor) scored 38 percent of the impact by respondents
(firms) with the average project size of $15 million to $50
million. Meanwhile, projects between $100 million and $500
million expect to see 40 percent of the impacts related to
project collaboration software (capital construction program
at risk due to ineffective use of project collaboration software)
than any other risk. Many owners reported that they also
would like to convince their Procurement and Legal depart-
ments of the benefits of a collaborative delivery method to
improve risk management.

Engineering News Record7 reports that many are fearful of
the transition to Building Information Management (BIM),
outlining a long list of possible and increased exposure. FMI’s
Eighth Annual Survey of Owners;8 however, concluded that

Figure 4. Percent of risk observation frequency by organization type.

Risk Category Financial Schedule Qualitative Total
Impact Impact Impact Impact
Rank Rank Rank Rank

Quality Other = Vendor 2 2 1 1
Performance
Cost Other = Unanticipated 1 1 2 2
Costs
Estimating Accuracy 3 4 3 3
Government Regulations 14 3 4 4
Commodity Demand 4 6 7 5
Construction Firm 8 8 5 6
Construction Service Demand 13 7 12 7
Energy Prices 5 10 9 8
Schedule Other = 21 5 17 9
Commissioning
Skilled Craftsmen 7 14 11 10
Engineers 12 15 6 11
Program Managers 17 12 10 12
Architects 6 9 15 13
Building or Plant Controls 9 11 14 14
Design Reviews 10 19 8 15
Planning 25 13 26 16
Internal Customer Integration 22 17 18 17
Construction Managers 11 22 16 18
Environmental Conditions 24 16 19 19
Project Controls 15 20 25 20
Focus on Price 19 21 21 21
Internal Staff 18 18 22 22
PM/CM Technology Skills 20 25 13 23
Team Integration 16 23 24 24
Scope Other = Internal Scope 26 24 27 25
Control
Procurement/Purchasing 27 26 23 26
Controls
Constructibility 23 27 29 27
Modularization Capability 28 29 28 28
Security Requirements 29 31 20 29
Project Collaboration Software 30 28 32 30
Project Closeout 31 30 30 31
Clearing Customs 32 32 31 32

Table B. Impact ratings for each risk.
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approximately “35 percent of all respondents have used BIM
processes and technology to reduce the frequency and sever-
ity of loss.” Interestingly, projects between $5 million and $15
million perceive 38 percent of the impacts as a result of
planning (capital construction program at risk due to no or
ineffective use of pre-project, resource, and short-interval
planning techniques) than any other respondent’s average

project size. Projects in this range may experience major or
immense cost and schedule impact if the scope changes
dramatically. This is described further in Figure 5.

One participant at a large chemical company was quoted
describing a risk that often goes overlooked in today’s design
and construction environment: “Import/export refers to pro-
tecting intellectual property and technology. This wasn’t an
issue 20 years ago, but we have to manage the risk that our
knowledge will find its way into our competitors’ hands
through the use of foreign-based consultants, engineers, and
contractors.”

Strategies, Tactics, and Processes
The strategies, tactics, and processes are included in the
mitigation plan for each risk, along with ownership assign-
ment, costs, and timing. Unique strategies for mitigating
capital project risk likely number in the hundreds. When
respondents were asked which strategies they use most often,
they integrate risk into contracts 74 percent of the time, while
requiring an equity involvement only 10 percent of the time.
This trend should continue as traditional financing is harder
to obtain and Public Private Partnerships (P3) become more
acceptable. Figure 6 demonstrates that owners continue to
transfer risks to service providers through contractual mecha-
nisms and language more frequently than any other approach.
Using a standardized process or approach was the second most
popular method at 71 percent of the time. Owners could select
and apply more than one strategy at a time.

Figure 5. Percent of impact of select risks by average project size.

Figure 6. Ratio of usage of strategies, tactics and processes.

“...we have to manage the risk that our knowledge
will find its way into our competitors’ hands through the use of foreign-based
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Figure 8. Strategies used by capital program size.

Figure 9. Strategic action by building type.

FMI/CMAA found that on average, 61 percent of the time
owners are accepting and managing risks, 22 percent of the
time owners are accepting and transferring risks, and the
balance of time they avoid risks as shown in Figure 7.

Figure 8 indicates an increasing desire to manage risks
internally by the owner as the size of the capital program
increases. Owners with less than $1 million spending man-
age their own risks 40 percent of the time, whereas owners
that exceed $1 billion spending tend to accept and manage
risks 65 percent of the time. This trend also parallels declin-
ing appetite to avoid risks. Owners become less likely to avoid
a risk as their budget for capital projects increases. This
suggests that owners with large capital programs are seeking
larger returns and are more willing (or blind) to subject
themselves to the risks inherent in these types of projects.

Each survey participant was categorized by FMI into one
construction type to analyze his/her approach to risk man-
agement by this construction type. The segregation ignores
the fact that many owners complete construction of multiple
types in the same project (e.g., a typical life sciences facility
might have both laboratory and commercial building space).
Figure 9 shows that financial, real estate, and government
types of construction all take a more conservative approach to

risks and avoid them as a preferred strategy. Real estate and
sports-oriented projects tend to transfer risks more often
than other types of strategies. These types of projects are
frequently one-time interactions between owner, designer,
and contractor, and pushing risk to another party has mini-
mal long-term consequences for the owner. In the case of
owners who have programmatic work year in and year out,
the more aggressive movement of risk to other parties tends
to have more severe consequences. Life Sciences participants
tend to Accept and Manage risks to the same extent as other
process-intensive industries, such as Chemical, Energy, and
Manufacturing.

Strategies to Mitigate Risks
Participants in the survey were not directly asked how they
addressed each risk. The results in this section are derived
from statistical correlations of the risk frequencies, risk
impacts, and use of particular risk mitigation strategies. We
studied how owners react to risks based only on 1. The
frequency of occurrence and 2. The potential impact that the
risk would have upon their program. Participants also were
not asked about any particular strategies related to ignoring
risks because it is assumed that if an owner ignores a risk, no
strategy, tactic, or process is used to mitigate it; thus, mea-
surement would not be feasible. The results were inferred by
low correlation coefficients associated with the other three
classifications. Refer to Figure 10 and Figure 11 for this
analysis.

The top strategies, tactics, or processes that were most
consistently applied to address a particular risk are shown in

Figure 7. Choice of strategy.
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Figure 10. Connecting strategies and risks based on frequency of
occurrence.

Table C. The risks that were originally scored as low fre-
quency and low impact are italicized for emphasis. For
example, owners that delay or adjust the timing of a project
seem to do so when they are experiencing a risk due to an
inability to attract qualified internal staff.

In 11 out of 32 risks evaluated in the survey, requesting a
budget increase was the most employed strategy, tactic, or
process – throwing money at the challenge. If project direc-

tors know that the tactic of getting more money is an accepted
practice, they are going to be less concerned about cost-
related impacts from risks. This explains the observation
made in connection with Table B in which schedule impacts
are of more concern to owners than financial and qualitative
impacts.

Concluding Thoughts
Innovative owners, progressive corporate boards, and highly
engaged capital construction teams are injecting risk man-
agement discussions routinely into their capital planning.
FMI and CMAA believe this type of assertiveness is neces-
sary across the industry and unfortunately too rare. The pace
of change, design challenges, and financial complexity makes
the process of capital construction higher risk and more
challenging even for the most sophisticated owners. As re-
ported earlier, 30 of 32 risks presented in this study were
rated with multiple “Immense” impacts indicating cata-
strophic or Black Swan-type occurrences. Corporate boards
now consider the “worst things” that could happen as a
method of being engaged and monitoring the business risks.10

CMAA and FMI are driving the industry toward this higher
level of engagement. Use of a Certified Construction Manage-
ment (CCM) professional, selection of aligned and efficient
project delivery systems, and industry training in leadership
and management are just three examples of how FMI/CMAA
support this transformation.

