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[1–16].

Employers must perform a hazard assessment prior to 
commencement of work and implement the necessary 
protective measures [17–18]. For manufacturers and ope-
rators of safety cabinets (SC) the state of the art techno-
logy at the time of installation of a SC is the decisive 
factor. It is defined, amongst others, by guidelines, laws 
and standards [19–22]. An older model SC, already in 
operation, falls into the category of inventory protection 
if the essential requirements of safety at work are fulfil-
led. The monitoring authorities are instructed to monitor 
this and, if necessary, to demand an upgrade or more 
intensive service intervals. For the aseptic production of 
toxic parenteral preparations, the so-called CMR1    
substances, safety cabinets for cytostatics (SCC) need to 
come into operation [23–27]. When handling biological 
substances with an infectious, toxic or allergenic ha-
zardous potential class I, II or III microbiological safety 
cabinets (MSC) are to be used [28–30].

The basic protective functions of a SC include personal, 
product and cross contamination protection. Personal 
protection is guaranteed due to the containment capabi-
lity of biological substances and/or hazardous materials 
within the workspace. In product protection the products 
used in the work area are protected from contamination 
from the surrounding area or environment. Cross conta-
mination protection is a function of a SC, which protects 
the product used in the work area from biological 
substances and/or hazardous materials from the work 
area.

Most of the occupational safety equipment in labora-
tories are class II MSC or the SCC and guarantee all the 
above mentioned protective functions. SC are not to be 
confused with fume hoods [31] or mere product protec-
tion cabinets [32-33].

The correct combination of low-turbulence laminar 
downflow in the work area and air inflow at the working 
aperture in connection with particle filters safeguards the 
protective functions. The aim is for a fast and safe remo-
val of contamination, without endangering people, envi-
ronment or product. The manufacturer, within the limits 
of the design, has to determine the optimal flow condi-
tions. Under these conditions the safety functions using 
the microbiological method are to be verified during type 
testing.

Every SC has, depending on the model, its own opti-
mal “operating point”. The determined target flow velo-
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cities, which are binding, are to be recorded in the docu-
mentation [34-35], and need to be regularly verified by 
the operator.

If, for example, the kinetic energy of the laminar 
downflow is significantly higher than the air inflow, per-
sonal protection can no longer be guaranteed. However, 
if the air inflow is higher, then product protection can no 
longer be assured [36-37].

In a SC filters are the most important safety relevant com-
ponent per se. The HEPA² filters have to filtrate contami-
nation safely and correspond to at least class H 14 [38-39]. 
They are to be arranged and dimensioned in such a way 
as to safeguard leak tightness and leakage protection [40-
41]. All HEPA filters are to be protected from mechanical 
damage and unsuitable loads. In older and more basic 
models of SC, unintentional damage to the filters has 
occurred time and time again. When using segmented or 
perforated worktops it is essential that spilt liquids are 
retained so that they cannot drip into the main filter.

2- and 3-filter systems (Fig.1) differ in the number of 
integrated HEPA-filters. The additional HEPA-filter is loca-
ted directly below the work surface. A high risk potential 
nearly always necessitates the use of 3-filter systems 
[42].

A fundamental argument for the use of 3-filter systems is 
the filtration of particulate contamination immediately 
below the work surface. In this way the size of the con-
taminated area is significantly smaller than for a 2-filter 
system. All potentially contaminated areas are easily ac-
cessible for cleaning and disinfection. In many cases the-
re will be no need for deactivating biological substances 
with the dangerous formaldehyde fumigation. The HEPA 
main filter filtrates at least 99,995% of all particles and 
thus subsequent filters effectively operate under virtually 
particle-free conditions. DIN EN 12469 points out that, air 
channels which transport contaminated air have to be as 
short as possible [43]. In the pamphlet B 011 “Safer wor-
king at microbiological safety cabinets” the BG Chemie 
(Employers Liability Insurance Association for Chemistry), 
recommends the use of 3-filter systems, if safe deconta-
mination of filters in the SC cannot be performed [44].

Much service work such as the exchange of fans or 
filters can be carried out significantly safer, faster and 
more cost-effective. If 2-filter systems are contaminated 
with hazardous substances (e.g. CMR drugs) or biological 
substances (e.g. TSE³-associated agents), which cannot 
be decontaminated in the SC, then servicing work will be 
more laborious. The SC has to be hermetically sealed in 
a negative pressure tent, inside which the service techni-
cian wearing personal protective equipment will carry 
out his work.
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for safe deactivation are autoclaving or incineration. Au-
toclaving of the filter onsite is the ideal solution. If this is 
not possible then the safe transport and thermal treat-
ment in a hazardous waste treatment plant is another 
option. In any case, during the treatment and disposal of 
waste personal and environmental safety needs to be en-
sured [63–65]. 

Only a SC which has been regularly serviced can offer 
optimal function and protection [66]. The responsibilities 
for the tests to be carried out, depending on the type of 
test, lie with the manufacturer or the operator. The basic 
conditions of the performance tests (Table 1) are DIN 
12980, DIN EN 12469 and detailed manufacturer’s speci-
fications. Occupational safety devices are to be perfor-
mance tested at least once annually by authorised service 
technicians, in cases of an increased risk potential at 
shorter intervals. The measuring equipment used, is to be 
documented in the test report. The tests carried out are 
to be documented in a test report and in a device book 
[67]. If the SC is part of a clean room system or is located 
in a clean room, then, in addition to the device-specific 
requirements, further tests are needed, e.g. the determi-
nation of the particle purity class in the work area [68-
70].
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The main filter location allows for a low-contamination 
easy filter replacement. The filter change is defined as a 
segmented HEPA-filter system which can replaced during 
continuous operation. An alternative is the Oelmeyer-
process [45] (bag-out-technology), established in the nuc-
lear field. Crucial is the overall size of each filter element 
[46-49]. Contaminated downflow and exhaust air filters 
(Fig. 1) in the SC are entirely unsuitable for safe replace-
ment, transport and subsequent decontamination, as they 
can measure up to 1.8 x 0.6 metre. According to the de-
finition of the low-contamination filter replacement (Fig. 
2) the filter elements from a HEPA-main filter which are 
to be deactivated, must not exceed a certain size. Helpful 
is the stipulation that the filter components should fit 
into ordinary waste disposal containers (60-90l).

In many laboratories the decontamination of waste and 
filters is specified to be carried out on-site [50–57]. The 
only approved method for the deactivation of biological 
substances is the room fumigation with formaldehyde 
[58–59]. There are no proven findings about the effec-
tiveness of this sole surface process. This applies specifi-
cally to the penetration, as the filters are arranged in a 
pleated form for enlargement of the effective surface. The 
microbiological spectrum of activity is limited because 
the process of fumigation of anthrax spores, spores of the 
agents of gas gangrene, tetanus or TSE-associated agents 
is completely unsuitable [60]. Furthermore, formaldehyde 
is known to be a potentially carcinogen [61–62]. Ultima-
tely, the only thermal processes that can be considered 
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