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The European and national regulations  
require biotechnological and pharmaceutical 
laboratories to use safety cabinets  [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 ful-
filled. The monitoring authorities are instructed to moni-
tor 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    sub-
stances, 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].

Safety functions
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 sub-
stances 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].

Fluid mechanics
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-
cities, which are binding, are to be recorded in the docu-
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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].

Filter technology
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].

Immediate filtration of contamination
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 Chemi-
stry), recommends the use of 3-filter systems, if safe de-
contamination 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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Fig. 2 Traditional wedge filter in comparison to  
cartridge filters from a HEPA main filter system.

Fig. 1 
Construction, functional principles and contaminated  
area of a SC for 2- and 3-filter systems
1 Exhaust filter n	Contaminated air
2 Recirculation filter n	Clean air
3 Downflow n Contaminated areas
4 Inflow
5 Main filter
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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].

Literature review and further information from the author
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1 Cancerogenic, mutagenic, toxic to reproduction: e.g. cytostatics, virusstatics
2 High Efficiency Particulate Air
3 Transmissible Spongioform Enzephalopathie

Tests for a class II MSC and SC

 Manufacturer User

Requirements Development Production Installation  Operation

Air flow C C C C
Filter C C C C
Monitoring system C C C C
Materials C C C C
Functions C C C C
E-installation C C C C
Mechanics C C C C
Documentation C C C C
Marking C C C C
Blocking protection  
Front intake port C C C C
Gas supply Cb Cb Cb ✕

Exhaust air system C ✕ C C
Low contamination  
filter change Ca ✕ ✕ ✕

Lighting C ✕ ✕ ✕

Noise pressure level C ✕ ✕ ✕

Vibration C ✕ ✕ ✕

Temperature C ✕ ✕ ✕

Leak protection C ✕ ✕ ✕

Cleanability C ✕ ✕ ✕

Ergonomics C ✕ ✕ ✕

Personal protection C ✕ Ca c ✕

Product protection C ✕ ✕ ✕

Cross contamination  
protection C ✕ ✕ ✕

a For cytostatic safety cabinets in accordance with DIN 12980
b For microbiological safety cabinets in accordance with DIN EN 12469
c Voluntary for microbiological safety cabinets in accordance with DIN EN 12469

low-contamination filter change
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 nu-
clear 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).

Filter deactivation and disposal
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 effective-
ness of this sole surface process. This applies specifically 
to the penetration, as the filters are arranged in a pleated 
form for enlargement of the effective surface. The micro-
biological spectrum of activity is limited because the pro-
cess of fumigation of anthrax spores, spores of the agents 
of gas gangrene, tetanus or TSE-associated agents is com-
pletely unsuitable [60]. Furthermore, formaldehyde is 
known to be a potentially carcinogen [61–62]. Ultimately, 
the only thermal processes that can be considered for 
safe deactivation are autoclaving or incineration. Autocla-
ving of the filter onsite is the ideal solution. If this is not 
possible then the safe transport and thermal treatment in 
a hazardous waste treatment plant is another option. In 
any case, during the treatment and disposal of waste per-
sonal and environmental safety needs to be ensured [63–
65]. 

Inspection
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 
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legal guidelines
Relevant regulations at a European and national level 
oblige manufacturers to ergonomically design workstations 
at machinery [6 –10]. The machinery directive stipulates 
explicitly that: “When ergonomic principles are correctly 
applied, fatigue, physical and psychological strain (stress) 
of the users must be reduced to a minimum.” For safety 
cabinets this general requirement is implemented at 
 national level by the relevant standards (e.g. DIN EN 
12469 or DIN 12980) [11–12].

These occupational health and safety requirements 
are binding. Therefore, the obligation and responsibility 
lies with the manufacturer to implement these require-
ments for the ergonomic design of workstations at 
 machinery.

The specific requirements on the design of workstations 
at machinery are specified by DIN EN ISO 14738 [13]. 
This is always based on a task analysis, which leads to  
the determination of the main working position. The de-
sign of the workstation at machinery “safety cabinet” (SC) 
has to take into account the main working position as 
well as allowing for sufficient freedom of movement. Un-
natural postures or awkward positions should be avoided 
(fig. 1).

