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Safe and contamination-free  
handling of cell culture supernatants

In particular in laboratories with a low risk level, too little 
attention is usually given to this aspect. But even here 
there are sources for biological hazards and contamination. 
Ubiquitous germs often pave the way for pathogenic micro-
organisms. The greater the occurrence of viable counts of 
micro-organisms in the laboratory, that is in the air, on surfa-
ces of laboratory equipment, in the tube, on hands, etc., the 
more likely that this will need to be assessed critically. (3)

Class II biological safety cabinets protect the laboratory staff 
and the organisms in the work against contamination from 
germs and aerosols. For safe and contamination-free removal 
of cell culture supernatant, compact, semi-automatic vacu-
um systems are now the preferred method.

These systems should take into account all safety-related 
characteristics and as far as possible, allowing for no errors 
in the application.

The removal of supernatants from culture vessels is a typical 
and repetitive daily routine for many researchers. For small 
sample sizes, it can be a purely manual procedure using 
micropipettes. However, for larger sample volumes vacuum 
based techniques with the appropriate accessories are much 
more efficient and therefore provide a more effective  
workflow.

Depending on demand, or existing conditions, a vacuum 
source can comprise either a vacuum network or a decen-
tralised single or multi-user solution. It is not uncommon for 
users to make their own makeshift solutions using a range of 
different components. It is important not to underestimate 
the risks with regards to biological safety posed by such 
non-standard equipment and to prevent the possible spread 
of contamination between cell cultures, in the laboratory 
and within the laboratory building.
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In some cell culture laboratories, the supernatant fluid is 
simply emptied into a waste container, a glass beaker or 
even an old media flask. This is absolutely unacceptable 
from a sterilisation technique point of view, because tiny 
droplets and aerosol spray can go unnoticed. These aerosols 
are a completely unpredictable source of contamination, as 
it is the cell culture supernatant itself that can be contamina-
ted with bacteria, yeasts or Mycoplasma. (1)

Traditional procedures and  
system weaknesses

In the case of makeshift vacuum based solutions, which are 
often found in laboratories, there is a greater security  
risk associated with the use of such unsuitable, non-standard 
equipment and also from adhoc procedures regarding 
special hazards which are not coordinated, often comprise 
differing components as well as a lack of user-friendliness 
and the associated error-prone operation in the process 
related to the release of bioaerosols.

Complex regulations are often not complied with in practice
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Badly connected hoses and connectors can lead to leaks and 
microbial growth in the joints. The use of slightly ill-fitting 
connections in combination with a lack of awareness, 
ultimately results in a reduction of the general reliability of 
the process. Any leaking connections, as well as accidental 
faults can, especially in the case of biotechnology applicati-
ons in the laboratory, lead to an uncontrolled spill of 
biologically critical material.

By not preventing the backflow of the waste media, cells or 
germs can spread between the individual samples. Where 
metal tip components are used in the aspiration system 
there is a risk to the internal parts from crusting and also to 
their stability from constant flaming - another possible 
failure in the workflow process.

In practice, these fragile receptacles without overflow 
protection and with a low stability often cause contamina-
tion of the work and surrounding area.

The release and spread of contamination 

Traditional procedures and  
system weaknesses

Microbial Growth on hose connections

 Faulty construction: no filters, no overflow protection, no handle, no vacuum limitation
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Aerosol load at the process exhaust

Inevitably in the course of the vacuum generation process 
air is emitted at the outlet of the vacuum pump.
In not having a safety protection filter between the collec-
tion containers and the vacuum source there is a very real 
risk that the aerosols from the extracted medium can enter 
into the vacuum system and as a result into the process 
exhaust air. In cell culture techniques, when working with 
microbial material this could lead to the release of  

Inappropriate vacuum source 

Vacuum sources used in the laboratory for specific evacua-
tion tasks are often over- or undersized. This can result in a 
widely varying and difficult to control suction capacity.    

