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quality systems
Pharmaceutical Quality Management

Moving from Quality Control to 
Quality Assurance

by Guy Wingate, PhD

This article provides ways to implement an effective quality management 
system to allow manufacturers to meet their ethical and regulatory obligations. 

T 
his article is based on content from 
the presentation, “Moving from Qual-
ity Control to Quality Assurance” held 
during the ISPE Proactive Compliance 
Conference on 13-14 January 2014 by 
Dr. Guy Wingate, VP and Compliance 
Officer (Global Manufacturing and Sup-
ply), GSK. As reflected in the theme of 
the conference, a collective challenge 

facing the industry is to achieve proactive compliance. This 
involves effective management and control of the manu-
facturing environment to avoid problems rather than just 
responding to problems after they have happened.
 As it applies to many of us, this means assuring sustained 
higher performance (often during a period of significant 
change) with no nasty surprises. Central to our thinking 
must be the person at the end of our supply chain and their 
trust in us to comply with regulatory requirements and 
ensure the products we make are fit for purpose. In the phar-
maceutical industry, the Quality Department is playing an 
increasingly pivotal role in running a sustainably profitable 
business that is also committed to meeting the expectations 
of the patient and the public. Executive managers, R&D, 
manufacturing, and sales and marketing all feel the pres-
sures of productivity challenges, organizational changes and 
increasing regulatory requirements, but the fundamentals 
of quality and compliance must never be compromised. The 
implementation of an effective quality management system 
allows manufacturers to meet their ethical and regulatory 
obligations. It is good business sense to remove defects, re-
duce deviations and eliminate waste. To achieve the highest 
level of safety, purity, and efficacy of drug products, quality 
management teams are moving beyond Quality Control (QC) 

and into Quality Assurance (QA).1,2 Today’s modern busi-
nesses are becoming more proactive and less reactive.3

 The World Health Organization defines Quality Control 
(QC) as “the sum of all procedures undertaken to ensure 
the identity and purity of a particular pharmaceutical.”3 
The purpose of QC is to ensure the safety and efficacy of 
a finished drug product before it is released to the public. 
Supporting quality systems need to detect whether items 
such as raw materials, components, containers, labeling and 
packaging fail to meet pre-existing specifications. The QC 
Department is responsible for conducting this work as well 
as testing the finished product to ensure it meets regulatory 
requirements. For pharmaceuticals, QC may involve analyti-
cal procedures ranging from simple substance screenings to 
complex pharmacopoeia monographs.
 Quality control at its core is a reactive process. The pre-
market checks and inspections do their best to assure phar-

Quality Control vs. Quality Assurance

Quality Control  Quality Assurance

Product Process

Reactive Proactive

Corrective tool Preventative tool

Completed by experts Implemented by managers

Ensures and checks Develops and defines

Failure detection Failure prevention

Identify and correct defects Prevents defects 

Identification through 
inspections and peer review

Prevention with statistical and 
managerial tools
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Figure 1. Calculating cost of poor quality at your site (ISPE/PDA 
Survey September 2011).

Figure 2. Evaluating the cost of improving quality (ISPE/PDA Survey 
September 2011).

Figure 3. Ghost in the Machine – Culture.

metric for each aspect of CAPA is therefore recommended 
which require equal management attention.
 The holistic approach to quality assurance needs to 
promote transparency in support of performance improve-
ment. Staff, wherever they work, need to feel safe in raising 
deviations and other concerns with their line management. 
An open and trusting relationship must be maintained so 
that production problems are raised as they occur for rapid 
resolution. A learning culture needs to replace a “mistakes-
are-punished” or a “someone-is-to-blame” approach to 
quality issues. A Speak-Up program should be established to 
provide an alternative means for staff to raise concerns to an 
internal independent group. Such programs need to make 
provision that enable confidential disclosures to be made. It 
is vital to sustain trust and prevent any retaliation against 
those raising problems in good faith. It is better for organi-
zations to deal promptly with issues raised than wait for a 
frustrated individual to feel their only option is to become a 
whistleblower.
 Although companies are finding the 
value in moving toward the QA para-
digm, reaching optimal quality assurance 
has its challenges. Quality systems in 
manufacturing sites are often hindered 
by cumbersome collections of documents 
requiring reactive rewrites with process 
or procedural changes. Manufacturers 
also face a lack of Subject Matter Experts 
(SMEs) with the necessary process 
and product understanding to support 
leading edge practices such as Qual-
ity by Design (QbD) and Quality Risk 
Management (QRM). Pharmaceutical 
manufacturing companies need to lead 
the manufacturing industry by commit-

ting to enhanced QA by eliminating inefficient processes and 
streamlining manufacturing operations.
 In 2012, Richard Friedman, Associate Director of FDA’s 
CDER’s Compliance Office’s Office of Product Quality, ad-
dressed the need for pharmaceutical companies to mod-
ernize the control process in which products are manufac-
tured and better analyze the quality risks. This direction is 
supported by Generic Drug User Fee Program and the FDA 
Safety and Innovation Act. Friedman endorsed the intent 
of ICH Q10 which is optimal quality through knowledge 
management, change, and innovation.7 Pharmaceutical 
quality management teams can modernize manufacturing 
by constructing their quality system on a holistic framework 
of key elements. Governing management, system processes, 
and a quality culture mindset become the basis of quality 
management, and therefore, quality assurance. Within this 
structure, elements such as QbD and QRM support each 
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Applying a Consistent, Compliant, 
and Practical Risk-Based 

Validation Process for Laboratory 
Systems

by Anil K. Rattan, PhD and Michael Rubacha

This article presents a consistent, compliant and practical risk-based 
validation process for laboratory systems.

S 
cientific and Risk-Based Management 
(RBM) processes for laboratory sys-
tems have been suggested in several 
pharmaceutical guidelines1, 2, 3 and 
as a result, various RBM processes 
have been applied in the industry. 
Most implementations result in some 
customization of the guidelines since 
no comprehensive plan is identified 

and guidelines are open to interpretation. This article serves 
to close that gap by offering a consistent, compliant, and 
practical RBM validation process for laboratory systems.
 Over the last three years, the biologics analytical depart-
ment at Bristol-Myers Squibb created and implemented an 
eight-step process (Figure 1) to manage risk in systems as 
simple as pH meters and as complex as HPLC systems. To 
date, 412 risk assessments have been completed. By follow-
ing these steps, any pharmaceutical company can implement 
a program that determines system impact, asset protection 
recommendations, regulatory risk, record vulnerability, sys-
tem complexity, criticality, and documentation deliverables. 
This approach is consistent and provides cost savings from 
leveraging previous validation documents.

Introduction
In 2008, the International Society for Pharmaceutical 
Engineering (ISPE) published its Good Automated Manu-

facturing Practice document, version 5 (GAMP® 5) entitled, 
“A Risk-Based Approach to Compliant GxP Computerized 

Figure 1. Eight step process workflow.
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Pharmaceutical Inspection Co-operation Scheme (PIC/S),9 
and Heath Canada and PHAC’s Integrated Risk Manage-
ment.10

 These guidelines and technical reports, while vital for 
industry knowledge, suffer the same malady as the others: 
a lack of granularity needed to fully implement a consis-
tent, compliant, and practical RBM validation process for 
laboratory systems. Recently, another GAMP® Good Practice 
Guide was published11 regarding the validation of laboratory 
computerized systems. In this guide, it is clearly stated that 
“due to the wide diversity of systems, a single prescriptive 

approach would be neither practical nor 
cost-effective.” However, the approach 
discussed in this article has been success-
ful for both non-GxP and GxP systems 
within a Biologics Analytical Develop-
ment and Testing (BAD&T) group. The 
more complicated computerized systems 
such as LIMS, SAP, and other enterprise 
systems were out of scope for this pro-
cess.
 In order to mitigate these gaps, and 
begin to discuss, in detail, a proposed 
process for managing risk, Bristol-Myers 
Squibb’s BAD&T department researched 
a plethora of guidelines and technical 
reports available on the topic. Leveraging 
these documents, the following can be 
said about RBM:
 Risk-based management is the sys-
tematic accumulation of, and ongoing 
knowledge about the potential and actual 
hazards associated with the operation 

and maintenance of a system in order to control and reduce 
risk throughout its lifecycle.

The Model
Based on this definition for RBM and considerations for 
practical implementation, an eight-step process was devel-
oped and employed. The first seven steps are used to deter-
mine deliverables in the Project Phase, while the eighth step 
is used to determine deliverables in the Operations Phase. 
The eight steps are shown in the Figure 1.

Step 1: Determine the System 
Impact
When considering system impact, the 
chief concern is the risk to product qual-
ity. System impact on product quality is 
determined by answering two questions 
as seen in Table A. In answering these 
two questions, a determination can be 
made as to whether the system has a 
direct, indirect, or no impact on product 
quality. A direct impact system is one 
that is typically used in manufacturing 
or produces data that are used to make 
decisions concerning the manufacturing 
process.
 An indirect system is one that is not 
used in manufacturing and does not 
produce data used to make manufactur-
ing decisions, but supports direct impact 
systems. The term “support” provides a Table C. Asset protection deliverables

Deliverable: Instructions:

1. Complete an Application Vulnerability Assessment (not included in this 
article) on the current version, determine if “https” needs to be used, 
and whether it is used on the entire website, and test accordingly.

Go to Step 3.

2. Test that unencrypted highly confidential information is deleted 
and not stored, ensure software security updates are kept current, 
configure to prompt users for PIN or strong password when turned 
on, ensure PIN or password cannot be auto-saved.

Go to Step 3.

3. Ensure access is granted based on target audience; develop a 
periodic review to be performed on a systematic basis (i.e. every x 
number of years).

Go to Step 3.

4. Perform tests to scan all infrastructure components. Go to Step 3.

5. Establish an Access Model (not included in this article). Go to Step 3.

6. Test against the applicable sections of the FDA’s 21 CFR Part 11. Go to Step 3.

7. Document that decision that no asset protection is required. Go to Step 3.

Table B. Asset protection assessment.

Statement: Response? Instructions:

1. System is a web application.  Yes  No If Yes, Deliverable 1 is applicable.

2. System is a mobile device (e.g. 
iPhone, BlackBerry, PDA).

 Yes  No If Yes, Deliverable 2 is applicable.

3. System connects to other 
application(s).

 Yes  No If Yes, Deliverable 3 is applicable.

4. System includes infrastructure 
components (e.g. database, 
server).

 Yes  No If Yes, Deliverable 4 is applicable.

5. System requires an account 
administrator.

 Yes  No If Yes, Deliverable 5 is applicable.

6. System makes use of user ID 
and password.*

 Yes  No If Yes, Deliverable 6 is applicable.

7. None of the above statements 
are applicable.

 Yes  No If Yes, Deliverable 7 is applicable.

*Note: The use of unique user ID and password (Item No. 6, Table B) is only applicable if the 
system maintains regulated electronic records and signatures based on FDA 21 CFR Part 11.
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broad interpretation and covers systems 
that produce data used in various docu-
ments, such as batch filings, master batch 
records, and regulatory submissions.
 A no impact system is one that has 
neither direct nor indirect impact on 
product quality. This type of system is 
also considered non-GxP. If a system is 
considered no-impact non-GxP, the rest of 
the eight-step process is not applicable. In 
this case, the example will be any local or 
stand alone system in a development lab 
which is used only for research purposes 
such as pH meters, balances, plate read-
ers, etc.

Step 2: Decide the Asset 
Protection Deliverables
Asset protection deliverables vary based 
on the type and complexity of the system. Table B lists some 
of the considerations taken into account when deciding 
which deliverables to execute in Table C. The list of state-
ments provided in Table B is an abbreviated list and can 
be built upon as determined by individual company needs. 
Questions which are considered Bristol-
Myers Squibb specific were left off the 
list.
 Answering “Yes” to one or many of the 
statements in Table B corresponds to ac-
tion items in Table C. For example, if the 
system is a mobile device (Statement 2, 
Table B), a myriad of action items are re-
quired (Deliverable 2, Table C) including 
PIN or strong password testing, deletion 
of unencrypted highly confidential in-
formation, and regular software security 
updates.
 If the system makes use of user ID 
and password (Statement 6, Table B), the 
applicable sections of the FDA’s 21 CFR 
Part 11 should be tested against (Deliv-
erable 6, Table C). If none of the state-
ments in Table B apply to the system, no 
asset protection is required (Deliverable 
7, Table C).

Step 3: Assess the Regulatory 
Risk
Potential system usage is paramount 
when assessing regulatory risk. Table D 
lists questions that should be asked when 
determining if a system poses a high or 
low regulatory risk. The level of regula-

System Nature: Response? Instructions:

1. System is considered custom built, or 
includes a custom modification to an 
existing application.

 Yes  No If Yes, assign a high risk.

2. System is a commercially available 
package that involves configuring 
predefined software modules and 
possibly developing customized 
modules.

 Yes  No If Yes, assign a high risk.

Record Vulnerability:  High  Low

Table E. Assess the record vulnerability.

Figure 2. Risk assessment workflow.

Table D. Assess the regulatory risk.

Potential System Use: Response? Instructions:

1. System has a direct impact on product 
quality.

 Yes  No If Yes, assign a high risk.

2. Missing, incomplete, or changed data 
generated by the system makes it 
impossible to reproduce the decision 
process that led to decision or action.

 Yes  No If Yes, assign a high risk.

3. Data are submitted to regulatory 
agencies.

 Yes  No If Yes, assign a high risk.

4. Produces data supporting batch release.  Yes  No If Yes, assign a high risk.

5. Produces stability data for drug product.  Yes  No If Yes, assign a high risk.

6. Receives data from or produces data to 
support clinical laboratory studies.

 Yes  No If Yes, assign a high risk.

Regulatory Risk:  High  Low

tory risk is combined with the level of record vulnerability 
(Step 4) to determine the overall system risk.
 A high risk designation should be given to any system 
that meets at least one of the criteria for potential system use 
provided in Table D. If none of the potential system uses are 
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applicable to the system, a low risk designation should be 
assigned. Additional usage criteria can be included in Table 
D based on individual company requirements.

Step 4: Assess the Record Vulnerability
Record vulnerability is determined by examining the system 
nature. Systems that are considered commercial off-the-
shelf inherently have a lower record vulnerability (provided 
the proper quality controls are in place from the manu-
facturer). Therefore, the important considerations when 

assessing record vulnerability revolve around the level of 
customization proposed for the system.
 Table E provides two such statements regarding custom-
ization. A high vulnerability should be assigned if either of 
the two statements is applicable to the system. If neither of 
the two statements is applicable, the system is considered 
commercial off-the-shelf and given a low vulnerability rat-
ing.

Step 5: Establish the Overall Level of Risk
The overall level of risk is established from a review of the 
outcomes in Steps 3 and 4. A high regulatory risk (Step 3) 
and a high record vulnerability (Step 4) result in a high 
overall risk - Figure 2. On the opposite side of the spectrum, 
a low regulatory risk and a low record vulnerability result in 
a low overall risk. Alternatively, a low/high risk mix between 
Steps 3 and 4 result in a medium overall risk. Overall system 
risk is used in conjunction with the assessment of system 
complexity (Step 6) to provide the list of recommended 
documentation and testing needed for validation (Step 7).

Step 6: Assess the System Complexity
Once overall risk is established (high, medium, or low), 
the next step is to assess the system complexity. Assessing 
complexity provides further granularity when determining 
documentation deliverables. For example, a high risk client-
server system and a high risk stand alone instrument should 
not have the same level of documentation deliverables. 
Because of this, a series of system complexity questions were 
developed to determine the proper categorization - Table F.
 Depending on the combination of responses to the state-
ments in Table F one category, A through E, is assigned us-
ing Table G. Category A systems are the most complex with 
client-server build and instrument interactions. A Category 

A system is one in which each system 
complexity statement is answered in the 
affirmative. Progressing through Catego-
ry F, the systems become less complex. 
A Category F system is one in which only 
the final system complexity statement is 
answered in the affirmative. A summary 
of the categories is provided in Table H.

Step 7: Decide the 
Documentation Deliverables
As a culmination to the first six steps, 
Step 7 combines overall risk and system 
complexity to decide documentation 
deliverables for the Project Phase - Table 
I. Completion of these deliverables pro-
vides a high degree of assurance that the 
system is validated. The matrix in Table I 
lists the applicability of each deliverable Table H. Summary of system categories.

Client-Server System Local System Stand Alone System

A B C D E F

Data 
Produced

Data 
Produced

Data 
Produced

Data 
Produced

Data 
Produced

No Data 
Produced

Data Can 
Reside on 
Server

Data Can 
Reside On 
Server

Data Reside 
on Local PC

Data Reside 
on Local PC

No Data on 
Server/PC

No Data on 
Server/PC

PC Interface PC Interface PC Interface PC Interface No PC 
Interface

No PC 
Interface

Instrument 
Interface

No 
Instrument 
Interface

Instrument 
Interface

No 
Instrument 
Interface

Is an 
Instrument

Is an 
Instrument

Note: This approach is only used for local and stand alone systems in the BAD&T group. 
The client-server based systems and all the enterprise systems were out of scope using 
these guidelines such as categories A and B. 

Table F. System complexity

System Complexity: Response?

1. System produces data.  Yes  No

2. System data reside on a server.  Yes  No

3. System uses computer interface.  Yes  No

4. System uses instrument interface or is an 
instrument itself.

 Yes  No

Table G. System category.

Response 
1

Response 
2

Response 
3

Response 
4

Category

Yes Yes Yes Yes  A

Yes Yes Yes No  B

Yes No Yes Yes  C

Yes No Yes No  D

Yes No No Yes  E

No No No Yes  F
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across the different levels of risk and system complexity (Xs 
are applicable).
For example, a system that is determined to be low risk, 
Category E, (e.g., most laboratory balances) would require 
installation qualification and operational qualification. 
Whereas, a medium risk, Category C system (e.g., HPLC) 
would require all the listed deliverables. It should be noted 
that although the deliverables listed for all medium to high 
risk Category A-D systems are identical, the testing scrutiny 
and documentation sections vary.

Step 8: Determine the GxP Criticality
While Steps 1 through Step 7 are a risk-based approach 
used for the Project Phase validation, Step 8 is a risk-based 
approach for the Operations Phase. As mentioned previ-
ously, the BMS biologics definition for laboratory systems 
risk management encompasses the entire system lifecycle. 
Therefore, GxP criticality also must be determined. The level 
of GxP criticality will affect maintenance 
and quality decisions. Aspects such as the 
frequency of calibration, and whether to 
launch quality investigations for system 
failures are determined based on the GxP 
criticality.
 An example set of questions in Table 
J is provided. More questions may be 
added based on company-specific needs. 
Based on these questions, there are two 
possible outcomes. The system can be 
labeled: GxP Critical or GxP Non-Critical. 

If any of the questions are answered “Yes,” the system is GxP 
Critical. If none of the questions are answered “Yes,” the sys-
tem is GxP Non-Critical. A GxP Critical system may require 
a higher frequency of calibrations throughout the year, and 
a failure during calibration would launch a quality investi-
gation. The full extent of the requirements for a critical vs. 
non-critical system should be determined in cooperation 
with quality personnel.

