
Preventive Maintenance, Air 
Quality, and Deep Clean in the 
IVF Laboratory
This comprehensive course provides IVF laboratory professionals with 
essential knowledge and practical skills in preventive maintenance (PM), air 
quality management, and deep cleaning protocols. These critical quality 
control activities are fundamental to maintaining embryo-safe laboratory 
environments and optimizing assisted reproductive technology (ART) 
outcomes.

by Fertility Guidance Technologies



The Critical Nature of IVF Laboratory Environment

The extended in vitro culture of human embryos represents one of the most 
challenging applications of cell culture in modern medicine. Unlike other cell 
types, gametes and embryos are extraordinarily vulnerable to environmental 
influences due to their unique characteristics:

• Lack of epithelial surfaces - No protective barrier against contaminants
• Absence of immunological defenses - No immune system protection
• Missing detoxifying mechanisms - No metabolic pathways to neutralize toxins
• Extreme sensitivity - Minimal tolerance for environmental stressors

Studies examining environmental and airborne pathogens have conclusively 
demonstrated that both ambient air pollution and laboratory air quality play 
significant roles in embryogenesis, implantation success, and overall conception 
rates in medically assisted reproduction (MAR) treatments.

Human embryos at various developmental stages 
showing their vulnerability to environmental 
contaminants



Understanding Environmental Threats
The IVF laboratory faces multiple contamination sources that can compromise embryo development and treatment outcomes. 
Understanding these threats is crucial for implementing effective protective measures.

Particulate Matter (PM)

Microscopic solids and liquid droplets 
measuring 1-100 microns in temporary 
air suspension. Sources include 
outdoor air influenced by construction, 
vehicle traffic, industrial emissions, 
and seasonal pollutants. PM serves as 
a carrier for microorganisms and other 
contaminants.

Microorganisms

Viruses, spores, and bacteria 
measuring <1 to 8 microns, present on 
all surfaces and in air suspension. 
They adhere to particulate matter and 
contaminate surfaces when particles 
settle, creating potential 
contamination sources throughout the 
laboratory.

Volatile Organic Compounds

Carbon-containing compounds that 
evaporate at room temperature, 
reacting with ozone to create harmful 
by-products. Sources include 
construction materials, cosmetics, 
autoclaved materials, laboratory 
plasticware, and cleaning products.



Sources of VOC Contamination in IVF Laboratories
Volatile Organic Compounds (VOCs) present a significant threat to embryo development, originating from numerous sources within and 
around the IVF laboratory environment. Understanding these sources is essential for implementing comprehensive air quality control 
measures.

Construction and Infrastructure Sources

• Wood furniture and MDF - Release formaldehyde and aldehydes
• PVC flooring materials - Emit plasticizers and stabilizers
• Adhesives and paints - Release various organic solvents
• Insulation materials - Found in air handling systems
• Refrigerant gases - Chemical compounds from cooling systems

Laboratory Equipment and Supplies

• Laboratory plasticware - Polyethylene, polystyrene, polycarbonate
• CO2 gas cylinders - Containing trace contaminants
• Autoclaved materials - Release VOCs when opened
• Sterile packaging - Various polymer-based materials

Human and Chemical Sources

• Cosmetics and personal care - Perfumes, aftershaves (alcohol-based)
• Cleaning products - Floor wax, ammonia-based cleaners, aerosols
• Disinfectants - Ethanol-based products commonly used
• Mold growth - Produces CO2, water, and various VOCs

Critical Impact: VOCs and small inorganic gaseous 
molecules, including nitrous oxide, sulfur dioxide, and 
heavy metals, are detrimental to embryo development. 
VOCs can harm sperm quality by attaching to DNA, 
causing fragmentation and altering cell replication 
processes.



VOC Detection and Measurement Technologies
Accurate detection and quantification of volatile organic compounds in the embryology laboratory requires sophisticated 
instrumentation and measurement techniques. The choice of detection method significantly impacts the sensitivity and specificity of 
VOC assessment.
01

Photo-Ionization Detection (PID)

Portable direct reading instruments using 
VOC probes provide immediate Total VOC 
(TVOC) concentration measurements. 
Results expressed in parts per million (ppm) 
or parts per billion (ppb), but cannot 
identify specific VOC types or quantify them 
separately.