In addition to these the ease of use constraints, these 
non-suitable vacuum sources can also have a negative effect 
on the economy and the environment. Too strong a vacuum 
can result in the partial or complete evaporation of the 
collected fluid. This vapour then enters the vacuum system, 
where it can condense.  

potentially infectious or harmful substances into the 
ambient air, or also spreading it into the central vacuum 
system. Such possibilities represent an unacceptable 
biological hazard to both man and the environment. It is for 
this reason that the relevant rules and regulations state that 
all necessary steps should be taken to prevent the risk of 
aerosol process air escaping into the environment. 

This condensate is an ideal breeding ground for contamina-
tion which is then disseminated into the air via the outlet of 
the vacuum system. In addition, inadequate, or lack of 
controls as well as inconsistent and complicated operations 
increases the risks for safety at work.

Demand oriented regulation of the vacuum level is therefore 
essential for secure and user-friendly handling of the 
process.

Traditional procedures and  
system weaknesses
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Find the right vacuum pump with the Vacuum Pump Selection Guide!
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These individually configured devices for extracting the 
media are often bulky and furthermore they can also be 
difficult to clean and disinfect. The individual components 
of these unwieldy installations are often not adequately 
replaced in the event of failure. Safety requirements in 
respect of the bio-containment protocol for liquid biological 
waste is then no longer observed. As such, the transfer 
process required to decontaminate the biological media or 
transport the waste fluid, results in an increased risk for 

contamination of the equipment and the surroundings. 
Especially in laboratories with increased hygiene levels, 
these individually configured devices do not meet the 
requirements or if so, only to a limited extent. The use of 
inappropriate, non-chemistry and non-disinfectant resistant 
components also leads to a total failure-prone system with 
higher maintenance and repair costs as well as increased 
downtime.

Expensive installation and lack of user-friendliness 

Traditional procedures and  
system weaknesses

Technical measures prior to  
Organizational and  
Personal measures

Fundamentally in Occupational Safety - The TOP-principle: 

T
O
P

TECHNICAL  
e.g. semi-automatic aspiration system

ORGANIZATIONAL  
e.g. Labelling

PERSONAL
e.g. Protective gloves

http://www.vacuubrand.com/vpsg
http://www.vacuubrand.com/vpsg


7

Components of the suction system 
and their risk potentials

Vacuum system

Filter

Connecting hoses Inlet Adapter

Hand controller

Bottle

	■ �No suction power regulation and excessive 
vacuum 
- Leads to evaporation from the bottle and  
  condensing in the pump or the vacuum or  
  exhaust pipes

	■ Low performance for multiple use 
- Risk of drop formation on the suction tip

	■ Not resistant to disinfectants 
- Short lifetime, leaks 

	■ Possibility of failing to connect exhaust hose  
	to the pump outlet 
- �Unable to secure pipework for increased safety 

requirements

	■ Increased noise level through continuous 
operation 
	- Increased stress levels can lead to higher user  
  error rates (4)

	■ Footswitch 
- Impedes the cleaning of the laboratory floor

	■ �Not hydrophobic 
- No pump protection from overfilling

	■ Too large poresize 
- Insufficient protection against the spread of  
  aerosols

	■ Not directly at the collecting flask 
- Is neither autoclaved, nor part of the  
  bio-containment

	■ Not autoclavable 
- Microbial growth on the filter surface

	■ ��Not autoclavable  
- Bacterial growth

	■ Thin wall thickness  
- Collapses under vacuum 

	■ Different diameters  
- Bacteria build up around transition  
  pieces/adapters

	■ �Stainless steel tips  
- Possible crust build up resulting from flaming

	■ Primitive use of disposable tips  
- No safe fitting, tips can fall off 
- Uneven suction

	■ ��Not used  
- Vacuum supply will not shut off 
- Risk of liquid droplets / dripping 
- Pump runs continuously or must be controlled  
   via a foot switch 
- Unnecessary load on vacuum source  
- Tip attachment eg. Pasteur, can be difficult to  
   change

	■ Operated by way of a mechanical valve 
- May leak, can stick, hard to clean 
- Seal must be lubricated