Conclusion
While the industry continues to wrestle with implementing 
risk management in ways that reliably fulfill both the letter 
of the regulatory guidelines as well as their intentions; this 
eight-step process has consistently met the needs of the 
Bristol-Myers Squibb BAD&T organization. As a result, this 
process will be scaled to include the process sciences divi-
sion of the organization; a four-fold growth in systems under 
the scope. After having used and refined the process for 

Table I. Project phase validation documentation deliverables.

 High  Medium  Low

 
A

 
B

 
C

 
D

 
E

 
F

 
A

 
B

 
C

 
D

 
E

 
F

 
A

 
B

 
C

 
D

 
E

 
F

Requirements/Traceability X X X X X X X X X X

Design Specification X X X X X X X X X X X X X X X X

Quality Assessment X X X X X X X X X X

Validation Plan X X X X X X X X X X X X X X X X

Installation Qualification X X X X X X X X X X X X X X X X X X

Operational Qualification X X X X X X X X X X X X X X X X X X

Performance Qualification X X X X X X X X X X X X

21 CFR Part 11 Testing* X X X X X X X X

Acceptance Testing X X X X X X X X X X X X

Validation Report X X X X X X X X X X X X X X X X

Note: This approach is only used for local and stand alone systems in the BAD&T group. The client-server based systems and all the enterprise systems were out of 
scope using these guidelines such as categories A and B. The FDA 21 CFR Part 11 testing can be performed based on the risk and complexity of the system but 
we took a conservative approach and performed this task on most of our systems.

Table J. GxP criticality.

System Use: Response? Comments

1. Does the system monitor critical process 
parameters?

 Yes  No If Yes, label the system 
GxP Critical.

2. Will a failure impact product quality or 
not be detected by another system?

 Yes  No If Yes, label the system 
GxP Critical.

3. Is information from the system required 
for a manufacturing batch record?

 Yes  No If Yes, label the system 
GxP Critical.

If all three questions were No, label the system GxP Non-Critical.
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Current Events in Blend and 
Content Uniformity

by James S. Bergum, PhD, James K. Prescott, Ravindra W. Tejwani, 
Thomas P. Garcia, PhD, Jon Clark, and William Brown

This article presents a summary of the stratified sampling session held at the 
2013 ISPE Annual Meeting.

I 
n 1999, the Product Quality Research Institute (PQRI) 
established the Blend Uniformity Working Group. The 
purpose of this group was to make scientifically based 
recommendations on suitable procedures to ensure 
blend and content uniformity of a batch. The recom-
mendation had to comply with 21 CFR 211.110 Sampling 
and Testing of In-Process Materials and Drug Prod-
ucts,1 which require in-process testing for adequacy 
of mix. The recommendation provided an alternative 

approach to assess blend uniformity from that described in 
the former FDA guidance document, “Blend Uniformity” is-
sued by the Office of Generic Drugs.2 On 31 December 2002, 
PQRI submitted the group’s final recommendation to the 
FDA,3 which formed the basis for the FDA draft guidance 
for industry, “Powder Blends and Finished Dosage Units 
— Stratified In-Process Dosage Unit Sampling and Assess-
ment,” issued October, 20034 hereafter referred to as the 
draft guidance document. Although the draft guidance docu-
ment was never finalized, it was extensively used throughout 
the pharmaceutical industry. On 7 August 2013 the FDA 
withdrew the draft guidance document because it was no 
longer consistent with current Agency thinking.5,6

 A group of individuals from the FDA, academia, and in-
dustry (sponsored by the International Society for Pharma-
ceutical Engineering (ISPE)) formed to discuss alternative 
approaches to assess Blend and Content Uniformity (BUCU) 
Group. This group sponsored a session at the ISPE Annual 
Meeting on 6 November 20137 to discuss the concerns that 
lead to the withdrawal of the draft guidance document. The 
session also included presentations for potential alternative 
approaches for the assessment of blend and content unifor-
mity of solid dosage forms. The purpose of this article is to 

provide a summary of that session. Note that some presenta-
tions are not summarized here, in cases where permissions 
for publication were not granted.

Basis for the Withdrawal of the Draft 
Guidance Document
The primary reason for the withdrawal of the draft guidance 
document was that Sections V and VII no longer represent of 
the Agency’s current thinking. Section V recommended tak-
ing at least three replicate samples from at least 10 locations 
within the blender. However, the guidance only required 
that one sample from each location be evaluated to assess 
blend uniformity as part of first stage testing. The FDA’s 
current preference is to analyze all three replicates from 
each location.6 The use of nested sampling plans and testing 
of replicate samples from each location allows the data to be 
subjected to Variance Component Analysis. This statistical 
technique divides the total variance into “between location” 
(the amount of variability across the sampling locations in 
a blender, or during a compression, encapsulation or filling 
process), and “within location” (the amount of variability 
between samples within a given sampling location). High 
between location variances often indicate poor mixing and 
non-uniformity within the blender, and also can imply non-
uniformity or segregation during dosage form manufacture. 
High within location variances can be indicative of sampling 
bias (for blends) or incomplete mixing on a unit dose scale. 
Both variances are indicative of the quality of the batch.
 The number of samples and the acceptance criteria 
contained in Section VII (Routine Manufacturing Batch 
Testing Methods) were based upon the limits published in 
the United States Pharmacopeia (USP) General Chapter 





30 March/april 2014     PHARMACEUTICAL ENGINEERING

product development
Stratified Sampling

<905> Uniformity of Dosage Units.8 This was intentional 
to avoid any changes to the existing quality standard or an 
increase in the number of dosage units to be tested. The use 
of stratified sampling plans resulted in increased confidence 
for the uniformity of the batch, because sample locations 
target problematic areas prone to segregation or incomplete 
mixing. USP <905> Uniformity of Dosage Forms does not 
include a statistical sampling plan and is only intended to 
determine conformance of a defined sample. FDA’s position 
is the results from USP <905> Uniformity of Dosage Units 
provide limited assurance that the batch meets specifications 
and statistical quality control criteria. [CGMP also requires 
sampling plans to be scientifically sound and representative 
of the entire batch (21 CFR 211.160(b)).] The FDA cited more 
statistically sound sampling plans and acceptance criteria 
that can be used to ensure the batch complies with current 
CGMPs, including 21 CFR 211.110, Sampling and Testing of 
In-Process Materials and Drug Products, 21 CFR 211.160 
General Requirements [Subpart I, Laboratory Controls] and 
21 CFR 211.165 Testing and Release [of the finished drug 
product] for Distribution.1

 A science- and risk-based approach should be used to 
assess blend and content uniformity. Although powder thief 
sampling has known limitations, the FDA encourages indus-
try to continue using the technique to assess blend unifor-
mity (and identify errors when they exist), as well as more 
innovative approaches such as NIR9 and Statistical Process 
Control (SPC) to assess blend uniformity. The technique(s) 
that companies choose to assess blend or content unifor-
mity should be justified, including the number and size of 
samples, the position of probes, and the amount of sample 
measured.
 The FDA recommends the use of stratified sampling 
plans when the batch contains locations that may have dif-
ferent results for a measured quality characteristic. The ex-
pectation is for the product quality to be consistent through-
out the entire batch with no significant differences existing 
between locations. ASTM E270910 and ASTM E281011 can be 
referenced for establishing acceptance criteria for a stratified 
sampling plan.

Sampling Plans and Statistical Methods for 
Process Validation (Jim Bergum)
Sampling Plans 
A sampling plan describes where (locations) and how the 
samples are taken from the blend or batch, and the number 
of samples (blend amount or dosage units) taken from each 
location. The most common plans are given below:

• Simple Random Sampling: each dosage unit has an 
equal probability of being chosen as a member of the 
units to be tested and are picked completely at random.

• Stratified Sampling: partitions the batch into “strata” 

(for example, first 1/3, middle 1/3, and final 1/3). The 
combination of all strata covers the entire batch. Then 
random sampling is performed within each stratum.

• Systematic Sampling: samples are taken at equal 
intervals throughout the batch. The first sample location 
is determined at random in the first interval then the 
remaining samples are taken at equal intervals from that 
point.

Typically for both simple random and stratified sampling, 
only one dosage unit is tested at each location which is called 
Sampling Plan 1. If greater than one dosage unit is taken 
at each location, the plan is referred to as Sampling Plan 2. 
Suppose 12 dosage units are taken from a batch and tested 
based on a systematic sampling plan using Sampling Plan 1. 
The variability in the results could be due to different loca-
tions or just the natural variability had all units been taken 
from the same location.
 Figure 1 shows what the data would look like in the case 
where there is location to location variation (top half) and 
where there is no location to location variation (bottom 
half).
 In the upper portion of the plot where there is location 
to location variation, the results at each location are similar, 
but there is variation between the locations. In the lower 
portion of the plot where there is no statistically discernible 
location to location variability, the within location variability 
is as variable as the variability between the locations. 

ASTM E2709/E2810
The USP Uniformity of Dosage Units (UDU) given in Gen-
eral Chapter <905> Uniformity of Dosage Units of the USP 
UDU test is a market standard and is not intended for in-
specting uniformity of finished product for lot/batch release 
or as a lot inspection procedure. Passing the UDU test once 
does not provide statistical assurance that a batch of drug 
product will meet specified statistical quality control criteria. 

Figure 1. Batch data with and without location variability (CU vs. 
Location).
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A methodology was developed by James Bergum12 and 
updated by Bergum and Li13 to provide this assurance that 
resulted in the following standards: ASTM E2709, “Standard 
Practice for Demonstrating Capability to Comply with an 
Acceptance Procedure” and E2810, “Standard Practice for 
Demonstrating Capability to Comply with the Test for Uni-
formity of Dosage Units.” ASTM E2709 provides the general 
methodology and E2810 applies the methodology specifi-
cally to the UDU test. The goal is to develop limits based on 
the process validation sample results that would provide 
confidence that the testing standard samples would pass the 
testing standard. The method assumes that the content uni-
formity results can be approximated by a normal distribu-
tion. A summary of the methodology with examples is given 
in the Encyclopedia of Bio-Pharmaceutical Statistics.14

 As an example, suppose that a sample of 20 dosage 
units were taken from a batch using Sampling Plan 1 with 
a sample mean and standard deviation of 99% and 2.46% 
label claim, respectively. The ASTM E2810 acceptance limit 
table associated with this plan using a 95% confidence level 
and ensuring at least a 95% probability of passing the USP 
UDU test has an upper limit on the sample standard devia-
tion for a sample mean of 99% of 3.52%. Therefore, this 
sample meets the criterion ensuring, with 95% confidence, 
that a sample taken for testing against the USP UDU test has 
at least a 95% chance of passing the UDU test.
 Operating Characteristic (OC) curves show the probabil-
ity of passing the acceptance limit table for various sample 
sizes. They are used to select a sample size. Figure 2 shows 
the OC curves based on 95% confidence intervals for batch 
means of 96, 98, and 100%LC and various sample sizes from 
10 to 500 using Sampling Plan 1. Suppose based on lab data 
and current knowledge of the product that the expected 
‘true’ batch mean would be above 98%LC and the standard 
deviation is less than 3%. The dashed vertical line is for 

a lot mean of 98% with a lot standard 
deviation of 3%. The dashed horizontal 
reference line is at 95% in the figure. So 
if we want a good chance of passing the 
acceptance limit table, a sample size of 
30 would be reasonable.
 Sampling Plan 2 is generally a sys-
tematic sample where more than one 
dosage unit is tested from each location. 
Suppose that a batch is sampled at 15 
locations evenly distributed throughout 
the batch and four tablets are tested at 
each location.
 The statistics required to use the ac-
ceptance limit table for Sampling Plan 2 
are the overall mean, the within-location 
standard deviation and the standard 
deviation of the location means. Suppose 

these values are 98.93%, 1.07%, and 1.06%, respectively.
 The acceptance limit table for Sampling Plan 2 contains 
limits for the overall mean for various combinations of the 
within-location and location mean standard deviation. If the 
acceptance limit table in this example was constructed using 
90% Confidence with 95% coverage, the lower and upper 
limits on the overall mean are 89.1 to 110.9%LC. Since the 
overall mean in our sample is 98.93%LC, the sample passes 
the limits.

What Level of Variation is Acceptable 
(James Prescott)
As discussed in other presentations, different drug prod-
ucts could have different maximum and minimum potency 
values before the patient is affected by either an unsafe or 
ineffective dose. Note also that the patients themselves are 
variable one-to-another, in terms of body weight and how 
they respond to a given drug. If these limits were understood 
for a population of patients, one could then determine what 
the acceptable levels of uniformity could be for the product 
itself. This knowledge could be used to answer questions 
such as:

• What is the upper and lower acceptable limit for the 
potency of any single dosage unit a patient could receive 
(i.e., within the entire population/batch that is released)? 
Note this is different than limits on values for a single 
dose that is tested from a smaller subset of a population. 
For example, a batch with a mean of 100%, an RSD of 
6.0% and a normal distribution would theoretically have 
31 of 1,000,000 tablets outside of 75 to 125%. In this case, 
31 consumers may receive tablets that could be unsafe or 
ineffective. There would be a low probability of directly 
measuring these specific tablets via most sampling plans, 
but these nonetheless would be released as part of the 

Figure 2. OC curves for Sampling Plan 1 (OC Curve = Prob (Passing Acceptance Limit Table 
for Specific Lot Mean and Standard Deviation)).
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drug loading, whether the blend is a dry blend (e.g., direct 
compression) or granulated (e.g., wet granulated, roller 
compacted, spray dried), the particle size and shape of the 
components (which may give some insight on dispersability, 
agglomeration, and segregation potential), cohesiveness/
stickiness of the blend and/or its components, the scale of 
handling (e.g., development vs. manufacturing) and the 
process/equipment being employed (e.g., in-bin blending, 
scoop vs. automated feed of the press, isolation features for 
press feeding). Long before the first sample is pulled, one 
can already have one or more hypotheses that should be 
tested to demonstrate that sufficient uniformity is likely to 
be achieved and maintained. 
 Once multiple batches have been made, comparison 
between the current batch under consideration and all prior 
batches also could come into play. A change in behavior can 
be as telling as the actual values themselves. For example, 
a process which has a long history of <2% RSD could be 
looked into when a 5% RSD is noted, even if 5% is otherwise 
acceptable. Another example is if all batches had mean val-
ues between 99 and 101%, a result of 97% could be a warning 
indicator.

Comparison of Blend Data to Product Data
Product (dosage unit) uniformity is the sole area of concern 
for the patient, as they are only consuming dosage units and 
not samples from the blender. However, blend uniformity 
data can provide additional insight to batch uniformity, 
provided that one can rely on the samples collected from the 
blender as being unbiased/without error, which is often not 
the case. “Adequacy of mixing” is also required per CGMPs 
although demonstration of an adequate mix can be achieved 
without using samples from the blender itself.
 If one has reasonable assurance that blend sampling 
errors are not occurring, comparing blend uniformity data 
to product uniformity data can provide further insight as to 
possible manufacturing issues. For example:

• A decrease in overall potency from the blender to the dos-
age units could be an indication of losses of active during 
manufacturing.

• An increase in between-location variations could be an 
indication of segregation during transfer.

Blend data and content uniformity data should be compared, 
but they may not be correlated. If both have variations solely 
due to random noise, they will not be correlated. If corre-
lated (high BU RSD translates consistently to high dosage 
unit RSD), special causes for variations are present, such as 
incomplete mixing of certain batches or variations in raw 
materials that create non-uniformities that translate from 
blending through to the dosage units.

Some Common, Specific Questions that are 
not Well-Addressed Currently
Common sampling strategies and acceptance criteria have 
not addressed the following questions, which seem to arise 
regularly: 

• Does one need to consider the uniformity/quality of the 
blend at the very beginning or very end of compression, 
if these portions of the batch are waste? If not, could 
the tails be extended intentionally, e.g., longer start-up 
period, earlier shut-down, so as to avoid having a unifor-
mity problem? 

• Should normality of the data be considered, and if so, 
what deviation from normality should cause concern? 
What test(s) should be used for normality? Should 
normality tests be restricted to each single batch or the 
process as a whole?

• If a process has consistently shown excellent uniformity 
(e.g. >10,000 dosage units tested over many years, with 
an average batch RSD of 2.3%, normally distributed), and 
one day a single dosage result of 136% is found without 
any assignable cause after extensive investigations (no 
manufacturing or laboratory errors found, no deviations 
from normal), should this require any process improve-
ments or new controls, or is this just the tail of normal, 
random variations that were occurring all along? Does 
this result call into question the process or product?

Relationship of Blend Uniformity to the 
Finished Drug Product Uniformity and 
Performance Variability (Ravi Tejwani)
Typical Sources of Variation
In a given powder blending based manufacturing process, 
several possible sources of variation exist. Broad classes of 
these include those arising from the material properties, 
manufacturing process, and from the measurement sys-
tems. While not always feasible, material properties can be 
mitigated to some extent to minimize the dosage form vari-
ability. The constraints resulting from material properties 
(e.g., particle size, choice of process, type of blend formed 
by a given material), unless mitigated, tend to be limiting in 
the sense that they cannot be overcome by making changes 
to the manufacturing process. The manufacturing process 
related variations could arise from either the process design 
(e.g., insufficiency of blending time, too fast a filling process 
to allow sufficient time for filling or a dispensing system) or 
the errors in the execution of an established process that is 
known to produce uniform product (also referred to as con-
trol system variability, e.g., RPM calibration of the blending 
equipment or weight control on a dispensing system such 
as a dosator or a fill cam). Typical product development 
activity should include a systematic study of all applicable 
sources of variation and ensure that their contributions 
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remain under control. The relationship among the typical 
sources of variation is shown in Figure 3. During the product 
development as well as during routine manufacture an ad-
ditional source of variability is often realized, and that is the 
variability of the measurement system (errors of sampling 
as well as the error of measurement). Most frequently cited 
examples of sampling are the design of thief during powder 
sampling, and inadequate protocol employed in sampling of 
the finished dosage units. The error of measurement is usu-
ally easily accessible through the validation of the analytical 
methods.

Considerations for the Limiting Factors
Factors such as particle size of the active ingredient and the 
type of blend are usually decided earlier in product develop-
ment and determine the best possible dosing unit precision 
that a manufacturing process can deliver. For example, 
uniformity of a random blend increases to a limiting value 
in a blending operation; however, it never approaches as 
high as that of a structured blend. This is 
one of the reasons for adding a granula-
tion unit operation in a manufacturing 
process. Reader is referred to literature 
for more detailed discussion on the blend 
types16 and the effect of particle size of 
active17 on the uniformity of blends and 
dosing units.

