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I. Introduction

What is Cleanroom Personnel Flow Design?

Cleanroom personnel flow design refers to the systematic planning and implementation of pathways,
procedures, and facilities that guide personnel movement through cleanroom environments.
Effective cleanroom personnel flow design achieves four core objectives: contamination control,
operational efficiency, personnel safety, and regulatory compliance. In pharmaceutical facilities
designed by Deiiang™, proper flow design can reduce particulate contamination by up to 85%
compared to poorly planned layouts.
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Why is Cleanroom Personnel Flow Design Crucial?

Proper cleanroom personnel flow design is fundamental to maintaining controlled environments.
According to industry studies, personnel account for 75-80% of cleanroom contamination, making
optimized flow patterns essential for quality assurance. The strategic implementation of cleanroom
personnel flow design directly impacts product yield, regulatory compliance, and operational costs.

Contamination Control

Reduces particulate and microbial introduction by 70-90% through proper zoning and airlock
systems.

Product Quality Assurance

Critical for sensitive products in pharmaceuticals, semiconductors, and biotechnology
manufacturing.

Operational Efficiency

Optimizes movement paths, reducing transition time by 25-40% and minimizing cross-traffic.



Regulatory Compliance

Meets ISO 14644, GMP, and industry-specific standards for cleanroom operations.

[I. Fundamental Principles of Cleanroom Personnel Flow Design

Successful cleanroom personnel flow design relies on established engineering principles that have
been proven through decades of cleanroom operation. Deiiang™ incorporates these principles into
every facility design, ensuring optimal performance and compliance. The fundamental principles
governing effective cleanroom personnel flow design create a systematic approach to
contamination control while maintaining operational efficiency.

A. Unidirectional Flow Principle

The unidirectional flow principle ensures personnel move from lower cleanliness areas to higher
cleanliness areas without backtracking. This fundamental aspect of cleanroom personnel flow
design prevents cross-contamination between zones of different classification levels.

Ideal Personnel Flow Path

Non-Clean Area (Office)
|
Transition Area (Changing)

Airlock/Air Shower

Clean Area (ISO 7)

“

Critical Zone (ISO 5)

B. Zoning and Segregation

Proper zoning according to ISO 14644 cleanroom classification standards is essential in
effective cleanroom personnel flow design. Each zone maintains specific environmental conditions,
with pressure differentials ensuring air flows from cleaner to less clean areas.

Zone ISO Class Pressure Differential

Non-Clean Area N/A 0 Pa Reference
Changing Room ISO 8 +10 to +15 Pa
Main Cleanroom ISO 7 +15to +20 Pa
Critical Area [SO 5 +20 to +25 Pa

C. Separation of Personnel and Material Flow

Proper cleanroom personnel flow design requires complete separation of personnel and material
pathways to prevent cross-contamination. Deilang™ designs incorporate dedicated corridors,
airlocks, and pass-through systems for materials.



Incorrect Design

Material Entry
Shared Airlock

Personnel Entry

Clean Area

Mixed flow creates contamination risks and operational conflicts
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Separated flows prevent cross-contamination and improve efficiency

D. Pressure Differential Control

Pressure differentials are critical in cleanroom personnel flow design to maintain directional airflow
from cleaner to less clean areas. Deiiang™ typically designs cascading pressure differentials of
10-15 Pa between adjacent zones.

"Proper pressure differential design can reduce cross-contamination between zones by up to 95%. In
a Deiiang™ designed pharmaceutical facility, we maintain a minimum pressure differential of 15 Pa
between ISO 5 and ISO 7 areas, with airflow velocity of 0.45 m/s +20% across HEPA filters." -
Jason.peng, Product Designer

The pressure differential (AP) between zones can be calculated using the formula:

AP=05xpxvZxC

Where: p = air density (kg/m3), v = air velocity (m/s), C = flow coefficient



III. Key Areas and Facilities in Cleanroom Personnel Flow Design

Specialized facilities form the backbone of effective cleanroom personnel flow design, creating
controlled transition points that systematically reduce contamination. Each facility serves a specific
purpose in the contamination control strategy, and their proper design is essential for

successful cleanroom personnel flow design implementation.

A. Gowning Room/Shoe Change Area

The gowning room serves as the primary contamination control barrier in cleanroom personnel flow
design. Deiiang™ designs typically feature three-stage gowning areas with progressively cleaner
environments.