02

Advanced Chromatography Analysis

Active sampling on TenaxTA® Sorbent with 
thermal desorption and gas 
chromatography-mass spectrometry 
provides detailed information about non-
polar and weakly polar VOCs with specific 
identification and quantification 
capabilities.

03

Aldehyde-Specific Methods

Specialized measurement using 2,4-
dinitrophenylhydrazine impregnated silica 
tubes or cartridges with subsequent 
solvent desorption, clean-up, and liquid 
chromatographic analysis for accurate 
aldehyde detection.

Best Practice: IVF laboratories should use instruments providing readings in ppb rather than ppm for better detection of 
potentially genotoxic or mutagenic VOCs. One facility maintains a 100 ppb alarm level above which critical activities like 
incubator openings should be avoided.



Current VOC Threshold Recommendations

Establishing appropriate VOC threshold values for IVF laboratories remains 
challenging due to limited research on specific embryotoxic levels. However, emerging 
evidence provides important guidance for laboratory air quality management.

Current Threshold Recommendations

• General VOC levels: Below 400-800 ppb (commonly recommended)
• Aldehydes: Below detection limit of 80-100 ppb
• Operational alarm level: 100 ppb (some facilities)
• Research findings: Levels below 100 ppb may still affect embryogenesis

A comprehensive 8-year study by Worrilow and colleagues, evaluating dynamic VOC 
levels and particulates within IVF laboratory ambient air, indicated that VOC levels far 
below 100 ppb negatively affected preimplantation embryogenesis. This finding 
suggests that current recommendations may not be stringent enough for optimal 
embryo culture conditions.
Studies have reported that increased VOC levels correlate with statistically significant 
decreases in clinical pregnancy rates, though specific thresholds for different VOC 
types remain largely unknown except for aldehydes.



Four Principles of Air Quality Control
Effective air quality management in the embryology laboratory is built upon four fundamental principles that work synergistically to create and 
maintain a clean, controlled environment suitable for sensitive gamete and embryo culture.

Air Pressure Differential

Positive pressure creates differential between adjacent rooms, 
minimizing retention of particulate matter and VOCs by carrying 
contaminants away while newly filtered air dilutes remaining particles 
and compounds.

Turbulent Air Movement

Air pressurization creates turbulent flow that washes out "dead" air in 
critical spots under workstations, microscopes, and equipment. 
Prevents introduction of external particles and VOCs through forced 
air movement.

HEPA Filtration

High-efficiency particulate air filters remove 99.97% of particles 0.3 ≥
microns by sieving/impaction, plus smaller virus-sized particles (~0.1 
microns) through diffusion and interception methods.

VOC Filtration

Sorption filtration using activated carbon, potassium permanganate, 
activated alumina, and silica gels. Carbon particles contain delocalized 
electrons that induce chemical contaminants to attach, while 
potassium permanganate detoxifies alcohols and ketones.



Air Filtration Technologies and Methods
Modern IVF laboratories employ various sophisticated filtration technologies to achieve optimal air quality. Understanding the strengths and 
limitations of each approach is crucial for selecting the most appropriate system for specific laboratory conditions.

Chemical Filtration Methods

Activated Carbon Systems: Mesh embedded with activated carbon 
particles containing delocalized electrons that act as "electronic 
glue," inducing chemical contaminants to attach. Highly effective 
for most organic compounds but cannot remove alcohols and 
ketones.
Potassium Permanganate: Specifically designed to detoxify 
alcohols and ketones that carbon filters cannot capture. Often used 
in combination with activated carbon for comprehensive VOC 
removal.
Ultraviolet Photocatalytic Oxidation (UVPCO): Uses UV light 
energy absorbed by semiconductor metal oxide (titanium oxide) to 
produce reactive species that adsorb VOCs. Photo-oxidation 
produces CO2, water, and partially oxidized by-products, though 
effectiveness remains debatable.

Particulate Filtration

HEPA Filter Efficiency: Removes particles through multiple 
mechanisms - sieving and impaction for larger particles ( 0.3 ≥
microns), plus diffusion and interception for smaller particles 
including virus-sized contaminants.
Multi-Stage Approach: Pre-filters capture larger particles, 
extending HEPA filter life and reducing maintenance costs while 
maintaining optimal performance.