Accountability for Multiple 
Sources of Variation – It is all 
about Bookkeeping
Often reported thief related errors (one 
of the two components of the blend 
measurement system) sometimes make 
blend variability appear higher than it 
is, leading to an abandonment of the 

BU approach altogether because the 
dosing unit variability is shown to be 
much lower than that of the blend. If a 
reasonable effort is made to decrease (or 
accounted for properly) the sources of 
error in the measurement systems, this 
anomaly usually disappears. After all, the 
dosing units are prepared from the blend 
by some sampling method (a dosator, a 
screw feeder, or a tablet press die with a 
fill cam). In a possible scenario of lack of 
any feasible blend analysis method, at the 
very least, a good correlation between the 
dosing unit weights (W) and the potency 
(D) can be demonstrated as an indirect 
evidence of blend uniformity. In the fol-
lowing equation, the residual term in the 

regression between D and W should contain the information 
about the blend uniformity:

D = WB Equation 1

Where D = dosing unit potency, W = weight of the dosing 
unit, and B = concentration of the active in the batch of 
blend that was used for weighing the dosing units. Absence 
of such a correlation may signal the need for further investi-
gation. Finally, the quantitative amount of the “unaccounted 
variance” allowed for a given product depends on the 
specific risk benefit profile of the product (discussed further 
under the Biorelevance topic below).
 It also should be noted that the uncertainty of the esti-
mates of variability depends on sampling related factors: 1) 
the aliquot size (or dosing unit size) and 2) the number of 
aliquots (in case of blends) or the number of dosing units. It 
should be noted that the most relevant size of powder blend 
aliquots is the same as the target weight of the blend in the 

Figure 3. Relationship among the typical sources of variation in a drug product.

Figure 4. Relative Standard Deviation as a Function of Sample Size. The Samples are drawn 
randomly from a Batch of 100,000 units simulated with an underlying mean of 1 and Relative 
Standard Deviation of 0.08. Symbols indicate different samples drawn from the same batch.
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dosing unit. Any larger aliquot size would lead to a more lib-
eral estimate and a smaller aliquot size would lead to a more 
conservative estimate.
 During the product development phase, only a reasonable 
estimate of the variability is desired (e.g., to guide next steps 
in product or process design) as opposed to adjudicating the 
release of a batch. Determining the number of aliquots or 
dosing units needed to estimate variability in absence of an 
acceptance criterion can be difficult. In this situation, a point 
of diminishing returns exists near 30 to 40 units as shown 
in Figure 4. Data interpretation (as to the true variance of 
the batch) should take into consideration that significant un-
certainty still remains in the estimate of the variability. For 
example, approximately one third of samples (at n = 10) will 
show a RSD less than 0.06 despite the batch RSD at 0.08 
(i.e. 1/3 odds of erroneous acceptance).
 The exercise in Figure 4 was repeated for various batches 
with differing RSD values. This type of simulations sug-
gest that a sampling spread of approximately 50% to 150% 
exists around the batch RSD values at a sample size of 10 
(target RSD of 8 has a spread from approximately 4 to 12). 
This spread remains the same irrespective of the batch size 
simulated or its RSD. Based on this, one would not expect 
multiple samples of 10 dosing units each (or powder aliquots 
each) conform with each other, let alone the blend samples 
relating to the dosing units.
 The manufacturing process related sources of variation 
(e.g., number of blender revolution) can only be studied 
after assuring that the measurement system (sampling and 
analytical) variability is lower than the former. 

Biorelevance of the Uniformity Specification: A 
Separate Specification for Each Product
For a given drug, the favorable and unfavorable responses 
are considered to be related to the quantity of the active 
drug administered.18 Both types of responses are generally 
correlated to the concentration in the central tissues such as 
blood or plasma. Since most dosing regimens involve some 
type of periodicity in multiple dosing, it is reasonable to con-
clude that the preceding statements relate to the steady state 
concentrations as opposed to the concentrations obtained 
from single doses. Further, if the dose response (favorable or 
unfavorable effect) of a given drug is driven by the area un-
der the concentration time profile (AUC), the AUC obtained 
at the steady state of multiple dosing is relevant. Following 
is a set of simulation studies undertaken19 to evaluate the 
effect of variation in the dosing unit content on the in vivo 
concentrations.
 In each of the simulations below, the pharmacokinetic 
parameters for each drug candidate, (amoxicillin20 and 
levothyroxine21) were obtained from the respective published 
studies in the literature. Relative standard deviation values 
of 6.5%, 13%, and 20% were simulated for 500 mg amoxicil-

lin, and values of 1%, 2%, and 6.5% were simulated for 150-
mcg levothyroxine.
 It is known that multiple dosing of an active leads to a 
“loading” phase and a “maintenance” phase to the dosing 
regimen. The two phases are clearly apparent in cases where 
the steady state Cmax is a multiple of the Cmax levels observed 

Figure 5. Simulated Potency Distribution and PK profiles for 
Amoxicillin 500 mg. Panel A: Potency distributions of the tablets 
used as input for pharmacokinetic simulation, Panel B: Plasma 
concentration vs. time profile after multiple dosing for 13% RSD 
tablets in a clinical trial with 48 subjects, Panel C: Magnification of 
Panel B. Color codes for Panel A: Black = 6.5% RSD, Green = 13% 
RSD, Red = 20% RSD. Each color in Panel B and C represents a 
simulated subject.
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readily available source for these standards and unambigu-
ously apply them to USP articles. In addition, the process 
of developing a USP chapter will include oversight by the 
USP Council of Experts, as well as providing an additional 
round of public comment for those who may not be focused 
on other sources of product standards. The pharmaceutical 
community could engage in a public discussion to determine 
how well a USP chapter such as this would be accepted. 
That said, the withdrawal of the draft guidance document 
serves this purpose in that it is the removal of a batch release 
recommendation, a portion of which was inappropriately 
based on the compliance testing chapter USP <905>. The 
full impact of this new approach can be explored in addi-
tional publications that can focus on the ability to advertise 
product quality through compliance with a public quality 
standard.
 The group’s recommendations and the impact they will 
have on USP <905> will be discussed at the 3rd Annual 
ISPE – FDA GMP Conference (Baltimore, Maryland; 2-5 
June 2014).
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Project Execution Planning: The 
Key to Successful Pharmaceutical 

Project Delivery
by Robert Garner

This article presents the importance of a Project Execution Plan (PEP) for a 
pharmaceutical facilities project, outlines the fundamental aspects of a PEP, 

and details what should be included in each section.

E 
very pharmaceutical project is unique 
and each project requires a detailed 
Project Execution Plan (PEP). The PEP 
is not a “one size fits all” document. It 
must be specifically tailored to meet the 
size and specific phases of an individual 
project.
 While attributes that are common to 
all projects include safety, quality, cost, 

and schedule, each project combines differences in scope, 
scale, complexity, resources, and many other factors to 
achieve its goals and objectives. During the project develop-
ment and delivery process, the concept and Basis of Design 
(BOD) phases of work are important alignment phases of 
project execution which help to address these attributes as 
well as many addressed within the PEP. The PEP commu-
nicates and documents the project “map” and the overall 
strategic approach for the execution of the entire project 
for all stakeholders. It also sets the tone for demonstrating 
effective leadership, project organization, progress mea-
surement, and teamwork. A good PEP provides guidance 
over every applicable element of a project. Such attention 
to detail is particularly important for the pharmaceutical 
industry, which faces regulation from the U.S. Food and 
Drug Administration (FDA) in the form of current Good 
Manufacturing Practices (cGMP) regulations. A PEP is the 
product of good project planning and incorporates sev-
eral sub-plans, such as a project procurement (or supply 
management) plan, project risk identification and mitiga-

tion plan, project staffing plan, construction execution 
plan, cost/budget management plan, project controls plan, 
project quality plan, and overall team alignment. 
 The PEP is typically completed during the early (concept, 
BOD, or preconstruction) phase of the project. Preconstruc-
tion is critical for the successful delivery of capital projects. 

Figure 1. Key Project Execution Plan (PEP) elements.
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struction perspective. It also forms the basis for the project 
management constraint triangle: scope, cost, and schedule. 
Obviously, the larger the project (defined in scope), the 
greater the design, construction, and procurement effort it 
will take to complete. The scope of work is a critical element 
for cost and schedule management of the project, and is the 
foundation of the project. Essentially, the PEP defines the 
“what” and “where” work will be derived. 

Project Organizational Chart
Who is in charge? Who has the authority to allocate costs 
and make changes? What is the project reporting structure? 
How does the team fit together? This should be made clear 
up front and updated as required.

Contracting Strategy and Project Delivery 
Model
Is the project EPCM, design-bid-build or other? The PEP 

should reflect the planning of the project 
and state the delivery model being 
utilized. Many specific elements of the 
PEP are addressed regardless of the 
contracting strategy, but clearly the PEP 
will address these requirements from 
a roles and responsibilities perspective 
differently depending on the delivery 
model chosen. The key is to put these 
thoughts into the PEP and clearly com-
municate these intentions for the entire 
team early. 
 The project delivery decision should 
be based on a number of factors includ-
ing budget, schedule, cash flow, project 
complexity, risk mitigation, project 
team composition and project goals. 
Essentially, a project delivery method is 

a configuration of roles, relationships, responsibilities, and 
sequences on a project.
 A brief overview of some of the typical project delivery 
methods for pharmaceutical projects can be seen in Figure 
3.

Design-Bid-Build (DBB)
DBB is a common project delivery method in the phar-
maceutical industry. Owners with sufficient in-house staff 
contract with different entities for each phase of design and 
construction, and take on the responsibility of orchestrating 
the various team members. Each step in the execution pro-
cess follows the other with minimal overlap. Under this ap-
proach, the owner functions as the overall project manager 
and hires external engineers, consultants, and contractors.
 DBB is typically used when the project is not well-de-
fined and there is adequate time for the design and con-
struction phases. These projects are often competitively bid 

and priced as a lump sum. The competi-
tive nature of the bidding process usually 
results in a competitive cost for the 
owner, but the quality of the subcontrac-
tors is left to the general contractor.
 Under this method, all construction 
and performance risks are assumed by 
the GC. Change orders and schedule 
delays can occur if the owner’s intent for 
the scope of work is not well-defined by 
the architect to the contractor. 

Construction Management 
(CM)
Under the CM method, the owner retains 
a firm to act as its construction manage-
ment representative. There are a number Figure 3. Typical project delivery methods used for pharmaceutical projects.

Figure 2. Key project execution activies – based on ISPE’s Good Practice Guide: Project 
Management for the Pharmaceutical Industry project type matrix.
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of variations on this model. An architect is retained to de-
velop a design package. The CM is retained for a fee and is 
responsible for managing construction while meeting goals 
in terms of quality, scope, cost, and schedule.
 The CM representative is also responsible for estimate 
development, construction, subcontracts, scheduling, 
reporting, quality control, and cost controls. Then archi-
tects, engineers, and consultants are retained to develop a 
program. Multiple construction packages are developed, 
and bids are solicited from various trades. Under the CM 
method, design and construction activities overlap.
 This model is well-suited for owners that lack in-house 
design and construction expertise or capacity. It ensures 
consistent oversight and careful monitoring of costs and 
schedule. However, this method can result in additional 
upfront costs and create communication challenges among 
the team.

Engineer-Procure-Construct (EPC)
EPC is emerging as a preferred choice of project delivery for 
pharmaceutical projects. Under this model, the EPC firm 
handles design, procurement of all equipment and con-
struction materials, and construction services for complete 
delivery of the project, usually at a lump sum price. The 
EPC process starts with a preconstruction effort that in-
volves some preliminary planning and engineering to define 
scope, schedule, and costs of the project. The EPC firm has 
complete responsibility for the project from start to finish. 
 The project schedule and project budget are known at 
the start. All scope, cost and schedule risks are passed to 
the EPC contractor. EPC project delivery offers the tight-
est integration of activities during the construction process 
through a structured and disciplined approach. In addition, 
communication among the design, procurement, and con-
struction teams begins immediately.
 The EPC model helps align team members for optimal 
project performance. EPC delivery is typically used for pro-
cess or equipment-driven projects. This model reduces risks 
for the owner, delivers predictable results, and maximizes 
the effectiveness of capital planning. 
 The project delivery method will have an impact on the 
PEP. Clearly, the level of planning will be substantially dif-
ferent for a single source EPCM project than for a design-
only PEP, so this should be covered first.

Project Contractual Arrangement
There are many collaborative methods used to properly 
incentivize a project. The project contractual plan should 
determine how the scope of work will be performed by 
contactors to meet the project objectives. The contract plan 
should address roles and responsibilities, project scope of 
work, contracting methods, and project milestones. 
 Different contractual terms have different impacts on 

project stakeholders. For example, is the project cost plus 
fee, guaranteed maximum, or lump sum? These approaches 
are typically negotiated. The key point is to maintain as 
much “skin in the game” for all parties as possible. This will 
ensure that the project gets proper focus from all parties 
until completion. Another area of focus should be the align-
ment of the owner and equipment suppliers. All project 
stakeholders should understand their role and work collab-
oratively from the outset; this information should be within 
the PEP. 
 Properly covering scope in a PEP helps each team mem-
ber to properly allocate time and effort. Generally speaking, 
everyone involved wants to do a good job on a project and 
have a successful outcome. It is in the execution of the work 
and in the communication of what needs to be done, when 
it needs to be done, and in the prioritization and planning 
of the workflow that problems occur. By properly commu-
nicating the project scope, one can be sure that the entire 
team has the best chance for success from the start; they 
can sit down and plan exactly what needs to be completed 
during each phase of the project.
 Finally, by effectively documenting the project scope 
from the outset, a record is created that forms the basis of 
change management if indeed the scope changes (either in-
creases or decreases) as the project evolves. Change occurs 
in every project and alterations in a project’s scope must be 
properly managed by the project manager and accounted 
for in both schedule and budget. The PEP is a great place to 
baseline these elements.

Project Risk Identification and Mitigation
What special risks does the project have that need to be 
monitored and mitigated against? It is critical to beware 
of potential risks and to develop mitigation strategies to 
ensure the cost and schedule are met. Common examples of 
project risk include: use of new or unproven technology, im-
pact to existing facilities or operations, project cost, project 
schedule, validation of new technology or products, compli-
ance, etc. Project risk should be defined and managed. 
 In a generic sense, risk can be defined as: the probability 
of an uncertain (unwanted) event X (times) the severity of 
this event. 
 Within a PEP, the project manager needs to identify and 
communicate risk in terms of both probability and severity 
and then needs to plan risk controls to mitigate each. Risk 
controls can include people, funds, time and other resourc-
es. Mitigation involves reducing the probability or severity 
of an event. Proper mitigation planning also can involve the 
utilization of a “backup” plan that is used in the event that 
a project risk becomes reality. The PEP should introduce a 
project management action log, and this log should be re-
viewed and updated monthly. It should visit each potential 
project risk and assign a status to the probability of this risk 
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in realtime as the project goes forward. This status should 
be communicated to others who will be impacted or who 
should be informed. For more specific guidance on man-
aging project risk on pharmaceutical projects, the reader 
should consult the ISPE Good Practice Guide: Project Man-
agement for Pharmaceutical Industry, Chapter 3, pages 61 
to 84, as this provides a very good overview of risk manage-
ment in the pharmaceutical industry.

“The PEP should include 
discussion of how costs and 

schedule will be managed 
during the design, procurement 
and construction phases of the 

project.

Cost and Schedule Management
The PEP should include discussion of how costs and 
schedule will be managed during the design, procurement 
and construction phases of the project. The cost manage-
ment plan should determine how costs will be estimated, 
reported, controlled and managed. On any project, costs 
are driven by a combination of scope of work, resources and 
productivity. This will serve as a guide for the project, start-
ing with the original project schedule and budget through 
completion. This should include cost development, cash 
flow, milestones and other factors related to the costs and 
schedule of the project. Schedule management discussions 
should focus on how the schedule will be prepared and 
tracked and how milestones will be set and measured.

Procurement Strategy
Two distinct elements of this strategy are discussed below:

Package Definition – for each piece of equipment, mate-
rial or construction trade, the team must develop a list of 
non-overlapping documents (packages) that form the basis 
for each purchase. This typically involves extensive plan-
ning early in a project and continues through completion. 
It is a planning and scheduling function and should involve 
project management, stakeholders, design, cost and sched-
uling, and procurement. Typically, this is done at the pre-
construction phase. If done properly, the team will account 
for equipment delivery first (as this usually has the greatest 
impact on overall project schedule) and then phase in the 
various construction packages (underground, foundations, 

building erection, mechanical, electrical and plumbing trade 
packages, controls, voice/data/security, etc.) as required to 
complete the project. This planning is paramount to good 
overall execution and should be revisited continually during 
the execution of the project.

Procurement Matrix – this should be a comprehensive 
list of the equipment and subcontract packages that are 
defined above. The equipment purchasing package typically 
uses the equipment list as its backbone. The procurement 
matrix should be broken out as two documents: equipment 
procurement and subcontract procurement. This matrix 
shows the package description, package owner, sourcing 
strategy (competitive bid, sole source), approved (qualified) 
suppliers, Request for Proposal (RFP) dates, order status 
(out for bid, awarded, in progress), Recommendation for 
Award (RFA) responsibility, engineering drawing (reviews, 
approvals, return) responsibility, expediting responsibilities 
and status, milestone payments, commitment and expedit-
ing schedule and inspection (shop and Factory Acceptance 
Testing (FAT)) responsibilities and status. The PEP should 
establish the key responsibilities of this matrix and com-
municate them to the overall team. The PEP also establishes 
the overall responsibility of the procurement lead to own 
the matrix going forward and the obligation to hold weekly 
procurement meetings to continue to update this matrix as 
the project goes forward.

Resource Planning
Within the PEP, there should be a document that defines the 
expected participation of all team members. Using the proj-
ect schedule and planning from key team members, it is best 
to break the project down by week and plan the participation 
of team members. This is typically accomplished through 
a large spreadsheet that shows expected durations for all 
design staff (broken out by discipline or role on the project), 
project scheduling and controls personnel, project procure-
ment staff, preconstruction personnel, and construction 
personnel as required. Again, the PEP will “right size” this 
staffing plan based on the overall scope of the project, user 
group participation, project management, project engineer-
ing, design, procurement, project controls, construction, 
commissioning, and validation. The goal is to schedule the 
resources in advance and build in the steps to secure the 
resources. Note that this is not a Roles and Responsibili-
ties (RACI) diagram, which serves a different purpose. The 
resource planning document secures the resources for ex-
pected durations and should assist project controls person-
nel in predicting professional services budgets. In addition, 
the resource planning document also should address all 
phases through construction and qualification. This can only 
be completed after the design schedule and other contracted 
services are awarded and properly budgeted.
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Roles and Responsibilities
There are many different roles and responsibilities on any 
given project, varying with the project’s size and scope. It 
is important that the primary roles and responsibilities are 
defined early on in order to facilitate good communication 
among team members and promote ownership as the proj-
ect moves forward. It is a good practice to include a RACI 
diagram to an appendix of the PEP. The RACI diagram 
defines who is as seen in Figure 4.