Sedentary work reduces physical strain and prevents 
fatigue. A stable body support in the shape of an 
 ergonomically designed lab chair is essential (fig. 2). 
 Furthermore this is the optimal working position for 
 carrying out detailed work. The disadvantages are a 
 restricted workspace, limited physical strength as well as 
the risk of  awkward posture. It is essential to be able to 
fit the  dimensions of the workplace to the different sized 
users and the varying tasks. Changes in body posture in 
the shape of a leaning forward, upright, or leaning back-
ward sitting position are imperative to enable a “dynamic 
 sitting position” (fig. 3).

Standing work at a SC should only be carried out 
using a standing aid. This results in a reduced load of 
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Ergonomics is the science of human work. It 
comprises the systematic examination of 
the properties and capabilities of a person 
in relation to his/her work and technical 
 environment. This generates comprehen-
sive data e.g. about body size on the basis of 
standardised methods – resulting in 
 differing requirements on the design and 
construction of the workplace [1–3]. If 
 attention is paid to these findings, the safety, 
well-being, performance and productivity 
can be increased. The ergonomic design of 
the “human machine system” is a preventive 
occupational safety. The ultimate aim is to 
optimise human well-being and the 
 performance of the overall system. a work-
place which has not been ergonomically 
 designed will cause the user to become ill in 
the long term. Unfavourable work conditons 
lead to awkward postures – the consequences 
can be injuries to the musculoskeletal system 
and an increased potential for errors [4–5].

body weight of up to 60 %. In addition, it enables quick 
changes in the standing position and thus leads to an 
increased freedom of movement and work space. Disad-
vantages are the higher load on the legs and torso, as 
well as restricting blood circulation, when using a stand-
ing aid. From this it follows that standing positions should, 
if possible, always be taken up in alternation with sitting 
positions.

The work surface height is defined as the height of 
the supporting surface. This should be chosen in such a 
way as to achieve a comfortable posture. The optimal 
work surface height is dependent on the task. Detailed 
work is carried out at a higher position than elbow height, 
and thus requires a raised work surface height. Active 
arm movements, in comparison, require the work surface 
to be at elbow height.

It is recommended that, if possible, the work surface 
should be height-adjustable to accommodate different 
sized people and to adapt to varying types of work. 
 Adjusting the height also facilitates changing between 
 sitting and standing tasks (fig. 4).

The significance of the ergonomic  
design of safety cabinets 
SC (fig.2) are for many biotechnological and pharmaceu-
tical laboratories an important and compulsory safety 
 device [14 –32]. Especially the increasing use of top qua-
lity SC with 3-filter systems in high security laboratories 
require an ergonomic design, which can be adapted to 
specific requirements: complex tasks and devices require 
ergonomic approaches [33 –35]. 

Comprehensive design principles and anthropometric 
requirements are already available for workstations at 
machinery and have to be incorporated into the construct-
ion design [36 –44]. In the following the individual ergo-
nomic aspects for the design of a SC are illustrated.
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 Sedentary work
Advantages

Less energy expended >
Less fatigue >
Potential for detailed work >
Stable, ergonomic body support >

Disadvantages
Restricted work area >
Limited physical strength >
Risk of awkward postures >

Recommendation
 Adapt workplace dimensions   >
according to differences in  
body size and tasks
 Optimal: Adjustability of   >
work surface and chair
Dynamic sitting >

Standing work using a standing aid
Advantages

Quick changes in standing posture possible >
Freedom of movement >
Increased work space >
Reduced load of up to 60% of body weight >

Disadvantages
Restriction on working posture >
Limiting blood circulation >
Static load on legs (standing only) >
Back strain >

Recommendation
Use of standing aid >
 Alternating between sitting   >
and standing working posture
 Optimum adjustability of work   >
surface height for changing  
working positions

Work surface height
Detailed work = high work surface height 
Active arm movements = work surface at elbow height
Recommendation

 Choose work height so as to adopt a comfortable  >
posture
 Adjust work surface height   >
to body measurements/size
Adjust work surface height to tasks >
 Optimal: Adjustability of work   >
surface height to “elbow height  
of the smallest sitting person” 
 to “elbow height of the largest  
standing person”

Fig.1 Ergonomic design principles of work stations at machinery to DIN EN ISO 14738.
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Fig. 3 Varied sitting positions by leaning forwards,  
backwards, or sitting upright, plus maximum legroom.