Strategy, Tactic, or Process Most Often Applied to Address
These Risks

Selected an Alternative Scope Planning
Requested a Budget Increase Energy Prices
Team Integration
Estimating Accuracy
Environmental Conditions
Project Closeout
Government Regulations
Focus on Price
Constructibility
Design Reviews
Internal Customer Integration
Cancelled the Project Building or Plant Controls
Delayed or Adjusted Project Architects
Timing Internal Staff

PM/CM Technology Skills
Clearing Customs

Used Hedging Construction Demand
Used Program-level Purchasing Engineers
Power Skilled Craftsmen

Construction Firms
Commodity Demand
Project Collaboration Software
Project Controls
Modularization Capability

Purchased Technology/Software Procurement/Purchasing Controls
Increased Frequency of Program Managers
Meetings Construction Managers

Security Requirements

Table C. How specific risks are addressed.
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More can be done and we believe successful owners will
move “beyond the bell curve” in risk management of their
projects. These efforts will recognize and take into account
the following:

• History is less applicable today because complexity is
changing the nature of the game.

• The most immense and severe impacts to capital construc-
tion programs are unpredicted, one-time events.

• Black Swan-type events will take place and recognizing
their range of impact is more critical than attempting to
predict when they might occur.

• Work to specifically avoid underestimating the impact
and likelihood of improbable events and understanding
the nature of more frequent risks.

• Focus on the “forest” as the source of the most devastating
risks while managing the “trees” which are easier to see
and discuss.
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Focus on Two Case Studies
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Joshua Strauss, and Terri A. Camesano

Introduction

Bacterial infections persist as a public
threat due to the ease by which bacte-
ria adapt to commonly used antibiot-
ics. Traditional antibiotics are effec-

tive against multiplying bacteria that are plank-
tonic (free floating). However, bacteria on sur-
faces develop protective communities called
biofilms that hinder the ability of antibiotics to
completely eliminate the pathogens. The rapid
development of bacterial resistance to antibi-
otics has made pharmaceutical companies re-
luctant to fund new antibiotics research. Hence,
novel approaches to prevent and treat infec-
tions are needed. One promising strategy is to
control the first step of bacterial adhesion, thus
preventing infection. Our work combines ex-
periments and modeling aimed at understand-
ing the initial steps of the bacterial adhesion
process, focusing on two case studies: 1) mecha-
nisms by which cranberry can prevent urinary
tract infections through interfering with bacte-
rial adhesion; and 2) design of anti-adhesive and
antimicrobial coatings for biomaterials. We make
direct adhesion force measurements between
bacteria and substrates with an Atomic Force
Microscope (AFM), and combine such experi-
ments with thermodynamic calculations to de-
velop a set of tools that allows for the prediction
of whether bacteria will attach to a given sur-
face. These fundamental investigations of the
bacterial adhesion process help elucidate the
underlying mechanisms behind bacterial adhe-
sion, thus leading to improved clinical outcomes
for a number of biomedical applications.

Bacterial Adhesion is the First
Step in Infection Development

As one of the earliest life forms, bacteria have
evolved into many thousands of species and

can survive in a wide range of environments.
According to National Institutes of Health
(NIH), fewer than one percent of bacterial spe-
cies can cause disease with most bacteria being
harmless or even beneficial to humans, such as
bacteria residing in human intestines that help
digest food1 or cultures that contribute to the
fermentation processes of yogurts and cheeses.
Despite the fact that most bacteria are not
pathogens, infectious diseases claim 1,500
deaths per hour worldwide.2 Bacterial infec-
tions that lead to pneumonia, tuberculosis, and
severe diarrheal diseases, along with infec-
tious agents of malaria, measles, and HIV/
AIDS, account for half of all premature deaths
worldwide, especially affecting children and
young adults.2 Due to antibiotic resistance,
some infections cannot be cured by convention-
ally prescribed antibiotics. For example, nearly
19,000 people died in the United States in 2005
after being infected with methicillin-resistant
Staphylococcus aureus strains that have spread
rampantly through hospitals and long term
care facilities.3

The increasing public health crisis caused
by bacterial resistance necessitates alternative
approaches to preventing and curing infections.
The initiation of a bacterial infection requires
that bacteria first attach to host tissue. The
attachment of bacteria to a surface is typically
described as occurring through two stages: long
range, non-specific forces help the bacterium
make a close contact with host cells or a sub-
stratum, where stronger specific forces can
become operative. Once attached, bacteria grow,
secrete extracellular material, and can develop
a biofilm, which is a dense and protective com-
munity of microorganisms.

The initial adhesion process is considered to
be governed by specific and non-specific inter-
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action forces between bacteria and substrata. Non-specific
interactions typically refer to 1. Lifshitz-van der Waals (LW)
forces that are almost always attractive and operate between
any two bodies 2. electrostatic interactions, which are often
repulsive because bacteria and many surfaces each possess
negative charges, and 3. electron-donor/electron-acceptor or
Lewis Acid/Base (AB) forces, which include hydrogen bond-
ing. Specific forces, which are much stronger, refer to bonds
between ligands and receptors of two biological samples. We
discuss our approach to modeling and measuring the forces
involved in the initial bacterial adhesion process.

Methods in Studying Bacterial Adhesion
Bacterial adhesion can be studied at various scales, from
macroscale studies that show the adhesion behavior of a
population of bacteria, to nanoscale studies that probe indi-
vidual cells or molecules associated with bacteria. Although
macroscale studies are phenomena-oriented, they cannot
provide information needed to disclose the underlying mecha-
nisms. A combination of studies at different length scales can
provide a more detailed picture.

Direct Force Measurements
Interaction forces between bacteria and host cells or im-
planted medical devices directly determine whether bacteria
will adhere. Although the quantification of adhesion forces
between bacteria and a substrate represents the most accu-

rate and straightforward way of gaining information on
bacterial adhesion, in practice, there are two crucial issues
that need addressing.

Tiny Forces
The interaction forces between bacteria and a substrate are
very small with values typically at the pico-Newton (pN) to
nano-Newton (nN) scales, i.e., (7-70) × 10-12 lb•ft/s2. Cur-
rently, only two techniques can be used to directly detect such
forces. One is optical tweezers4 and the other is atomic force
microscopy (AFM).5, 6, 7 AFM provides larger measurement
range and more sophisticated controls, such as the loading
rate, in addition to providing simultaneous high resolution
imaging - Figure 1. There are additional indirect techniques
used to estimate the interaction forces. These techniques
include Total Internal Reflection Microscopy (TIRM), Total
Internal Reflection Aqueous Fluorescence (TIRAF) micros-
copy, Surface Forces Apparatus (SFA), and Quartz Crystal
Microbalance with energy Dissipation (QCM-D), etc. Inter-
ested readers are encouraged to refer to a comprehensive
review paper on the use of these techniques in bacterial
adhesion studies.8

Obtaining Correct Orientations of Biological
Molecules
In order for bacterial ligands to correctly bind with receptors,
the molecules on bacterial surfaces, including fimbriae (pili),
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and lipopolysaccharides, must expose the appropriate orien-
tation. Experimentally, it is challenging to maintain correct
orientation when biological cells are trapped in optical twee-
zers or immobilized on an AFM tip. In our lab, we invented a
novel coating method that can be used to attach bacteria to an
AFM tip (Figure 2), such that they possess the correct orien-
tation for direct force measurements.9

Some technical issues also need to be resolved in force
measurements such as the timescale and loading rate. The
timescale needed to build a ligand-receptor bond can be

difficult to determine. Further, the loading rate needed to
make AFM force measurements has to be specified for each
experiment. These parameters should be appropriately de-
termined to obtain correct force measurements.

Thermodynamic Modeling of Bacterial-Surface
Interactions
Classical and extended Derjaguin-Landau-Verwey-Overbeek
(DLVO) theory has been used to explain and predict the adhe-
sion behavior of bacteria in aqueous media. The DLVO model
takes into account van der Waals interactions, electrostatic
interactions, and often includes electron donor/electron accep-
tor interactions when the extended DLVO model is applied.
Parameters to include in the thermodynamic models need to be
estimated for each bacterium, substrate, and solution. For
example, zeta potential measurements on bacteria in a suspen-
sion are used for the modeling of electrostatic interactions.