• R=Responsible (who completes the work or task)
• A=Accountable (who is ultimately accountable for the 

correct completion of the work or task)
• C=Consulted (whose opinion is sought during the 

completion of the task)
• I=Informed (who is informed or kept up to date on the 

status of the task or work)

Design Plan
After project scoping and planning, the PEP should focus 
on the design of the new process, facility and/or site. The 
following are the key elements of design that should be 
covered within the PEP:

• Scope of services and design deliverables – the scope 
is key (as discussed above), but it is important to also 
cover in detail exactly what deliverables are expected and 
agreed upon.

• CAD coordination – this is a large topic in and of itself, 
and it is an important one. The following are some es-

sential elements of CAD coordination that must be clear 
to the team going forward:
- CAD platform and version
- CAD standards, procedures, and conventions
- Drawing numbering standards
- CAD deliverables:

> 2-D schematics
> Piping and Instrumentation Diagrams (P&IDs)
> Isometrics
> Orthographics

- Project closeout requirements – drawing turnover 
requirements

• Design schedule – not just the overall schedule but dates 
of important reviews, meetings, and other coordination 
activities

• Design standards to be employed
• Review of design team’s role in the document manage-

ment team 
• Review of design team’s role in procurement:

- Bid package/drawing package division
- Pre-bid meeting attendance and responsibilities
- Shop drawing review and approval responsibilities

• Construction support responsibilities and duration
• Estimate responsibility, accuracy and plan for the execu-

tion of the overall project estimate
• Technology or information management plan – de-

scribed software and other electronic tools to be used in 
the execution of the project

• Health, safety, and environmental planning
• Value enhancement – this is primarily focused on value 

engineering. The design plan should discuss the value 
engineering expectations of the project 
as well as the manner in which ideas are 
documented, evaluated and incorporated 
into the design.

Project Controls Planning
Project controls planning assists the 
project team in providing the cost and 
scheduling tools necessary for main-
taining the schedule and managing the 
approved budget. The cost engineer will 
be responsible for establishing control 
budgets, monitoring progress, policing 
discipline productivity, identifying and 
documenting any changes in a timely 
and cost effective manner, and forecast-
ing final costs. This project controls 
function is initiated during the early 
design and preconstruction phases of a 
project and follow on through construc-
tion, qualification and validation of the 
project. Project planning involving the Figure 4. Typical project RACI chart.
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establishment of “estimates to complete,” earned value 
reporting and other elements of project controls should be 
followed from the beginning of the project until completion.
 Key elements of project controls include:

Cost Reporting – the following are recommended ex-
amples:

• Monthly (weekly)* project cost report 
• An overall resource plan by month (week)*
• Detailed change order log of all change orders indicating 

status – approved, pending, rejected, void, or under de-
velopment. This log should be kept current and reviewed 
during the weekly coordination meetings.

• Monthly invoice log, which will track the invoice num-
ber, the value of the invoice, submittal date and payment 
date.

*depends on project size and scope

Schedule/Planning – planning is one of the most im-
portant elements in every project. Overall project planning 
is captured and documented by project controls person-
nel. Once a schedule is approved, it should be baselined 
and included within the PEP. Any significant changes in 
the schedule logic, forecast, etc., will be accompanied with 
a written description explaining the basis for the change, 
forecast, etc. Any requested change to the baseline (target) 
schedule must be accompanied by the proper change con-
trol documentation approved by the project manager.

Schedule Status Reporting – an approach for earned 
value should be considered for all projects whose size war-
rants. Earned value is an objective project management tool 
for evaluating project performance and progress. The proj-
ect’s approach to earned value, reporting, and frequency of 
reporting should be covered within the PEP.

Construction Plan
This plan covers the following:

Roles and Responsibilities – Construction 
Management Team
While the overall project organizational chart has already 
been presented, it is important in the construction arena to 
reiterate roles, responsibilities, and reporting requirements. 
The management of trade contractors requires that every-
one understand their role and who has rank for making 
decisions and reporting status and concerns.

Construction Organizational Chart
This should be a chart reiterating the roles and responsibili-
ties of outlined above.

Construction Quality Plan 
The quality control program is a formal program that 
consists of inspections, examinations, and tests to ensure 
compliance with the design drawings, specifications, codes 
and standards. The program should be administered by 
qualified personnel and documented in accordance with 
written procedures.
 Quality assurance is a formal program that verifies and 
documents that all required tests, inspections, examinations 
and reviews have been performed to ensure that applicable 
codes, standards, project documents, and specifications 
have been met. 
 The construction management team on a project has the 
complete authority and responsibility to identify quality 
problems/concerns, investigate them to the extent deemed 
necessary and to initiate, recommend and/or provide solu-
tions to those problems/concerns. In addition, it has the 
authority to cause any activity which is not being performed 
in strict accordance with the project engineering drawings 
and specifications, regulatory code requirements and/or the 
quality control/quality assurance manual to be stopped. 

Safety Program and Safety Incentive Plan
The master safety plan communicates the requirements 
and culture for the safety side of the project. Safety is most 
important component of every project. Companies have a 
moral responsibility to do all that they can to ensure that 
every employee returns home to his or her family as safe as 
they were when they reported to the jobsite. 
 The safety plan should incorporate the following elements:

• The role (if applicable) of the safety plan for all contrac-
tors/subcontractors and the need for it to be included as 
a part of trade contracts issued

• Drug and alcohol test and safety orientation require-
ments for all personnel

• Consideration of safety awards and incentives for su-
perior safety performance by individual subcontractor 
employees or crews

• Establishment of regular safety audits, inspections, and 
ratings of performance for each of the subcontractors

• Use of tracking programs, which will allow analysis 
of each subcontractor’s performance, compilation of 
statistics for historical use, trend analysis, and graphical 
communications of safety metrics
- Mandatory utilization of daily toolbox meetings and 

Safe Plan of Action (SPAs) by trade contractors. Con-
tractors shall prepare SPAs for each unique activity 
and thoroughly review the SPAs prior to the start of 
performing that activity.

- A near-miss reporting program. A near miss is an 
event that did not cause injury or property damage, 
but had the potential to do so. An example is tripping 
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without getting hurt. The goal is to communicate that 
near misses should be reported immediately in order 
to prevent a similar incident from causing an injury.

- An unsafe conditions reporting program. All unsafe 
conditions should be corrected immediately and 
reported to project management. Permitting require-
ments for the following activities:
> Construction
> Hot work
> Excavation
> Roof access
> Crane
> Scaffold
> Line breaking
> Potable water connection
> Safety reporting for total construction hours 

worked, and the number of near misses, first aids, 
recordable, and lost time incidents

Site Logistics Plan 
A site plan drawing should be created that shows direc-
tions to the site, proper locations for craft parking, material 
laydown, dumpster locations, shelter and muster locations, 
restroom and water locations, etc.

Commissioning and Validation Plan
Sometimes termed the Validation Master Plan (VMP) or 
commissioning plan, this plan should be referred to within 
the PEP, but should not be the primary focus. Proper plan-
ning and input should be given to the definition of turnover 
systems, and enough engineering and design should be 
complete to provide a solid basis for system turnover deci-
sions. Initial activities include a planning session with own-
er’s site representatives to ensure an appropriate system 
definition and turnover sequence that facilitates a smooth 
transition into the owner’s care, custody and control.

New Collaborations between 
Manufacturers and Construction Firms
The PEP should be completed as early as possible. For 
complex projects, such as pharmaceutical facilities, there 
needs to be complete alignment between the earliest 
capital planning stage and actual, on-the-ground construc-
tion processes. Outdated workflows – in which parties are 
brought onboard even in late stage construction and where 
alignment is sought as the project unfolds – are no longer 
viable. Successful firms are developing a more compre-
hensive system, tying their construction services in with a 
process which integrates overall project planning, design, 
procurement and construction to create cost-effective capi-
tal solutions. Firms which assemble an inter-disciplinary 
team in-house can provide solutions at a project’s earliest 
stages, and are therefore able to provide their clients with a 

guaranteed project cost from the outset. 
 Front-end planning, as a series of structured processes, 
is receiving much industry attention because it provides 
owners with a formal approach for developing and execut-
ing their capital projects, which require long-term invest-
ment to develop, build and maintain. Capital project deliv-
ery processes and front-end planning have been extensively 
studied by the Construction Industry Institute (CII). CII is a 
consortium of more than a hundred leading owner, engi-
neering-contractor, and supplier firms from both the public 
and private arenas, and its mission is to improve the cost 
effectiveness and sustainability of the capital facility project 
life cycle. CII research has shown the critical importance of 
effective front-end loading to increase project predictability 
in terms of cost, schedule, and performance metrics. The 
process conclusively fixes the project scope while capturing 
design, construction, and operating requirements.

The Total Project Delivery Toolkit
CII has developed a scope readiness tool, the Project Defini-
tion Rating Index (PDRI), which is a weighted scoring sys-
tem that evaluates all aspects of a capital project. The PRDI 
was developed based on research of more than 25,000 
completed capital projects, and it improves the front end 
planning process and aligns team members’ and owner’s 
expectations.
 PDRI documents define the key elements of an indus-
trial facility project and provide a rating system for those 
elements. After the preconstruction team assigns a rating 
to each of the elements on the checklist, a final score is 
generated. This score indicates, at a glance, the overall risk 
associated with a project; during the CII validation process, 
projects scoring less than 200 (out of 1000 total points) 
were found to be, according to the CII, “significantly more 
successful than those that scored greater than 200.”

Project Delivery: One Firm’s Experience
Using PRDI as a springboard, O’Neal, an integrated design 
and construction firm, has developed a preconstruction ap-
proach that is driven by their proprietary Capital Appropria-
tion Process (CAP). The CAP process can is an assessment 
tool that can effectively determine cost, scope and schedule 
for an investment. It provides owners with a thorough front-
end assessment of their proposed project and identifies 
areas in which there is a specific risk to success, especially 
from a design and cost standpoint as seen in Figure 5.
 O’Neal’s CAP focuses on project development and deliv-
ery models that exhibit the following characteristics:

• Every potential project is viewed as an opportunity for 
savings.

• Capital is directed toward the areas that best benefit the 
organization’s overall goals.
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Construction Practices: 
Contamination Risk Reduction 

within Ongoing Operations
by Charles Hammond and Steve W. Van Wormer

This article presents good construction practices for work in existing 
pharmaceutical facilities and encourages further development of 

construction procedures to prevent product safety issues.

P 
harmaceutical manufacturers with 
facilities in mature markets, such as the 
United States and Western Europe, have 
faced varying project implementation 
conditions as a result of increased em-
phasis on using existing facilities versus 
developing greenfield sites. Factors 
such as economic volatility, relocating 
manufacturing to emerging markets, 

changes and improvements to manufacturing efficiency, and 
outmoded facilities and equipment have contributed to the 
shift in greater utilization of existing facilities.
 Many best practices in engineering and construction 
developed during the industry’s expansion on greenfield sites 
have been slow to adjust to the differing risks when construc-
tion takes place next to active production and shares existing 
infrastructure. Construction practices implemented in Green-
field conditions, where there is little or no impact on existing 
operations, do not typically contain the standard of care and 
rigor that are necessary when working in existing operations.
 Significant attention and focus have been given to the 
best engineering and validation practices in the pharmaceu-
tical industry, while less focus has been given to the methods 
of construction. Ongoing, large capital investments by the 
pharmaceutical industry have allowed engineering firms 
to gain vast experience, and along with owner’s input, lead 
to the development of engineering practices and solutions 
targeting the project’s completed performance. Engineering 
processes and procedures are objectively defined and simi-

lar, if not shared, by firms across the life science industry. 
Consistent application of these good engineering practices 
makes the final physical outcome of the project predictable.
 During the key implementation phase; however, con-
struction project execution has not evolved into industry-
wide or generally accepted defined processes, procedures 
and methods to the same degree. Lack of these practices is 
evidenced by the “surprising frequency” of construction as 
a source of contamination as reported by the FDA.1 Good 
procedures and practices to control construction activities 
and its byproducts represent a significant opportunity to 
minimize the risk, if not eliminate, such outcomes.
 The increasing percentage of pharmaceutical construc-
tion projects taking place within existing facilities, adjacent 
to ongoing operations, creates significant vulnerability of 
contamination caused by construction. This can be dispro-
portionately detrimental and extremely costly if manufactur-
ing’s work-in-progress is affected, even if the initial capital 
investment or project budget is not that large.
 This lag in the development of construction practices 
tailored to prevent such issues during renovations may 
be attributed to traditional engineering practices that do 
not take means and methods of construction into account. 
Also, the means and methods needed to construct within an 
operational pharmaceutical facility are not typically included 
in construction management curriculum. Rather, construc-
tion professionals have to rely heavily on acquired practical 
experience and exposure to different project environments. 
Engineering methods, on the other hand, are well shared 
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and background of doing work in a controlled environment, 
as well as training specific to the site’s access and contain-
ment requirements. This knowledge is critical for the team’s 
input on estimating, logistics planning and scheduling, in 
addition to overall project success.
 A high-level construction logistics plan should be devel-
oped during evaluation of site selection alternatives during 
the business planning phase. Physical layout of an existing 
facility and availability of area contractors could impact site 
selection alternatives and Rough Order of Magnitude (ROM) 
estimates at this phase, so early evaluation is necessary. 
See Figures 1 and 2 for examples of high-level logistics plan 
reviews.
 This high-level plan considers the logistics of selective 
demolition – for instance, controlling the removal of debris 
to prevent contamination. Assessment of existing build-
ing space without considering construction logistics could 
fail to discover that the work area is not accessible without 
construction and operations crossing paths. This can be 
extremely costly if the area of work is completely surrounded 
by operational areas that must continue to function. This 
scenario could later lead to product risk and create addi-
tional mitigation costs beyond what was planned for in the 
contingencies of a ROM.
 Many large pharmaceutical construction projects are 
occurring on sites where a significant project has not taken 
place in years. A construction project within a pharmaceuti-
cal environment needs to be both managed and constructed 
by knowledgeable and well-trained personnel. The business 
planning phase should include evaluation of the availabil-
ity of trained contractors and required training for new 
contractors. Costs for traveling or specialty contractors need 
to be included if there are not sufficient contractors that are 
local or experienced with the facility. Budgets for training 
programs also should be established at this phase.

Facility Planning, Design, and Preliminary 
Engineering
The overall space requirements should be considered during 
programming. As these requirements are defined and pre-
liminary engineering takes place, the construction logistics 
plan can be developed.
 Requirements from operations for both the design as well 
as the logistics during construction must be determined at 
this phase prior to implementation. Input for access and 
shutdowns needs to be provided to help define the logistics 
plan.
 The construction logistics defined during business plan-
ning will be expanded upon, creating more detail for the 
actual effect of construction on adjacent areas and systems. 
Normally, the project team will define building and user 
requirements during programming. Figure 3 features a 
sample of a partial programming questionnaire. In phar-

maceutical construction, the same will need to be done for 
the construction space and process. Schematic or prelimi-
nary design follows programming and includes a high-level 
physical drawing of the area of construction, including 
planned access routes. HVAC diagrams showing conditions 
during construction, or each phase of the construction, need 
to be reviewed for potential impacts on adjacent opera-
tions.  
 The criticality of the project and number of people ex-
pected to be working on it drives the number of field-staff 

Figure 2. Example high-level logistics review: potential construction 
conditions.

Figure 1. Example high-level logistics review: initial conditions.
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needed to manage the project; however, subcontractor selec-
tion can have a huge influence on the ability to contain any 
construction impact. If the site or project doesn’t maintain 
trained, knowledgeable subcontractors that regularly work 
in pharmaceutical facilities, the management team size must 
be increased and significant training of all subcontractor 
personnel must be planned before the project starts to main-
tain product safety. An evaluation of an area’s contractors 
can determine if this is a risk factor for a particular project.
 Programming for construction logistics must include:

1. The anticipated flow of construction personnel to and 
from the worksite, including definition of:
a. Expected gowning and Personal Protective Equipment 

(PPE) requirements at different points
b. Expected containment and isolation requirements for 

personnel traffic
2. The flow of construction materials in and out of the 

space, including identification of:
a. Expected inspection and cleaning points and require-

ments for incoming materials
b. Expected containment requirements for outgoing 

materials; for example, sealed debris containers that 
are cleaned prior to leaving the construction area

3. HVAC requirements during construction, so that these can 
be built into the design documents. Many times, HVAC 
demolition and new installations are phased, in order to:
a. Separate construction from operations, including the 

construction pressurization plan
b. Complete construction modifications

c. Reconnect the completed construction area to turn 
back over to operations

This approach could require three or more sets of drawings 
showing the work to be completed in each phase, which 
engineering must anticipate in its planning.
 The deliverable in this phase is a written description of 
the requirements of construction, which allows for project 
execution without impacting or contaminating adjacent 
production space.
 Design, construction management and adjacent opera-
tions members of the project team should thoroughly ex-
amine the project description and drawings to confirm that 
requirements to construct adjacent to operations have been 
met. In addition, adjacent production schedules should be 
revisited at this point, to account for changes in production 
that could impact construction.
 Once the above tasks are completed, isolation, contain-
ment and construction logistics requirements will have been 
sufficiently defined to allow for cost estimating and detailed 
engineering. The budget, or scope of work, can then be 
adjusted and reviewed to confirm the final site selection and 
project value. An example of a simplified checklist that can 
be used to confirm your logistics plan is completed can be 
seen in Table A.
 The level of effort and detail applying these practices will 
be determined by the complexity of the project and amount 
of risk to adjacent operations. Tools such as the Ishikawa 
diagram (fishbone diagram) can be used to help identify risks 
that need to be controlled - Figure 4.

Detailed Engineering
During detailed engineering, the design 
is completed with full detail to allow the 
project to be accurately bid and con-
structed.
 In addition to standard engineer-
ing documents, the design documents 
for pharmaceutical work must include 
floor plans showing isolation barriers, 
sequenced drawings showing HVAC 
changes for construction pressurizations 
and final conditions, and utility diagrams 
reflecting the sequence of construction 
for demolition and tie-ins. A typical 
engineering design will have a demolition 
drawing and a new, finished installa-
tion drawing. The utilities sequence is 
not typically taken into account, as it is 
considered a means and methods issue 
to be resolved by construction manage-
ment in the field. However, the sequence 
is clearly defined in the scope of work Figure 3. Programming questionaire.
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to support and clarify the isolation sequence and allow for 
quality assurance planning.
 Standard Operating Procedures (SOP) must be refer-
enced, revised or created to address the isolation plan specif-
ic to the project. The SOP documents must be incorporated 
into the scope of work to ensure that bidders and contractors 
are clear on the requirements for the specific project.
 All engineering documents must incorporate material 
selections and design requirements, providing specific infor-
mation and two-way communications between the construc-
tion team and quality assurance.

Planning After Design Completion
After the design is completed, but before construction 
begins, the impact assessment should be finalized with 
appropriate controls planned for the work to take place. In 
order to maintain adjacent production, enforced shutdowns 
are often phased to minimize the duration that production 
areas need to be shutdown. The phases of manufacturing 
operations to be maintained are critical in deciding the 
requirements needed.2

 A logistics plan must be finalized with approvals from 
quality assurance, operations, maintenance, engineering and 

construction. The causes and effects of potential contamina-
tion must be reviewed and planned for using methods such 
as an Ishikawa Diagram.3

 Logistics plan considerations include:

1. Planning and implementation of all personnel routes, 
gowning and PPE
a. Example: gowning may be required to be worn to get 

to the construction area, then removed and new gown-
ing worn to return through classified spaces.

