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Disclaimer

We are speaking here representing ourselves, not our employers or USP
• All of the presentation points are prepared based on 

• 1) publicly available information, 
• 2) non-confidential discussions, or 
• 3) opinions or representation of available information

• If you have any specific "USP water-related questions”, we encourage you to go to 
www.usp.org and look at the FAQs
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Keys to Compliant Sampling Programs

A compliant sampling program ensures that the water used in the manufacturing 
process is suitable for use.
 Samples must be representative of the water used in manufacturing processes
 In-line/on-line monitoring removes exogeneous contamination potential of “grab samples” used 

for offline testing
 Process Control (PC) sampling reflects water within the water system (within the distribution 

system).
 Quality Control (QC) sampling reflects water quality as it is collected at the true point of use 

(where delivered for use).
• QC sampling must use the same delivery path and components as used during water transfer during 

manufacturing usage.
 The type of impurity also impacts “how to collect samples” and “use for PC vs QC”

• e.g., chemical (conductivity and TOC), microbial, endotoxin, particulate (for Sterile Water products) 
• Improper collection could result in inaction when remediation is required or vice versa.

 Non-monograph attribute sampling falls under Process Control sampling and is still important 
to reliable operation

• Examples in pretreatment system include Hardness, Chlorine, Endotoxin, Silica
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Process Analytical Technology (PAT)

October 2004 FDA issued Guidance for Industry, PAT — A Framework for Innovative 
Pharmaceutical Development, Manufacturing, and Quality Assurance.
 “Process Analytical Technology or PAT, is intended to support innovation and efficiency in 

pharmaceutical development, manufacturing, and quality assurance.”
 “The goal of PAT is to enhance understanding and control the manufacturing process, which is 

consistent with our current drug quality system: quality cannot be tested into products; it should 
be built-in or should be by design.”
 During a joint FDA/EMA meeting in the early 2000s, in a private discussion, the USP CEO said 

“of course this is quality by design, it is not ‘quality by accident’.”

20 years since this Guidance for Industry was released many companies have still not 
adopted online TOC and Conductivity, and many continue to perform offline testing 
where online instruments are available.

 Question:  If your online TOC and Conductivity instruments have been qualified and have been 
calibrated, what value does offline testing bring?
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The Role of Instrumentation in Pharmaceutical Water 
Systems

The role of the instrumentation (of any water system or any process) is to provide data to 
assure compliance and control
 When your online chemical instrumentation fails (not calibrated, not meet SST, etc…), this does NOT 

mean your water is out of compliance
• Same is true for your offline lab instruments

 When your chemical instrumentation needs to be serviced for an extended period of time (hours to 
days/weeks), this does not mean your water system is out of service

• Same is true for your offline lab instruments

By the way, 30+ years ago, when virtually all quality measurements were done offline in a 
lab, and 1 L of water was sampled out of the 500 or 50,000 L produced that day, the 
company is flying ‘blind’ >99.99% of the time.
 It just means you have less data (more uncertainty)

But testing <0.05% of material produced in the ‘well-respected lab’ is considered state-of-
the-art, while online sampling is considered risky by some.

• Why is that?
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Sampling for Quality Control

USP <1231> tells us QC samples shall be representative of the quality of water 
used in Production
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Sampling for Quality Control
USP <645> tells us that QC sampling may be done online or offline
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Sampling for Quality Control

USP <643> tells us QC 
sampling may be done online 
or offline
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Sampling for Process Control - Chemicals
• USP <1231> tells us that QA samples, a.k.a., samples for process control, assure 

us that the sample is representative of the process
• For chemical impurities in a closed loop recirculating water system, chemical 

impurities tend to be homogenously distributed
• This allows a single measurement point to potentially support QC (for release) as 

well as QA (for process control)
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Sampling for Process Control – Microorganisms

• This slide contains almost the EXACT opposite message as the previous slides.
• Microbial uniformity is NOT assured; in fact, it virtually guaranteed to be non-

homogenous
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Instrumentation – Process Control or Quality Control?

Online / In-Line / At Line
• Temperature
• Pressure
• Level
• Conductivity 
• Total Organic Carbon (TOC)
• Hardness 
• Chlorine
• pH

Offline
• Rapid Microbial Monitoring (RMM)
• Conductivity
• Total Organic Carbon (TOC)
• Hardness 
• Chlorine
• pH 
• Ozone

What is missing?
What is incorrect?
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Instrumentation – Process Control or Quality Control?

Online / In-Line / At Line
• Temperature
• Pressure
• Flow/velocity
• Level
• Conductivity 
• Total Organic Carbon (TOC)
• Online Water Bioburden Analyzer
• Hardness 
• Chlorine
• pH 
• Ozone

Offline
• Bacterial Endotoxin
• Rapid Microbial Monitoring (RMM)
• Total Organic Carbon (TOC)
• Hardness 
• Chlorine
• pH 
• Ozone

What is missing?
What is incorrect? 
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Online / In-line / At-line vs. Off-line
Online / In-line / At-line Pros
• Higher frequency of data collection

• Essentially real time
• Not influenced by sampling method 
• Not influenced by exposure to environment
• Encouraged by Pharmacopeia and Regulatory 

agencies

Online / In-line / At-line Cons 
• Expensive, especially on large systems
• Must be qualified (during PQ typically)

• Requires doing offline testing
• Routine maintenance/Calibration activities
• Not all compendial parameters currently available 

in-line/on-line/at-line
• Microbial & Endotoxin

Off-line Pros
• All compendial parameters available offline
• Lower costs especially on smaller systems with 

established labs.

Off-line Cons
• Lower frequency of data collection
• Can be easily contaminated
• Does not necessarily represent condition in water 

system (delays in testing)
• More manpower required (sampling, testing)
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Benefits and Weaknesses of On-line vs At-line

Benefits of On-line
• No false positives
• No sampling costs
• Real-time decisions / 

actions
• Use for PC and QC
• Conductivity - no water 

consumed (?)
• Encouraged by global 

regulators

Weakness of on-line
• One time installation costs
• TOC - more water 

consumed
• Supports only 1 “loop”; 

costs for more loops

Neutral – impact both equally
• Calibration time/cost
• Service downtime
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Loop Outlet vs Point of Use

USP FAQs: Water for Pharmaceutical and Analytical Purposes

https://www.usp.org/frequently-asked-questions
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Loop Outlet vs Point of Use con’t.
ASME BPE 2024 Point of Use Designs (SD-4.1.2.1-1)
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Can a TOC instrument be used to measure 
microorganisms? And vice versa 
USP <643>
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Online Water Bioburden Analyzer

Process Control or Quality Control?
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References

• ASME Bioprocessing Equipment (BPE) - 2024
• USP <1231> Water for Pharmaceutical Purposes
• USP <85> Bacterial Endotoxin Test
• USP <643> Total Organic Carbon
• USP <645> Conductivity
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Thank You

To all for attending.

A special Thank You to the following:

• Brian Hagopian for bringing a water program back to the ISPE Boston Education 
sessions.

• Alnylam for hosting this educational session and opening their doors to the ISPE 
Boston community.
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