Parameters for the thermodynamic calculations are taken
from contact angle measurements on bacterial lawns and on
the substrates of interest, using probe liquids with varying
polarities. Individual surface tensions can be calculated from
the measured contact angles by using the Young-Dupré equa-
tion.10 The Gibbs free energy change due to adhesion is calcu-
lated from the interfacial tensions for bacteria/substrate, bac-
teria/water, and substrate/water. If bacteria can attach to a
substrate, then the newly formed interface (bacteria-sub-
strate) must be more stable than the two old interfaces (sub-
strate-liquid and bacteria-liquid). The Gibbs free energy change
during the process must be negative to favor the new interface,
which represents bacteria attached to the substrata. If the
Gibbs free energy change is positive, bacteria prefer to not
attach to the surface, but to remain in the aqueous media. One
advantage for using thermodynamic modeling is that the
method is reliable for many kinds of substrates, especially
when at least one non-biological surface is applied. In addition,
this method has a strong and well-defined theoretical founda-
tion, which helps to fundamentally explain bacterial adhesion
and offer a theoretical guide for biomaterial development or
infection-prevention strategy. However, the thermodynamic
modeling only accounts for non-specific interactions. If both
surfaces are biological samples, ligand-receptor interactions
may be present. Then the interaction forces calculated from
the thermodynamic model will be greatly underestimated, as
we reported earlier.11 A detailed explanation on the use of these
models for bacterial adhesion calculations was reported in our
previous studies.11

Macroscale Studies of Bacterial Attachment
One of the simplest ways to quantify bacterial attachment to
a surface is via a retention assay. Bacteria are incubated with
host cells or the biomaterial of interest; either statically or
under flow conditions. After a pre-determined time, host cells
or the substrata are removed and washed to remove the
loosely attached bacteria. The percentage of attached bacte-
ria that are viable can be quantified using a dual DNA
staining kit, in which green and red fluorochromes can be
used to discern the number of viable cells - Figure 3.

Figure 1. Representative AFM amplitude imaging of the deposition
of E. coli culture solution after washed three times with
phosphate buffer saline. Then the solution was deposited onto a
mica surface. They formed a tree-like crystallization.

Figure 2. Representative SEM imaging of S. epidermidis coated
AFM tip.
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Although a bacterial retention as-
say is a quick way to screen various
surfaces or treatments, it does not pro-
vide mechanistic information on why
bacteria attach. In addition, it can be
difficult to conduct the experiments
reproducibly, particularly if bacteria
aggregate, making it difficult to get
accurate cell counts. Numerous trials
may be required to obtain statistically
meaningful data. However, this simple
assay may be used as a reference
method to compare with other meth-
ods of quantifying bacterial adhesion.

Case Studies
While there are numerous types of bac-
terial infections with varying degrees
of clinical severity, we focus on two
examples that our lab has studied ex-
tensively.

Case I: Cranberry as a
Preventive Measure for
Urinary Tract Infections (UTIs)
UTIs and Antibiotic Resistance
Urinary tract infections are defined as
infections of the kidneys, ureters, blad-
der, or urethra and are the second most
common type of infection in the US.
Symptoms generally include a frequent
urge to urinate, pain and burning in
the area of the bladder or urethra dur-
ing urination, and in some cases, fever,
fatigue, and trembling. Women, in-
fants, and elders are more prone to
UTIs. Approximately one third of
women will have at least one UTI in
their lifetime.12 The annual rate of in-
fection among women in the United
States is 11.3 million symptomatic
cases13 and more than 10 million as-
ymptomatic cases.14 The estimated
annual medical expenditures are more
than $1.6 billion.15 The Gram-negative
bacterium Escherichia coli is the main
culprit, responsible for 85 to 95 percent
of cystitis cases (bladder infection) and
90 percent of acute pyelonephritis cases
(a serious kidney infection).16

Although most bacterial infections
are treatable with antibiotics, bacte-
rial resistance to currently available
antibiotics has become an increasing
threat to public health, largely due to
inappropriate dosing and administra-
tion of antibiotics, as well as the rapid

ability of bacteria to exchange genetic
information that confers resistance.
Cotrimoxazole (trimethoprim/sulfa-
methoxazole) is the current first-line
treatment for uncomplicated UTIs in
the US and many other countries, but
cotrimoxazole resistance exceeds 15
percent and can be as high as 25 per-
cent in Canada and the US.17

Cranberries and UTIs
Native Americans used cranberries as

a food source, and for many years,
cranberries have been experientially
recognized for their benefits of main-
taining urinary tract health. Prelimi-
nary clinical studies of cranberry’s ben-
efits began in the early 1920s.18, 19 In
1994, Avorn et al. were the first to
successfully demonstrate that con-
sumption of cranberry juice reduces
the frequency of recurrent urinary tract
infections in a population of elderly
women. Although very early studies

Continued on page 60.
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hypothesized that increased acidity produced in the urine by
eating cranberries was the reason for the beneficial effect,18

more recent work has shown that the pH of urine after
cranberry juice cocktail consumption only changes slightly20

and is transient.21

In 1984, Sotoba et al. found that preincubation of E. coli
and uroepithelial cells in cranberry juice decreased bacterial
adhesion,22 leading to a paradigm shift in the understanding
of the action of cranberry on bacterial adhesion. Since that
time, researchers have focused their efforts on gaining a
detailed molecular-scale understanding of the mechanisms
behind this action.

Molecular Mechanisms of Cranberries
Preventing UTIs
Compounds in cranberries affect molecules on the surface of
Gram-negative bacteria. For example, fimbriae are proteina-
ceous structures that extend from E. coli and contain a
specific adhesin molecule (PapG) that helps the bacteria bind
to a receptor on uroepithelial cells, known as the α-Gal(1→4)β-
Gal oligosaccharide receptor. E. coli that posses P type fim-
briae can cause more serious types of UTIs, such as acute
kidney infection (pyelonephritis), in addition to the less
severe cystitis (bladder infection). We review some of our
recent work, focusing on P-fimbriated E. coli and a non-
fimbriated mutant strain, which allowed us to better under-
stand the role of cranberry compounds on P fimbriae.

Bacterial Retention Assay
Building upon the available clinical studies, we performed in
vitro bacterial adhesion assays that were designed to help
understand the mechanisms behind cranberry’s action on the
E. coli-uroepithelial cell interaction. Using neutralized cran-
berry juice so that the effects of pH on bacterial adhesion
could be eliminated, we found that the number of attached E.
coli per uroepithelial cells decreased from 50.2 ± 22.9 bacte-
ria/uroepithelial cell without cranberry juice treatment, to
13.6 ± 5.7, 9.3 ± 4.1, and 2.9 ± 1.5 bacteria/uroepithelial cell,
corresponding to 5, 10, and 27 wt.% cranberry juice treat-

ment, respectively.23 These in vitro attachment results con-
firmed that cranberry juice cocktail can reduce bacterial
attachment to host tissue, and that lower pH is not the
underlying mechanism that makes cranberry juice an effec-
tive agent for preventing UTIs.

P-fimbriae Morphology Characterization
Through Atomic Force Microscopy (AFM) measurements, to-
gether with steric modeling, we found that the average P-
fimbriae length on E. coli HB101pDC1 was 147 nm (around 600
× 10-8 inch) without cranberry juice treatment, but decreased to
50 nm (around 200 × 10-8 inch) when bacteria were exposed to
cranberry juice - Figure 4.24 Thus, we directly demonstrated that
although P fimbriae are not removed by exposure to cranberry
juice, the proteins become compressed significantly after cran-
berry juice treatment, which may account for their decreased
ability to adhere to uroepithelial cells.