2. Consideration of material ingress and egress, as well as 
the level of containment required for the materials
a. Example: when materials pass through a classified area, 

they may need to be inspected prior to entry and/or put 
in sealed or enclosed containers that are cleaned.

3. Determination of temporary barrier requirements and 
locations, and planning for their installation to isolate the 
construction area from production
a. Example: temporary walls may be constructed of a 

simple plastic curtain, or may need to be more rigid 
and constructed of metal, drywall or plastic and 
caulked in, due to potential damage or pressurization 
requirements.

Table A. Construction separation/logistics checklist.

Construction Separation/Logistics Checklist Completed? N/A?

HVAC modifications and balancing completed to separate construction from operations?

Pre-balanced and pressurization checks completed prior to any work taking place

Additional filtration or removal of return air from construction area that feeds into operational areas 

All supply air and exhaust air balanced to keep construction area negatively pressurized to 
surrounding GMP spaces

Balancing & Airflow Diagrams (showing pressurization) checked for compliance prior to re-starting 
operations and/or construction

Construction Access defined and separated from Operations?

Material/Debris access locations, cleaning and inspection plans in place

Personnel access locations, gowning, and PPE plans in place

Personnel training plans in place before allowed access

Physical barriers in place for each use/classification

Changes to operational procedures or additional cleaning defined

Electronic Disconnections/Shutdowns traced and planned for separation of operations from new construction?

All affected feeds defined and planned for modifications

All material available prior to modification/shutdown

Piping disconnections/shutdowns traced and planned for separation of operations from new construction?

All affected piping systems defined and planned for modifications

All materials available prior to modification/shutdown
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Next, finalize all SOPs governing the work to take place, in 
addition to any modifications to operational SOPs for the 
surrounding production areas. Finally, determine verifica-
tion requirements for the construction area and surrounding 
production areas before work takes place. This could include:

1. Additional particle and/or viable monitoring instituted in 
surrounding areas to continually confirm that construc-
tion is not impacting production

2. Periodic or continual testing of construction area pres-
surization to ensure that the area stays negative to the 
surrounding production

If it is possible to physically access the area of work, the final 
design documents should be fully reviewed in the field to en-
sure that the existing conditions match the planned design. 
A construction project’s contamination plan and overall 
project plan can be completely derailed if unplanned issues 
exist that were not fully realized until after work begins. If 
unplanned systems are accidentally modified or changed, 
product contamination could result.
 By following the steps outlined and defined in the busi-
ness planning, facility planning and engineering phases of 
the project life cycle above, the phased impact on utilities 
and timing of shutdowns should be well understood, and can 
then be planned for work completion.

Project Execution
Once the design, logistics and appropriate containment 
plans are in place and fully approved by quality assurance 
and operations, the project can start.
 Prior to the work taking place, each individual worker 
must be trained on all SOPs and routes for construction. 
This could include different routes and containment plans 

for each phase of construction in a multi-phase implemen-
tation. Emphasis on minimizing bio-burden, both during 
shutdowns and construction, must be fully understood by 
every worker.4

 The importance of this is highlighted by a 2005 case 
study from the PDA Journal of Pharmaceutical Science 
and Technology, where it was reported that contaminants 
discovered in media fill vials had migrated from the area of 
construction activity.1

 Particularly in a pharmaceutical environment, it is crucial 
to understand and remember the bigger picture and broader 
implications for protecting the people, products and prop-
erty. The whole job site should be regularly reviewed for any 
hazards that could potentially cause ingredient or product 
contamination, research animal disturbance, product manu-
facturing disturbance, production delays that could affect 
ingredient lifespans and quality, or any other issues that 
could possibly harm the manufacturer’s product quality or 
reputation.
 The following are examples of items that must be com-
pleted at the start of work:

1. All systems and facilities that will be modified should be 
pre-tested to confirm that acceptable parameters were 
maintained while production was underway.

2. Systems that will be modified for construction must be 
shut down.
a. Install barriers to isolate the project area from produc-

tion. Barrier installation must be coordinated with 
pressurization requirements.
i. The construction of the barriers varies depending on 

the level of cleanliness of the adjacent production.
ii. Example: in classified spaces, it is critical to have 

barriers that are constructed of non-organic clean-

Figure 4. Ishikawa diagram.



58 March/april 2014     PHARMACEUTICAL ENGINEERING

facilities and equipment
Contamination Risk Reduction

able materials, are sealed to adjacent spaces, and 
are sufficiently tamper-resistant to avoid damage 
that could contaminate adjacent production.

b. Disconnect and isolate systems that will be brought 
back online for production to continue while the 
construction takes place. Complete all validation and 
testing to ensure that these systems are performing 
within acceptable parameters for production after the 
modifications.
i. Example: isolate HVAC branches or systems and 

re-balance operational areas to their requirements, 
in addition to the construction area to maintain 
negative pressure to adjacent spaces for contamina-
tion control.

c. Complete cleaning and validation of adjacent areas 
to confirm that they are back to acceptable levels to 
return to production.

3. Once the work area is separated, construction can pro-
ceed on the project. All previously developed plans and 
SOPs must be followed to ensure that the work progress-
es without affecting other areas.

4. At the completion of the project or following each phase, 
another shutdown of production is needed. Similar steps 
should be followed to put all systems and utilities into 
their next or final configuration. All systems and facilities 
should then have post-testing and cleaning to confirm 
readiness to return to production.

Field observations completed by Controlled Environments 
identified an organization faced with cleanroom start-up 
delays following a construction shutdown, because Strepto-
myces bacterial spores were found even after triple-cleaning 
the facility.5

 Cleanroom processes must be successfully cleared at each 
stage of construction before products are able to move on to 
the next stage. Closely monitoring cleanroom sterility at all 
stages will help ensure product quality and safety.

Project Closure
At the completion of the construction work, after the final 
shutdown is completed, the new area is turned over to 
operations for final cleaning. At closure, all documents are 
turned over to quality assurance for review and approval. 
Once reviewed and approved, the project is complete.

Case Study: Filling Line Installation
A recent project created a space for a new filling line with 
Grade-A filling space, inside Restricted Air Barrier Systems 
(RABS), surrounded by Grade-B personnel space. The new 
Grade-A/B filling space was adjacent to existing to Grade-C 
and Grade-D space and built in what was previously con-
trolled-non-classified space. Access to the new Grade-A/B 
filling space was through controlled-non-classified space 

during construction. See Figures 5 to 7 showing the configu-
rations of the space throughout the project.
 This particular project required the following:

1. HVAC modifications
a. Pre-balance and pressurization checks validated the 

HVAC system for prior production.
b. Temporary exhaust was installed to keep construction 

area negative to the surrounding space.
c. The existing supply, return and exhaust were discon-

nected from the area.
d. Operation areas were re-balanced and confirmed for 

the pressurization of the construction area to return to 
service.

e. Complete construction of all new duct and HEPA 
banks was completed while operations were in pro-
duction in adjacent spaces. The new systems don’t 
connect to existing systems at this stage.

f. One final, short shutdown was needed to connect and 
startup the new equipment to bring the space into use. 
Final balancing and pressurization was completed to 
turn the area over to operations for use. Smoke studies 
and equipment testing were able to take place post-
construction.

2. Construction Access
a. Material Access and Egress

i. Incoming materials were required to be inspected, 
cleaned and wrapped at the in-going material 
airlock to contain anything being dropped while 
moving through controlled-non-classified areas.

ii. Outgoing debris and excess materials were inspect-
ed, cleaned (or placed in carts that had their exterior 
cleaned) and wrapped at the temporary construction 

Figure 5. Case Study: existing conditions.
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High Purity Process Piping: 
Harmonization of ASME Codes 

and Standards
by Barbara Henon, Vince Molina, Richard Campbell, and William Huitt

This article presents interactions between the ASME Bioprocessing 
Equipment (BPE) Standard and ASME B31.3 Process Piping Code 

Committees following the addition of Chapter X High Purity Piping to the 
2010 Edition of B31.3. This collaboration of ASME Committees will help to 

assure both safety and cleanability of high purity piping systems.

F 
ollowing the introduction of the ASME 
Bioprocessing Equipment (BPE) Standard 
in 1997, most new pharmaceutical and 
biotechnology plants around the world 
have been constructed using the ASME 
BPE Standard.1,2 The original scope of this 
standard, as approved in 1989 by the ASME 
Council on Codes and Standards stated:

 “This standard is intended for design, materials, con-
struction, inspection, and testing of vessels, piping, and 
related accessories…for use in the biopharmaceutical 
industry.”

The ASME B31.3 Process Piping Code also includes piping 
in pharmaceutical plants as being within its scope.3 The BPE 
Standard references ASME B31.3, but there are inherent 
differences between the two ASME documents that have 
only recently been addressed. While the focus of the Code is 
primarily on safety issues, the 2010 Edition of ASME B31.3 
introduced a new chapter, Chapter X High Purity Piping. 
Chapter X covers piping in high purity industries including 
the semiconductor and bioprocessing industries that have 
a particular need for cleanness and/or cleanability of their 
piping systems, but also must meet the safety requirements 
of the Code.

 Although the ASME B31.3 Code and the ASME BPE 
Standard have been developed independently, it is impor-
tant going forward that they do not contradict or conflict 
with one another. The addition of Chapter X is an essential 
first step in closing the gap between the requirements and 
intent of the ASME BPE Standard and the Code. Even before 
the publication of Chapter X, members of both ASME Com-
mittees have been working together to harmonize the two 
ASME documents for which the latest editions of both are 
2012.

High Purity Piping
The need for a chapter in the ASME Process Piping Code 
to address high purity concerns became apparent in 2004 
when an engineer and a member of the B31.3 Code Commit-
tee started to write a specification for an Ultra-High Purity 
(UHP) piping installation using the ASME B31.3 Code. He 
found that process piping systems typically used in semicon-
ductor plants were not adequately addressed in the Code. 
This was the case even though the Code identifies piping 
in semiconductor plants as within the intended scope. The 
semiconductor industry uses standards written by Semicon-
ductor Equipment and Materials International (SEMI) that 
reference ASME B31.3.4,5 The emphasis of the SEMI stan-
dards is on cleanness rather than the basic safety consider-
ations of ASME B31.3.
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Code. Because of the repeatability of orbital welding and 
the impracticality of radiographic (or ultrasonic) examina-
tion on small diameter, thin-wall tubing, the semiconductor 
industry uses a quality assurance system of weld coupon 
examination in which sample welds are made prior to and 
during production at specified times such as the beginning 
and end of each shift, and after a change of power supply or 
purge gas source, etc. The weld coupons are sectioned (cut 
open) and examined visually for full penetration, discol-
oration, alignment, cracking, porosity and other specified 
defects. If a defect is found, previous welds are cut out and 
production welds discontinued until the weld problem has 
been identified and eliminated.

ASME Bioprocessing Equipment (BPE) 
Standard
In the mid 1980s, mechanical contractors in the emerg-
ing bioprocessing industry began to use the same fabrica-
tion technology as the semiconductor industry. Repeatable 
smooth welds are essential to assure the cleanability of 
bioprocess tubing systems to limit or minimize the growth of 
microorganisms in bioengineered pharmaceutical products. 
The initial impetus that eventually led to the development 
of the ASME Bioprocessing Equipment (BPE) Standard was 
bioprocessing equipment imported from Europe that had 
manual welds that did not meet the quality standards that 
were routinely achieved by installers in the United States 
using orbital welding equipment.
 Volunteers working on the ASME BPE Standard commit-
tee have helped to systematize the installation of biopharma-
ceutical process tubing. The Subcommittee on Dimensions 
and Tolerances specified controlled material chemistry, 
especially sulfur, to minimize heat-to-heat variability in 
the weldability of tubing and fittings made from Type 316L 
stainless steel (and other austenitic stainless steels) and by 
standardizing the dimensions of weld ends on fittings and 
other process components to be orbitally welded.
 The Subcommittee on Surface Finish set standards for 
smoothness of product contact surfaces while the Materials 
Joining (MJ) Subcommittee established weld criteria for prod-
uct and non-product contact surfaces of orbital tube welds. 
Acceptance criteria for welds on tubing systems do not allow 
cracks, lack of fusion, incomplete penetration, porosity open 
to the surface, inclusions open to the surface nor undercut. 
Systems made from nominal diameter pipe are seldom used 
for the higher purity requirements in the biopharmaceutical 
industry. If they are used, the welds are made in accordance 
with ASME B31.3 Table 341.3.2 with additional acceptance 
criteria of the ASME BPE Standard in which cracks, lack-of-
fusion and incomplete penetration are prohibited.
 The MJ Subcommittee also established methods of weld 
examination and inspection that are not used routinely in 
other industries. The ASME BPE Standard requires visual 

examination of the outside diameter surface of 100% of tube 
welds and the use of borescopic or direct visual examina-
tion to view the ID of 20% of the tube welds. BPE requires 
sample welds or coupons be performed prior to production 
welding and at specified times. Weld logs and weld coupon 
logs are part of quality assurance with every weld numbered, 
documented and identified on an isometric drawing or weld 
map. The ASME BPE is now an International Standard used 
in 30 countries. The application of the ASME BPE Standard 
has resulted in very efficient installations of large scale 
biotechnology facilities such as Amgen, Eli Lilly, Genentech, 
and others that may have orbital welds numbering in the 
30,000s.8

ASME B31.3 Chapter X High Purity Piping
A presentation was made to the ASME B31.3 Section Com-
mittee in 2005 to point out the gaps in the Code with regard 
to UHP pressure piping. Permission was obtained from 
the ASME to begin writing a new Chapter for ASME B31.3. 
An Ultra-High Purity Piping Task Group (Subgroup H) 
was formed to examine differences in piping requirements 
between the practices in the semiconductor and the more 
established industries covered by ASME B31.3. Since the 
fabrication practices in the biopharmaceutical industry and 
the semiconductor industry share commonalities, Subgroup 
H was expanded to include individuals having expertise in 
the biopharmaceutical as well as semiconductor industry, 
and the name was changed to Subgroup H High Purity Pip-
ing in keeping with the broader scope.
 In writing Chapter X, Subgroup H went through the 
entire ASME B31.3 Code and identified each paragraph 
that applied to high purity piping and assembled those 
paragraphs as well as new paragraphs into the new chapter. 
Paragraphs in Chapter X have the prefix “U” as, prior to 
publication, Chapter X was called Ultra-High Purity Piping. 
Since the term Ultra-High Purity refers to the most criti-
cal level of semiconductor cleanliness and has very specific 
sets of standards that define these requirements, the name 
UHP Piping was later changed to High Purity Piping so that 
Chapter X could be applied to a broader range of industries.9

ASME B31.3 Fluid Services
Chapter X introduced a new fluid service category, High 
Purity Fluid Service, to the 2010 Edition of the Code. When 
an owner designs a piping system to the ASME B31.3 Code, 
it is his responsibility to select an appropriate fluid service 
as defined by B31.3. Metallic pipe in the B31.3 Base Code, 
Chapters I to VI, is typically in Normal or Category D fluid 
service. Other chapters that were previously added to the 
code have introduced other fluid service categories such as 
Category M for piping carrying toxic materials, and High 
Pressure Fluid Service for piping systems designated by the 
owner to be in High Pressure Fluid Service. Figure M300 
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this table refers back to BPE “Part DT of ASME BPE covers 
dimensions and tolerances for stainless steel automatic 
welding and hygienic clamp tube fittings and process com-
ponents.” In order to be listed, a component must be shown 
to meet the requirements of ASME B31.3 for structural 
integrity.
 Drawings of hygienic clamp fittings are shown in ASME 
BPE-2012, Figure DT-2-1, and similarly in ASME B31.3-
2012, Figure U-335.8 - Figure 1. These clamp assemblies 
that are used in conjunction with specific types of gaskets, 
are quite different from the typical flanged and bolted con-
nections used in normal ASME B31.3 piping systems.
 In accordance with B31.3 each installed piping system 
shall be tested to assure tightness. The test shall be a hydro-

static test in accordance with B31.3 para. 345.4 except as 
otherwise provided. At the owner’s option, Chapter X has 
added helium mass spectrometer testing which is common 
in the semiconductor industry.
 When a new term is added to an ASME Code or Standard, 
a definition more in line with its intended use must be added 
to the list of definitions in that publication. Definitions were 
added to ASME B31.3 paragraph 300.2 for orbital welding, 
face seal fitting, weld coupon, weld coupon examination, 
and hygienic clamp joint in the 2010 Edition and a defini-
tion of autogenous welding was added in 2012.
 
Harmonization of ASME BPE and ASME 
B31.3
Interactions between ASME BPE and B31.3 Subgroup H 
began in 2006 when a member of the ASME BPE Standards 
Committee and the BPE Subcommittee on Materials Joining 
(MJSC) attended an ASME B31.3 meeting in Atlanta, Geor-
gia. The Chair and another member of the Subgroup H sub-
sequently were invited to attend the ASME BPE Materials 
Joining Subcommittee (MJSC) meeting in Philadelphia in 
October 2007 where the Subgroup H members made a Pow-
erPoint presentation to the MJSC. They stressed the ASME 
B31.3 emphasis on safety comparing it to BPE’s concern with 
cleanability and control of bioburden. At that meeting, the 
MJSC appointed an official liaison to interface between the 
ASME BPE and ASME B31.3 Committees. Since then, liaison 
reports have been made at meetings of both ASME commit-
tees. Other members of BPE have joined B31.3 Committees 
and these volunteers have worked consistently to bring the 
two ASME documents closer together.
 Many members of the ASME B31.3 Committees were 
unfamiliar with high purity piping and orbital welding so the 
members of Subgroup H organized a PowerPoint presenta-
tion to the B31.3 Section Committee on this topic in Phoenix, 
Arizona in 2010. At the same meeting, live demonstrations 
of autogenous orbital welding were given for all the B31.3 
subgroups. Samples of the types of UHP and HP fittings, 
valves and clamps used in semiconductor and bioprocessing 
systems, some of which have now been listed in Table 326 of 
ASME B31.3, were on display.