Stage 1: Pre-Gowning

¢ Remove street shoes and personal items
e Wash and disinfect hands
e Don shoe covers and hair nets

Stage 2: Main Gowning
¢ Don cleanroom garments (coveralls, hoods)
o  Wear appropriate gloves
e Use sticky mats for shoe cleaning

Stage 3: Final Preparation

e Final garment adjustment
o Safety glasses/goggles if required
e Verify proper gowning in mirror
Typical Gowning Room Layout
Entry
Stage 1

Stage 2

Stage 3

Airlock
B. Airlock/Air Shower

Airlocks and air showers serve as critical contamination control points in cleanroom personnel flow
design, creating physical and aerodynamic barriers between cleanroom zones.

Air Shower Design Parameters



0.45-0.55 m/s
Air Velocity
15-30 sec
Cycle Duration
20-30
Nozzles (Typical)
>15 Pa
Pressure Differential
Air Shower Design & Operation Checklist

¢ Interlocking door systems prevent both doors opening simultaneously
o HEPA-filtered air supply with =99.97% efficiency at 0.3um

e Stainless steel construction for easy cleaning

e Automatic cycle with audible/visual indicators

o Emergency stop button and manual override

¢ Regular performance verification (every 6 months)

e Proper nozzle positioning for full-body coverage

¢ Minimum 15 air changes per minute

C. Pass Box/Pass—through Chamber

While primarily for material transfer, pass-through chambers complement cleanroom personnel
flow design by providing dedicated pathways for materials, reducing the need for personnel to
transport items between zones.

Static Pass Box

e Simple mechanical interlock

e Cost-effective solution

e Manual transfer between sides
e Basic UV sterilization option

Dynamic Pass Box

e Continuous HEPA-filtered airflow
e Automated transfer systems

¢ Advanced interlock controls

¢ Integrated particle monitoring

D. Emergency Exits



Emergency exit design must balance safety requirements with contamination control in cleanroom
personnel flow design. Deiiang™ incorporates panic hardware, emergency lighting, and air curtain
systems to maintain integrity during evacuations.

Critical Emergency Exit Requirements:

e Unlocked operation from inside during emergencies

e Clear signage and emergency lighting

¢ Minimum width of 1.2 meters for wheelchair access

e Air curtain or vestibule to minimize contamination during use
e Alarm activation when opened during normal operations

IV. Detailed Cleanroom Personnel Entry/Exit Procedures

Standardized procedures are the operational implementation of cleanroom personnel flow design,
ensuring consistent contamination control practices. Well-documented procedures with proper
training reduce human error in cleanroom personnel flow design execution by up to 65%
according to Deiiang™ operational data.

A. Standard Entry Procedure

Personnel Entry Flowchart

Enter Facility
Remove Street Shoes & Personal Items
Wash & Disinfect Hands (30 sec)
Don Shoe Covers & Hair Net
Enter Gowning Room
Don Cleanroom Garments

Enter Air Shower (15-30 sec cycle)

Enter Clean Area
Entry Procedure Details & Requirements

Hand Washing Protocol

e  Minimum 30-second wash with antimicrobial soap
e Use warm water (35-45°C)

e Thorough cleaning between fingers and under nails
e Use disposable towels for drying

Gowning Requirements



e Garments must be clean and intact

¢ No skin or personal clothing exposure
e Hair completely covered

¢ No jewelry or cosmetics permitted

B. Standard Exit Procedure

Personnel Exit Flowchart

Exit Clean Area

Enter Ungowning Area

Remove Cleanroom Garments

Dispose of Garments in Designated Bins

Wash Hands

Remove Shoe Covers & Hair Net

Don Street Shoes

Exit Facility
Critical Exit Procedure Notes

e Garments must be removed in reverse order of donning

e Disposable items should be placed in designated contamination bins
¢ Reusable garments go to specified collection points for laundering

¢ Hand washing after ungowning is mandatory

e Exit pathways must be separate from entry pathways where possible

C. Handling Special Situations

Equipment Failure

¢ Immediate notification to facility management
Alternative entry/exit routes activation
Enhanced monitoring of affected areas
Temporary procedural adjustments

e Documentation of incident and response

Visitor Management

¢ Advanced scheduling and approval required
Comprehensive pre-entry briefing

Escorted access at all times

Special visitor gowning protocols

Limited access areas defined in advance



Emergency Response:
During emergency evacuations, contamination control protocols may be overridden for life safety.