Fig. 4 Electric elevation stand: From a low sitting position  
to the highest standing position - it is all possible.

Fig. 2 Working at a safety cabinet.
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Safe handling of hazardous materials  
in an ergonomic sitting position
Sitting in awkward positions at a SC can lead to postural 
deformity and lapses in concentration and impedes a  safe 
working practice with biological materials and hazardous 
substances. Dynamic sitting with leant forward, upright 
and backward sitting positions enables comfortable 
 working in a relaxed posture. The prerequisite for this 
are free body movements. Especially SC with a 3-filter-
system have to be adapted to these requirements. In par-
ticular in regard to legroom (fig. 3). The 10° forward tilted 
window enables increased freedom of movement for the 
upper body. An intelligently designed workspace en ables 
the user to sit close to their work and be able to reach all 
paraphernalia comfortably. (fig. 5). 

Sitting or standing workplace?  
– Both is best!
DIN EN ISO 14738 recommends changing between  sitting 
and standing positions. An elevation stand of a SC repre-
sents the ideal solution for the user. As it allows not only 
the change between a sitting and standing position, but 
also a variation according to body size. The work surface 
height of a SC should be adjustable from elbow height of 
the smallest sitting person to elbow height of the largest 
standing person (fig.4).

Ergonomic design of the workspace 
People working at a SC have to be able to carry out 
 detailed work and active movements at elbow height wi-
thout difficulty or fatigue. To achieve that several 
 requirements have to be met. An ergonomic working 
 position is achieved, when the arm support and work 
surface are located at the same height. The smallest angle 
between the upper and lower arm should amount to  
≥ 90°. The use of arm supports should be discouraged as 
these raise the work surface. This leads to an unfavour-
able sitting position, which is aggravated upwards by the 
limited space (front screen) and consequently leads to awk-
ward postures and tension in the neck and shoulder area.

The design of the front intake port as a V-shaped 
construction represents an optimal ergonomic solution. 
Furthermore the protective function in front of the entire 
work aperture of the SC is not impaired (fig. 5).

User friendly and relaxed  
operating conditions
Another significant point is the user friendly design. To 
guarantee straight-forward monitoring, the display panel 
should be arranged within the field of view. Clearly laid 
out switches prevent irritation. Also, all switches should 
be easy to reach (fig. 6). From an ergonomic viewpoint a 
low sound pressure level of – LP ≤ 52 dB(A) – is very 
important. If this is to be achieved by reducing the air 
flow, it is imperative that the safety functions of the SC in 
the way of personal, product and cross contamination 
protection are not compromised. Equally, emphasis 
should be placed on low vibration s ≤ 5 µm (RMS) of the 
work surface as well as a high nominal illuminance level 
E ≥ 1.200 lx in the workspace. 

EDP assisted production
These days many users of SC work with EDP assisted 
systems to improve the safety of drug manufacturing 
 processes. In that respect it should be observed that all 
necessary components, such as monitor, interface(s), ca-
bles, PC, and if necessary scale and keyboard, should be 
integrated in such a way, as to guarantee the safe func-
tioning of the SC. Important information should be within 
easy reach (fig. 7). It is recommended that the monitor 
should be set up outside the workspace of the SC. Thus, 
potential contamination of the monitor and  disruption of 
the air flow is prevented.

Fig. 5 Arm support and work surface at the same height.

Fig. 6 Control panel within easy reach and display within field 
of vision.

Fig. 7 Ergonomically integrated EDP workspace.

Fig. 8 Easy to clean and with minimum effort.

BErnEr InTErnaTIonal GmbH is 

the leading manufacturer of phar-

maceutical and biotechno logical sa-

fety systems. Since 1982 the firm 

has  been involved in occupational 

and product safety for pharmaceuti-

cal and biotechnological applications. 

Safety systems for the safe handling 

of biological substances and cytoto-

xic drugs are our core  competency. 
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Easy to clean
Concluding it should be mentioned that in relation to 
cleaning there also are a few points to consider. This 
should be accomplishable without a lot of effort. Seg-
mented work tops stand for easy cleaning and effortless 
lifting (fig. 8), especially in comparison to the one-piece, 
very heavy worktops. A wide opening front screen ena-
bles easy access to all areas within the workspace.