Integration Consideration: UVPCO systems require 
careful evaluation as volatile by-products can be released 
as secondary pollutants, potentially creating new 
contamination sources.



Filtration System Options: Portable vs. Centralized

Portable Filtration Systems

Stand-alone VOC and HEPA filtration units, some with UVPCO 
capabilities. Less expensive and easy to implement but provide 
limited control due to technical limitations in addressing all 
four principles of air quality control.

• Lower initial investment

• Quick installation

• Limited effectiveness data

• Reduced contamination control

Centralized Air Filtration

Mixed outside (20-25%) and recirculated indoor air (75-80%) 
pressurized through series of dust, VOC, and terminal HEPA 
filters. Distributed via ducts to laboratory and adjacent rooms 
with comprehensive environmental control.

• Superior contamination control

• Integrated environmental management

• Higher initial investment

• Complex installation requirements

The choice between portable and centralized systems should be based on comprehensive risk management analysis considering 
laboratory design, qualification requirements, outdoor ambient pollution levels, facility age, existing VOC levels, and regulatory 
directives. Available clinical data, though limited, appear to favor cleanroom laboratories with centralized filtration systems for optimal 
air quality control.



Critical Air Quality Monitoring Parameters
Comprehensive air quality management requires systematic monitoring of key parameters to ensure optimal laboratory conditions. Regular 
assessment of these elements is essential regardless of the chosen filtration system.

Particle Count Monitoring

Number of particles in air suspension measured 
using calibrated particle counters. Critical for 
assessing filter efficiency and detecting potential 
equipment failures or external contamination 
sources.

Air Pressure Differential

Pressure differences between adjacent rooms 
ensure proper air flow direction and prevent 
contamination migration. Monitoring prevents 
loss of positive pressure that could compromise 
laboratory protection.

Air Exchange Rate

Air exchanges per hour determine the rate of air 
renewal and contaminant dilution. Proper 
exchange rates ensure consistent air quality and 
effective removal of generated contaminants.

Total VOC Levels

Continuous monitoring of volatile organic 
compounds using sensitive detection 
equipment. Essential for maintaining levels 
below established thresholds and detecting 
contamination sources.

Microbiological Control

Periodic testing (every 3-6 months) using air 
samples, sedimentation plates, and swabbing 
methods. Measures colony forming units and 
identifies microbial types for contamination 
assessment.



HVAC System Maintenance and Decontamination
The heating, ventilation, and air conditioning (HVAC) system serves as the backbone of laboratory air quality management. Proper installation, maintenance, 
and cleaning protocols are essential for maintaining optimal air quality conditions and preventing contamination of the laboratory environment.

Critical HVAC Components Requiring Maintenance

• Air ducts and distribution systems - Primary pathways for filtered air delivery
• Cooling and heating coils - Heat exchange surfaces prone to contamination
• Drain pans and condensate systems - Moisture collection areas requiring sanitization
• Grills and air outlets - Final air distribution points
• Blower motors and fans - Air movement mechanisms
• Air plenums and mixing chambers - Air conditioning and distribution spaces
• Filter housings and frames - Supporting structures for filtration media

Maintenance Protocol Requirements

During HVAC cleaning procedures, air pressurization must be placed under negative 
pressure or vacuum to prevent contaminant spread throughout the laboratory. This negative 
pressure system helps remove dust, fine particles, and loosened contaminants effectively.

After mechanical cleaning completion, sanitizers are applied to all non-porous HVAC surfaces 
to control microbial contamination and prevent biofilm formation.

Filter Replacement Strategy

Filter replacement schedules should be guided by 
concurrent air quality analysis rather than manufacturer 
specifications alone. Filter saturation depends on:

• Outside air quality conditions
• Local pollution levels
• Laboratory contamination mitigation strategies
• Particle and VOC generation rates
• Seasonal variations in air quality

Best Practice: Regular monitoring of differential 
pressure across filters provides early indication of 
saturation and optimal replacement timing, 
ensuring consistent air quality while maximizing 
filter utilization.