Emergency exits should be used, and re-entry procedures must include enhanced monitoring and
cleaning protocols.

V. Regulatory and Standard Requirements

Compliance with international standards and regulations is non-negotiable in cleanroom personnel
flow design. These standards provide the framework for effective contamination control and form
the basis for auditing and certification of cleanroom personnel flow design implementations across
industries.

A. ISO 14644 Series Standards

The ISO 14644 standards provide the international framework for cleanroom classification and
monitoring, directly influencing cleanroom personnel flow design requirements and validation
protocols.

IS0 Class

ISO 8 Basic coveralls, hair cover, shoe covers Level 1
ISO 7 Full cleanroom suit, gloves, boot covers Level 2
ISO 6 Two-piece suit, dedicated cleanroom shoes Level 3
ISO 5 Full cleanroom suit with hood, face mask, multiple gloves Level 4

"ISO 14644-4 specifically addresses cleanroom design and construction, requiring that 'personnel
access routes shall be designed to minimize the introduction, generation, and retention of
contaminants within the cleanroom.' This standard directly mandates proper cleanroom personnel
flow design as a fundamental requirement." - Deilang™ Compliance Team

B. GMP (Good Manufacturing Practice)

GMP regulations impose specific requirements on cleanroom personnel flow design for
pharmaceutical, biotechnology, and medical device manufacturing facilities, with emphasis on
product protection and cross-contamination prevention.

Core GMP Requirements for Personnel Flow

¢ Documented and validated personnel flow procedures

e Segregation of personnel working with different product types
e Clear identification of gowning levels for different zones

¢ Regular training and competency assessment

¢ Health and hygiene monitoring programs

e Access control to restricted areas

¢ Environmental monitoring during operations

e Change control procedures for flow modifications

EU GMP



Annex 1: Manufacturing of Sterile Medicinal Products
FDA
21 CFR Part 211 - Current Good Manufacturing Practice
PIC/S

PE 009-14 Guide to GMP for Medicinal Products

C. Other Industry-Specific Standards

Various industries impose additional requirements on cleanroom personnel flow design based on
their specific contamination control needs and product sensitivity.

Semiconductor Industry

e SEMI S2 - Environmental, Health, and Safety Guideline

e SEMI S8 - Safety Guidelines for Ergonomics Engineering

e ITRS (International Technology Roadmap for Semiconductors)
e (Class 1-1000 cleanrooms with strict ESD controls

Healthcare & Biotechnology

e USP <797> Pharmaceutical Compounding

e USP <800> Hazardous Drugs

e CDC Guidelines for Environmental Infection Control
e Biosafety Levels (BSL) 1-4 requirements

VI. Cleanroom Personnel Flow Design Optimization and Best Practices

Continuous improvement of cleanroom personnel flow design is essential for maintaining
competitive advantage and regulatory compliance. Optimized cleanroom personnel flow
design not only enhances contamination control but also improves operational efficiency and
reduces costs.

A. Risk Assessment and FMEA

Systematic risk assessment identifies potential failure points in cleanroom personnel flow
design before they impact operations. Failure Mode and Effects Analysis (FMEA) provides a
structured approach to evaluating and mitigating risks.

Process Step_________[Potential Failure Mode

Gowning Improper glove technique Skin contamination of surfaces
Air Shower Operation Insufficient cycle time Particle carryover to clean area
Material Transfer Use of personnel airlock for materials Cross—contamination risk

Risk Priority Number (RPN) Calculation:



RPN = Severity x Occurrence x Detection. Actions are typically required when RPN exceeds 100,
with higher RPNs receiving priority attention.

B. Training and Compliance

Effective training transforms theoretical cleanroom personnel flow design into practical, consistent
execution. Deilang™ recommends a multi-layered training approach with regular reinforcement.

N0 %4

Initial Training

e Comprehensive theory session (4 hours)
e Practical gowning demonstration

e Written examination (pass =80%)

¢ Practical competency assessment

Refresher Training
e Quarterly brief sessions (30 minutes)
e Procedure updates communication
¢ Incident review and lessons learned
¢ Annual re-certification requirement

Compliance Monitoring

¢ Regular internal audits

e Video surveillance of critical areas

e Environmental monitoring correlation
e Performance metrics tracking

Training Effectiveness Measurement:

Deiiang™ facilities that implement comprehensive training programs typically see a 45% reduction in
gowning-related deviations and a 60% improvement in environmental monitoring results within the
first 6 months.