Summarising it can be said that the realisation of the 
above named points in line with the whole design 
 guarantee lasting stress-free working. In this way, ill-
nesses arising from awkward postures, such as RSI (Re-
petitive Stress Injury) can be prevented [45 –46]. 

Literature from the author. Further information: www.berner-international.eu
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Safety cabinets 
in cleanrooms:
A fundamental protective device

Thomas Hinrichs, Berner International GmbH, Germany

safety cabinets 

Safety cabinets are in many biotechnological and phar-
maceutical laboratories an important safety device.When 
handling dangerous biological substances or hazardous 
materials, it is necessary to protect the person and the 
environment by using safety cabinets. On the other hand, 
aseptic and particle-free experimental and production 
conditions are of equal importance. [1–3] The following 
explanation demonstrates the state of the art technology, 
mode of operation and the differences between safety 
cabinets, as well as important  variants for use in clean-
rooms.

Use in biotechnological and 
pharmaceutical laboratories
Corresponding regulations at a European and national 
level specify the use of safety cabinets (fig 1). [4–19]

The employer is therfore obliged, prior to commence-
ment of any work, to carry out a risk assessment and take 
the appropriate safety measures. [20–21] A frequent pro-
tective measure is the use of safety cabinets (SC). For 
manufacturers and operators of SC the state of the art 
technology at the time of installation is the decisive fac-
tor. This is defined, amongst others, by guidelines, laws 
and standards. [22–25] In the aseptic production of toxic 
parenteral preparations the so-called CMR1 substances, 
safety cabinets for cytostatics (SCC) need to come into 
operation. [26-30] When handling biological substances 
with an infectious, toxic or allergenic hazardous potenti-
al class I, II or III microbiological safety cabinets (MSC) 
are to be used. [31-33]

Protective functions
The most fundamental properties of a SC are the protective 
functions in terms of personal, product and cross-conta-

mination protection. Personal protection or the retain-
ment at the working aperture is the function of a SC, 
which  protects the user and the environment from biolo-
gical substances and / or hazardous materials from the 
workspace. Product protection is the function of a SC 
which protects the product being used in the workspace 
from contamination from the environment or surrounding 
area. Cross con ta mination protection is the function of a 
SC which protects the product being used in the work-
space from biological substances and/or hazardous mate-
rials from the workspace.
 Fluid mechanics 
The correct combination of low-turbulence laminar 
downflow in the workspace and air inflow at the working 
aperture (fig. 2) in connection with filtration of particles, 
basically guarantees the protective functions. Of great im-
portance in terms of fluid mechanics is an elaborate air-
flow system, i.e. with no backflow and an optimal balan-
ce between air inflow and laminar downflow.

The objective is the fast and safe removal of contamina-
tion, without endangering humans, the surrounding area or 
the product. The manufacturer of a SC is required, within 
the limits of the design, to determine the optimal air flow 
rate. Under these conditions the safety functions of the 
micro biological method (fig. 3) are to be verified during 
type testing. 

Depending on its design every SC has an optimal 
„oper ating point“. Thorough testing of the protective 
functions, especially at the threshold regions, is extreme-
ly significant. The determined target flow velocities, 
which are binding, need to be recorded in the documen-
tation. [34–35] These are to be verified regularly, in line 
with production by the  manufacturer, as well as by the 
operator in the laboratory.

If the kinetic energy of the laminar downflow is signif-
cantly greater than the air inflow, personal protection can 

no longer be guaranteed (fig. 4, left). If however, air in-
flow is dominant then product protection becomes que-
stionable (fig. 4, right). This interdependence is a known 
fact and should be receive adequate consideration during 
design and develop ment. [36] In the US the variations in 
air flow rate, known as  “Performance Envelope Testing” 
have been stand ardized for many years. [37]

Filter technology
Filters in a SC are the most important safety related compo-
nent per se. The built-in HEPA2 filter must filtrate conta-
mination safely and correspond to at least class H14. 
[38–39] The  filters are to be arranged and dimensioned in 
such a way, so as to guarantee reliable and consistent 
functioning. Every filter element is to be individually tested 
for possible  leakages and leaktightness. [40–41] With an 
elaborate arrangement of the filter elements and test ope-
nings aerosol application on the unfiltered air side and a 
measurement of particles on the filtered air side should 
be possible. [42–43]

All HEPA filters, especially the main filter underneath 
the work surface, are to be protected from mechanical 
damages and unsuitable loads. [44–45] When using seg-
mented or perfo rated worktops it is essential that spilt 
liquids are  retained in such a way as to prevent them 
from dripping into the main filter.