	■ �Not vacuum-tight, nor shatter-proof 
- Risk of spread of contaminated liquid

	■ Connections can be made incorrectly 
- Suck up the liquid into the vacuum pump 
- Damage to the pump 
- Liquid sprayed into the laboratory 

	■ No inlet pipe for the media in the collection bottle 
- Increased aerosol formation/foaming in the  
  collecting flask 

	■ Bottle with rubber stopper 
- Glass tubes can break when inserting

	■ Risk of damage to the ports in the bottle 
- Medium can be partly directly drawn into the  
  pump inlet

	■ Lack of stability of the bottle 
	- Bottle can tip over
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Fluid aspiration system –  
the safe solution

In order to avoid the previously described safety deficien-
cies, these need to be addressed through a comprehensive 
and well-conceived technical solution that minimizes the 
risks and thus maximizes the process reliability.  
With regards to suction systems in laboratories, the main 
important aspects which play a decisive role in biological 
protection are bio-containment, hygiene and ergonomics.

Semi-automatic suction systems have an integrated vacuum 
pump, which automatically turns on and off so that the 
vacuum in the suction flask and therefore the suction power 
is maintained within the desired range. Suction is activated 
by a hand controller via the suction line using a lever to 

release the vacuum. The hand controller can accept a wide 
variety of Pasteur or standard pipettes made either of glass 
or plastic.

The BVC Fluid aspiration system from VACUUBRAND 
provides an optimized system for decentralized liquid 
handling. From a safety perspective (2) on the basis of 
specific criteria used, the BVC-systems offer maximum 
functionality, ease-of-use and optimal safety across a wide 
variety of usage.

Protection filter

Integrated Safety concept

Connections

Level Sensor
Collection bottle

Exhaust air protection
Hand controller

Vacuum Pump

Vacuum technology

	■ Pore size 0.2um

	■ Hydrophobic

	■ Protection against false 
connection

	■ Quick couplings

	■ ��Complete protection a 
gainst overfilling 	■ Shatterproof

	■ Stable

	■ �Allows for additional safety
	■ 	Autoclavable

	■ Non-media contacting

	■ Powerful

	■ Resistant against  
disinfection media 	■ 	Electronic design

	■ On demand pumping
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 BVC Safety-containment with collecting bottle, 
 protection filter and optional quick couplings

Hermetically sealed

To prevent unintentional loss during the operation, 
transport, or disposal of contaminated liquids, the BVC- 
systems have a hermetic separation of media and the 
surrounding areas.

The connection between hand controller, collection  
bottle and vacuum supply is made via flexible tubing.  
The vacuum-tight ports are individually matched with each 
other to prevent incorrect connection. The connection of 
the pump and hand controller to the collection flask is made 
via quick couplings that prevent incorrect coupling and 
hermetically seal the bottle when disconnected. The 
collection containers are available in polypropylene (4L) or 
borosilicate glass (2L). Both vessels are break and shatter-
proof and are sealed with a tight screw top lid against 
unwanted spillage. The disconnection of the collection flask 
by the vacuum system and the suction line of the hand 
controller is done via quick connect couplings. The collec-
tion flask remains hermetically sealed for a safe transport 

for proper sterilization and disposal. Since the hydrophobic 
filter is fitted in the suction line between the collection flask 
and the pump, decoupling of the collection flask ensures 
that the filter is also removed for sterilizing and so no 
unwanted bacterial growth can occur.

The BVC collection flasks are thermally stable and the 
hydrophobic filters can be autoclaved up to 20 times, thus 
allowing for sterilization of the liquid without the need to 
transfer it first. For autoclaving the pressure between the 
collecting flask and autoclave must be equalised. This is 
done by simply loosening the screw top lid. This will ensure 
that the contaminated media remains safely within the 
collection bottle and the risk of contamination during the 
entire working process is minimized. 

Fluid aspiration system –  
the safe solution
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During the aspiration process, foaming of the media in the 
collection bottle should be avoided as far as possible.  
To this end, there is an anti-foaming device in the form of a 
discharge tube in the lid of the collection flask. However, the 
formation of aerosols cannot be fully eliminated.  

