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STATE OF THE ART DECONTAMINATION
OF SAFETY CABINETS, ISOLATORS AND AIR LOCKS
Introduction
Biological safety cabinets (BSCs) and isolators used for
handling (micro)biological agents must be decontaminated regularly, and, in particular, before accessing or
repairing. This also applies to air locks that are used for
the introduction or removal of material and equipment.
Whereas easily accessible surfaces can be disinfected
manually, interior surfaces and components - especially
filters - have to be decontaminated in a more elaborate
way. The injection of gaseous biocides is regarded as the
method of choice to decontaminate also hard-to-reach

areas. Traditionally, formaldehyde vapor has been used
for this purpose. In recent years this agent was more and
more replaced by vapor phase hydrogen peroxide (VPHP)
due to its carcinogenic potential. VPHP offers a number
of advantages with regard to applicability and safety
(Table 1). This poster is intended to provide an overview
of important aspects taking into consideration mechanisms of biocidal action, effectiveness and usage of VPHP.

Formaldehyde
Advantages

Disadvantages

• Broad inactivation spectrum
• High gas stability: consistent concentration during the
entire process
• Low corrosiveness
• Low operational costs
• Simple generator

• Low penetration of water and soil loads: Precleaning
and drying is necessary.
• High temperature und humidity necessary
• Long decontamination time (average 12 hours)
• High gas stability & building of residues: Additional 		
effort and time required for neutralization & clean-up.
• High toxicity to humans: Formaldehyde is a known 		
human carcinogen.
• Environmentally unfriendly

History and physicochemical properties

Hydrogen Peroxide
Advantages

Disadvantages

Hydrogen peroxide (H2O2) was discovered by L. J. Thénard
in 1818. In its pure state hydrogen peroxide is a liquid with
a high tendency for exothermic decomposition. H2O2,
therefore, is generally stored and transported as a relatively stable aqueous solution of various strengths (e.g.
35 %). In addition to special purposes (e. g. for chemical
production or as a propellant) it’s mainly used for bleaching paper, textiles and other products as well as for
removing pollutants from water and from air. H2O2 is
used in liquid (aqueous) form as a surface disinfectant

• Broad inactivation spectrum
• Active at low temperature
• Compatible with a wide variety of materials
• Largely compatible with sensitive equipment like computers 		
and laboratory instruments
• Rapid cycle times (minutes to few hours)
• No residues on the surfaces, nor post-clean-up
• Low toxicity to humans: H2O2 is considered by most to be 		
non-carcinogenic.
• Environmentally friendly: Spontaneous decomposition into 		
H2O and O2

• Low penetration of (esp. organic) soil loads:
Precleaning is necessary.
• Low penetration of porous materials.
• Interaction with certain materials: Adsorption, 		
decomposition and corrosion possible under
unfavourable conditions.
• Technically complex and, therefore, expensive 		
generators

and wound cleansing agent for more than 100 years.
However, the use of gaseous hydrogen peroxide alone as
a “cold” surface sterilant was firstly established in 1979
by two United States Patents [1, 2]. In the following years
VPHP was increasingly used to decontaminate enclosed
areas like isolators, rooms and facilities. Hydrogen peroxide decomposes spontaneously into nontoxic water and
oxygen.

Mode of action and antimicrobial effectiveness

Table 1: Comparison of gaseous formaldehyde and hydrogen peroxide

Up to now, there has been only little understanding of the biocidal mechanisms triggered by hydrogen peroxide. It could be shown that its effectiveness is based on the capacity to generate oxygen species which can initiate
the oxidation of essential biomolecules (oxidative stress). Especially hydroxyl radicals (HO•) are considered to play a central role in causing damage of nucleic acids, proteins, and (membrane) lipids. The formation of hydroxyl
radicals from H2O2 might be initiated by superoxide radicals (O2•-, Haber–Weiss reaction) and/or catalysed by Fe2+ (Fenton reaction). Moreover, it can be influenced by other inner or outer cellular agents. Also the participation of other oxidizing radicals (ferryl radicals) is presumed. To explain the cytotoxic activity of hydrogen peroxide in vegetative cells a bimodal killing pattern was proposed (mode one and mode two killing). It seems that cell
inactivation at low H2O2 concentrations is based on DNA damage whereas higher concentrated H2O2 leads to degradation of other cellular components. Knowledge of effects on bacterial spores are even more rare. Studies
are proved to be difficult due to protective and repair mechanisms which enables cells to protect themselves against oxidative toxicity (for example through the production of catalase and other peroxidases).
Depending on factors like exposure time, temperature and concentration hydrogen peroxide may exert bactericidal, viricidal and sporicidal effects. Sporicidal activity of liquid hydrogen peroxide is increased at higher temperatures. Enhanced effectiveness could also be observed with H2O2 in gaseous form, leading to the assumption that there are differences in the antimicrobial mode of action between liquid and gaseous H2O2. In addition to
its broad spectrum of efficacy against most microorganisms VPHP normally requires only a short contact time (minutes) to be effective. G. stearothermophilus spores are considered most resistant to hydrogen peroxide and
are, therefore, often used as bioindicator organisms to validate and monitor H2O2 decontamination processes.

