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Introduction: Environmental
Monitoring in a Changing
Regulatory Landscape

The life sciences industry is evolving rapidly. As
pharmaceutical and biotech organizations pursue
innovation at scale, they face increasing scrutiny
from regulatory agencies, tighter development
timelines, and growing pressure to protect
everything from cell cultures to global vaccine
supply chains. In this complex environment,
environmental monitoring has become more than a
compliance checkbox—it’s a strategic, operational,
and scientific necessity.

A well-designed Environmental Monitoring System
(EMS) ensures that critical parameters such as
temperature, humidity, and pressure are

continuously tracked and controlled.
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In a GMP-compliant manufacturing suite, for
example, even a brief deviation in differential

pressure could compromise cleanroom integrity.

In a biologics storage freezer, a temperature spike of
just a few degrees could render millions of dollars’
worth of material unusable. For researchers
working with sensitive cell lines, fluctuations in CO;
or O, within incubators can disrupt entire studies
and delay development timelines. Implementing
an EMS gives teams real-time visibility into these
risks and the ability to respond immediately—
before deviations escalate into regulatory findings,
product loss, or data integrity issues. As agencies
like the FDA and EMA continue to emphasize data
integrity, traceability, and audit-readiness, a robust
EMS is no longer optional. It’s foundational to
maintaining quality, ensuring patient safety, and
sustaining the scientific progress that defines the

pharmaceutical and biotech industries.



Why Monitoring |Is Foundational to
Scientific and Operational Success

Environmental monitoring is not just about
tracking conditions—it’s about creating a stable,
controlled foundation for every phase of
pharmaceutical and biotech operations. From early
research and formulation to scale-up and
distribution, consistent environmental control
repeatability,  regulatory
compliance, and product safety.

supports  process
For scientific teams, monitoring ensures the
reliability of experimental results. Variables like
temperature, humidity, or gas concentration—even
when slightly off—can introduce inconsistencies in
data, compromise sample viability; or lead to failed
validation studies. In preclinical research, for
example, maintaining a narrow temperature range
in incubators is critical to ensuring cell health and
experimental reproducibility.

Operationally, monitoring supports efficiency and
risk management. Real-time alerts and historical
data help teams prevent unplanned downtime,
manage equipment proactively, and avoid costly

rework or discarded batches.

In large-scale production, automated monitoring
reduces reliance on manual checks, lowering the
chance of human error and freeing up resources for
higher-value tasks.From a compliance perspective,
environmental monitoring enables traceability and
audit readiness. Regulatory bodies expect not only
that conditions are controlled, but that all data is
documented, time-stamped, any changes logged (as
required by 21CFR11) and secure. Monitoring
systems create a continuous, defensible record—
one that supports internal quality systems,
regulatory inspections, and customer trust.

Ultimately, monitoring is foundational because it
connects the physical environment to decision-
making. It empowers teams to see trends, spot
deviations early, and build a culture of
accountability and control, making it an essential
pillar of scientific progress and operational

excellence.

Variables like temperature,

humidity, or gas concentration,

even when slightly off, can

introduce inconsistencies in data,

compromise sample viability, or
lead to failed validation studies.




Understanding Risk: What's at
Stake in Cold Storage, Cleanrooms,

and More

Environmental monitoring touches nearly every
area of life sciences operations—from discovery labs
to large-scale production and everything in
between. Facilities that develop, manufacture, or
store sensitive materials must maintain controlled
conditions to protect product efficacy, ensure
safety, and wuphold compliance with global
regulatory standards. And yet, even small
environmental deviations can lead to massive
setbacks. Areas of particular vulnerability include:
 Cold storage (freezers, refrigerators, cryogenic
tanks) — Where biologics, vaccines, and
temperature-sensitive APIs must be kept
within strict ranges to preserve potency and
prevent degradation.
o Cleanrooms (airflow; differential pressure,
particle counts) - Where sterility and pressure
essential to maintaining

cascades are

contamination control in GMP manufacturing,
and  stability = chambers
CO, humidity) - Where
fluctuations can compromise cell health, skew
results, or invalidate long-term studies.
« Controlled substances and sensitive reagents —

e Incubators
(temperature,

Where improper storage or lack of traceability
can impact product quality and regulatory
compliance.

e Vivariums and animal research facilities -
Where consistent temperature, humidity, and
light cycles are essential to ensure animal
welfare and the validity of experimental
outcomes.

Even minor deviations can introduce variables that

affect physiological responses, skew research data,
or result in noncompliance with regulatory
standards.