ASME BPE/B31.3 Harmonization Task 
Group
Knowing that Chapter X was in preparation, the ASME BPE 
Materials Joining Subcommittee formed a task group to 
identify all of the references to ASME B31.3 in the ASME 
BPE Standard to determine how these references might 
be affected by the addition of Chapter X to the Code. The 
Harmonization Task Group met for several years at BPE 
meetings and reported their activities to ASME B31.3 Sub-
group H at their meetings. The task group found a total of 
41 references to ASME B31.3 in the 2009 BPE Standard. As 

Figure 1. Typical clamp designs used in the biopharmaceutical 
industry.
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a result, several references in Part MJ in the 2012 Edition of 
BPE refer to the “appropriate fluid service” which will most 
likely be High Purity Fluid Service as defined in the 2010 
Edition of ASME B31.3 for hygienic systems. References in 
ASME BPE to specific ASME B31.3 paragraph numbers were 
changed to general references to ASME B31.3.
 A statement was added to the General Requirements 
section (Part GR-1) in the Scope of the 2012 Edition of the 
ASME BPE Standard to alert users that for hygienic systems 
in bioprocessing plants they could now specify High Purity 
Fluid Service as defined in ASME B31.3. A ballot was ap-
proved first by the MJSC then by the BPE Subcommittee on 
General Requirements (SCGR), but took several attempts 
for approval by the ASME BPE Standards Committee. These 
ASME Codes and Standards are by consensus so all com-
ments on the ballots must be answered and all negatives 
resolved at each successive level of the record. This pro-
cess works surprisingly well and the negatives are usually 
constructive with improved wording and clarity the typical 
outcome. The final, approved reference in BPE Part GR-1 for 
2012 is as follows:

 “This Standard shall govern the design and construc-
tion of piping systems for hygienic service. For process 
piping systems designed and constructed in accordance 
with ASME B31.3, it is the owner’s responsibility to select 
a fluid service category for each fluid service. Should 
any fluid service meet the definition of high purity fluid 
Service (ASME B31.3, Chapter X) it is recommended that 
such fluid service be selected and the requirements of 
this Standard and ASME B31.3, Chapter X be met.”

This statement gives ASME BPE the authority to set stan-
dards for design and construction of hygienic systems and 
when a piping (or tubing) system is to be used for hygienic 
or high purity service that meets the definition of the ASME 
B31.3 High Purity Fluid Service, that fluid service should 
be selected. Prior to the introduction of Chapter X, most of 
these systems were classified as ASME B31.3 Normal Fluid 
Service. The statement demands that the design and con-
struction requirements of both ASME BPE and ASME B31.3 
be met. Thus it is essential that there be no inherent conflicts 
between the two ASME documents.

Radiographic vs. Coupon Examination
The 2012 ASME BPE Standard (MJ-7.3.3) requires that “Ex-
aminations shall be performed in accordance with the pro-
visions of the specified fluid service in ASME B31.3.” BPE 
has never required radiographic examination of tube welds. 
The ASME BPE requirement is for 100% visual examina-
tion of the outside diameter surfaces plus a minimum of 
20% random borescopic examination of the inside diameter 
of tube welds while the ASME B31.3 Normal Fluid Service 

requirement is a minimum of 5% visual examination and 5% 
random radiography or ultrasonic examination.
 Because of the difference in these requirements, there 
was always some vague concern that BPE requirements were 
not in full compliance with the Code. However, prior to the 
introduction of Chapter X, users of BPE and B31.3 who did 
not specify 5% radiography were not necessarily “violating” 
the ASME B31.3 Code if they specified in-process examina-
tion (B31.3 paragraph 344.7) instead of radiography.
 With the new Chapter X and by selection of High Purity 
Fluid Service in ASME B31.3, users of ASME BPE can now 
perform weld coupon examination in lieu of the 5% radi-
ography or ultrasonic examination and be in undisputed 
compliance with ASME B31.3.
 The requirement for 100% visual examination of the out-
side surface and 20% borescopic examination of the inside 
by ASME BPE is still in effect for welds in hygienic service 
referencing the ASME BPE Standard. One could argue that 
this is a more stringent requirement than the 5% radio-
graphic or ultrasonic examination required by ASME B31.3 
Normal Fluid Service.

How Weld Coupons are Made
The semiconductor industry has defined requirements for 
how weld coupons to be used for weld coupon examination 
are made and examined. While weld coupons are made to 
qualify welding procedures (WPS and PQR) and welding op-
erators (WOPQ) to ASME Sect. IX of the Boiler and Pressure 
Vessel Code,14 as modified by ASME B31.3, those coupons 
are used to qualify a range of wall thicknesses, diameters 
and alloys and may be performed long before construction 
begins.
 Primary weld coupons used for weld coupon examina-
tion are made prior to the start of production with sections 
of tubing of the same alloy, diameter and wall thickness as is 
being used in production to serve as a quality benchmark for 
welds made during production. Production weld coupons 
are made during production to assure that the weld parame-
ters from the qualified welding procedure (WPS) and orbital 
welding equipment continue to result in acceptable welds 
throughout the installation.
 The BPE Standard requires that sample (coupon) welds 
be made and examined “on a regular basis” to verify that 
the welding equipment is functioning properly and that the 
ID purge is sufficient to prevent weld discoloration. Many 
installers using the BPE Standard make Bead on Pipe (BOP) 
or Bead on Tube (BOT) welds which are made from a single 
section of tubing without an actual joint. The members of 
Subgroup H feel that an actual joint is required for weld 
coupons made during production, for the purpose of weld 
coupon examination, to show that the end preparation and 
fit up of weld components is good enough to result in proper 
joint alignment. This is consistent with the requirements for 



68 March/april 2014     PHARMACEUTICAL ENGINEERING

facilities and equipment
Regulatory Harmonization

in-process examination as defined by ASME B31.3 para-
graph 344.7 where fit up and joint alignment of production 
welds are checked prior to welding. The next editions of BPE 
and B31.3 will attempt to clarify and provide more consis-
tent requirements for weld coupons.

Method of Examination
While the procedure for weld coupon examination in the 
semiconductor industry requires the examiner to section or 
cut open the coupon for visual examination as seen in Figure 
2 top, coupon examination in bioprocess applications may 
be an indirect visual examination using a borescope, or more 
likely, a direct visual examination as seen in Figure 2 bottom. 
A member of ASME BPE MJSC proposed that borescopic 
examination of coupon welds be allowed by ASME B31.3 in 
lieu of sectioning. This was approved first at the subcommit-
tee level and then by the ASME B31.3 Section Committee and 
is in effect in the 2012 Edition of ASME B31.3.

Acceptance Criteria for Autogenous Welds
Chapter X states that weld acceptance criteria for the refer-
encing code, e.g., ASME BPE or SEMI, shall apply, but welds 
also must meet the acceptance criteria of ASME B31.3 para-
graph 341.3.2. Autogenous orbital welds on tubing generally 
have a flat OD profile, but may have some OD concavity, 
especially on heavier wall thicknesses. The BPE Standard 
makes some allowance for this for tube welds, but refers to 
B31.3 for welds on pipe. Weld acceptance criteria for B31.3 
are based on multipass welds on pipe with the addition of 
filler wire to the weld, and while they do address OD and ID 
reinforcement, there is no mention of OD concavity. This is 
generally interpreted to mean none allowed.
 This issue was brought to the attention of the ASME 
B31.3 Subgroup E, Fabrication, Examination and Testing. 
This item, to permit some amount of OD concavity on welds 
made without filler metal, is being evaluated for inclusion 
in the ASME B31.3 2014 Edition. If approved, this would 
not only aid in the harmonization of ASME BPE and ASME 
B31.3, but also will help to extend the use of Chapter X to in-
dustries11 other than biopharmaceutical that reference ASME 
B31.3 and could benefit from the application of autogenous 
orbital welding of tubing but might not be able to meet the 
current B31.3 weld acceptance criteria for OD concavity.

ASME BPE 2012 Edition
The 2012 Edition of the BPE Standard is the first edition 
of BPE to specifically reference the new High Purity Fluid 
Service and its associated Chapter X. This edition of BPE has 
been completely reorganized since the 2009 edition. ASME 
B31.3 does not address weld discoloration, but the BPE Ma-
terials Joining Part (Part MJ) has a new color chart showing 
permissible and unacceptable levels of weld Heat Affected 
Zone (HAZ) discoloration for welds on electropolished and 
mechanically polished 316L stainless steel tubing.
 While welding destroys the passive layer and results in 
some loss of corrosion resistance, the loss can be minimized 
by proper inert gas purging during welding which limits the 
amount of discoloration since the loss of corrosion resis-
tance increases with increasing amounts of discoloration.
 Acceptance levels for HAZ discoloration were established 
based on corrosion resistance in the ASTM G150 test and a 
modified ASTM G61 Potentiodynamic Polarization Corro-
sion test. At similar levels of HAZ discoloration, the cor-
rosion resistance of welds on electropolished tubing was 
higher than that on mechanically polished tubing. The tech-
niques and oxygen levels used for the ID purge are detailed 
in Nonmandatory Appendix M. Previous studies have shown 
that while passivation can help to restore the passive layer 
that is damaged by welding it cannot compensate for loss of 
corrosion resistance caused by poor inert gas purging.12,13

Figure 2. Top: An orbital weld coupon sectioned for visual 
examination of the I.D. surface for the semiconductor industry. 
Bottom: An orbital weld coupon made for the biotechnology 
industry. For High Purity Fluid Service, the welds must meet the 
acceptance criteria of the referencing code, i.e. BPE or SEMI and 
also meet the criteria in ASME B31.3 Table 341.3.2.



69PHARMACEUTICAL ENGINEERING     March/april 2014

facilities and equipment
Regulatory Harmonization

Conclusion
The Scope of BPE 2012 has been broadened to say, “The 
ASME BPE Standard provides requirements for systems 
and components that are subject to cleaning and sanitation 
and/or sterilization including systems that are cleaned in 
place (CIP’d) and/or steamed in place (SIP’d) and/or other 
suitable processes.”
 The current scope should open up the BPE Standard to 
other high purity applications that can benefit from fabrica-
tion technology including orbital welding of tubing systems, 
specialized components, examination and testing methods 
common to the semiconductor and bioprocess industries, 
but not previously addressed by ASME B31.3.
 By specifying High Purity Fluid Service and using cou-
pon examination of welds in lieu of the 5% radiography or 
ultrasonic examination requirement of ASME B31.3, users 
of ASME BPE can now be indisputably Code compliant, and 
because the scope of BPE has been broadened, the use of 
BPE should no longer be limited to use by the biopharma-
ceutical or bioprocessing industry.
 There was close collaboration between members of ASME 
BPE and ASME B31.3 during the development of Chapter X 
that was published in 2010. This collaboration continued to 
further implement changes that brought these documents 
into closer alignment for the 2012 Editions and this work is 
continuing for the 2014 Editions. This is a classic example 
of how cooperation between volunteers from two different 
ASME committees can work together to improve safety stan-
dards for piping systems with benefits to both industry and 
society.
 At the Denver meeting of ASME B31.3 in September, 
2011, the ASME awarded each member of Subgroup H who 
had contributed to the writing of Chapter X with a Certifi-
cate of Excellence in appreciation for their work.
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The Dirt on Cleaning and 
Sanitization

by Neil Lewis and Steve Shank

This article presents an overview of the basic concepts and principles of 
clean design which should be applied when considering equipment and 

system design.

H 
istorically, chemical processes for 
both commodity materials and 
pharmaceutical actives were designed 
as dedicated processes with no need 
or thought given to changeover for 
production of another product. This 
design approach had a number of 
advantages, including reduced risk 
of contamination and adultera-

tion as well as simpler validation. However, in the current 
business environment of minimal inventory and produce 
to demand, there is considerable pressure to reduce capital 
investment by more fully utilizing equipment. This paradigm 
shift necessitates that a system have the capability to quickly 
and effectively remove residual product. Effective cleaning, 
made easier by clean design, minimizes the risk of cross 
contamination/adulteration, ensures the safety, efficacy, and 
aesthetics of the product, and protects the process equip-
ment itself. Taking a holistic approach to the design and 
fabrication of these processes promotes the organization’s 
ability to innovate new products with minimum capital 
investment; this approach positively impacts the organiza-
tion’s capacity and profitability all while avoiding potential 
regulatory issues.
 It is an interesting dilemma that the majority of equip-
ment used to manufacture Active Pharmaceutical Ingredi-
ents (APIs) or Over The Counter (OTC) products is typically 
designed to be cleaned or rinsed with water. However, the 
introduction of water into any system brings with it substan-
tially increased risks of microbial contamination. The follow-
ing quote attributed to Benjamin Franklin helps to highlight 
the situation:

 “In wine there is wisdom, in beer there is freedom, and 
in water there is bacteria.”

The risks of microbial contamination necessitate that the 
system be designed to tolerate and facilitate some form of 
antimicrobial process. This process is commonly referred to 
as sanitization.
 This article provides an overview of the basic concepts 
and principles of clean design which should be applied when 
considering equipment and system design. The primary 
focus will be on process systems though the concepts and 
principles may be applied to other systems and processes.
 The fundamental principle, often forgotten in the process 
of meeting customer or consumer design and operating 
specifications, is that the ability to be cleaned and sanitized 
must be designed into the equipment from the outset. It 
is extremely difficult and expensive to add this capability 
once a system has been installed; the result is often a virtual 
rebuild of the system.
 When initially looking at any process system from a point 
of clean design, there are two important concepts and three 
important design aspects and that must be considered.

1. Concepts
a. Idle Time/Down Time Management - consideration 

of how to manage the contamination risks when the 
system is not in use. The FDA reports and summaries 
often comment on the lack of control during down time.

b. Contamination Prevention - the elimination of both 
contamination sources, as well as items that prevent 
the system from being cleanable, sanitizable, and 
drainable.
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equipment is idled or shut down in a clean environment, it 
would only require sanitization to be ready for future use. 
Due to the risk of microbial contamination and the inability 
to store sanitized equipment for long periods of time, the 
basic principle of sanitize before use is the recommended 
practice.
 The nature of the product also can have an impact on the 
required frequency of cleaning and sanitization. Compatible 
products may not require cleaning during changeovers, as it 
will be possible to push out one material with the next with 
minimal impact on the following product. The impact of this 
practice on efficacy, aesthetics, and potential for cross con-
tamination or functionality requires validation, but this is 
an accepted practice which can reduce the need for cleaning, 
sanitization and process downtime.
 In situations that do require cleaning during product 
changeovers; however, clean design that reduces both the 
changeover time and the amount of scrap product is key in 
assuring the effectiveness of the process. Equally, there are 
some products, where limited microbial susceptibility may 
allow cleaning with water between batches. In these situa-
tions, clean design is also critical in preventing dilution of 
the product and subsequent microbial adaptation.
 Other questions related to Idle Time/Down Time to be 
considered in the design include:

• If the system is cleaned or sanitized with heat (e.g., hot 
water, steam, etc.), how long does it take to cool the sys-
tem to a temperature acceptable for the process?

• How will the system be protected during cooling?
• Where and how will the effluent from the cleaning and 

sanitization process be removed from the system?
• What data monitoring systems are needed to control 

and verify the cleaning and sanitization processes? For 
example:
- Pressure or flow monitors on water lines to spray 

cleaning devices
- Temperature monitors on supply lines for water used 

to clean or heat sanitize
- Temperature monitors on tanks or process lines being 

cleaned and heat sanitized
• What is done to a system experiencing down time due to 

a maintenance shutdown?
- How is the system brought back on line so that the 

system is not microbially contaminated?
- How will the system be kept clean and dry?

Prevention
Systems can be designed to eliminate or minimize the need 
for cleaning and sanitization. This is usually accomplished 
by either the inclusion of an antimicrobial substance, such as 
ozone or alcohol, or by designing the system to be continu-
ally heated above 65°C (149°F).

 However, the addition of preservatives is not considered 
a prevention strategy. Preservatives are added to provide 
protection for the consumer after purchase. They are not 
added to make up for design deficiencies or inadequate Good 
Manufacturing Practices (GMPs) and procedures.
 Preventative strategies are often used for raw materials 
or intermediates, allowing the need for regular cleaning to 
be substantially reduced. The most common preventative 
measures include:

• Keeping purified water systems hot or ozonated
• Terminal filtration of the material
• Installation of micro filters on tank vents (to seal the tank 

and prevent contamination)
- Do not overlook the safety of the vessel in case the fil-

ter plugs. Protection may need to be provided for over 
pressure and vacuum hazards.

Care must be taken with preventative strategies to ensure 
no form of contamination develops allowing the material to 
become adulterated prior to the control steps. For example, 
in United States Pharmacopeia (USP) water systems, it is 
expected that the process water will meet the specification 
prior to the water being ozonated or heated to prevent con-
tamination in the storage and distribution system.
 Another prevention strategy is to design the system to be 
effectively cleaned, sanitized and drained. Examples of this 
strategy include:

• The selection and orientation of pumps
• Designing with expansion in mind without creating dead 

legs
• Not having excessive instrumentation
• Appropriately sizing and scaling the overall system; par-

ticularly tanks and other storage systems

The Design Aspects
There are six basic principles that apply to the design aspect 
of cleanable. These principles may be applied in greater or 
lesser degrees depending on the product, process and inher-
ent risks.

1. Use of inert materials: materials must be non-reactive, 
non-absorptive, and compatible with the materials and 
the processes, including cleaning and sanitization.

2. Specification of smooth surfaces – smooth surfaces aid 
the removal of material and minimize biofilms. ASME 
BPE lists four surface designations for mechanically 
polished surfaces (SF0 – SF3) and three for mechanically 
polished and electropolished (SF4 – SF6)1 - Table A.

3. Prevention of product accumulation: reduces cleaning 
time.
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Figure 1. System flow diagram.

Tank C (orange line). At the same time, the line from the 
valve manifold to Tank B (red line) is being washed to drain 
at the bottom outlet of Tank B. And Tank A is supplying 
product (blue line) to packing. During the cleaning process, 
it is critical to effectively separate cleaning flows from parts 
of the system which may still contain product.
 During design, in addition to answering questions about 
how the system is cleaned, the layout also needs to be con-
sidered. The ease of cleaning a system is strongly impacted 
by the following:1

• Complexity – the more complex the flow path the harder 
it will be to clean. Simplicity of design and instrumenta-
tion can be a key factor in making the design cleanable.

• Dead legs – dead legs are sections of pipe that are not 
washed through in the normal cleaning flow path. Dead 
Legs may be an instrument tee or a piping tee that leads 
to another process. Since there is no flow through a dead 
leg, turbulence is required to clean it. The longer the dead 
leg or the more viscous the product to be cleaned, the 
greater the amount of turbulence is required to clean it.
- ASME BPE-2012 states: “dead legs will be measured 

by the term L/D, where L is the leg extension from the 
I.D. wall normal to the flow pattern or direction, and 
D is the I.D. of the extension or leg of a tubing fitting 
or the nominal dimension of a valve or instrument. 
For valves, L shall be measured to the seal point of the 
valve.”2

- ASME BPE-2012 also states: “there is evidence that an 
L/D of 2 or less may prevent the branch from being a 
dead leg;” and “An L/D of 2 or less is recommended 
but shall not be construed to be an absolute require-
ment.”2

> The number of recommended maximum diameters 
has changed over time being as high a six and drop-
ping down to three (though the principle of clean 
design is to achieve zero).

> Since there is no flow through a dead leg, turbu-
lence is relied upon to clean it. The longer the dead 
leg or the more viscous the product to be cleaned 
is, the more turbulence that is required to clean the 
dead leg.

- For example, the dead leg in Figure 2 is the distance 
to the wafer in a butterfly valve from the inside wall of 
the main line. As an example, if the tee has an internal 
diameter of 1.87 inches (D), the maximum recom-
mended distance from the inside of the main line to 
the sealing surface of the butterfly valve (L) is 2 × 1.87 
= 3.74 inches.

