
THE IMPORTANCE OF USING A SPECIALIST CONTRACTOR

FOR THE DESIGN AND BUILD OF CL3 LABORATORIES

In this article, Steve Stott, managing director of Medical Air Technology, looks at the 
specialised design of Category 3 or Containment Level 3 laboratories and the role of the 
HVAC system in the containment process.
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CL3 Laboratory

There are four different biosecurity levels 
or categories of containment, each of which 
meets a standard set by the Health and 
Safety Executive, under guidance from 
the Advisory Committee on Dangerous 
Pathogens (ACDP).  Each level is directly 
related to the equivalent biological agent 
hazard group, as defined by the Control of 
Substances Hazardous to Health (COSHH) 
Regulations and categorised by the ACDP.  
1 is the lowest and 4 the highest, reflecting 
the increasing levels to health risk to those 
involved in, or who could be affected by, 
such work.  So, an agent in hazard group 1 
should at a minimum be handled in a CL1 
laboratory, etc.

Work with animal pathogens is similarly 
classified into groups 2-4. The Department 
for Environment, Food and Rural Affairs 
(DEFRA) determines the classification of 
animal pathogens under the Specified Animal 
Pathogen Order (SAPO).  Genetically modified 
organisms are categorised under the 
Genetically Modified Organisms (Contained 
Use) Regulations and require facilities similar 
to those specified under COSHH. 

Recent events in Salisbury and Amesbury 
have brought the subject of biosecurity 
clearly into the public eye, the idea of facing 
a threat that is, to all intents and purposes, 
invisible, presenting a terrifying prospect.  
The attacks on the Skripals, Dawn Sturgess 
and Charlie Rowley also turned the spotlight 
on the UK’s biological research capability, 
as the Novichok samples were sent away to 
specialist laboratories for further scientific 
investigation. Despite the media attention 
around this particular incident, investigation 
into potentially dangerous pathogens 
is carried out all the time in countless 
laboratories throughout Britain, all rated 
in line with the work being carried out and 
specifically designed to the most stringent 
guidelines for the safety of operators and the 
general public and to ensure that a pathogen 
that goes into a laboratory, stays in the 
laboratory.

COSHH defines a biological agent as “any 
micro-organism, parasite, microscopic 
infectious form of larger parasite, cell culture, 
or human endoparasite, including any which 
have been genetically modified, which 
may cause any infection, allergy, toxicity or 
otherwise create a hazard to human health.”  
Each biological agent is classified according 
to its level of infection to humans:

Group 1: Unlikely to cause human disease.
Group 2: Can cause human disease and 
 may be a hazard to employees; it is 
 unlikely to spread to the 
 community and there is usually 
	 effective	prophylaxis	or	treatment 
	 available.
Group 3:	 Can	cause	severe	human	disease 
 and may be a serious hazard to 
 employees; it may spread to the 
 community, but there is usually 
	 effective	prophylaxis	or	treatment 
	 available.
Group 4:	 Causes	severe	human	disease	and 
 is a serious hazard to employees; it 
 is likely to spread to the 
 community and there is usually no 
	 effective	prophylaxis	or	treatment 
	 available.	

There are no legal minimum containment 
requirements under COSHH for CL1 
laboratories, which are appropriate for 
secondary education and undergraduate 
teaching.  CL2 is probably the most 
commonly used containment level, suitable 
for a broad range of clinical, diagnostic and 
research work. At this level, there should be 
a high standard of supervision and enhanced 
precautions such as specific training in the 
handling of pathogenic agents and limited 
access to the laboratory when in use.  

At CL3 and above, precautions become far 
more complex.  CL3 laboratories are the 
highest containment level laboratories in 
common use in the UK, and the point at 
which certain features to ensure appropriate 
containment must be incorporated into the 
design. Britain has about 600 CL3 labs. Nine 
sites, all in south-east England, are home 
to highly specialised CL4 labs, including 
the National Institute for Medical Research, 
which studies pandemic and avian flu, and 
Porton Down, which studies Ebola and other 
pathogens that could be used as biological 
weapons.