Monitoring these environments isn’t just about
protecting equipment—it’s about safeguarding
irreplaceable research, years of development, and
millions of dollars in investment. A single excursion
in a cryogenic tank could wipe out a decade of work.
An unnoticed pressure shift in a cleanroom could
lead to an entire production batch being scrapped.
In today’s competitive and compliance-driven
market, these aren’t just risks—they’re potential
turning points.

What’s at stake isn’t just a product—it’s progress.
Environmental monitoring is the first line of
defense in preserving the integrity of the science

itself.
5



Core Parameters to Monitor and

Why They Matter

Environmental monitoring isn’t one-size-fits-all.
Different areas of a facility have different risk
profiles, and the parameters you monitor—and how
frequently you monitor them—should align with
the scientific, operational, and regulatory demands
of each space.

In a cell therapy lab, stable CO, concentrations in
incubators are critical to supporting proper pH
balance in culture media and maintaining healthy
cell growth. In a GMP warehouse, continuous
temperature tracking—often recorded every
minute or less—is essential for documenting
product stability and meeting audit expectations. In
a vivarium,for instance, fluctuations in temperature
and humidity can directly affect the physiology and
well-being of research animals,
variables that compromise data integrity:.

introducing

Key parameters to monitor include:

» Temperature (ambient, ULT, cryogenic): Critical
for cold storage, stability chambers, freezers,
and cleanroom environments.

« Humidity: Affects stability of sensitive reagents
and is tightly controlled in cleanrooms and
packaging areas.

« Differential pressure: Ensures airflow between
cleanroom zones is unidirectional, supporting
contamination control.

o Carbon dioxide (CO,): Regulates incubator
environments in research and cell culture labs.

» Oxygen (O,): Important in hypoxic or anaerobic
workspaces and cell therapy environments.

« Light exposure and air flow (when applicable):

Relevant for light-sensitive compounds or

maintaining uniformity in production spaces.
To identify what to monitor, begin with a risk-based
assessment: consider what could go wrong if a
condition drifts outside acceptable limits. Which
spaces house the most sensitive materials? Which
conditions directly impact product quality, safety,
or research outcomes? How stringent are the
regulatory requirements for that process or
product? What is the cost of replacing lost
products?
The monitoring frequency should reflect both the
volatility of the environment and the risk associated
with any deviation. Critical storage units may
require sub-minute sampling intervals, while less
sensitive environments may justify longer intervals,
as long as alerts and logs meet regulatory
expectations. A successful monitoring strategy isn’t
just about deploying sensors—it’s about making
informed, risk-based decisions that protect your

science, your processes, and your patients.



Building a Monitoring Strategy:
Facility-Wide Considerations

An effective environmental monitoring system
(EMS) is more than a collection of data points—it’s
an integrated, facility-wide strategy that supports
scientific workflows, regulatory compliance, and
operational continuity. It starts with understanding
your environment: mapping out floor plans,
assessing process flows, and identifying critical
control points where deviations could impact
product quality or research outcomes.
Monitoring coverage should be designed to reflect
the complexity of your operations, spanning;
o Research and development labs, where
flexibility is key and workflows often evolve.
o Manufacturing suites, where conditions must
be precisely controlled and documented.
e Walk-in cold rooms and storage, where
monitoring
and finished

continuous temperature

safeguards raw materials
products.

o Cleanrooms and buffer zones, where pressure
differentials, particle counts, and temperature
stability protect product sterility.

e Warehouse and shipping areas, where cold
chain monitoring ensures integrity from
storage to distribution.

But building a strategy goes beyond what you
monitor—it also involves how you monitor.
Selecting the right infrastructure is critical
Hardwired systems are ideal for permanent
installations with minimal IT risk and maximum
data  stability—often preferred in GMP

manufacturing or validated cleanrooms.

WiFi-based systems offer flexibility and faster
deployment, but depend on strong, consistent
network infrastructure, which may not be ideal for
shielded or older facilities. Zigbee (mesh network)
solutions offer a hybrid benefit: low-power, wireless,
and highly scalable. They're well-suited for large
campuses or facilities with complex layouts, where

devices need to self-organize and relay signals over

long distances or around interference points.

Your EMS should be scalable and future-ready—
able to expand with new equipment, accommodate
evolving workflows, and adapt to changing
regulations or facility growth. Whether you're
onboarding a single freezer or monitoring a global
network of sites, the system should offer
centralized visibility, customizable alert thresholds,
and support for multiple user roles and locations.