2- and 3-filter systems (fig. 5) differ in the number of 
integrated HEPA filters. The basic design and functions are 
very similar. The essential difference is the additional HE-
PA filter stage, the so-called main filter, which is generally 
located directly below the work surface. A high risk poten-
tial nearly always necessitates the use of a 3-filter system. 
[46] The  deployment of 3-filter systems raise the level of 
safety at work in laboratory immensely, especially during 
activities with a high or very high risk potential. [47]

Fig. 2 Laminar downflow and
inflow in smoke experiments.

Fig. 3 Test stand, microbiological testing of personal protection. Fig. 4 Interaction of laminar downflow and inflow. Fig. 5 Design, functional principles  
and contaminated areas of a SC for  
2- and 3-filter systems.
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Fig. 7 Varied sitting position by leaning  
forwards, backwards or sitting upright,  
plus maximum legroom.

safety cabinets 
Immediate filtration of contamination
A fundamental argument for the application of a 3-filter 
system is the filtration of particulate contamination imme-
diately  below the work surface. The most important sa-
fety-related component in the form of a HEPA main filter 
is located as close as possible to the potential “source of 
contamination” - the workspace. This means, that the ex-
tent of contamination is significantly smaller than for a 
2-filter system (fig. 5). All potentially contaminated areas 
are accessible for cleaning and disinfection. A laborious 
and costly replacement of  recirculation and exhaust filters 
generally will not be necessary. In many cases dangerous 
fumigation with formaldehyde for the inactivation of bi-
ological substances can be dispensed with. The HEPA 
main filter filtrates at least 99,995 % of all particles and 
thus the subsequent filters effectively operate under vir-
tually particle-free conditions. [48]

DIN EN 12469 points out that, air ducts which trans-
port contaminated air have to be as short as possible. [49] 
A  requirement which can only be met by using a 3-filter 
system with a HEPA filter stage located directly underne-
ath the work surface. [50]

low contamination filter change
Ideally the main filter element should allow for a low- 
contamination filter replacement. A low contamination 
filter change is defined as a segmented HEPA filter ele-
ment, which can be replaced while the SC is in operation, 
thereby ensuring personal protection. An alternative is 
the Oelmeyer-Process [51], well-established in nuclear 
technology, better known as “bag-out-technology“. Ulti-
mately the crucial factor, apart from a safe replacement, 
is the overall size of the individual filter elements. [52–
55]

Contaminated recirculated and exhaust filters in the 
SC (fig. 5, left) are generally entirely unsuitable for safe 
replacement, transport and subsequent decontamination, 
as these filters can measure up to 1,8 x 0,6 metres. New-
ly developed segmented recirculation filters present a 
real alternative. In accordance with the definition of the 
low-contamination filter replacement, the filter elements 
from a HEPA main filter to be deactivated are not allowed 
to exceed a certain size. No explicit maximum size has 
been specified. However, a regulation states that the filter 
elements should fit into ordinary waste disposal containers 
(in general 60 or 90 litres by volume).

In a traditional system a segmented main filter con-
tains up to 18 wedge filters or in a more innovative one 
up to 9 compact cartridge filters (fig. 6). The described 
HEPA cartridge filters fit into many small laboratory auto-
claves, disinfection and waste disposal containers for 
thermal and/or chemical decontamination. [56]

Ergonomics
The ergonomic design of “Human-Machine-System” is 
preventive occupational safety. The ultimate aim is to 

optimize human well-being as well the performance of 
the overall system. Comprehensive anthroprometric re-
quirements  already exist for workstations at machinery, 
which are to be taken into account during the design of 
a SC. [57] Of prime importance is the adjustment of the 
SC to different body positions. Especially SC with 3-filter 
systems have to offer sufficient freedom of leg movement 
for the user to take up different sitting positions. (fig. 7) 
An elevation stand of a SC enables not only an alternation 
between sitting and standing working postures, but also 
an adaptation to different body sizes. (fig. 8). [58]

EDP-assisted production
Many users of SC today work with EDP-assisted systems 
(e.g. Cypro, cato®), to improve the safety of pharmaceu-
tical  manufacturing processes. All essential components, 
such as monitor, interface(s), cable, PC, if nec. scales and 
keyboard should be integrated in order to guarantee the 
safe functioning of the SC. Important information should 
be within the field of vision and keyboards, scales and 
interfaces easy to reach (fig. 9).