Clinical Evidence: Air Quality Impact on IVF Outcomes
Multiple studies have demonstrated significant correlations between laboratory air quality improvements and enhanced IVF success rates. This clinical evidence provides 
compelling support for investing in comprehensive air quality management systems.

1Cohen Study (1997) - Italy

New IVF laboratory built above busy street with high industrial emissions 
experienced significant pregnancy rate drop. Installation of water-filtered 

gas bottle system for incubators restored pregnancy rates to normal 
values. Subsequent installation of solid carbon and potassium 

permanganate filters in 1,400 patients showed implantation rate increase 
from 22% to 36%.

2 Boone Study (1997) - Cleanroom Implementation

Construction of Class 100 cleanroom for air particulates improved air 
quality and increased number of high-quality embryos available for 
transfer, ultimately increasing clinical pregnancy rates in retrospective 
cohort study of infertile couples undergoing IVF.

3Esteves & Bento (2013) - Centralized Filtration

New IVF facility with centralized air ventilation system showed sharp 
decrease in air particles and VOC levels. Results: increased live birth rate 

(35.6% vs 25.8%, P = .02) and decreased miscarriage rate (20.0% vs 28.7%; 
P = .04) compared to pre-implementation results.

4 Munch Study (2015) - Carbon Filter Impact

524 fresh cycles analyzed with/without carbon filtration. When carbon 
filters weren't replaced, fertilization, cleavage, and blastocyst formation 
rates significantly reduced. Metrics returned to normal when new carbon 
filters installed, particularly affecting fertilization when oocytes most 
sensitive to air quality.

5Heitmann Study - Facility Renovation

New facility with dedicated centralized air filtration showed decreased total 
VOC (819.4 to 32.0 µg/m³) and aldehyde levels (13.7 to 5.2 µg/m³). 

Associated increases: implantation (24.3% to 32.4%, P < .01), clinical 
pregnancy (40.8% to 50.2%, P = .01), and live birth rates (31.8% to 39.3%, P 

= .03).



Regulatory Framework and Standards
Due to increasing evidence linking laboratory air quality with ART outcomes, regulatory bodies have issued cleanroom specifications to safeguard public 
health. However, these directives vary significantly in their specific requirements and implementation guidelines.

Current Regulatory Variations

European Union Directive: Focuses exclusively on particulate air control 
without specific VOC requirements or thresholds.

Brazilian Directive: Comprehensive approach addressing both particles 
and VOCs with specific control measures and monitoring requirements.

Other International Standards: Wide variation in approach, specificity, and 
enforcement mechanisms across different countries and regions.

Current Regulatory Gaps

• Lack of specific VOC thresholds for embryology laboratories
• Absence of standardized practice guidelines for air quality control
• Limited consensus on minimum air quality requirements
• Insufficient evidence-based recommendations for optimal conditions

Expert Recommendations

Recent expert documents have discussed relevant aspects of air quality 
control and provided practical recommendations based on professional 
judgment for:
• Laboratory design specifications
• Qualification procedures and protocols
• Operational requirements for air quality control
• Monitoring and maintenance procedures

Evidence Gap: Level 1 evidence remains lacking to support specific 
recommendations for minimum air quality requirements for 
optimal human gamete manipulation and embryo culture. Well-
designed prospective controlled trials are needed.

The precautionary principle guides current regulatory approaches while 
scientific evidence continues to develop through ongoing research 
initiatives.



Preventive Maintenance Fundamentals
Preventive maintenance forms the cornerstone of quality assurance in IVF laboratories, ensuring equipment reliability and protecting 
precious patient samples. A comprehensive PM program encompasses cleaning, monitoring, repairs, and timely component 
replacement to prevent equipment failure and maintain optimal laboratory conditions.

01

Proactive Problem Identification

Systematic monitoring and assessment allows laboratories to 
predict potential equipment problems before they occur, enabling 
proactive intervention and preventing sample loss or damage.

02

Sample Protection Planning

Preventive maintenance enables laboratories to plan sample 
transfers to properly functioning equipment when primary 
systems require maintenance, ensuring continuous protection of 
valuable patient specimens.

03

Maintenance Schedule Optimization

Regular calibrations and maintenance activities are scheduled 
based on equipment usage, manufacturer recommendations, and 
regulatory requirements, ensuring optimal performance and 
compliance.