- An area that is often overlooked is the non-flow 
through nozzles of tanks (such as instrument nozzles). 
If the nozzle has a probe or dip tube extending through 
it, the annular space is considered the D for calculat-
ing L/D.

- Experimental data also has indicated that the viscosity 
of the product to be removed is a significant factor in 
defining the significance of a dead leg.

- The above recommendations are intended for prod-
ucts with a viscosity similar to water. Thicker products 
will require significantly shorter dead legs.

- The orientation of the dead leg with respect to the flow 
path is critical in the overall cleanability of the dead 
leg.

• Tee orientation: when a tee is installed, there should be 
attempts to orient the tee so that the normal flow for 
cleaning is in one end of the tee and out the middle port. 

This provides higher turbulence and can 
reduce the time and solution required for 
cleaning, particularly for higher viscosity 
products - Figure 3.
• Line size expansions – Turbulent flow 

and wall velocity can have impacts on 
the ability of a system to be cleaned. 
Increasing the line size without a 
consequential increase in flow rate or 
velocity will result in less turbulence 
and less velocity. More cleaning time 
and cleaning solution will probably be 
required.

• Tanks with internal fixtures (i.e., 
baffles, agitators, dip tubes) – there 
are a variety of spray devices that can 
provide effective tank cleaning. Many 
of the older style spray balls rely on 
simple dissolution in excess water to 
clean. In these cases, the surface area 
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 is not impacted by the scouring effect of the modern 
spray jets. The composition of the product or selection 
of the appropriate cleaning agents to remove the prod-
uct can be the key rate determining step in the cleaning 
process.

• Spray devices – the effectiveness of a spray ball will de-
pend upon factors such as:
- How soluble the tank residue is in the cleaning solu-

tion.
> This solubility can go back to the idle time manage-

ment - if the product residue is allowed to remain 

in the tank, it may tend to dry out over time and 
may not be as soluble after one week as it was after 
one day.

- The size of the tank.
- “Shadow areas” created by internal fixtures such as 

baffles and dip tubes.
- The pressure and flow rate of the cleaning solution.

> Since solution velocity can be important, do not 
neglect the sizing of the supply and return (drain) 
lines of the cleaning solution.

- The finish of the tank surfaces.
- The angle of impact of the spray jet on the tank wall.

Additional considerations for the cleanability of tanks and 
associated flow paths would be:

• Pressure relief systems that need to be lifted or actuated 
to prevent them from becoming a dead leg or point of 
product accumulation.

• Contingency systems – additional pumps or flow paths 
installed to assure continuity of production.

Sanitizable
The ISPE Sterile Baseline® Guide defines sanitization as:

 “That part of decontamination that reduces viable 
microorganisms to a defined acceptance level; normally 
achieved by using a chemical agent or heat to reduce 
microbial levels.”3

Moist heat is frequently used for routine sanitization – 
normally by hot purified water or clean steam applied 
continually for a minimum period proven to be effective 
during validation. The recommended sanitization period 
is usually 30 minutes. The required quality of water for the 
product will determine the required quality of the water and 
the steam used for sanitization. Moist heat is preferred over 
other media as it is significantly more effective than dry heat 
and it is easily transferred by conduction and so is capable 
of overcoming minor design deficiencies such as small dead 
legs and air pockets. This can be a significant advantage over 
chemical sanitization.
 However, there can be some drawbacks to heat sanitiza-
tion:

• Heat sanitization can impact specifications for some of 
the materials used in construction of the system par-
ticularly the elastomers and valve seats. This is a good 
example of the choice of higher initial capital cost provid-
ing a long term reduction in operating costs due to the 
flexibility of moist heat sanitization.

• Running 30 minutes of water to the drain though the 
system can be expensive; however, this can be reduced Figure 3. Preferred tee orientation for cleaning.

Figure 2. Dead leg example.
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by having a recirculation loop with a heat exchanger – 
though the connections to this recirculation loop need to 
be temporary or isolatable to assure the micro integrity is 
adequately addressed.

• Operator safety – water or steam leaks at these tempera-
tures can cause serious burns.

• Environmental and building codes may limit discharge 
temperatures to drains.

• Steam generated in the room by the hot water or steam as 
it goes to the drain also may need to be addressed.

Steam is usually chosen as an option for saving water and 
for larger tank spaces, etc., but there are a few items to be 
considered before choosing that option:

• Elastomers such as Viton A will swell when exposed 
to steam for 30 minutes of sanitization; this is not a 
temperature rating issue. A consequence of this swell-
ing is that valves may stick in the last position until the 
swelling goes down (the authors have observed 30 to 60 
minutes). There are other grades of Viton that have better 
compatibility with steam, but they currently aren’t read-
ily available for many products. Other elastomers have 
better steam compatibility, but may not have the required 
process compatibility.

• Clean steam (plant steam produced using FDA approved 
chemicals) will require the system to be rinsed with 
purified water after sanitization to remove any potential 
contaminants.

• Steam also can contribute to wet/dry cracking, especially 
if there are residual chlorides from the product still in 
the system. This may help define the standard of cleaning 
required prior to sanitization.

Chemical sanitization agents, such as hypochlorite, peracetic 
acid, or quaternary ammonium compounds, can be used as 
an alternative to moist heat. In these cases; however, there 
are some key design parameters which must be considered:

• The materials of construction of the system must be fully 
compatible with the sanitizing agent.

• There must be a means of assuring the concentration of 
the sanitization agent remains at or above the specified 
level.

• There can be no air bubbles or areas of the pipework 
which do not come into contact with the sanitizer; 
therefore, the location of vents and drains take on added 
significance.

• Tanks need to be filled with sanitizer solution or the spray 
device must assure complete coverage.

• The system will require that rinsing and an effluent dis-
posal system are included in the design.

Drainable
Systems have to be designed to be fully drained if they are 
to be cleaned and sanitized effectively. Process lines that are 
normally drained of product, cleaning solutions, or sanitiza-
tion solutions during part of the cleaning and sanitization 
process should have a minimum 1% slope while a 2% slope is 
preferred. Valves need to be properly oriented to fully drain. 
For example, diaphragm valves usually need to be installed 
with the stem rolled to an angle when installed in horizontal 
pipes. Instrument probes and sidewall penetrations also 
should be sloped for drainage unless the instruments require 
horizontal mounting.4

 BioPharm elbows and tees are available with 88°, 90°, 
and 92° angles to help achieve these slopes (2° is actually 
greater than 2% and this meets the requirements). Slop-
ing, together with the provision of suitably designed and 
located drain valves, will assure the system is free draining 
of normal viscosity products. Highly viscous products may 
need heat traced pipework or increased slope to assure 
drainage.
 Drainability is important as it impacts idle time manage-
ment. If product/process lines cannot be completely drained 
after cleaning, there are a number of options which can be 
used to reduce the risks of microbial growth.

1. Dismantling the system after cleaning to assure all resi-
dues can be effectively removed and drained. The system 
will need to be sanitized prior to reuse.

2. Purging the system with compressed gases, the gas itself 
must be proven not to be a contamination source.

3. Pigging the system. Pigging is the propulsion of a mobile 
plug through a line for a specific purpose. In this case, the 
purpose is clearing the bulk of the product from the lines 
– pushing the product either to a filler or back to a tank.

4. Flush the residual condensate or water with products.

This last option does come with some additional risks and 
validation requirements. The diluted product is a major 
contamination risk, and the system must be flushed immedi-
ately after sanitization and the residual product or material 
must be disposed of immediately and not recycled. This 
whole process would need careful validation to assure there 
was no adulteration of the product. There should not be ad-
ditional water in the system that has not been removed prior 
to sanitization or use.
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On-Line TOC Monitoring in GMP 
Parts Washers

by Marcel Dion, Olivier Van Houtte, and George Verghese

This article presents a TOC monitoring system integrated into a parts washer 
and discusses how it can increase productivity, help meet PAT and QbD 
goals, and provide ongoing assurance over the life cycle of the process.

T 
otal Organic Carbon (TOC) analysis 
is one of the most common analytical 
methods used for cleaning validation in 
the pharmaceutical industry. This non-
specific method is typically used to detect 
the presence of organic residues on 
cleaned product contact surfaces. In con-
ventional automated cleaning systems, 
such as Clean Out-of-Place (COP) parts 

washers, a sample of the final rinse water is analyzed for TOC 
off-line. This approach requires that a sample be manually 
taken from the washer and transferred to a laboratory for 
TOC analysis. A new technology is now available that allows 
this analysis to be performed by the washer itself.
 The benefits of using such a system range from allowing 
cycle time optimization to reducing the risk of contaminat-
ing rinse water samples. Cross contamination is a critical 
concern in pharmaceutical research and production environ-
ments and the application described below explains how 
the chosen approach can help reduce this risk by providing 
process trending data and assuring robustness.
 With the recent regulatory developments in the pharma-
ceutical industry driven by ICH guidelines Q8, Q9, and Q10, 
and the new U.S. FDA process validation guidance docu-
ment released in January 2011, the emphasis on continued 
process verification has increased. This article describes a 
TOC monitoring system integrated into a parts washer and 
discusses how it can increase productivity, help meet Process 
Analytical Technology (PAT) and Quality by Design (QbD) 
goals, and provide ongoing assurance over the life cycle of the 
process.

Application Description
GMP Parts Washer Application
Pharmaceutical grade washers are generally required for 
critical cleaning and drying applications in pharmaceutical 
and biopharmaceutical manufacturing facilities. Typical ap-
plications include manufacturing of injectable and other oral 
or solid dosage drugs that are regulated by Good Manufac-
turing Practices (GMPs). These washers are typically used to 
clean and dry a wide range of components, such as labora-
tory glassware, liquid and powder filling line components, 
stainless steel mixing drums, fermentation containers, freeze 
dryer trays, tablet punches and dies, vials and ampules, 
filter housings and change parts for blistering, packaging 
and counting equipment, just to name a few. The complex-
ity may vary from very simple small parts to highly complex 
large parts and systems that may require sophisticated spray 
devices.
 FDA 21CFR Part 211 (§ 211.65) provides that, “equipment 
shall be constructed so that surfaces that contact compo-
nents, in-process materials, or drug products shall not be 
reactive, additive, or absorptive so as to alter the safety, iden-
tity, strength, quality, or purity of the drug product beyond 
the official or other stated established requirements.”
 This is why pharmaceutical grade washers are generally 
only required for applications where the components listed 
above are in contact with the product(s) being manufactured. 
Otherwise, regular glassware washers can generally be used. 
Although the installation and operation of most standard 
laboratory washers can be qualified, these lower cost washers 
are not provided with the documentation and sanitary design 
that is normally required for GMP applications.
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 It must be noted that each user needs to define what level 
of residue is permissible on a cleaned process part that is 
subsequently introduced into a drug manufacturing process. 
This residue level is determined based on a risk assessment 
and on an evaluation of the influence of that residue on the 
product quality and patient health.2 The sampling of residues 
from parts typically involve both rinse and swab methods. 
The on-line TOC monitoring system discussed in the article is 
limited to rinse solutions and sampling. It is not an alterna-
tive to the manual swab methods that are typically used dur-
ing cleaning process qualification.

Regulatory Drivers and Trends
In recent years, pharmaceutical companies’ practices have 
been strongly influenced by numerous guidelines and 
standards which have set the bar higher in terms of life cycle 
process validation. These standards call for “collection and 
evaluation” of data throughout the life cycle of the process. In 
January 2011, the FDA released the guidance document en-
titled, “Process Validation: General Principles and Practices” 
replacing the earlier guidance issued in May 1987. The new 
guidance defines process validation as, “The collection and 
evaluation of data, from the process design stage through 
commercial production, which establishes scientific evidence 
that a process is capable of consistently delivering quality 
product.” It describes process validation activities in three 
stages, all of which involve collecting, analyzing and evaluat-
ing process-related data.

Stage 1 – Process Design
The goal of this stage is to design a process suitable for 
routine commercial manufacturing that can consistently 
deliver a product that meets its quality attributes.3 The 
process design phase allows understanding critical and 
non-critical parameters and attributes which will determine 
the actions to be taken in the next stages. During this phase, 
several cleaning runs may need to be completed to define the 
parameters that will produce acceptable cleaning results. The 
ability to quickly obtain results from TOC analysis of final 
rinse water samples can help reduce the overall time required 
for this phase.

Stage 2 – Process Qualification
During the Process Qualification (PQ) stage of process 
validation, the process design is evaluated to determine if 
it is capable of reproducible commercial manufacture. This 
stage has two elements: design of the facility and qualifica-
tion of the equipment and utilities, and Process Performance 
Qualification (PPQ). This stage requires writing and execut-
ing protocols that specify the conditions, controls, testing, 
and expected outcomes. It involves a high level of sampling, 
testing, and scrutinizing of the process performance at com-
mercial scale.4

Stage 3 – Continued Process Verification
The goal of the third validation stage is continual assurance 
that the process remains in a state of control (the validated 
state) during commercial manufacture. A system or sys-
tems for detecting unplanned departures from the process 
as designed is essential to accomplish this goal. Adherence 
to the cGMP requirements, specifically, the collection and 
evaluation of information and data about the performance 
of the process, will allow detection of undesired process vari-
ability. Evaluating the performance of the process identifies 
problems and determines whether action must be taken to 
correct, anticipate, and prevent problems so that the process 
remains in control (§ 211.180(e)).5

 The ICH guidance Q8 defines “continuous process verifi-
cation” as “an alternative approach to process validation in 
which manufacturing process performance is continuously 
monitored and evaluated.”6 It is a science-and risk-based 
real-time approach to verify and demonstrate that a process 
that operates within the predefined specified parameters con-
sistently produces material which meets all its critical quality 
attributes and control strategy requirements. Extensive 
in-line or at-line controls and monitoring of process perfor-
mance and product quality is required in a timely manner to 
enable continuous process verification. This should include 
verification of attributes, parameters and endpoints, and 
assessment of CQA and Critical Process Parameters (CPP) 
trends. The EMA’s March 2012 Draft Guideline on Process 
Validation allows for a hybrid approach where this alterna-
tive continuous verification approach may be used only in 
some of the steps in a multi step process.7

 No matter which approach is followed, it is clear that 
the regulatory trends and expectations point to the need for 
significant data collection and evaluation, and for establish-
ing consistency, maintaining a state of control, and adopt-
ing science-and risk-based decision making. The traditional 
three-batch checklist approach to validation is no longer 
supported by regulators for producing drug products that can 
be safe for use and ultimately commercialized.

System Description
The complete system includes a TOC sensor/analyzer that 
is fully integrated into a pharmaceutical grade parts washer. 
The design of parts washers varies slightly from one supplier 
to another; however, the concept is basically the same for 
all manufacturers. The heart of all parts washers is the wash 
chamber in which parts (components or items) to be cleaned 
are processed. The chamber is typically fitted with spray arms 
that provide complete cleaning solution coverage on all the 
external surfaces. The parts to be cleaned are positioned in 
baskets (or on racks) that are equipped with various spindles, 
nozzles and connectors to ensure all the internal surfaces of 
the items also get complete coverage. Because coverage is one 
of the most critical parameters that affect cleaning, monitor-
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UV light, while minimizing measurement response time 
and providing complete oxidation. Once the sampling time 
is elapsed, the multi-parameter analyzer transmits the 
TOC value to the washer PLC control system. If the value 
is higher than the TOC set point for that particular cycle, 
the cycle stops and an alarm message is generated. After 
acknowledging the alarm, the operator can either accept the 
value or abort the cycle. If the value is accepted, the cycle 
resumes to the next phase; the final rinse water is drained 
and the drying phase starts. Alternatively, the control can 
be programmed to repeat the rinse phase until the set point 
has been reached, or until a maximum number of rinses 
have been completed. Failure to achieve these programmed 
parameters can trigger an alarm to indicate that the process 
was not successful.

Functional Description
The washer first proceeds through its pre-programmed pre-
wash, wash, and rinse phases. After the final rinse phase, the 
conductivity of the water is measured prior to draining the 
sump (the conductivity range is typically 0.0 - 2.0 µS/cm). 
The final rinse sequence is repeated until the conductivity 
set point is reached. For the system described in this article 
the conductivity is required to be < 2 μS/cm before the TOC 
system can be used. After this step, the TOC monitoring sys-
tem is turned on and TOC sampling of the final rinse water is 

performed. The rinse water is automatically pumped into the 
TOC sensor as seen in Figure 3.
 The duration of the sampling sequence may vary and 
can potentially be optimized based on the system configura-

Figure 2. Conductivity measurement before and after oxidation 
(schematic courtesy of Mettler-Toledo Inc.).

Figure 1. Washer chamber and TOC system layout.

Figure 3. On-line TOC functional description.
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1. Shorter cycle development time due to immediate 
feedback. The on-line monitoring system provides TOC 
results within minutes after sampling of the final rinse 
water, and before the cycle is completed. With off-line 
operation, the manually taken sample has to be sent to the 
testing laboratory, which can either be located at the site 
itself, or in some cases at another site, or in another build-
ing. The time it takes to obtain the results back from the 
laboratory can vary largely from one facility to another. It 
can be a few hours, or it can be several days. The ability to 
obtain almost immediate results was found to be particu-
larly appreciated by the user mentioned above, especially 
as they went through the cleaning validation process. 
During this key step, critical cycle parameters are defined 
and optimized, requiring that several loads be run per day. 
By knowing the TOC analysis results immediately after 
cycles are completed, adjustments to the parameters can 
be made quickly, thus considerably reducing the overall 
time to complete the cycle development process.

2. Reduced labor. Since the sampling of the final rinse wa-
ter is done automatically by the system, there is no need 
for an operator to access a sampling port and manually fill 
a sampling bottle or to walk over to the laboratory, or send 
the sample by courier to another site. The savings here 
can represent several minutes of valuable man power. 
Additionally, the operator does not need to stand by the 
washer and wait until the appropriate time during the 
cycle to take the sample.

3. Reduced risk of contaminating rinse water sam-
ples. By nature, manually taking samples increases the 
risk of introducing contamination of those samples. The 

containers themselves can be a source of contamination; 
the operator also can make manipulation errors. Contami-
nation can occur during transportation of the samples, or 
during the analysis at the laboratory. An on-line, auto-
mated system basically eliminates these potential sources 
of contamination.

4. Increased assurance of successful cleaning pro-
cess. TOC analysis is typically performed to add another 
layer of assurance that the cleaning process has been 
successfully completed. Until recently, COP washers were 
only equipped with conductivity monitoring systems. 
While conductivity can provide a good indication of 
residual chemicals, such as alkaline or acidic detergents, it 
typically cannot be used to detect the presence of the soil 
itself. When the soils are organic based, TOC measure-
ments provide a more complete analysis of the residues 
found in the rinse water. This is why many facilities use 
TOC in addition to conductivity as an analytical method 
for cleaning validation. Because of the labor involved in 
the manual process; however, many users do not take 
samples for each and every washing cycle. The on-line 
monitoring system can be programmed to take a sample 
for each and every load, thus assuring better process 
trending, robustness and continued process verification.

