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How to Improve Cleanroom Compliance

Purpose

Cleanrooms are among the highest-stakes
environments in the life sciences industry: even the
smallest issue can lead to significant consequences.
As regulatory expectations change and evolve, and
as operational risks become increasingly complex,
improving cleanroom compliance requires more than
the traditional approach: It's time to adopt a more

proactive, holistic, and data-driven strategy.

The objective of this checklist is to provide life
science professionals with actionable insights on
how to maintain cleanroom compliance, enhance
process efficiency, and leverage calibration,
temperature mapping, and real-time monitoring to

support regulatory readiness.
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How to Improve Cleanroom Compliance

Scope

This checklist has been designed to ensure
compliance with essential cleanroom requirements,
including ISO 14644-4:2022,1SO 14644-3, EU
GMP Annex 1, ICH Q9, and the ISPE Good Practices
Guide.

By adhering to these standards, life science
companies can not only maintain high levels of
cleanliness and safety while fostering a productive
environment that supports the integrity of their
processes and products. Implementing these
practices is crucial for successful operations in

regulated industries.
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Develop

Risk-Based
Temperature
Mapping Strategies

Checkpoints

Completed

Temperature mapping protocols are developed using Quality Risk
Management (QRM) principles, as outlined in the ISPE Good Practice
Guide: Temperature Controlled Storage Systems (2nd Edition). This
ensures a science -based approach to mapping, maintaining compliance,

and safeguarding product integrity throughout the storage lifecycle.

Sensor placement is defined based on cleanroom size, equipment layout,

HVAC dynamics, and process-critical zones.

Mapping is executed under both static and operational conditions to

reflect true thermal behavior.

Heat maps and temporal trend analyses are used to identify

spatial variability.
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How to Improve Cleanroom Compliance

O1.Develop Risk-Based
Temperature Mapping
Strategies

Checkpoints

Post -study mapping data is leveraged to refine sensor placement, EMS

configuration, and risk mitigation strategies

Re-mapping intervals are defined based on environmental risk, seasonal

variability, and room classification.

Use historical mapping
data to validate EMS

sensor placement,
not just design intent.

Completed
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Strategic Sensor

Placement for
Temperature
Mapping

Checkpoints

In small cleanrooms, a five - point sensor grid (four corners plus center) is

deployed at a defined operational height.

Completed

In larger rooms, increased sensor density and vertical profiling are
incorporated, with emphasis on high-activity and equipment-intensive

zZones.

Sensor locations are validated using historical mapping data to confirm

environmental representativeness.

Mapping coverage is reviewed periodically to ensure alignment with the

current facility layout and process evolution.
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How to Improve Cleanroom Compliance

02.Strategic Sensor Placement
for Temperature Mapping

Adjust your mapping
strategy; even the
duration of your study
should adapt to the
complexity of the
room.
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Improve Your

Differential Pressure
Mapping.

Checkpoints

Pressure differentials between cleanroom zones are mapped to confirm a
minimum of 0.04" w.g. (10 Pa) as per EU GMP expectations.

Completed

Studies are conducted during dynamic operating conditions to capture

real HVAC system behavior.

Variability, pressure reversals, and envelope leaks are identified and

assessed against contamination risk.

Mapping results are used to adjust HVAC balancing, sensor setpoints,

and alert thresholds.
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How to Improve Cleanroom Compliance

O03.Improve Your Differential
Pressure Mapping.

"‘Mapping is about confidence: Confidence
that your space is performing as designed, not
just when inspectors are watching, but every
day, in every condition.”
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Ensure Calibration

Integrity Across
Critical Instruments.

Checkpoints

All critical cleanroom instruments (e.g., differential pressure transmitters,
particle counters, thermal probes) are included in a defined calibration

schedule.

Completed

Calibration standards are traceable to national or international metrology
references (e.g., NIST, DKD).

Calibration records are managed electronically with full audit trails,

electronic signoffs, and change control.