Contamination of the vacuum unit or indeed the environ-
ment with potentially infectious biological media should be 
avoided. To do this, the exhaust air is passed through a 
hydrophobic protection filter before it is discharged into the 
environment. This hydrophobic membrane filter with a pore 
size of 0.2μm is used as an effective and safe barrier for 

bacteria, viruses, and other microbes. Together with the 
container, the filter is designed as far as possible to safely 
prevent the release of bio-aerosols into the environment.  
Despite the high mechanical and chemical resistance, 100% 
containment cannot be guaranteed. This residual risk is 
unacceptable for biological security areas with protection 
level 3 (S3). In this case, it is possible for the exhaust air to 
be discharged within a safety cabinet via a connector on the 
back of the BVC. In this way, the BVC-system can be used 
safely in conjunction with biologically and chemically 
critical substances.

Avoiding aerosols

Fluid aspiration system –  
the safe solution

Bottle lid with inlet tube, 0.2µm protection filter and quick couplings
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The basis of the compact design of the BVC-series is easy 
accessibility to all surfaces for easy cleaning and disinfec-
tion of the individual system components. In combination 
with the hermetically sealed vacuum lines, contamination of 
the device as well as a spread of wider contamination can 
be excluded.  

The suction systems should be in principle situated outside 
of the biological safety cabinet. If situated inside the safety 
cabinet, the devices can interfere with the air flow and thus 
affect the safety. The suction systems are typically placed 
below the safety cabinets. Easy accessibility and cleaning of 
the floor is made easier with an optional mobile trolley. In 
addition, if required the BVC-systems are equipped with an 
electronic level sensor, to prevent the overflow of the 

extracted liquids, which in turn also prevents the risk of 
contamination of the environment with potentially 
dangerous substances. The user will receive a visual and 
audible warning upon the safety-critical level being reached 
and the pump will automatically switch off to allow the user 
to empty the collection flask. The disinfection routine 
enables the user to exit the current step and temporarily 
restart the pump for the disinfection of the suction hose.

 Integrated Containment: Aspiration system BVC in combination with a safety cabinet

Hygiene and contamination protection

Fluid aspiration system –  
the safe solution

Working in
safety cabinets

For maximum protection:
return the pump exhaust air

Suction line –  
hazardous biological  
media
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The new VHCpro handcontroller has been designed with 
users in mind and takes into account the experience of 
many users in terms of functionality, ergonomics and safety 
as well as in the context of application testing. The result is a 
handcontroller which is very comfortable and easy to use 
and fits perfectly in your hand for continuous, fatigue-free 
working. The media carrying suction hose passes complete-
ly through the handle to the collection bottle. Therefore the 
hand controller itself does not come into contact with any of 
the aspirated media and cannot be contaminated. This also 
eliminates the risk of leaks.

On the plus side, this means that in terms of safety and 
contamination prevention, the complete handcontroller can 
also be autoclaved. The flexible tip adapters also means 
that standard Pasteur pipettes and disposable tips can be 

used safely and accurately, as well as other longer and 
relatively large standard or graduated pipettes used to 
aspirate from larger cell culture flasks.

The 8-way tip adapter is specially designed for the parallel 
extraction with 8 pipette tips from multi-well plates. Its 
special V-rings ensure uniform and accurate suction across 
all 8 of the disposable tips. The integrated tip ejection 
system allows for safe and simple removal of the tips.

The concept is completed with the inclusion of a simple wall 
bracket for safely holding the handcontroller during 
prolonged breaks or when not in use. There is also an 
optional benchtop stand to further support ergonomic 
routine working.

The hand controller – safe, ergonomic and flexible

Fluid aspiration system –  
the safe solution
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Flexibility and cost-effectiveness  

The BVC-systems offer a flexible solution depending on 
whether your aspiration equipment is to be used with an 
existing vacuum supply or as complete all-in-one solution 
with built-in vacuum pump. All systems have the option to 
be used simultaneously by two users.

For systems used on existing vacuum supply, the optimum 
working pressure is controlled via an integrated mechanical 
pressure switch. For the systems with integrated chemical 
and bleach resistant diaphragm pumps, the electronic 
control system takes care of this, only turning the pump on 
as and when necessary.