Direct Force Measurements
In addition, AFM was used to show that the adhesion force
between E. coli and a uroepithelial cell was ~10 nN (7.233 × 10-

8 lb•ft/s2) when no cranberry juice cocktail was present, but
decreased to ~0.50 nN (0.362 × 10-8 lb•ft/s2) after cells were
exposed to 27% cranberry juice cocktail.25 The specific adhe-
sion forces between PapG adhesin and receptors on uroepithelial
cells were significantly decreased after cranberry juice treat-
ment. This was the first study to directly demonstrate that
cranberry juice treatment reduces the nanoscale adhesion
forces between bacteria and uroepithelial cells.

Thermodynamic Modeling
Through thermodynamic modeling, we showed that the Gibbs
free energy change (ΔGadh) between E. coli and uroepithelial
cells in the absence of cranberry juice treatment was -20 mJ/
m2 (around -150 ft-lbs/ft2), where the negative value implies
that bacterial adhesion is favorable. With increasing concen-

Figure 4. The average equilibrium length of P fimbriae on E. coli
surface derived from steric modelling based on AFM surface
characterizations. Adapted with permission from Liu et al.,
Biotechnology and Bioengineering, 2006, 93, 301 (Ref. 24).
Copyright (2005) Wiley Periodicals, Inc.

Figure 3. Representative image of S. epidermidis stained with live/
dead kit for an adhesion assay.
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trations of cranberry juice treatment, increased and became
positive when the bacteria and uroepithelial cells were ex-
posed to at least 20 wt. percent cranberry juice cocktail,
suggesting that at or above this concentration, bacterial
adhesion is unfavorable.26 These results imply that cranberry
juice can impair non-specific interactions between bacteria
and uroepithelial cells and hence prevent bacterial adhesion.

Therefore, cranberry can provide protection at three dif-
ferent levels:

a. Cranberry juice exposure compresses P fimbriae of E. coli,
thus preventing adhesion between the bacterium and the
uroepithelial cell.

b. Cranberry juice increases the repulsive energy barrier to
adhesion, over a range of hundreds of nanometers (400 ×
10-8 inch), thus preventing the bacteria from coming into
contact with the uroepithelial cells.

c. Even if bacteria are able to penetrate the repulsive energy
barrier, the action of cranberry juice on the bacteria de-
creases the ability of the bacteria to attach to uroepithelial
cells, as demonstrated through direct force measurements.

Future Directions for Cranberry Research
Although progress has been made in understanding
cranberry’s actions against E. coli toward the protection of

urinary tract health, there are a number of key research
issues that remain to be addressed. For example, a large body
of research is devoted to identifying the critical compounds in
cranberry that cause the anti-adhesive benefits, and in elu-
cidating the needed dose and duration of exposure to such
compounds. Due to the acidity of cranberry juice, commer-
cially available cranberry juice cocktails are sweetened with
fructose, water, and vitamin C, yielding 25 to 27 wt. percent
cranberry juice. Therefore, there are more than 120 different
compounds in cranberry juice.27 Most research has focused on
isolating and identifying the class of A-type proanthocyanidins
(PACs) or non-dialyzable materials, which have shown de-
creases in bacterial adhesion in vitro.28, 29, 30, 31, 32, 33

However, it is not easy to translate the dose required to
impart an anti-adhesion effect in an in vitro study to the dose
needed for clinical relevance. Our in vitro studies showed that
5.0 wt. percent cranberry juice was sufficient to prevent
bacterial adhesion24, 25 from the molecular scale perspective
for the first time although similar results were observed in
prior in vitro bacterial adhesion assay experiments.30, 34 Al-
though it is not yet known how these in vitro thresholds will
translate to in vivo conditions, researchers are actively en-
gaged in trying to extend laboratory-scale mechanistic stud-
ies toward clinical trials. Increased understanding of the
molecular action of cranberry juice on E. coli and uroepithelial
cells can lead to better estimation of needed cranberry juice
dose and duration.

Continued on page 62.
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Figure 6. Correlation between Gibbs free energy change and S.
epidermidis viability. Adapted with permission from Liu et al.,
Langmuir, 2007, 23, 7138 (Ref. 11). Copyright (2007) American
Chemical Society.

Case II: Infections of Implanted Medical Devices
Infections on Biomaterials
Modern medicine is highly dependent on implanted medical
devices, such as catheters, cerebrospinal fluid shunts, pros-
thetic heart valves and prosthetic joints, vascular grafts,
cardiac pacemakers, and intraocular lenses, etc., which have
significantly improved quality of treatments for patients.
However, any time a foreign material is introduced into the
body; this surface becomes a likely site of bacterial infection.
For example, 4.3 percent of 2.6 million orthopedic implants
and 7.4 percent of cardiovascular implants become infected
per year.35, 36 Bacterial infections occur in more than two
million surgical cases each year in the US alone, which

burdens patients both physically and financially.37 Annually
in the US, there are more than 250,000 Catheter Related
Bloodstream Infections (CRBSIs).38 The Gram-positive bac-
terium Staphylococcus epidermidis has evolved as a leading
cause of nosocomial sepsis and is the most frequently isolated
causal organism for infections of numerous types of cath-
eters, shunts, and other implanted medical devices.39, 40, 41 For
example, S. epidermidis and other coagulase-negative Sta-
phylococci were the causal agents in ~50 percent of CRBSIs.42

Once bacteria attach to implanted medical devices, they can
easily form a protective biofilm because the biofilm community
is encased in a matrix of polysaccharides and proteins, which
presents a diffusion barrier for antimicrobial agents’ penetra-
tion. Further, the reduced metabolic rate of the bacteria in the
biofilm causes a slow rate of uptake of antimicrobial agents.
The biofilm also shields bacteria from environmental stresses.43

Often the only effective treatment of an infected implanted
medical device is surgical excision.44 In addition to increasing
the patient’s morbidity, mortality, and recovery time, the
economic expenditure on bacterial-infected medical devices
exceeds $3 billion per year in the US alone.35

Strategies toward Preventing Implanted Medical
Device Related Infections
Current research is focused on designing materials that
resist bacterial adhesion or that inactivate attached bacteria.
One strategy has been to coat antimicrobial agents directly
onto the implanted materials to kill bacteria upon initial
adhesion or as they begin to grow. A variety of antibiotics
such as vancomycin, gentamicin, clindamycin, fusidic acid,
ciprofloxacin, cefuroxime, cefotaxime, and chlorhexidine have
been tested in vitro and in animal models;45, 46, 47 however, only
limited success has been obtained. The main challenge is that
it is difficult to maintain a steady release of drug from the
biomaterial. The focus of several research groups, including
ours, is to develop materials that resist the adhesion of
bacteria to surfaces. Coatings such as Self-Assembled Mono-
layers (SAMs) and polymers have demonstrated the ability to
prevent bacterial adhesion by modifying surface properties
such as hydrophobicity, roughness, and surface charge.7, 48, 49

However, bacterial adhesion results do not show consistent
trends in terms of the physicochemical properties of the
surfaces. For example, we showed that surface wettability
and roughness were insufficient properties to correlate with
bacterial adhesion.7 A better ability to characterize the prop-
erties of biomaterials at the molecular level may lead to
better design of antibacterial biomaterials.

Use of Self-Assembled Monolayers (SAMs) to
Create Anti-Adhesive Coatings
SAMs possess a layer of molecules with the same terminal
group and uniform orientation, properties that facilitate the
study of bacterial adhesion since bacteria are always exposed
to the same chemical groups. In our laboratory, we developed
a series of SAMs with varying terminal groups that were
designed to resist bacterial adhesion and/or inactivate bacte-
ria. The two most promising candidates we identified were

Figure 5. Correlation between Gibbs free energy change and S.
epidermidis retention. Adapted with permission from Liu et al.,
Langmuir, 2007, 23, 7138 (Ref. 11). Copyright (2007) American
Chemical Society.
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dodecanethiol-based SAMs (terminat-
ing in isophthalic acid or isophthalic
acid with silver). The silver-containing
SAMs were of interest because the anti-
bacterial properties of silver have been
demonstrated, and bacteria are unable
to develop a resistance to silver’s anti-
microbial abilities.50 In addition, silver
has been shown to be nontoxic to mam-
malian cells at similar concentrations.51

When evaluating the potential of an
antibacterial coating for a particular
biomaterial, it is also important to con-
sider how serum and plasma proteins,
such as fibronectin, laminin, fibrin,
and albumin will adsorb to the bioma-
terial. In our work, we also tested the
adsorption of model proteins (fetal bo-
vine serum and fibronectin) to the SAM-
coated materials.

