Contamination Control.
Protecting Processes &
Products

Contamination impacts product quality, safety, and reliability across
industries. Pharma, healthcare, aerospace, and food sectors rely on strict
control. The cleanroom technology market is growing, projected to reach
$8.1B by 2027, driven by a 5.2% CAGR.
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Sources of Contamination:
People

Skin Particle Shedding Droplet Spread
Talking, coughing, and

Humans shed millions of sneezing release

skin flakes every hour, contaminating droplets into

carrying bacteria (~1000 clean spaces.

CFU each).

Gowning & Hygiene Risks

Improper gowning or hygiene increases contamination risk by up to
60%.
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Sources of Contamination: Environment &

Equipment

Airborne
Contaminants

Air carries dust, pollen, mold
spores, and diverse
microbes that threaten
sterility.

Waterborne Hazards

Water supplies can contain
bacteria, endotoxins, and
minerals affecting

processes.

Equipment Shedding

Tools and machinery
contribute particles, fibers,
and lubricants, raising

defect rates.

Cross-contamination

Surfaces and instruments
cause 25% of product
defects via contamination

transfer.
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Control Methods: Air Filtration

HEPA Filters ULPA Filters
Remove 99.97% of particles =0.3 Eliminate 99.999% of particles =0.12
micrometers for clean air supply. micrometers for ultra-clean

environments.

Air Changes Per Hour (ACH)

Crucial for efficiency; ISO Class 5
requires over 240 ACH to reduce
particles.
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Control Methods: Surface Cleaning & Disinfection

Cleaning

1
Removes dirt, debris, and spills regularly to prevent buildup.
Disinfection

2
Kills bacteria, viruses, and fungi using effective agents like IPA and bleach.
Sanitization

3

Reduces microbial load to safe levels with careful control of contact time and concentration.
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Control Methods: Personnel Practices

Proper Gowning

Reduces particle shedding by more
than 90% through protective wear.

Training & SOPs

Ensure consistent and disciplined staff
behavior in controlled areas.

Ve

Hand Hygiene

Eliminates transient microbes to

prevent contamination spread.

Restricted Movement

Minimizes disturbance of airflow and

limits contaminant generation.
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Control Methods: Equipment
Design & Maintenance

Non-Shedding Materials

Equip with materials that resist particle release and are easy to clean.

Preventative Maintenance

Regular schedules prevent malfunctions and contamination buildup.

Design Optimization

Minimize dead legs and crevices that collect contaminants.

Calibration

Maintain precise equipment performance to assure quality control.



Standards & Regulations
@ 1ISO 14644

Defines
Cleanrooms &
Associated
Controlled
Environments.

USP <797>

Guidelines on
pharmaceutical
sterile
compounding
practices.

{:} FDA cGMP

Current Good
Manufacturing
Practice for

product safety.

EU GMP
Annex 1

Standards for
sterile
pharmaceutical
product
manufacturing.
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Future Trends In
Contamination Control

Trend

Automation & Robotics

Real-Time Monitoring

Antimicrobial Materials

Data Analytics

Description

Reduce human interaction to
lower contamination risks.

Early contamination detection

Improves response time.

Surfaces with built-in

contamination resistance.

Predictive maintenance based on

contamination patterns.




Conclusion: Investing in
Contamination Control

Reduce Defects & Waste

Lower contamination leads to fewer product failures and less scrap.

Ensure Safety

Protect public health and maintain patient safety standards.

Build Reliability

Consistently high quality enhances brand reputation.

Continuous Improvement

Ongoing process optimization drives sustainable success.
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