Laboratory Containment Levels



In a CL3 laboratory, the HVAC system is a 
critical part of the containment process.

COSHH requires that at CL3 the workplace 
must be maintained at an air pressure 
negative to atmosphere to stop the escape 
of hazardous pathogens.  This is achieved by 
the specialist airflow created by the HVAC 
system, which establishes and maintains 
the negative pressure and thus ensures 
containment and operator safety.  The 
negative pressure is achieved by engineering 
controls so that a continuous inward airflow 
into the laboratory is maintained, away from 
the user and towards the source of potential 
contamination, with provision made for 
comfort factors such as the supply of fresh 
air and temperature control.

The lobby is another vital element of the 
laboratory design.  As well as significantly 
improving the laboratory protection factor, it 
provides an additional level of control of the 
flow of air into the laboratory

when workers are entering or exiting, 
avoiding potentially problematic fluctuations 
in air patterns that can compromise 
containment.  It also marks the start point of 
the controlled airflow: the HVAC monitored 
pressure control system supplies air to the 
lobby and then draws the air through to 
the laboratory by a combination of safety 
cabinet extract and HEPA filtration of 
exhausted laboratory air, creating a gradation 
of negative pressure.  Where possible, 
the ventilation should be dedicated to the 
laboratory.

HEPA filters are the industry norm for this 
sort of controlled environment, with COSHH 
stating that at CL3, extracted air must be 
HEPA filtered (or equivalent).  In the HVAC 
system and safety cabinets, HEPA filters, or 
to give them their full name High Efficiency 
Particulate Arrestors, trap hazardous bacteria 
to provide personnel protection.  In addition 
to straining the air, a number of actions 
take place within the filter that helps to 
trap particles, making HEPA filters a highly 
effective way to remove particles from the air 
stream.

Conceptualising and designing a safe and 
compliant CL3 laboratory requires expert 
knowledge of the importance of room 
structure and a thorough and advanced 
appreciation of the way airflow operates.  
MAT specialises in creating critical air 
systems for complex environments, so the in-
house engineering team understands every 
aspect of specialist airflow. 

A CL3 laboratory is required when handling 
human pathogens that may be transmitted 
via inhalation, that often have a low infectious 
dose to produce effects and that can cause 
serious or life-threatening disease. These 
pathogens include HIV, hepatitis B, yellow 
fever and rabies.

CL3 containment features primary and 
secondary barriers to minimise the release of 
infectious organisms into the immediate area 
and the environment.  Every CL3 laboratory 
has two physical layers of containment:

• The primary barrier, which contains 
 the hazard at source through the use of 
 equipment such as microbiological 
 safety cabinets.
• The secondary barrier, which protects 
 the people and the environment 
 through a combination of design and 
 operating procedures such as air 
 handling and restriction of access.

The CL3 laboratory is an airtight, gas-tight, 
leak-proof room that uses specialised airflow 
design to prevent the escape of hazardous 
pathogens.  Design and maintenance of 
these spaces is complex, and should only 
be carried out by a specialised contractor 
like Medical Air Technology (MAT), with a 
thorough and proven understanding of the 
myriad of requirements and regulations and 
the ability to deliver a safe and compliant 
facility.

The design and construction of a 
containment laboratory has to meet the 
specific requirements laid out by COSHH but 
in addition to all the mandatory requirements 
that have to be addressed, the laboratory 
should also be designed to take account 
of the recommendations in guidance or 
standards produced by bodies such as the 
ACDP, whose publications ‘The Management, 
Design and Operation of Microbiological 
Containment Laboratories’ and ‘Biological 
Agents:

Managing the risks in laboratories and 
healthcare premises’ are both vital reference 
documents for anyone building containment 
facilities.

Containment laboratories must 

be designed and built so as to 

prevent or control the exposure 

of laboratory workers, other 

persons and the environment to 

the biological agent in use.