We found that the attachment of S.
epidermidis to the protein-coated ma-
terial depended on the particular pro-
tein present. Fetal bovine serum ad-
sorption reduced the attachment of S.
epidermidis to the material, while
fibronectin coating promoted S.
epidermidis attachment.52

SAMs terminating in Isophthalic Acid
(IPA) and Isophthalic Acid with silver
(IAG) resulted in lower non-specific ad-
hesion forces with S. epidermidis com-
pared to bare surfaces, as supported by
thermodynamic modeling. When serum
proteins were adsorbed on the SAMs,
non-specific interactions between the
bacteria and substrate decreased - Fig-
ure 5. While the LW forces were un-
changed, AB forces were found to domi-
nate the overall interaction, and showed
more variability in terms of the type of
SAM and protein put on the substrate.
Since AB forces mainly reflect hydrogen
bonds, we suggest that a fruitful ap-
proach to enhanced development of anti-
microbial biomaterials would be to se-
lect materials that prevent or limit the
formation of hydrogen bonds.11

The thermodynamic modeling was
supported by direct AFM force mea-
surements between an S. epidermidis-
coated AFM tip and the various SAMs
or protein-coated surfaces. Stronger
adhesion forces were observed between
S. epidermidis and fibronectin than
between the bacteria and fetal bovine
serum, due to the formation of strong

ligand-receptor bonds that can only
occur with fibronectin.53 Since protein
coatings can mask the underlying sur-
face properties, it is important to con-
sider the competition between S. epi-
dermis and serum protein for adsorp-
tion to the biomaterial.

In our study, the IPA-terminating
SAM showed the best activity in terms of
preventing bacterial adhesion and inac-
tivating bacteria. IAG showed strong
anti-bacterial adhesion properties simi-

lar to IPA. In addition, IAG killed around
60 percent attached S. epidermidis11 -
Figure 6. IAG coated with a protein layer
of more than 100 nm (3.94 × 10-6 inch)
still was able to present antibacterial
activity since we assume some silver
ions could diffuse through the protein
layer. However, when the protein coat-
ing was thicker than 250 nm (9.85× 10-6

inch), the ability of the SAM to inacti-
vated bacteria decreased significantly.52

These results emphasize again that bio-
Continued on page 64.
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material development studies need to consider the interactions
of materials with in vivo proteins, as well as with bacterial
pathogens.

Conclusions
As a crucial step leading to infection development, the cre-
ation of new tools to experimentally measure and model
bacterial adhesion can lead to health benefits. In particular,
we discussed how atomic force microscopy and thermody-
namic modeling could be used to study the fundamental
adhesion processes related to urinary tract infections and
bacterial infections on biomaterials.
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Considering Outsourcing? Risks and
Benefits for FDA-Regulated Firms

by Mukesh Kumar, PhD, RAC

From its modest start about 30 years ago
as an alternative to academic institu-
tions for laboratory and clinical work,
outsourcing has grown into a $16 billion

industry in the US alone. It spans all aspects of
drug development, from discovery to clinical
development to product approval, and even
included commercialization and postmarketing
support. With more than 90% of the
biopharmaceutical industry comprised of small
businesses with limited resources,1 many firms
outsource product development to either re-
duce expenses or compensate for lack of core
competencies. Contract Research Organizations
(CROs) offer an excellent outsourced resource
to guide firms through the risky, costly, and
time-consuming myriad of drug development
pathways.

The cost of drug development has risen
steadily over the last two decades, partly as the
result of increased operational expenses, but
mostly due to the need for increased knowledge
of complex biological processes and the capa-
bility to monitor and understand safety-re-
lated aspects of drugs. The last decade also has
seen high-profile cases where approved drugs
were withdrawn due to unexpected safety is-
sues not identified during development phases
and promising therapies that failed at late
stages of development. These have led the US
Food and Drug Administration (FDA) to re-
quire increasing amounts of data to support
new drug applications. Coupled with the dry-
ing up of product pipelines and loss of revenue
due to several blockbuster drugs going off patent
within a short span of time, this FDA require-
ment has exacerbated financial and opera-
tional problems for biopharmaceutical compa-
nies, both large and small. Changing industry
dynamics have led to extensive, across-the-
board cost-cutting measures.

But companies must innovate to survive.

While they are striving to control costs, they
also need to increase spending on R&D to cre-
ate profitable new proprietary products. CROs
offer a solution to this dilemma: they can de-
velop drugs faster than pharmaceutical compa-
nies with comparable quality and lower overall
cost. Large companies such as GlaxoSmithKline,
Pfizer, and Wyeth have unveiled strategic shifts
in new product development policies, relying
increasingly on CROs for R&D and subsequent
development.2,3

CROs are uniquely capable of addressing
these issues because of their diverse product
experiences (even within the same indications),
infrastructural capabilities and high concen-
tration of human resources. Approximately 500
CROs compete around the world.4 Large CROs
offer a wider range of services while smaller
ones specialize in specific areas, from strategic
consultancy to clinical or preclinical services.
While large pharmaceutical companies still
account for about 70% of the total revenue for
the outsourcing industry, the share of the
smaller companies is steadily increasing and is
expected to continue growing over the next few
years. Also, due to the globalization of drug
development, there is a trend toward increas-
ing revenue from outside the US. Currently,
about 40% of CROs’ revenues are generated
outside the US and that figure is expected to
rise to more than 60% by 2010. The CRO indus-
try is growing at an annual rate of 12.6% and is
expected to reach about $30 billion by 2011,
with one of the highest earning rates per em-
ployee in any industry.4

Almost all biopharmaceutical companies
need to consider outsourcing all or parts of their
operations to CROs. The CRO industry has
evolved from the tactical or transactional
outsourcing model to the role of a strategic
partner. And as in any partnership, the
biopharmaceutical company needs to consider
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several factors before deciding which CRO to work with.
Among these are potential supply chains and markets, the
risks and benefits of outsourcing operations to particular
contractors (whether down the street or overseas), alterna-
tives to outsourcing, and how to maintain an effective rela-
tionship with contractors and suppliers in producing safe,
effective and compliant products for the marketplace. The
main issues companies should consider before outsourcing
are discussed below.

Harnessing Technology Assets:
Building Core Competencies

CROs offer ready availability of core competencies that may
be hard for the biopharmaceutical company to develop inter-
nally in a cost- and time-effective manner, but outsourcing
could be considered as stunting the development of internal
capabilities for conducting strategically important research
at a later time. This is of particular concern for small and
medium-size enterprises that look at working with more-
experienced and technically advanced CROs as a means of
training their personnel for future projects. Companies need
to identify potential areas for building internal core compe-
tencies early on. Most small and medium-sized
biopharmaceutical companies focus their core efforts on dis-
covery, strategic planning and conducting smaller clinical
trials locally; however, certain areas – such as animal testing
and conducting research in countries where the

biopharmaceutical company has little or no native expertise
– are better left to the CROs. By targeting the areas for
building core competency, a biopharmaceutical company can
collaborate with the CRO to train its people on the job. This
hands-on training must be complemented by training and
education programs available in the public domain because
interaction with the CRO cannot replace education.