Inspection
Only a SC which is serviced responsibility can offer optimal 
function and protection. [59] The responsibility for the 
tests to be performed, lie depending on the type of the 
test, with the manufacturer or the operator. The basis of 
the performance tests is the current state of technology, 
i.e. DIN 12980, DIN EN 12469 and detailed manufacturer’s 
specifcations (technical documentation etc.).

Occupational safety devices are to be perfomance te-
sted regularly, i.e. at least annually. In cases of an incre-
ased risk potential, in accordance with the risk assess-
ment or specific manufacturer’s specifications, at more 
frequent intervals.

The tests are to be performed under target value con-
ditions, in respect of the nominal air flow velocities using 
 calibrated measurement devices. All utilized measuring 
equipment is to be clearly documented in the test report. 
It should be ensured that the tests are to be carried out 
by a suitably qualified person, i.e. an authorised service 
technician. All performed tests need to be reproducibly 
documented in a test report and the device book. [60]

Cleanroom
The cleanroom class inside the workspace of a SC is gene-
rally class A or ISO 5. [61–62] Especially for aseptic phar-
maceutical manufacturing this is of fundamental impor-
tance. Holders of a manufacturing authorization under 
§13 AMG (German Pharmaceutical Act) must have suitable 
rooms and equipment available for the intended manuf-
acturing process. [63] SC, which are used in the manufac-
turing of pharmaceuticals and are crucial to pharmaceu-
tical quality, have to be assessed for their suitability. [64] 
This occurs through qualification and validation. [65] The 

validation scope is to be devised with a risk assessment 
and a subsequent evaluation. 

Documentation plays a highly significant part within the 
GMP³-compliant manufacturing of pharmaceuticals. All re-
levant data and information needs to be recorded, compre-
hensively and reproducibly, in accordance with the EC-GMP 
Guideline Appendix 15:

Validation Master Plan (VMP) u
Design Qualification (DQ) u
Installation Qualification (IQ) u
Operational Qualification (OQ)  u
Performance Qualification (PQ) u

This includes, e.g., the determination of the particle pu-
rity class in the workspace and the microbiological inve-
stigation of the surfaces and zones, up to continuous 
particle monitoring in the workspace. For this purpose 
modern SC provide the possibility of connecting a mobi-
le or fixed isokinetic sampling probe in the workspace. 
(fig. 9). The laminarity of the downflow in cleanroom 
class “A” is to be verified by a validated method (fig. 2).

All technical parameters and requirements for phar-
maceutical manufacturing should be continuously docu-
mented. Modern software systems, like the BFM – BErnEr 
FlowSafe® Monitoring Software, safeguard the entire mo-
nitoring, visuali zation and archiving of all relevant data of 
the SC. Included in this are, e.g. flow velocities, tempera-
ture, and humidity, filter state, any servicing work carried 
out, detailed error log as well exceeding individual set 
warning and threshold  values. For a complete documen-
tation of the manufacturing process in the SC.

Literature review and further information at:
www.berner-international.eu

t.hinrichs > @berner-international.de

1 Carcinogenic, mutagenic, toxic to reproduction, e.g. cytostatic and virustatic agents
2 High Efficiency Particulate Air
³ Good Manufacturing Practice

Fig. 8 Electric elevation stand: from a low 
sitting position to the highest standing  
position, it’s all possible. 

Fig. 6 Traditional wedge filter in 
comparison to cartridge filters 
from a HEPA main filter system.

Fig. 9 EDP-assisted production of pharmaceutical substances.
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safety cabinets
Performance Envelope Testing 
– or where are the performance limits of safety cabinets.

For “performance envelope testing” the impact of air flow on the protective functions  
was analysed using the microbiological method in accordance with DIn En 12469[1].