In the end, a successful strategy isn't just built for
compliance—it's built for real operational needs,
tailored to how your teams work, and resilient
enough to support mission-critical processes

without interruption. ;



Validation and Calibration: The
Foundations of Audit Readiness

In regulated pharmaceutical and biotech
environments, it's not enough to monitor
environmental conditions—you must be able to
prove, with certainty, that your monitoring system
itself is functioning properly and consistently.
Regulatory bodies like the FDA, EMA, and other
global agencies expect not only accurate data, but
documented evidence that the systems generating
that data are fully qualified, properly maintained,
and operating within defined tolerances.

v e a1 l i
This is where validation and calibration come in—
not as a one-time activity, but as ongoing pillars of a

robust quality management system.

Validation— including Installation Qualification (IQ),
Operational Qualification (0Q), and, where
Qualification (PQ)—

confirms that your monitoring system is installed

applicable, Performance

correctly, functions according to specifications, and
performs reliably in the actual operational
environment. These protocols are essential to meet
standards under 21 CFR Part 11, EU Annex 11, and
GxP guidelines.

All of which require that electronic data be
attributable, legible, contemporaneous, original,

and accurate (ALCOA principles).

Calibration ensures that each sensor—whether
measuring temperature, humidity, pressure, or gas
levels—is providing accurate and traceable readings
over time. Even the most advanced systems are
subject to drift due to sensor aging, environmental
factors, or usage frequency. Routine calibration—
performed with NIST-traceable standards and
ISO/IEC 17025
requirements—confirms that measurements stay
within validated tolerances. Missed or overdue

calibrations are among the most common

documented according to

inspection findings and can compromise the

integrity of your monitoring data retroactively.

The risks of neglecting these practices are high:
failed inspections, production delays, product
recalls, loss of product or compromised patient
safety. Conversely, a well-executed validation and
calibration program builds confidence across your
organization—from QA and compliance to
operations and executive leadership. It ensures that
when inspectors ask for documentation, you’re not

scrambling—you’re ready.

In short, validation and calibration are not just
about meeting expectations. They’re about
ensuring that the data driving your decisions—and
protecting your science—is defensible, trustworthy;,

and audit-ready at all times. o



Leveraging Data: From Real-Time
Alerts to Preventive Actions

Modern environmental monitoring systems are no
longer just passive data loggers—they are active
components of quality management and
operational risk reduction. In today’s fast-paced,
high-stakes pharmaceutical and biotech settings,
the ability to leverage data in real time and use it for

continuous improvement is essential.

Real-time alerts—delivered via SMS, email, or
automated phone calls—allow frontline personnel
to respond immediately to excursions or
equipment failures. Whether it's a freezer door left
ajar, a cryo tank approaching critical levels, or a drop
in differential pressure in a cleanroom, these alerts
provide the visibility needed to take immediate
action before product or process integrity is

compromised.

But the value of monitoring data goes far beyond
immediate notifications. Historical trend analysis
enables teams to detect recurring issues, identify
patterns in environmental fluctuations, and take
steps to correct root causes before they escalate.
This is particularly powerful in high-throughput
environments, where small process variations can

have downstream impacts on quality or yield.

Environmental monitoring data also plays a vital
role in CAPA (Corrective and Preventive Actions)
workflows. When deviations occur, monitoring logs
provide time-stamped, traceable evidence that
supports investigations, documentation, and
remediation. Over time, these insights help
organizations strengthen their quality systems,
reduce variability, and improve process control.

Additionally, long-term data can support predictive
maintenance strategies, allowing facilities teams to
anticipate when equipment may need servicing
based

unplanned downtime and reducing the risk of

on performance trends—minimizing

unexpected failures.

Ultimately, the goal is not just to detect deviations,
but to create a closed-loop system where
monitoring data drives proactive decisions—
supporting regulatory compliance, safeguarding
product quality, and empowering teams to operate

with greater agility and confidence.



What's Next: The Future of
Environmental Monitoring

While many life sciences organizations are still
solidifying their foundational monitoring strategies,
the future is already taking shape. As the industry
embraces digital transformation, environmental
monitoring is poised to evolve from a passive data
collection tool into a proactive, predictive, and
deeply integrated part of daily operations.

Emerging technologies such as artificial intelligence
(AI), machine learning (ML), and predictive analytics
are reshaping expectations. In the coming years,
monitoring systems may not only report
deviations, but also anticipate them—flagging early
indicators of equipment failure, sensor drift, or
environmental instability before they impact
operations. This level of foresight could allow teams
to take preventive action, reducing risk and

protecting product integrity.