Calibration tolerance limits are risk-assessed and aligned with process

impact potential.
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How to Improve Cleanroom Compliance

04.Ensure Calibration Integrity
Across Critical Instruments

Checkpoints Completed

Calibration tolerance limits are risk-assessed and aligned with process

impact potential.

Calibration drift and out-of-tolerance trends are analyzed for early

failure detection.

Your calibration program should be

well-designed and executed consistently:

Consistency means you are following your

approved SOPs.

11 : I
| f It WO S n t Instruments and equipment should be

classified according to their criticality (where

d O C U m e n te the highest criticality receives the greatest
d, itdid not [
happen!”

Calibration specifications, including test points,
tolerances, and intervals, need to be well
defined, applicable, and appropriate for the

process they are controlling
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An EMS Design

for Daily
Compliance.

Checkpoints

EMS sensor placement is guided by mapping outcomes, zone

classification, and contamination risk levels.

Completed

A combination of in-room and in-duct sensors is implemented to ensure

holistic environmental visibility.

Display units and dashboards are installed near cleanroom entries or

control rooms for operator awareness.

Alarm logic is configured to prioritize actionable events while mitigating

alert fatigue.
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Advanced

Monitoring
Technologies Built
for the Future.

Checkpoints

A validated EMS platform following Annex 11 guidelines is deployed with
features such as Power -over - Ethernet, real-time alerting, and ISO

14644 -compliant reporting.

Completed

Sensor type (wired or wireless) is selected based on risk evaluation,

cleaning compatibility, and facility infrastructure.

System resilience is ensured through backup data storage, two -way

communication, and power -failure contingencies.

Periodic software updates and revalidations are performed under

change control.
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How to Improve Cleanroom Compliance

06. Advanced Monitoring
Technologies Built for the

Future.
Don't wait until
e . validation to add or
change monitoring
' locations: Going back
T and making facility
F T ‘HY changes may trigger
ﬁU i ‘ : the need to remap that
g | { space.
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Maintain Regulatory

Alignment & Data
Integrity Across
Systems.

Checkpoints

Monitoring systems are implemented in compliance with ISO 14644, 21
CFR Part 11, EU Annex 11, and cGMP documentation principles.

Completed

Access control, data logging, time stamping, and audit trails are enforced.

All changes, overrides, and alarm acknowledgments are electronically

tracked and reviewable.

Data integrity assessments are conducted routinely as part of internal

QA or CSV review cycles.
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Empower Your

Cleanroom Staff.

Checkpoints Completed

Personnel working in the cleanroom know and follow SOPs.

Personnel go through recurrent training to ensure in-depth familiarity with

the procedures and processes.

A cross-functional collaboration between QA, validation, maintenance,

and operations is encouraged.
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Use Trend Analysis

To Guide
Requalification &
Continuous
Improvement.

Checkpoints

EMS data is routinely compared to baseline mapping results to detect

environmental drift.

Completed

Trend reviews are scheduled at defined intervals and after significant

events (e.g., maintenance, layout changes, HVAC interventions).

Root cause investigations are triggered when environmental trends

deviate from control expectations.

Re-mapping or requalification is initiated when thresholds of variability

vor non-conformance are met.
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How to Improve Cleanroom Compliance

09.Use Trend Analysis To
Guide Requalification &
Continuous Improvement.

Once the dOtO ’S in: Where to place permanent EMS probes
don't just log and store

Whether airflow needs to be balanced

it: Use it to drive
long -term deCiSiOnS Where unexpected risks

are emerging over time
like:
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How to Improve Cleanroom Compliance

By completing this cleanroom
compliance checklist and
addressing these key focus areas,
you're taking meaningful steps to
maintain control and enhance
predictability in your cleanroom
and monitored spaces.

A holistic strategy combined with a proactive,
data-driven approach is essential for building and
sustaining a compliant environment. When you
integrate risk-based mapping, routine calibration,
intelligent monitoring, and empowered teams, you
create a strong foundation for continuous
compliance, reduced variability, and long-term

operational excellence.
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