5. Safety. Final rinse water, which is often Water For Injec-
tion (WFI), is typically very hot. The final rinse is gener-
ally programmed to be performed with hot water to help 
with reducing drying time. By eliminating the manual 
sampling process, users are less exposed to hot water and 
surfaces.

6. Reduced equipment downtime. Since results from 
 the TOC analysis are readily available, 

components can be released more 
quickly thus reducing manufacturing 
equipment downtime.

7. Reduction of water consumption 
and cycle time. Since TOC analysis 
can be automatically performed for all 
cycles, there is no need to develop an 
“overkill” cycle with excessive number 
of rinses, just to be on the safe side. A 
reduction in the number of rinses re-
sults in shorter cycle time, lower opera-
tion costs, and increased productivity.

Disadvantages
1. Longer wash cycle. As described 

above, the TOC analyzer requires a few 
minutes for the data to stabilize. This 
time is actually added to the total time 
it takes to complete the wash cycle. 
This disadvantage is somewhat offset 
by the fact that some additional time Figure 4. Concentration and time values for TOC calibration.
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New Quality Culture Drives the Comeback of 
Pharmaceutical Engineering

the latest technologies in manufacturing high quality pharma-
ceuticals.” 
 The 2014 Europe Conference will include an executive 
session, plenary session, and multiple focus tracks to meet 
various educational needs.

Executive Forum
The Executive Forum is intended for pharmaceutical execu-
tives, senior experts, and future decision makers from all 
functions in pharmaceutical operations, including develop-
ment, regulatory affairs, quality, production, engineering/
investment management and supply chain management. Dr. 
Zimmer will be joined by top industry experts to discuss the 
future with a pharmaceutical quality culture and the essential 
key factors necessary to achieve successful pharmaceutical 
manufacturing from development to distribution.

Executive Focus Sessions
•	 Falsified Medicines Directive Implementation, Delegated 

Acts and Mass Serialisation
	 Dr	Reinhard	Hoferichter,	Sanofi	and	Head	of	SECUR-

PHARM will focus on preparedness and implementation of 
systems and processes.

•	 The Big Challenge for Pharmaceutical Operations in 
Europe: Managing Compliance and Quality Under New 
Requirements and the Perceived Trade-off to Lean, Agile 
and Flexible Production

 Dr Martin Lösch, Director and Paul Rutten, Principal at 
McKinsey & Co, Stuttgart & Frankfurt, Germany will present 
an interactive session focusing on the perceived trade-off be-
tween	fulfilling	GMP	compliance	and	lean	production	based	
on benchmark studies undertaken by McKinsey and Co. 

•	 Drug Shortages – a Multi-layered Challenge Across the 
Whole Supply Chain

 Input and updates from industry experts and agencies will 
reflect	on	the	current	drug	shortages	initiatives.	Discus-
sions	will	incorporate	FDA	guidance,	the	EMA	reflection	
paper, the ISPE industry survey, and the latest updates on 
the industry-regulator dialogue on preventative concepts 
and best practice examples to avoid drug shortages. 
Dialogue will also focus on the robustness of the installed 
pharmaceutical quality systems, the relevance of quality 
culture and behaviors within corporations.

  “Three tracks were developed to address the new qual-
ity culture in a way that will facilitate a closer working 
relationship between engineers, QA personnel, and regula-
tors,” according to Jean-Francois Duliere, Pharmaceutical 
Process Technologist, Technip Life Sciences, France and 

Q 
uality in the pharmaceutical industry is facing 
a restructuring in quality management. The 
manufacturing goal of producing consistent, 
high quality products with minimal regulatory 
oversight is revealing a new path. The FDA and 

CDER are in the process of restructuring with the proposed 
Office	of	Pharmaceutical	Quality	and	the	European	Medicines	
Agency (EMA) continues to update chapters and annexes of 
the EC GMP Guide in order to prevent cross contamination or 
ensure end to end supply chain integrity. All of these changes 
will have an impact on manufacturing processes, material 
flow,	and	factory	layouts	as	well	as	on	quality	systems	design	
and quality risk management.
 Furthermore, the issue of drug shortages leads to an 
alignment between the FDA and EMA requiring consolidated 
industry feedback about root causes, mitigation prevention, 
and regulatory interaction. 
 “The impact on quality systems and on quality culture will 
be	significant,	according	to	Dr.	Thomas	Zimmer,	ISPE’s	VP	of	
ISPE European Operations, it is up to industry stakeholders 
to prepare, educate, and discuss the new conceptual frame-
work of manufacturing.” 
 Adopting a Quality Culture philosophy involves the entire 
pharmaceutical network. There must be a total commitment 
to invest and embrace the change toward the desired state 
of continual quality. Mutual learning, sharing knowledge, 
and analyzing “root causes” are essential parts of adopting a 
culture of quality. 
 ISPE acknowledges their part in quality culture by bringing 
together industry professionals to share recent knowledge and 
discuss the implementation and importance of proactive qual-
ity	management.	ISPE’s	new	Europe	Annual	Conference	will	
take place on 28-30 April, 2014 addressing this moderniza-
tion of quality manufacturing. The Sheraton Frankfurt Airport 
Hotel and Conference Centre in Frankfurt, Germany will host 
the inaugural conference themed “Driving Effectiveness in 
Pharmaceutical Operations with the new Quality Culture.” 
Pharmaceutical, regulatory, and technology experts from 
around the world will explore current operational challenges 
and quality systems effectiveness, including current regula-
tory trends. Industry opportunities, such as Quality by Design 
(QbD), science-and risk-based approaches, and continuous 
manufacturing also will be discussed. 
 According to Zimmer, “Our goal is to provide an annual 
event that meets an international need to discuss, collabo-
rate, and align industry perspectives on key pharmaceutical 
manufacturing topics. ISPE created this conference to support 
European stakeholders with their efforts to develop and apply 

Continues on page 90.
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Health and Human Services Releases its Semiannual 
Regulatory Agenda

T 
he following is a brief summary of the Regulatory 
Agenda released January 7, 2014. The agenda is 
a result of the Regulatory Flexibility Act of 1980 
and requires departments, such as Health and 
Human Services (HHS), to issue an inventory of 

rulemaking actions providing the public with a summary of 
future regulatory actions. The purpose of this information is 
to	assist	the	public	with	its	participation	in	a	department’s	
regulatory activities. The HHS rulemaking abstracts includ-
ed in this semi-annual agenda of the Federal Register only 
cover, as required, those prospective HHS rules expected to 
have	a	“significant	economic	impact	on	a	substantial	number	
of small entities.”1 Outlined below are the rulemakings per-
taining to the pharmaceutical industry under HHS. 

Pre-Rule Stage
Prescription Drug Marketing Act of 1987; Prescription 
Drug Amendments of 1992; Policies, Requirements, 
and Administrative Procedures (Section 610 Review) 
RIN: 0910-AF14 Priority:	Other	Significant
Regulatory Flexibility Analysis Required: Yes
Legal Deadline: None
Timeline:
- Begin Review of Current Regulation 11/24/2008
- End Review of Current Regulation 11/00/2013
Summary: This is a FDA review of regulations under the 
Prescription Drug Marketing Act. Determinations will be 
made to whether regulations should be changed or rescinded 
to minimize impact on smaller entities. The FDA will con-
sider continued need, public input, regulatory complexity, 
federal	conflicts,	and	recent	technological	and	economic	
changes that impact current regulations.
Contact:	Howard	Muller,	Office	of	Regulatory	Policy,	
Department of Health and Human Services, Food and Drug 
Administration, Center for Drug Evaluation and Research
Email: pdma610(c)review@fda.hhs.gov

Proposed Rules
Over-the-Counter (OTC) Drug Review--Cough/Cold 
(Antihistamine) Products 
RIN: 0910-AF31 Priority:	Substantive,	Non-significant	
Regulatory Flexibility Analysis Required: Yes
Legal Deadline: None
Timeline:
- Reopening of Administrative Record 08/25/2000 
- Comment Period End    11/24/2000 
- NPRM (Amendment) (Common Cold)  11/00/2013

Summary: This proposed rule is a collaboration under the 
U.S.-Canada	Regulatory	Cooperation	Council	to	add	the	
common cold indication to certain Over-The-Counter (OTC) 
antihistamine active ingredients. The goal is to reduce differ-
ences and determine the possibility of developing a mecha-
nism	for	regulatory	alignment	in	OTC	drug	profiles.	(Health	
Canada n.d.)
Contact:	Janice	Adams–King,	Regulatory	Health	Project	
Manager, Department of Health and Human Services, Food 
and Drug Administration, Center for Drug Evaluation and 
Research
Email: janice.adams-king@fda.hhs.gov

Over-the-Counter (OTC) Drug Review—Internal 
Analgesic Products 
RIN: 0910-AF36 Priority:	Economically	Significant
Regulatory Flexibility Analysis Required: Yes
Legal Deadline: None
Timeline:
- NPRM (Amendment) (Required   12/26/2006
 Warnings and Other Labeling)   
 NPRM Comment Period End  05/25/2007
- Final Action (Required Warnings and  04/29/2009
 Other Labeling) 
- Final Action (Correction)   06/30/2009
- Final Action (Technical Amendment)  11/25/2009
- NPRM (Amendment) (Acetaminophen)  12/00/2014
- NPRM (Amendment) (Pediatric)  12/00/2014
Summary: This review establishes conditions in which 
OTC	drugs	are	considered	safe	and	effective.	After	the	final	
rule, only OTC drugs meeting the conditions can be legally 
marketed.	The	first	action	addresses	acetaminophen	and	the	
second	(0910-AG12)	addresses	children’s	weight-	and	age-
based dosing under two years old. 
Contact:	Janice	Adams–King,	Regulatory	Health	Project	
Manager, Department of Health and Human Services, Food 
and Drug Administration, Center for Drug Evaluation and 
Research
Email: janice.adams-king@fda.hhs.gov

Over-the-Counter (OTC) Drug Review--Pediatric Dosing 
for Cough/Cold Products
RIN: 0910-AG12 Priority:	Economically	Significant
Regulatory Flexibility Analysis Required: Yes
Legal Deadline: None
Timeline: NPRM    11/00/2013
Summary: This is the second action to 0910-AF36 ad-

Continues on page 94.
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dressing weight- and age-based dosing for children under 
two years old. This review establishes conditions required 
for OTC drugs to be considered safe and effective, therefore 
legal to market.
Contact: Janice Adams-King, Regulatory Health Project 
Manager, Department of Health and Human Services, Food 
and Drug Administration, Center for Drug Evaluation and 
Research
Email: janice.adams-king@fda.hhs.gov

Supplemental Applications Proposing Labeling Changes 
for Approved Drugs and Biological Products
RIN: 0910-AG94 Priority:	Other	Significant
Regulatory Flexibility Analysis Required: Yes
Legal Deadline: None
Timeline:  NPRM    09/00/2013

Summary: This rule proposes an amendment to regula-
tions regarding New Drug Applications (NDAs), Abbreviated 
New Drug Applications (ANDAs), and Biologics License 
Applications (BLAs). This proposal would revise and clarify 
procedures	for	changing	labels	of	approved	drugs	reflecting	
new	information	prior	to	the	FDA’s	review	of	changes.	This	
rule also would detail the process of a Changes Being Effected 
(CBE) labeling supplement and clarify requirements to sub-
mit conforming label revisions subsequent to FDA action. 
Contact: Janice L. Weiner, Senior Regulatory Counsel, 
Department of Health and Human Services, Food and Drug 
Administration, Center for Drug Evaluation and Research
Email: janice.weiner@fda.hhs.gov

Electronic Distribution of Prescribing Information for 
Human Prescription Drugs Including Biological Products

HHS Releases its Semiannual Regulatory Agenda
Continued from page 92.

Decoding the Agenda

CFR Citation: The parts of the Code of Federal Regulations (CFR) 
that are expected to be modified. The CFR classifies and codes 
general and permanent rules for publication in the Federal Regis-
ter. (Center for Effective Government n.d.)

Legal Authority: Sections of the United States Code that give the 
authority to proceed with rulemaking. 

Legal Deadline: Deadlines imposed on agency actions through 
the authorizing legislation or court orders. 
vTimetable: Indication of actions, Federal Register citations, and 
projected deadlines. 

Regulatory Flexibility Analysis Required: Rules with significant 
economic impact must prepare a Regulatory Flexibility Analysis 
(RFA) to evaluate less complex compliance approaches for smaller 
organizations.

Government Levels Affected: Agencies must analyze the federal, 
state, and local impact of regulatory actions.

Small Entities Affected: Implications in regards to small business-
es, small governmental jurisdictions, and other small organizations. 

Federalism: The determination of whether a regulatory action 
disrupts the authoritative distribution of federal, state, and local 
governments. 

Agency Contact: Each entry in the Unified Agenda requires an 
agency contact. 

Included in the Regulatory Plan: Each agency must prepare an 
anticipatory Regulatory Plan of the most significant regulatory ac-
tions. Each rule included in the plan require a statement of need, 
summary of legal basis, alternative propositions, and anticipated 
costs, benefits, and risks.

RIN: The regulation identification number (RIN) is a unique and 
unchanging 4-digit agency code plus a 4-character alphanumeric 
code assigned to all actions published in the Unified Agenda. 
(Center for Effective Government n.d.) (Office of Information and 
Regulatory Affairs n.d.)

Title: Each agency titles the rules published in the Unified Agenda. 
Unlike the RIN codes, titles may change over the course of a rule’s 
lifecycle. (Center for Effective Government n.d.)

Abstract: The Unified Agenda includes agency summaries on 
the purpose and intention of a rule. More specific and substantial 
explanations of the agency actions will be published in the Federal 
Register. (Center for Effective Government n.d.)

Priority: Each agency determines the significance of the pending 
regulation. 

•	 Economically Significant – greater than $100million annual ef-
fect

•	 Other Significant – considered substantial on public interest
•	 Substantive/Nonsignificant or Routine and Frequent – rules 

designated for review by the Office of Information and Regula-
tory Affairs (OIRA). (Center for Effective Government n.d.)

Major: Agencies and OIRA determine if rules are economically sig-
nificant (> $100 million) and therefore, “major”. Major rules require 
a Regulatory Impact Analysis (RIA) and must be approved by the 
Office of Management and Budget (OMB). (National Archives n.d.)

NPRM: A notice of proposed rulemaking (NPRM) announces the in-
tent of an agency to publish a proposed rule in the Federal Register. 

Unfunded Mandates: If expenditures are expected to exceed $ 
100 million, agencies must evaluate costs and advantages of the 
mandate before publishing a Notice of Proposed Rulemaking. 
(Center for Effective Government n.d.)
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Background of Quality Metrics
To view the Quality Metrics Whitepaper visit: http://www.ispe.org/quality-metrics-initiative. 

T 
he FDA has made quality a top priority for 2014. 
Under	Janet	Woodcock’s	personal	direction,	the	
proposed	Office	of	Product	Quality	will	embrace	
its principal of “one voice” for regulating drug 
quality.	The	FDA’s	goal	is	to	ensure	all	pharma-

ceuticals, including generics and over-the-counter drugs 
meet	high	quality	standards	throughout	the	product’s	entire	
lifecycle. As of now, pharmaceutical manufacturing lacks a 
defined	status	of	quality.	As	part	of	the	reorganization	of	the	
FDA’s	quality	expectations,	they	are	proposing	a	metric-
based surveillance to measure the state of quality in the 
industry.	Their	first	step	toward	a	“desired	state”	is	to	define	
the quality metrics essential to optimal pharmaceutical man-
ufacturing. The anticipated collection of data would occur 
prior to an inspection and proposals also include risk-based 
inspections.	An	official	release	for	the	guidance	on	quality	
metrics should be available by the end of 2014 beginning a 
process of comprehensive quality data collections in 2015. 
	 Since	the	FDA	first	documented	the	subject	of	quality	
metrics in the Food and Drug Administration Safety and 
Innovation Act (FDASIA), ISPE has led the way bringing 
industry and regulators together on the topic of quality 
metrics.	The	industry’s	first	public	discussions	on	quality	
metrics	took	place	at	ISPE’s	CGMP	Conference	in	June	2013	
during	an	interactive	workshop	led	by	Cindy	Salamon,	VP,	
Global Quality Services, Bristol-Myers Squibb and Rus-
sell	Wesdyk,	Science	Coordinator,	US	FDA.	Conversations	
resumed at ISPE Annual Meeting in November 2013 with 
Salamon and Wesdyk returning with updates on further per-
spectives from the FDA and their regulators. At the request 
of the FDA, a whitepaper was prepared for a December pre-
sentation based on the discussions and presentations from 
both	ISPE’s	CGMP	Conference	and	ISPE’s	Annual	Meeting.

ISPE’s Quality Metrics Project
ISPE’s	Product	Quality	Lifecycle	Implementation	(PQLI)-
sponsored Quality Metrics project team, consisting of rep-
resentatives from various pharmaceutical companies, began 
the proposal with an initial list of reportable site-based qual-
ity	metrics.	Wesdyk	defined	a	quality	metric	as	“an	objective	
measure relevant to the quality of a product, site, or system. 
From	FDA’s	perspective	ideal	quality	metrics	would	be:

•	 Objective	and	quantitative
•	 Relevant	and	applicable	across	sectors
•	 Understandable	and	operational	
•	 Meet	FDASIA	704	and	706	regulatory	requirements

ISPE Proposals for FDA Quality Metrics 
Program – Whitepaper Summary
ISPE Metrics
The	ISPE	team	generated	several	refined	indicator	metrics	to	
parallel	the	FDA’s	“six	systems”	inspection	program.	Table	1	
of the whitepaper gives metrics proposed initially for evalua-
tion in a suggested Phase 1 of the program. 

Scope
A site is in scope if it performs any cGMP unit operation for 
a drug substance or a product included in a drug commodity 
sourced	to	the	US.	It	is	suggested	the	option	for	a	company	
to	submit	either:	

•	 Metrics	for	all	products	manufactured	at	that	site	since	
metrics are often collected on a site basis 

•	 Metrics	for	unit	operations	for	those	products	supplied	to	
the	US

Definitions
Table	2	of	the	whitepaper	gives	proposed	draft	definitions	of	
metrics.

Data Submission
Sites within scope report should report annually to the FDA 
by the end of February. The industry would provide the raw 
data and proposed metric. It is not proposed to submit prod-
ucts registered by site.

Algorithm(s)
It is anticipated that FDA and industry representatives coop-
erate to develop a suitable algorithm(s).

Evaluation of Metrics
The ISPE Quality Metrics project team has found challenges 
in	comparing	metrics	between	companies	related	to:	

•	 Definitions	and	interpretations	
•	 Ability	to	provide	data	in	consistent	and	manageable	

formats 
•	 Consistent	analysis	across	sites	from	different	technologies

Further work is recommended to develop less complex pro-
cesses and instruments for data evaluation.

Alternative Metrics Considered
1. Quality System Effectiveness
2. Process Capability
3. Quality Culture Index

Concludes on page 99.
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