04

Emergency Response Capability

Proper PM programs ensure laboratories can pivot effectively 
when critical equipment requires repair or replacement, 
maintaining service continuity and sample integrity.



Predictive Maintenance: The Future of IVF Lab Management

AI-powered predictive maintenance systems monitor 
equipment performance in real-time

The future of IVF laboratory management increasingly incorporates Artificial Intelligence 
systems to enhance quality control and assurance through predictive maintenance 
capabilities. This advanced approach represents a paradigm shift from reactive to 
proactive equipment management.

Predictive Maintenance Components

• Continuous Equipment Monitoring: Real-time sensor data collection from critical 
laboratory instruments and systems

• Historical Data Analysis: Comprehensive evaluation of equipment performance 
patterns and failure modes over time

• Predictive Algorithm Development: Machine learning models that identify early 
warning signs of potential equipment failures

• Automated Alert Systems: Intelligent notification systems that trigger maintenance 
actions before problems occur

This technology enables laboratories to target future issues or failures before they 
happen, dramatically reducing the risk of unexpected equipment downtime and 
potential sample loss. The integration of AI-driven predictive maintenance with 
traditional preventive maintenance protocols creates a robust, multi-layered approach to 
equipment reliability and laboratory quality assurance.



Essential IVF Laboratory Equipment Requiring PM
IVF laboratories contain numerous sophisticated instruments that require systematic preventive maintenance to ensure optimal 
performance and regulatory compliance. Understanding the specific requirements for each equipment category is crucial for 
developing comprehensive maintenance protocols.

Incubation Systems

Benchtop incubators, box incubators, warmers, heated 
microscope surfaces, isolettes requiring temperature, CO2, 
and humidity calibration and maintenance

Air Quality Equipment

Laminar flow hoods, heating and ventilation systems with 
sophisticated filtration and pressure requirements, inline gas 
filtration systems

Precision Instruments

Micropipettors, analytical balances, micromanipulators, 
inverted microscopes, thermometers, timers requiring 
calibration and maintenance

Support Systems

Water purification systems, backup generators, monitoring 
alarms, emergency systems ensuring laboratory operation 
continuity

The CAP (College of American Pathologists) generally requires preventive maintenance to be performed and documented for all 
laboratory equipment, with specific standards for instrument performance verification, maintenance schedules, and record keeping.



CAP Requirements for Preventive Maintenance
The College of American Pathologists (CAP) establishes comprehensive standards for laboratory equipment maintenance, performance verification, and documentation. These requirements ensure consistent quality and regulatory 
compliance across all laboratory operations.

1 COM.30550 - Instrument Performance Verification

Performance of all instruments and equipment must be verified prior to initial use, after major maintenance or service, and after relocation to ensure they operate according to specifications and expectations.

2 COM.30600 - Maintenance and Function Checks

Appropriate maintenance and function checks must be performed and records retained for all instruments and equipment following a defined schedule, at minimum frequency specified by manufacturer recommendations.

3 COM.30675 - Equipment Records Management

Instrument and equipment maintenance, function check, performance verification, and service/repair records must be promptly available to and usable by technical staff operating the equipment.

4 COM.30680 - Microscope Maintenance

Microscopes must be clean, adequate for intended use, optically aligned, and properly maintained with preventive maintenance records documented at least annually.

5 COM.30700 - Thermometric Standards

Thermometric standard devices must be recalibrated, re-certified, or replaced prior to calibration guarantee expiration or subject to non-certified thermometer requirements.

6 COM.30820 - Pipette Accuracy Verification

Quantitative dispensing pipettes must be checked for accuracy and reproducibility initially and according to manufacturer intervals, or annually if unspecified, with results recorded.

7 COM.30860 - Analytical Balance Maintenance

Analytical balances must be cleaned, serviced, and checked at least annually by qualified service personnel with documented maintenance records.



Understanding VOCs: The Silent Threat to Embryo Development
Volatile Organic Compounds represent one of the most insidious threats to IVF laboratory environments. Unlike humans with sophisticated organ systems to combat environmental stressors, 
gametes and embryos lack protective mechanisms, making them extraordinarily vulnerable to VOC exposure.