Depending on the application use and the resulting fluid 
volume, users can choose between a 4l-Polypropylene and 
2l-Glass bottle. The Glass bottle is especially suitable for use 
with highly corrosive disinfection media such as chlorine 
bleach.  

BVC – economic dual use

By connecting a second handcontroller directly to the 
collection bottle, economic dual use of the devices is then 
possible.

The aspiration equipment depending on the requirements 
can be supplemented with various accessories and can be 
used safely in biological security restricted areas with the 
protection class 1 (S1) to 3 (S3).

Through the use of high-quality, corrosion-resistant 
materials, the BVC System can be used reliably and 
continuously with minimal maintenance requirements and 
a long service life.

Fluid aspiration system –  
the safe solution
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The Fluid aspiration system BVC range from VACUUBRAND 
offers an innovative and modular solution for the extraction 
of cell culture media, which can be flexibly adapted to meet 
existing operational and work flow process requirements.
 
The BVC basic model provides an ideal complementary 
solution for laboratories with an existing vacuum supply 
and meets the safety requirements for activities in biologi-
cal safety restricted areas with the protection class 1 (S1) 
and 2 (S2).

The BVC control and BVC professional versions offer an 
all-in-one solution with their integrated diaphragm pump 
for decentralized vacuum generation, which can be 
controlled via a user-friendly, multi-functional user 
interface.   

For the use in laboratories where the biological protection 
level 3 (S3) is required, the BVC Professional is most suitable 
since it offers additional safety features for enhanced 
hygiene requirements.

The BVC-systems are characterized by their compact and 
space-saving design, “plug and play” ease of use, as well as 
their low maintenance derived from the reliable chemistry 
diaphragm pump.

With the well-thought-out safety design concept, the BVC 
system represents an unrivalled alternative to traditional 
manual or semi-automatic biological waste suction 
processes.

Sources:

(1)	 Schmitz, S.: Der Experimentator: Zellkultur. 1. Auflage, Spektrum Akademischer Verlag, Heidelberg, 2007 

(2)	� Teufelhart, Dr. N., M.Sc. I.Reitberger: Sicherheitstechnische Bewertung Flüssigkeitsabsaugsysteme BioChem VacuuCenter,  
Gesellschaft für Laborsicherheit, Karlsfeld, 2013 

(3)	� Geise, Dr. W. (Bevollmächtigter für biologische Sicherheit): Infektionsrisiken/Berufskrankheiten. Bayerische Julius-Maximilians-Universität,  
Würzburg, 2008 

(4)	� Gesellschaft Arbeit und Ergonomie – online e.V.: Lärmstress, „Online im Internet“,  
http://www.ergo-online.de/html/gesundheitsvorsorge/psychische_belastungen_stress/laermstress.htm v. 05.07.2010, Abfrage v. 05.08.2014 

The Fluid aspiration system -  
with safety for every requirement
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Headquarter:  
VACUUBRAND GMBH + CO KG 
P.O. Box 1664
97877 Wertheim
T +49 9342 808 5550
F +49 9342 808 5555

info@vacuubrand.com
www.vacuubrand.com

VACUUBRAND is part of the Brand group, a manufacturer 
of high-quality and innovative laboratory equipment and 
vacuum technology with a global team of approx. 1,000 
employees. 

With highly motivated and qualified employees, we  
manufacture the world's most comprehensive product  
family for vacuum generation, measurement and control  
for the rough and fine vacuum range in the laboratory.

All with one goal: 
Enabling our customers to run reliable, safe and efficient 
processes. This is why we commit ourselves to continuous 
innovation, first-class performance, and outstanding quality.

Engineering excellence is central to our ability to deliver  
products and solutions renowned for their quality,  
durability, and reliability. Innovative technology, high 
quality materials and extensive testing deliver unmatched 
performance - engineered and manufactured in Germany. 

Together with you, our experts will find the best solution 
for your application and provide you with first-class service 
along the way.