Predictive maintenance is another area of interest.
Instead of relying on fixed calibration or service
schedules,

interventions based on actual usage patterns or

systems could soon recommend

environmental stress—helping facilities reduce
downtime and optimize resource planning,
Looking further ahead, environmental monitoring
systems are expected to integrate more seamlessly
with broader digital ecosystems—connecting with
Building Management Systems (BMS), Laboratory
Information Management Systems (LIMS), Quality
Management Systems (QMS), and enterprise-level
analytics platforms. This level of interoperability
will enable organizations to unify data, streamline
compliance reporting,

and enhance process visibility from lab bench to
global distribution.
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Equally important is the shift in mindset and
culture that accompanies this transformation. As
monitoring systems become smarter and more
interconnected, success will increasingly depend
on cross-functional collaboration between IT,
quality; facilities, and lab teams. Empowering users
with intuitive dashboards, real-time alerts, and
actionable insights will be key to turning data into
decisions—and fostering a culture of continuous
improvement.

Although these technologies are still emerging in
many parts of the industry, they highlight an
important trend: environmental monitoring is
becoming a strategic enabler of operational
excellence, not just a regulatory requirement. Life
sciences organizations that start laying the
groundwork today—with scalable infrastructure,
reliable data practices, and flexible system design
—will be best positioned to take full advantage of
tomorrow’s innovations.
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Choosing the Right Monitoring

Partner

Implementing a successful environmental
monitoring strategy requires more than just
reliable sensors and software—it requires a partner
understands the wunique regulatory,
operational, and scientific demands of the

pharmaceutical and biotech industries. Your

who

monitoring system must be precise, validated,
auditable,
understand what's at stake.

and supported by experts who

That’s where Rees Scientific comes in. For over four
decades, Rees Scientific has been a trusted partner
to leading pharmaceutical and biotechnology
companies. Our experience spans every corner of
the  regulated GMP
manufacturing and research labs to vivarium’s,

environment—from
cleanrooms, and global cold chain operations.

We work with top pharma and biotech
organizations to implement robust monitoring
strategies that ensure compliance, reduce risk, and
protect product integrity at every stage.

What sets Rees apart is our nationwide, on-site
service coverage. We are the largest monitoring
provider with the largest dedicated network of local
field personnel across the United States.

While others rely on remote teams or third-party
send highly trained Rees
technicians who understand your facility, your

contractors, we
workflows, and your regulatory obligations.
Whether youre onboarding a single unit or
managing an enterprise-wide rollout, we’re there
with hands-on support—before, during, and after
implementation.

REES

Rees Scientific is the monitoring partner of choice

for the most respected names in life sciences. We
are proud to serve 8 of the top 10 pharmaceutical
companies and 72% of the top 50 biotech firms. Our
solutions are trusted across R&D labs, CDMOs,
manufacturing sites, and global clinical operations.
Our reputation is built on consistency, compliance,
and expertise—and our clients rely on us not just for

what we offer, but for what we know:

But our role doesn’t end at installation. We partner
with your teams for the long haul—offering
strategic guidance as your operations evolve,
regulations tighten, and technologies advance.
Whether you're expanding to new facilities,
adapting to changing compliance frameworks, or
integrating monitoring into a broader digital
ecosystem, Rees provides the infrastructure,
insight, and adaptability to scale with you. With
every challenge, we help you turn monitoring from

arequirement into a competitive advantage.
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Our offerings include:

ISO 9001-certified and ISO/IEC 17025-accredited systems and services

Q@

End-to-end validation support, including IQ/OQ, protocols, requalification,
and mapping studies

NIST-traceable calibration services performed by industry-trained
technicians

b
53

Real-time alerts via SMS, email, and automated phone calls for immediate
deviation response

~~
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Multiple deployment options, including Wi-Fi, wireless mesh (Zigbee), and
hardwired systems, to suit every facility’s infrastructure

Flexible hosting—on your infrastructure or on the secure ReesCloud, with
full data traceability and access control

Enterprise scalability across equipment types, buildings, and global sites

=
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Documented excellence, with a strong track record of supporting top-tier
pharma and biotech clients through regulatory inspections and internal
audits

24/7/365 expert Product Support to keep your systems running and your
teams confident

In a world of evolving standards and heightened scrutiny, Rees provides the assurance that comes from

decades of proven performance—and a commitment to being there for our clients every step of the way.