Long-Term Interests
Companies with one or a few products rely heavily upon
positive relationships with a few opinion leaders. These could
be the individuals who discover the technology they are
developing, or key investigators and consultants. Hence,
developing long-term relationships with these individuals
and organizations is critical for the company’s survival. CROs
might not be aware of the strategic importance of a particular
investigator or site to the company. Since the CRO’s job is to
assure timely and high-quality project execution, they might
get into a negative relationship with the key investigator on
compliance-related issues. To avoid that, the CRO must be
made aware of the logistical role of key investigators. Train-
ing and mentoring programs for key investigators can be
built into the project to ensure higher compliance. This is
particularly important for global trials where each country in
which trial sites are located might have local high-profile
investigators who are critical to the current project’s comple-
tion and future company plans.
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Risk Mitigation
A key component of the decision to outsource usually is the
desire to reduce the risk of failure in developing desired
products. Companies seek strategic advice from the CRO
about the best regulatory pathways, preclinical and clinical
studies, safety monitoring and marketing research. A good
consultant can help a company avoid costly mistakes, iden-
tify issues before they become concerns, and help develop
contingency plans in case things do not happen as predicted.
Companies tend to hire strategic consultants with whom
senior managers feel comfortable sharing confidential infor-
mation. Additional factors to consider are the CRO’s opera-
tional experience: specifically, depth and width of expertise,
technological advancement and global reach.

Strategic Partnership
The outsourcing industry has a come a long way from being
used primarily for transactional or tactical services for spe-
cific tasks in the 1980s and 1990s, to serving as strategic
partners participating in all aspects of drug development. As
a result of their increased experience and technical capabili-
ties, most CROs feel comfortable sharing development risks
with their clients by working for equity or using deferred
compensation models. CROs have developed highly skilled
global teams that provide valuable global reach, not only for
development steps but also access to new markets.

Discovery, which traditionally resided with the innovator
company, is the latest activity to be added to the list of
outsourced functions. The top biopharmaceutical companies
lead in this new strategic shift in policy, where dedicated
facilities are created by partners catering to the new molecule
discovery needs of the client firm.

Most of the world’s top pharmaceutical corporations have
started reducing their in-house R&D budgets and increasing
outsourcing to new regions of the world such as Asia –
primarily India, China, and Singapore – and Latin America.3

Small biopharmaceutical companies, similarly, can tap into
this resource by outsourcing early-stage development steps
to CRO partners, while concentrating their limited resources
on high-end product management. There is a trend toward
companies concentrating on senior management while
outsourcing practically the entire development process to
CROs. Of course, such extensive outsourcing poses an in-
creased risk to small companies because of intellectual prop-
erty concerns for mutually developed technologies, particu-
larly when combined with strategic partnership agreements
and equity or deferred compensation contracts. Such partner-
ships need extensive trust-building efforts and good legal
contracts.

Conclusion
Outsourcing is commonly misunderstood as unidirectional
flow of contract work from the developed countries to emerg-
ing regions in Asia and Latin America. However, the bulk of
pharmaceutical contract research is done by CROs headquar-
tered in the US and Europe. Rising operating costs world-
wide, particularly in China and India, have led some analysts
to predict a slowing of outsourcing to these areas, and even
reversal of activities to the West. For biopharmaceutical
firms, the need for strategic outsourcing and international
localization of development steps cannot be emphasized
enough. The place to start in developing an overall outsourcing
strategy is with an honest appraisal of the contribution of all
parties, including developers and the CROs, to the drug
development value chain. The four keys to an effective
outsourcing strategy are:

• identifying the appropriate tasks to outsource
• developing a rationale and process for CRO selection
• committing to managing CROs
• periodically reviewing deliverables

It is well accepted that outsourcing offers key advantages to
biopharmaceutical companies of all sizes. However, for small
and medium-size business, it could define the difference
between being profitable and going out of business.
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ISPE Starts Science and Technology Initiative in 2009

Project Encourages Greater Emphasis on Science and
Technology to Advance Industry’s Manufacturing and
Distribution Performance
by Charles Hoiberg, Chairman of the ISPE International Board of Directors

Our global, not-for-profit Society
that we have come to love during
its 28 years of existence has

grown close to 25,000 members in more
than 90 countries and whose members
are employed in industry, academia,
and government as engineers, scien-
tists, suppliers, and as regulators. So,
for a simple chemist like me, this will
be a complex operation to help man-
age. But, ISPE has gained prestige
globally, in large part, because it has so
many dedicated, talented, and engaged
Members like you.

However, there are many signifi-
cant challenges that will test the Soci-
ety and our Members in the year ahead.
One only needs to look at current stock
prices for many of the leading firms, or
the list of innovator drug products com-
ing off patent, or the decreasing num-
ber of new drugs in the development
pipeline to understand some of the
pressures the industry is facing. This
is in addition to the overall state of the
global economy. Most firms are thor-

fessionals and more fully engage them.
We must ensure that ISPE is the

professional development organization
of choice. In other words, we must excel
at being the best in serving our Mem-
bers.

I strongly believe that ISPE can be
a major resource to the industry and its
regulators in these challenging times.
Let me give you an important example.
The approaches that many pharma-
ceutical firms are taking to develop
and manufacture drugs are changing,
in part due to the recent ICH Quality
Guidelines Q8, Q9, and Q10.

It is assumed that as the business
case for Quality by Design (QbD) is
better appreciated, QbD will be in-
creasingly implemented and the goal
of achieving the “desired state” will be
obtainable. The implementation of QbD
also will impact and result in dramatic
changes in the ways regulatory assess-
ments and inspections may be per-
formed.

Based on these realities, ISPE lead-
ers held a strategic discussion during
our annual planning retreat in July to
develop a “Science and Technology” ini-
tiative to meet these needs. The vision
is that ISPE will act as an integrator
for all pharmaceutical disciplines to
assist industry and regulators in ad-
vancing manufacturing science in or-
der to achieve excellence in developing
drugs and in pharmaceutical produc-
tion.

We have defined Science and Tech-
nology as the collective term for the
umbrella project that integrates the
Society’s understanding and advance-
ment of manufacturing sciences. Manu-
facturing sciences is defined by ISPE as
the integrated application of scientific
knowledge, technical innovation, and

oughly examining how to reduce over-
head and how to cut drug development
and manufacturing costs. These trou-
bling trends will undoubtedly have an
impact on ISPE.

Another challenge is that as firms
relocate more of their drug develop-
ment and manufacturing sites to the
Asia-Pacific region, ISPE Members’
needs will change. We must react to this
and design our offerings accordingly.

It is also evident that some tradi-
tional new chemical entity firms are
realigning or expanding their business
interests into the generic and the bio-
technology areas. ISPE is not as well
known in these sectors, but our tools
and services are equally valuable to
professionals in these fields. The Soci-
ety must expand its reach into these
areas.

Many large firms are also
outsourcing more and incorporating
many other parties, vendors, and sup-
pliers into their business plans. ISPE
needs to better connect with these pro-

Global Suppliers Directory and More Available on
INTERPHEX365 Web Site

Sponsored by ISPE, INTERPHEX365 (www.interphex365.com) provides a
global online community where life science professionals can search an

online global directory of industry suppliers, source active projects, and com-
municate directly with suppliers. 

Users can connect with other professionals and find solutions to problems
through online community networking, industry education, white papers, and
Web seminars, as well as get the latest industry and regulatory news. Content
from the pharmaceutical and life science industries is free with registration and
is easily searchable and readily accessible year-round. 

High-impact, low-cost advertising opportunities are available on
INTERPHEX365. For more information, contact Dave Hall, ISPE Director of
International Sales by tel: + 1-813-960-2105 Ext. 208 or email: dhall@ispe.org.



JANUARY/FEBRUARY 2009    PHARMACEUTICAL ENGINEERING 73

ISPE Update

ISPE-CCPIE Conference in China a Success

A very successful ISPE Conference was held in Beijing 11
to 12 November in cooperation with the China Center of

Pharmaceutical International Exchange (CCPIE), an affili-
ate of the State Food and Drug Administration (SFDA).

The Conference was oversold with more than 260 del-
egates and many registrations had to be rejected due to venue
capacity. The smooth delivery of the Conference resulted in
positive feedback from delegates as they enjoyed one day of
plenary sessions and a keynote address; one day for three
parallel sessions on biotechnology, GAMP 5, and validation;
and an elegant dinner reception for professional networking.