Dipl.-Ing. (PhD) Renata Karpinska, Sabrina Christiansen,  
Dipl.-Ing. Sven Gragert, Dipl.-Ing. Thomas Hinrichs,  
BERNER INTERNATIONAL GmbH

The optimum performance in the form of a “Performance 
Envelope” (PE) was determined for a BERNER FlowSafe® 
safety cabinet. The variation in airflow conditions for 
 safety cabinets reduces the performance and can lead to 
the loss of protective functions. Comparisons show that 
every safety cabinet, due to design differences, has its 
own PE and therefore different performance limits. 

The interaction does it
Safety cabinets (SC) are in many biotechnological and 
pharmaceutical laboratories an important safety device 
for the safe handling of hazardous biological substances 
and hazardous materials. The most fundamental proper-
ties of a SC are the protective functions such as personal 
and product protection [2-4].

The right combination of low-turbulence downflow in 
the workspace and air inflow in the work aperture in 
connection with the filtration of particles essentially gua-
rantees the safety functions.

Every SC, depending on the design, possesses its own 
specific operating point at which the protective functions 
will be at an optimum. Of great importance from a flow 
dynamics point of view is an optimal balance between 
inflow and downflow - the so-called interdependency 
(fig. 1).

a test will show it
Table 1 shows the results relating to the airflow velocity 
measurements and microbiological testing of personal 
(fig. 2) and product (fig. 3) protection in accordance with 
DIN EN 12469.

Initially the SC was set to the specific operating point 
of 0,35m/s for a low turbulence downflow and to 0,44m/s 
for air inflow.

Subsequently the flow conditions were changed 
 gradually by 0,05 m/s in accordance with NSF 49 [5],  until 
one or more of the limit values for personal and/or 
 product protection had been exceeded, or if the SC limits 
in terms of flow dynamics had been reached, due to 
design-dependent reasons.

Seven principally different variations with a total of 42 
individual flow combinations were actualized. In 210 mi-
crobiological tests relating to personal and 126 relating to 
product safety the limits of the protective functions (fig. 
4) could be determined.

At the operating point, the variable 0 with a down-
flow of 0,35m/s and air inflow of 0,44m/s all safety 
 functions are present.

The limit values for personal protection for variable 1 
lies at 0,19m/s downflow, 0,11m/s air inflow.

Variable 2 shows that, with a downflow of below 
0,08m/s and inflow of below 0,18m/s, the total kinetic 
energy of air streams is too low, causing an exceedance 
of the limit values for personal protection. 

Variable 3 shows the limits in relation to product 
 protection. This is confirmed by variable 4 with a down-
flow of below 0,27m/s and a constant high superimposed 
inflow of 0,83m/s causing an exceedance of the limit 
values for product protection.

Variable 5 indicates the limits relating to personal 
protection. This is confirmed by variable 6 with a  constant 
high superimposed downflow of 0,64m/s and low inflow 
of below 0,13m/s resulting in an exceedance of the limit 
values for personal protection.

At the highest possible setting for downflow of 0,49m/s 
and inflow of 0,89m/s for variable 7 the results for 
 personal and product protection lay within the  permissible 
limit values.

Discussion
The performance limits of the protective functions are 
very important for determining the optimum specific 
operating point for every model, to guarantee the highest 
possible safety functions. If the specific operating point 
is located very close to the performance limits, even the 
smallest variation to the surroundings (e.g. people 
 passing, opening of a door) can lead to a significant 
 disturbance of the SC and its protective functions.

A reduction of the airflow volume inside the SC to 
minimise vibration, noise level or extension of filter life 

Table 1: Detection reg. the performance limits of safety cabinets against airfl ow variation
Test subject: Microbiological safety cabinet class 2, BERNER FlowSafe® B-[MaxPro]²-130, hA = 180 mm; Test specifi cations: DIN EN 12469 (09.2000); DIN 12980 (06.2005), NSF/ANSI 49 (01.2007); 
Location: BERNER R&D laboratory, Elmshorn, Germany.

Test Materials: Nebulizer: collision nebulizer, model CN 31, nv  = 0,51 ± 0,05 m/s, Δ p = 1,4 bar; Cylinder: stainless steel; d = 63 mm; Spore suspension: B. subtilis var. niger, ATCC 9372; 
Agar plates: trypticase soy agar, d = 90 and 150 mm; Thermal anemometer: Testo AG, model 454; Air capture hood: TSI Incorporated, model  Accubalanc e  ® . 
Test Materials personal protection: Nn ≥ 5-8x108 cfu; Nc ≥ 300 cfu; Six impinger: model AGI 30, iVi

&  = 12,5 l/min, Ni ≤ 10 cfu; Two slit samplers: model FH 5, sVs
&  = 30 l/min, Ns ≤ 5 cfu. 