Human vs. Gamete/Embryo Protection

Human Defense Systems:

• Lungs for gas exchange and filtration

• Spleen for immune system support

• Kidneys for toxin elimination

• Liver for detoxification processes

• Antioxidant systems to neutralize free radicals

• Cellular repair mechanisms

Gamete/Embryo Vulnerability:

• No protective organ systems

• Absence of detoxification mechanisms

• Limited antioxidant systems

• Direct exposure to culture environment

• Extreme sensitivity to chemical compounds

Common VOC Sources and Examples

Pleasant Scents (Still Harmful):

• New car smell - various plasticizers

• Fresh paint - formaldehyde and solvents

• Fabric softeners - fragrance compounds

• Perfumes - alcohol-based compounds

• Pine scents - terpenes and aldehydes

• Citrus fragrances - limonene compounds

Toxic Compounds:

• Benzene - from compressed gases

• Isopropanol - cleaning and medical supplies

• Pentane - laboratory plasticware

• Carbon monoxide - incomplete combustion

• Heavy metals - construction and air pollution

Critical Impact: Air quality has irrefutably been shown to impact pregnancy 
outcomes, making VOC monitoring and control essential for successful ART 
programs.



Deep Cleaning Protocols for IVF Laboratories
Maintaining sterile conditions in IVF laboratories requires specialized cleaning protocols that eliminate contaminants without 
introducing harmful VOCs. Traditional cleaning products and disinfectants can be more harmful than helpful in the sensitive 
embryology environment.

Personal Contamination 
Control

Laboratory-specific footwear that 
never leaves the facility, clean 
scrubs changed in dedicated clean 
rooms, comprehensive PPE 
including hair covers for heads and 
beards to prevent particulate 
contamination from human 
sources.

Approved Cleaning Products

Specialized low-VOC disinfectants 
designed specifically for IVF 
laboratories, avoiding ethanol-
based products that release 
harmful compounds despite 
effectiveness against pathogens. 
Examples include EmbryoSafe, 
OoSafe, IVF Prime, and H2O2-based 
cleaners.

Environmental Standards 
Compliance

CAP requirements for computer 
facility maintenance (GEN.42750), 
floor/wall/ceiling cleanliness 
(GEN.61500), and bench 
top/cupboard/drawer maintenance 
(GEN.61600) ensuring 
comprehensive environmental 
control.

Best Practice: Cleaning protocols should be performed systematically from top to bottom, using appropriate disposal 
methods for cleaning materials to prevent recontamination of laboratory spaces.



Monthly Quality Assurance Schedule: Comprehensive Laboratory 
Management
A systematic approach to monthly quality assurance activities ensures consistent laboratory performance and regulatory compliance. This comprehensive schedule 
integrates preventive maintenance, air quality monitoring, and deep cleaning protocols into a manageable monthly workflow.

Environmental Cleaning and Maintenance

Systematic dusting from hood tops to floor level, cleaning all microscopes and 
electronics, sterilizing incubators and water trays with approved products, wiping 
all surfaces with EmbryoSafe or similar low-VOC cleaners, maintaining dewars 
and support equipment.

Air Quality System Maintenance

Generator maintenance checks, HEPA and air filter replacement, VOC inline filter 
changes (every 3-6 months), carbon filter replacement on hoods, purified water 
system maintenance with CFU monitoring.

Equipment Calibration and Monitoring

Alarm system testing (O2, CO2, temperature monitors), pipette sterilization and 
calibration, thermometer validation, gas manifold maintenance, incubator 
performance verification, isolette cleaning, microscope maintenance and 
calibration.

Specialized Equipment and Documentation

Analytical balance maintenance, anti-vibration table servicing, laminar flow hood 
PM and calibration, VOC detector calibration using Graywolf PPB or RAE Systems 
equipment, laboratory supply management including approved pens and spare 
parts inventory.

Implementation Strategy: Laboratory directors should initiate each monthly audit by marking all activities as "In Progress," then assign specific tasks to junior staff 
using documentation systems. This approach ensures both continuing education and comprehensive quality assurance while maintaining detailed records for 
regulatory compliance and performance tracking.
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