In addition, there were more than 20 renowned interna-
tional speakers who delivered presentations. Keynote speak-
ers included Bob Best, ISPE President and CEO; Mr. Bian
Zhenjia, Director of Drug Safety and Inspection Department
of the SFDA; Steven Wolfgang, Compliance Officer of the US
FDA; Bob Tribe, ISPE Asia-Pacific Regulatory Affairs Ad-
viser and Former PIC/S Chairman, and other high level
officials from the SFDA, etc.

The Conference was held in conjunction with the 13th
China International Pharmaceutical Industry Exhibition
(China Pharm) which took place from 12 to 14 November
2008 at the China International Exhibition Centre. Sponsors

of the event included DoveBid, Hewlett-Packard, NNE
Pharmaplan, Pall Life Sciences, Pharm-Tech Magazine,
Rockwell, and Shimadzu.

In addition to ISPE’s annual conference in China, CCPIE
will cooperate closely with ISPE in a variety of ways, includ-
ing providing training opportunities for the region. Visit
www.ispe.org.cn for more information about conferences,
training, and symposiums being offered in China.

Bob Best, ISPE President and CEO at the ISPE-CCPIE China
Conference.

www.proscon.com      info@proscon.com 

Proven Project Delivery
•   Concept & Feasibility Studies
•   Process Simulation & Pilot Trials
•   Process & Energy Optimisation
•   Multi Discipline Engineering Design

•   Project Management
•   Modular Build of Process Systems
•   Distillation & Solvent Recovery
•   Abatement & Scrubbing Systems
•   Fully Automated & Validated Turnkey Solutions
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Participants from 30 Countries
Attend Successful PIC/S-PDA-ISPE
Workshop in Geneva

In conjunction with the Committee meeting, PIC/S in partnership with ISPE
and the Parenteral Drug Association (PDA) organized an interactive joint work-

shop on the “Manufacture of Sterile Medicinal Products (EU-PIC/S GMP revised
Annex 1)” in Geneva on 13 to 14 November. It was the second time that PIC/S co-
organized such a joint event with professional and industry associations.

The meeting was open to both regulators and industry. It was attended by more
than 80 participants (among which 50% came from Regulatory Authorities) repre-
senting around 30 countries.

The workshop started with a plenary session, including presentations on the
interpretation of the revised Annex 1 and on inspection experiences from both
regulators’ and industry’s perspectives. GMP inspectors and industry representa-
tives also participated in practical workshops (case studies) on the capping of vials,
media fills (process simulations), the continuous monitoring, the clean area classi-
fication and ISO norms, as well as on the sterilization and depyrogenation of contact
parts and containers.

The workshop was unanimously considered as a success by both inspectors and
industry representatives. More joint workshops will likely be organized with these
professional and industry associations in the future.

Guide on Good
Engineering
Practice Released

In November 2008, ISPE released the
first edition of the ISPE Good Prac-

tice Guide: Good Engineering Practice.
“Good Engineering Practice (GEP)

is defined as the minimum engineer-
ing methods and standards that are
applied throughout the lifecycle of an
asset to deliver fit for purpose and cost
effective solutions,” said Chris Derrett,
Chair of the ISPE Good Practice Guide:
Good Engineering Practice Task Team.

This Guide covers the complete
lifecycle of engineering from concept to
retirement. The Guide:

• aims to promote a common under-
standing of a benchmark definition
that could be usefully employed in
assessing an individual company’s
practices

• is aligned with the pharmaceutical
industry, recognizing that the GEP
core concepts that apply universally
through specific practices vary from
industry to industry

• identifies key attributes of GEP,
including how GEP relates and in-
terfaces with GxP

For additional information and the com-
plete table of contents, please visit
www.ISPE.org/publications.

Philippines Affiliate Launched

The challenges posed by the soon-to-be implemented ASEAN harmonized regis-
tration system for pharmaceuticals as well as dynamic regulatory requirements

were some of the factors that prompted industry executives to form the ISPE
Philippines Affiliate.

With more than 90 participants from various pharmaceutical companies and
academe, the Philippines Affiliate was launched at the Wyeth Training Centre in
Makati on 10 October 2008.   

Talks about forming the Affiliate started in February 2008 with eight volunteers
who saw the value and benefits of ISPE in the country. After eight months of
preliminary work, the Affiliate was finally launched in the Philippines.

The board consists of 15 volunteers, all of whom are professionals in the industry
and academe. The Affiliate will work in conjunction with ISPE to extend benefits to
local members and to promote networking and interaction between professionals
within the pharmaceutical industry. The Affiliate also aims to deliver a program
throughout the year that is beneficial to members and will address the current
concerns/issues within the industry. The Board hopes that the presence of ISPE in
the Philippines can help promote and develop a pharmaceutical and engineering
infrastructure in the country.

Klara Tisocki, Drug Registration Specialist currently with BFAD as a consult-
ant, and Peter Tan, ISPE Asia Pacific Affiliate Relations Manager, were guests at
the launch. Tan gave a brief introduction on the benefits of ISPE membership to the
attendees present.  The attendees also were encouraged to sign up as volunteers for
the different committees within the Affiliate.
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quality risk management to deliver
product and process understanding.

Product Quality Lifecycle Implemen-
tation (PQLI) is an initiative focused on
providing guidance on best practice
implementation of the concepts de-
scribed in ICH Guidelines, particularly
Q8, Q9, Q10, and the future Q11.

Starting in 2009, Science and Tech-
nology will be a system set up within
ISPE to work with industry and regula-
tory leaders worldwide to encourage a
greater emphasis on science and tech-
nology to advance and enhance the
manufacturing and distribution perfor-
mance of the pharmaceutical industry.

It will generate a Science and Tech-
nology pipeline of projects for ISPE to
develop, advance, and disseminate to
its Members. The initial emphasis will
be to promote PQLI and the further
development of pragmatic and practi-
cal implementation of ICH and related
guidelines — such as Q8, Q9, Q10, and
Q11 — based on sound scientific, engi-
neering, and business principles.

What has been completed to date
are five published papers in the June
issue of ISPE’s Journal of Pharmaceu-
tical Innovation (JPI). What is cur-
rently in progress is a case study docu-
ment led by the Control Strategy group.
What our future plans involve are an
integration paper, case studies, addi-
tional JPI articles, and technical guid-
ance documents.

As implied by the project name,
PQLI encompasses the total lifecycle of
a pharmaceutical product from devel-
opment through regulatory approval
into commercial manufacturing and
finally termination. It also encom-
passes all manufacturing and produc-
tion activities, including raw materi-
als, APIs and drug product production,
facilities design and operation, and
product distribution.

The Society will develop a multi-
horizon plan for the Science and Tech-
nology initiative through PQLI that
ensures a continuous flow of the best of
science and technology to all sectors of
membership. We think the Science and

Technology and PQLI initiatives are
good examples of the way ISPE can
play an important role in helping the
industry and regulatory authorities
find practical solutions to move into
the future.

Yes, the challenges ahead of us are
many, but I am very optimistic that

ISPE is adapting its programs and
business plans so it will remain a leader,
a catalyst of change, an innovator, and
a valuable resource to all.

As the ISPE Chairman of the Interna-
tional Board for the next 12 months, I
sincerely thank you — the ISPE Mem-
bers — for the privilege of serving you.

Project Encourages Greater Emphasis on Science and Technology...
Continued from page 72.

Reliable solutions 

for sterile applications
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Classified Advertising

Concludes on page 78.

Architects, Engineers – Constructors

CRB Consulting Engineers, 7410 N.W.
Tiffany Springs Pkwy., Suite 100, Kansas
City, MO 64153. (816) 880-9800. See our
ad in this issue.

EI Associates, 8 Ridgedale Ave., Cedar
Knolls, NJ 07927. (973) 775-7777. See
our ad in this issue.

Architects, Engineers – Constructors
(cont).

Parsons, 150 Federal St., Boston, MA
02110. (617)-946-9400. See our ad in
this issue.

Aseptic Filling

Aseptic Technologies, Rue Camille
Hubert 7-9, 5032 Les Isnes, Belgium.
+32 81409410. See our ad in this issue.