Test Materials product protection: Nn ≥ 5-8x106 cfu; Nc ≥ 300 cfu; 25 agar plates: Na ≤ 5 cfu

Tested protective function Personal protection Product protection
Replicates each single airfl ow combination 5 3
Airfl ow combinations 42
Total number of tests 210 126

Variable Airfl ow Protective function

No. Downfl ow Infl ow Dv  in [m/s] Iv  in [m/s] Personal Product

0 Operating point 0,35 0,44 Yes Yes
1 Reduced Reduced 0,11 - 0,32 0,19 - 0,40 Yes Yes
2 Reduced Reduced ≤ 0,08 ≤ 0,18 No Yes
3 Reduced Raised 0,21 - 0,33 0,43 - 0,86 Yes Yes
4 Reduced Constant 0,08 - 0,27 0,83 Yes No
5 Raised Reduced 0,40 - 0,63 0,14 - 0,40 Yes Yes
6 Constant Reduced 0,64 ≤ 0,13 No Yes

7 Raised Raised 0,37 - 0,50 0,44 - 0,89 Yes Yes
Glossary: hA: Height of the front aperture in [mm]; nv : Average discharge air fl ow velocity of the nebulizer in [m/s]; ATCC: American Type Culture Collection, Rockville, MD, USA; Nn: Minimum number of spores delivered by the nebulizer per test in 
[cfu]; cfu: Colony forming unit; Nc: Minimum number of spores on the control plate per test in [cfu]; Ni: Limit of spores collected by six impinger per test in [cfu]; Ns: Limit of spores collected by two slit sampler’s per test in [cfu]; Na: Limit of spores coll-
ected with all agar plates per test in [cfu]; iVi

&: Volume fl ow of each impinger in [l/min]; sVs
& : Volume fl ow of each slit sampler in [l/min]; Dv : Average downfl ow velocity in the work room in [m/s]; Iv : Average infl ow velocity in the work aperture in [m/s]

Table 1 Detection reg. the performance limits of safty cabinets against airflow variation

Fig 1 Interaction between air inflow and laminar downflow  
in a SC.
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Fig. 4 Results of the microbiological test of personal  
and product based on air inflow and displacement flow.

Fig. 5 Compariosn of Perfomance Envelope of different  
safety cabinets.

Fig. 2 Test stand, microbiological testing  
of personal protection.

Fig. 3 Test stand, microbiological testing of  
product protection.

results in the specific operating point being very close to 
the performance limit of the protective functions [6,7].

If the airflow volume is too low, then personal as well 
as product safety can no longer be guaranteed. If the air 
inflow is increased and at the same time the downflow is 
greatly reduced, then particles from the laboratory will 
pass into the workspace (see fig. 1, right). If the   
downflow is significantly higher then the inflow, then 
particles from the workspace will enter the laboratory 
(see fig. 1, left)

In addition, the data of the BERNER FlowSafe® SC was 
compared with the data from other manufacturers [6,8] 
(fig. 5). The performance limits of the safety functions 
vary immensely between the six compared models. It 
shows very clearly that every model has a unique 
 “Performance Envelope” which is dependent on the 
 geometry, the work aperture height, shape and size of 
the work surface and positioning of the specific  
operating point.

Conclusion for the practice

The performance limits of the protective functions for a 
BERNER FlowSafe® SC were determined using the micro-
biological test method under extreme airflow velocities. 
If the critical values of the microbiological test method 
are exceeded, safe working at the SC can no longer be 
guaranteed.

For example, for two SC the air flow velocities could 
be set the same, but due to differences in their design the 
level of protection will not be equal. The protective 
 functions are dependent on a multitude of design- 
dependent factors [8].

Summarising it could be said that the BERNER  
FlowSafe® SC, in comparison to other SC, has the widest 
“Performance Envelope” and therefore guarantees the 
highest level of safety functions.

 For literature and further information:   >
www.berner-international.eu
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used safety engineering terms.
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