C. Automation and Smart Applications

Technological advancements are transforming traditional cleanroom personnel flow design into
intelligent, data-driven systems that enhance both compliance and efficiency.

Smart Access Control

¢ Biometric authentication for personnel

e Automated tracking of personnel movements
¢ Real-time occupancy monitoring

¢ Integration with training records



if (user.training_expired || user.health_clearance == false) { access_denied(); }

IoT Environmental Monitoring

e Wireless particle counters

o Real-time pressure differential alerts
e Temperature and humidity tracking
e Predictive maintenance scheduling

Alert: Pressure A < 12 Pa in Airlock A1 — Check filter status

"Deiiang™ recently implemented an Al-powered personnel flow optimization system that reduced
average gowning time by 22% while improving compliance by 35%. The system uses computer vision
to provide real-time feedback on gowning techniques and identifies potential contamination risks
before they enter the cleanroom." - Jason.peng, Product Designer

D. Common Mistakes and How to Avoid Them

Understanding common pitfalls in cleanroom personnel flow design helps prevent costly errors
and ensures optimal facility performance from day one.

Insufficient gowning space Garment contamination, congestion

Poor airlock sizing Ineffective contamination removal

Mixed personnel/material flow Cross—contamination, efficiency loss
Inadequate training program Procedure deviations, contamination events

Cost of Poor Design:

A pharmaceutical company recently discovered that inadequate personnel flow design was causing
12% product rejection rates. After implementing Deiiang™ recommended corrections at a cost of
$150,000, rejection rates dropped to 2%, saving approximately $1.2 million annually in lost product.

VII. Case Study

Pharmaceutical Sterile Manufacturing Facility Upgrade

Initial Situation

e 35% deviation rate in gowning procedures
e Frequent pressure differential alarms

e Average entry time: 14.5 minutes

e Mixed personnel/material airlocks

e 8% product contamination rate

Deiiang™ Intervention
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¢ Redesigned gowning room with 3-stage process

¢ Installed dedicated personnel airlocks with air showers
¢ Implemented smart access control system

e Developed comprehensive training program

o Established real-time monitoring dashboard

Results After 6 Months

e Gowning deviations reduced to 4%
e Entry time decreased to 8.2 minutes
e Contamination rate dropped to 1.2%
e 95% reduction in pressure alarms

¢ ROI: 8 months

"The Deiiang™ cleanroom personnel flow design transformation not only solved our immediate
contamination issues but also improved operator morale and productivity. The systematic approach
to analyzing and redesigning our personnel flow patterns delivered results that exceeded our
expectations." - Facility Director, Global Pharmaceutical Company

VIII. Conclusion and Outlook

Effective cleanroom personnel flow design represents a critical investment in product quality,
regulatory compliance, and operational efficiency. As this comprehensive guide has demonstrated,
successful implementation requires integration of engineering principles, regulatory requirements,
human factors, and continuous improvement methodologies.

The future of cleanroom personnel flow design is evolving toward greater intelligence and
integration. Emerging trends include Al-powered contamination prediction, augmented reality
training systems, biometric monitoring of personnel hygiene, and fully automated gowning
assistance. Deiiang™ is at the forefront of these developments, incorporating smart technologies
that make contamination control more effective and less dependent on human perfection.

"In the next five years, we expect to see cleanrooms that automatically adapt personnel flow patterns
based on real-time contamination risk assessment. Machine learning algorithms will optimize traffic
patterns, while wearable sensors will provide immediate feedback on aseptic techniques. The goal is
not just to control contamination, but to prevent it proactively through intelligent cleanroom
personnel flow design." - Jason.peng, Product Designer, Deiiang™

Ready to Optimize Your Cleanroom Personnel Flow?

Deiiang™ offers comprehensive cleanroom design services, from initial assessment to full
implementation and validation. Our experts can help you achieve optimal contamination control while
maximizing operational efficiency.

Download Design Checklist

Deiiang™ Cleanroom Technologies
Expertise in Cleanroom Design, Construction, and Validation
Contact Information




Email: info@deiiang.com

Phone: +1-800-CLEANROOM

Services

Cleanroom Design & Construction

Validation & Certification

Personnel Training

© 2024 Deiiang™ Cleanroom Technologies. All rights reserved. | Product Designer: Jason.peng
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