Cleanroom Products/Services

AES Clean Technology, 422 Stump Rd.,
Montgomeryville, PA 18936. (215) 393-
6810. See our ad in this issue.

Plascore, 615 N. Fairview, Zeeland, MI
49464. (800) 630-9257. See our ad in this
issue.

Consultants

Employment Search Firms

Jim Crumpley & Associates, 1200 E.
Woodhurst Dr., Bldg. B-400, Springfield,
MO 65804. (417) 882-7555. See our ad in
this issue.

Filtration Products

MKS Instruments, 5330 Sterling Dr.,
Boulder, CO 80301. (800) 345-1967. See
our ad in this issue.

Siemens Water Technologies, 10
Technology Dr., Lowell, MA 01851. (978)
934-9349. See our ad in this issue.

Homogenizers

GEA Niro Pharma Systems, 9165
Rumsey Rd., Columbia, MD 21045. See
our ad in this issue.

Instrumentation

Hach Ultra Analytics, 5600 Lindbergh
Dr., Loveland, CO 80539. (970) 663-
1377. See our ad in this issue.

Passivation and
Contract Cleaning Services

Active Chemical Corp., 4520 Old Lincoln
Hwy., Oakford, PA 19053. (215) 676-
1111. See our ad in this issue.

Cal-Chem Corp., 2102 Merced Ave., South
El Monte, CA 91733. (800) 444-6786.
See our ad in this issue.
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Publish your work in Pharmaceutical Engineering, the Global Information
Source for Pharmaceutical Science and Manufacturing Professionals.

JULY/AUGUST 2009
Theme: Utilities

Manuscripts Due:
2 March 2009

Publishes:
21 July 2009

SEPTEMBER/OCTOBER 2009
Theme: Management

of Globalization
Manuscripts Due:

1 May 2009
Publishes:

21 September 2009

NOVEMBER/DECEMBER 2009
Theme: Integrated Commissioning

and Qualification
Manuscripts Due:

2 July 2009
Publishes:

20 November 2009

ISPE’s recognized industry magazine, Pharmaceutical Engineering, is
looking for industry case studies demonstrating advanced technologies,
manufacturing efficiencies, and solutions to regulatory compliance
issues with a global perspective. Articles must be noncommercial in
nature, describe new developments or work, and significantly contribute
to the body of knowledge relating to pharmaceutical manufacturing,
quality management, and technology.

Do you have an idea, innovative
solution, unique application, or success
story that you want to share with your
colleagues in the biopharmaceutical
manufacturing industry?

Pharmaceutical Engineering is now
accepting articles for its 2009 Editorial
Calendar.

For further information,
please visit us on the Web site at

www.ISPE.org/
pharmaceuticalengineering.

Pharmaceutical Online • 5340 Fryling Road, Suite 101 • Erie, PA 16510 • Phone: 814-897-7700 • Fax: 814-897-9555 • pharma@vertmarkets.com

Pharmaceutical OnlinePharmaceutical OnlinePharmaceutical Online
The Online Industry Standard

www.pharmaceuticalonline.com

Pharmaceutical Online Is
The Online Industry StandardPharmaceutical Online

The Online Industry Standard

www.pharmaceuticalonline.com

Pharmaceutical Online Is
The Online Industry Standard

Free Newsle er
• Delivered every Tuesday and Thursday straight to your Inbox

Site Resources
• Loca ng and sourcing products and services
• Keeping up with industry trends
• Interac ng and collabora ng with your peers

Rich Content
• Latest news and groundbreaking research
• Technical ar cles, case studies, and white papers
• Product, service, and solu on informa on
• Video demonstra ons, datasheets, and other free downloads

An improved Pharmaceu cal Online is now live, pu ng the latest 
technical, opera onal, and regulatory informa on about the global 
pharmaceu cal development and produc on industry at your 
finger ps. A host of new features makes it easier than ever before to 
find exactly what you need, whether it’s product overviews, industry 
news, technical ar cles, or anything else related to the field. 
Visit us at www.pharmaceu calonline.com.

Visit The NEW Pharmaceutical Online

Join the community today at www.pharmaceu calonline.com/signup

Join the community and benefit from...

Pharm-halfpage.indd   1 6/30/2008   10:17:50 AM
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Rupture Discs

Fike Corp., 704 SW 10th St., Blue Springs,
MO 64015. (816) 655-4546. See our ad in
this issue.

Sterile Products Manufacturing

Tanks/Vessels

Lee Industries, PO Box 688, Philipsburg,
PA 16866. (814) 342-0470. See our ad in
this issue.

Used Machinery

Validation Services

Commissioning Agents, Inc., 1515 N.
Girls School Rd., Indianapolis, IN 46214.
(317) 710-1530. See our ad in this issue.

Valves

Gemu GmbH & Co., Fritz-Mueller-Str. 6-
8, D-74653 Ingelfingen, Germany. +49
7940123-0. See our ad in this issue.

Gemu Valves, 3800 Camp Creek Pkwy.,
Bldg. 2600, Suite 120, Atlanta, GA 30331.
(678) 553-3440. See our ad in this issue.

Vial Traying Systems

Hurst Corp., Box 737, Devon, PA 19333.
(610) 687-2404. See our ad in this issue.

Water Treatment

Elettracqua Srl, Via Adamoli 513, 16141
Genova, Italy. +39 0108300014. See our
ad in this issu.

Siemens Water Technologies, 10
Technology Dr., Lowell, MA 01851. (978)
934-9349. See our ad in this issue.

Call ISPE Director of Sales Dave Hall
at +1-813-960-2105.

SPACE

A
D

V
ER

T
IS

IN
G

AVAILABLE



JANUARY/FEBRUARY 2009    PHARMACEUTICAL ENGINEERING 79

Advertiser's Index

ABB ......................................................................... 25
ACTIVE CHEMICAL .................................................... 79
AES CLEAN TECHNOLOGY ......................................... 27
ASEPTIC TECHNOLOGIES ........................................... 31
CAL-CHEM CORP. ...................................................... 53
COMMISSIONING AGENTS.......................................... 37
CRB CONSULTING ENGINEERS ...................................... 3
JIM CRUMPLEY & ASSOCIATES .................................. 78
EI ASSOCIATES ......................................................... 65
ELETTRACQUA ......................................................... 43
EMERSON PROCESS MANAGEMENT ............................ 51
ENVIRONMENTAL TECTONICS CORP. .......................... 59
FARR AIR POLLUTION CONTROL ................................... 2
FIKE CORP. ............................................................... 49
GE WATER & PROCESS TECHNOLOGIES ...................... 61
GEA PROCESS ENGINEERING ...................................... 11
GEMU GMBH ............................................................ 75
GEMU VALVES ......................................................... 63
HACH COMPANY ...................................................... 19
HURST CORP. ........................................................... 78
IMA ACTIVE .............................................................. 69
IMA EDWARDS ......................................................... 15
INTELLIGEN .............................................................. 13
INTERPHEX ............................................................... 71
KINETICS .................................................................. 57
LEE INDUSTRIES ........................................................ 17
MKS INSTRUMENTS................................................... 23
NNE PHARMAPLAN ................................................... 80
OPTIMA MACHINERY ................................................. 76
PLASCORE ................................................................ 33
PARSONS ................................................................... 5
PHARMACEUTICAL ONLINE ........................................ 77
PROSCON ................................................................. 73
SIEMENS WATER TECHNOLOGIES ............................... 29
TELSTAR .................................................................... 9
VALIDATION TECHNOLOGIES ..................................... 39
WESTFALIA SEPARATOR............................................ 45
WILDEN PUMP & ENGINEERING................................... 47
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NNE Pharmaplan is one of the world’s leading engineering and consulting 
companies. We enable pharma and biotech companies to bring products 
to market with fast, innovative and reliable services. 
We employ more than 1500 people at over 20 locations worldwide.

Consulting Engineering ValidationConstruction Solutions

nnepharmaplan.com

more 
than engineering
We are determined to support and improve technologies 
and standards in the pharma and biotech industries.

Winner of the ISPE award 2008

Company of the Year 
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