Operational aspects

1. Pre-Conditioning: Dehumidification and heating of the carrier air flow, to allow more
H2O2 to be dissolved in the air.
2. Conditioning: Generation and injection of VPHP into the BSC/isolator to achieve the
concentration necessary for microbial inactivation.
3. Decontamination: Keeping the VPHP concentration at a constant level (typically 500
to 1500 ppm) during the whole phase to reach the desired inactivation level.
4. Aeration: Reduction of the VPHP concentration in the air to a level above which
humans should not be exposed (1 ppm according to REACH or OSHA limits).
Reduction of the H2O2 decontamination concentration to an acceptable exposure limit is a
time consuming process. Phase 4, therefore, exerts most influence on the cycle time.
It depends on the ventilation air flow as well as on the H2O2 adsorption capacity of filters,
materials and components. The process can be accelerated by using a catalyst to
decompose the decontaminant into H2O and O2.

Figure 1: Biological safety cabinet with connected H2O2 generator

VPHP concentra�on

When using VPHP as decontamination agent, a distinction can be made between so-called “dry” and “wet” processes, depending on whether or not (micro-)condensation should be possible on the exposed surface areas. Often “dry “processes with H2O2 remaining completely in the vapor phase are preferred to optimise
distribution and material compatibility. On the other hand, “wet” processes can potentially be faster in decontamination (higher H2O2 concentration in the droplets) and technically less complicated. In both cases VPHP has to be produced by heating (at around 100 °C) of a diluted H2O2 solution inside a special generator.
The generator unit is usually connected to the sealed BSC / isolator in form of a closed circuit for injecting and removing the vapor (Figure 1). In addition to vapor
generation and injection, the unit can provide for process monitoring as well for the targeted decomposition of the decontaminant.
A “dry” decontamination cycle based on vaporized H2O2 typically consists of 4 phases (Figure 2):
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Figure 2: Schematic diagram of a VPHP cycle (4 phases)
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Validation and monitoring
During development the decontamination cycle must be validated with respect to the desired inactivation level. For bio-decontamination processes - in contrast to more sophisticated sterilization processes – a 6-log reduction of microbial activity should be assured. It has to be demonstrated that reproducible results can be achieved even under unfavourable conditions. In Germany disinfection measures carried out by order of the health authorities must meet the requirements laid down by the Robert-Koch-Institute (RKI). Recommended disinfectants and disinfection procedures are listed in the so-called RKI list [3]. The list describes only one VPHP procedure
for the decontamination of HEPA filters in safety cabinets including precisely specified process parameters, gas generators and BSC criteria. Although in most cases disinfection procedures can be carried out without being
ordered officially, RKI requirements can be regarded as an accepted standard for good VPHP decontamination practice. VPHP procedures differing from the listed one should, therefore, be validated individually [4]. The
scope of validation depends on the extent of the changes compared to the listed procedure. The most important criterion is an instant and uniform distribution of gaseous H2O2 in all areas. If, for example, cabinet geometry
or air flow direction deviates from the listed scenario, the procedure should be (re)validated (at least three replicate tests) using hard-to-inactivate microorganisms placed in hidden corners to verify the effectiveness of the
procedure.It is a good practice to monitor each VPHP process individually even if the process is validated in principle. For this purpose at least humidity and temperature are measured continuously. Moreover, commercially available chemical and biological indicators (G. stearothermophilus spore inocula dried onto stainless-steel coupons with > 106 spores per coupon) could be placed at critical locations inside the working room of the BSC,
isolator or air lock. At the end of the cycle, all indicators are analysed with respect to colour change and microbial growth. With this information, the user can be assured that decontamination has been completed accurately.

Conclusion
Treatment with vaporized hydrogen peroxide can be regarded as the process of choice for the decontamination of closed areas like BSC and isolators. The technology offers a number of principle advantages compared with
traditional alternatives especially with regard to an easy and fast application as well as to a high level of safety for the operating personnel. Nevertheless, the process can be influenced by many factors like humidity, cabinet
design and air flow conditions. It, therefore, should be validated before and monitored during operative usage. This ensures, that the desired decontamination results can be achieved efficiently and safely.
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