“ “

The Medical Research Council

Key Elements in the Design and Build of a CL3 Laboratory

Room Structure and Specialist 
Airflow Design

CL3 Laboratories

Mycobacterium tuberculosis
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A CL3 laboratory must be sited in an area 
separate from any other activities in the 
same building, and away from public 
thoroughfares, ideally in another laboratory 
space or a segregated area.    A SAPO 3 
laboratory must also have an air lock that 
separates the facility from the surrounding 
environment.  The lab should not be close to 
a fire or flood risk.  Its position in relation to 
other sources of significant pressure change 
should also be taken into consideration, for 
example a lift with constantly opening and 
closing doors can cause the air differentials 
with the laboratory to fluctuate.

The spread of biological knowledge and 
techniques online means a growing potential 
for terrorists to try to carry out a biological 
attack.    Dealing with the threat presented by 
the possibility of highly dangerous pathogens 
escaping from the laboratory due to terrorist 
attacks is high on the UK, and indeed global, 
agenda.   Last year, Bill Gates addressed 
the Munich Security Conference to warn 
about the danger of biological warfare. In 
putting forward his case for stronger health 
systems and surveillance, he gave this 
chilling statistic:  “Whether it occurs by a 
quirk of nature or at the hand of a terrorist, 
epidemiologists say a fast-moving airborne 
pathogen could kill more than 30 million 
people in less than a year.”

In July this year, the government published 
its first ever biosecurity strategy (UK 
Biological Security Strategy), a cross-
government initiative designed to link the 
existing efforts on biological risks together 
under a single strategy approach. The 
strategy says that a deliberate biological 
attack on the UK is currently judged unlikely, 
but that such attacks on the UK or its armed 
forces “are aspects of this risk picture that 
may become more likely over the longer 
term.”

Making containment laboratories as secure 
as possible is now an essential part of 
their design – not only must pathogens be 
prevented from exiting the room, hostile 
forces must be also be prevented from 
entering in accordance with the Anti-
terrorism, Crime and Security Act 2001 Part 7: 
Security of Pathogens and Toxins. This can be 
achieved through design, choice of building 
materials and observance of strict laboratory

protocols and behaviour, with the relevant 
bodies offering guidance in each area, for 
example:

• Work with SAPO agents that are also part 
 of Schedule 5 of the Anti-Terrorism, Crime 
 and Security Act 2001 as modified in 
 The Part 7 of the Anti-terrorism, Crime 
 and Security Act 2001 (Extension to Animal 
 Pathogens) Order 2007 must be notified to 
 the Home Office.

• Loss Prevention Standard LPS 1175 is 
 another vital reference document.  It 
 was put together by the Loss Prevention 
 Certification Board (LPCB), government,  
 police and insurers, and evaluates and 
 rates the resistance to unauthorised 
 access offered by various physical 
 security products. The LPCB “Red 
 Book” lists products or services that 
 have met certain levels, so when building 
 a containment laboratory, the contractor 
 can select windows, doors, hatches, 
 building materials, etc that comply with 
 security requirements.

• Counter Terrorism Security Advisers 
 (CTSAs) advise on security provisions at 
 design stage as well as through the build 
 process, inspecting intermittently during 
 the build before finally signing it off. 

General improvements in health and safety 
and the use of CCTV, access controls and 
intruder and “man down” alarms have also 
made laboratories safer and more secure for 
the personnel working in them.

A CL3 laboratory must be a fully sealed 
room.  This is not only done to maintain the 
laboratory’s level of containment, but also 
to allow for fumigation, usually done with 
high concentration formalin (formaldehyde) 
or Vaporised Hydrogen Peroxide (VHP), 
both hazardous gases being used above 
safe levels.  During fumigation, it must be 
possible to isolate the mechanical ventilation 
system by the use of mechanical or electrical 
dampers, to ensure that the room can be 
closed and sealed.  Additionally, doors, 
transfer grilles and pressure stabilisers need 
to be blanked off manually from outside 
the laboratory to allowing venting of the 
fumigant after the decontamination/dwell 
period without entering the lab.  

In addition, when a CL3 lab is built, any M&E 
service penetrations, and therefore possible 
routes of gas escape, must be identified and 
sealed with a specifically selected transit 
seal.  Traps are installed to make drains gas 
proof when required, and special materials 
that do not absorb and then slowly leach 
gases must be selected for walls, ceilings 
and floors.  Furniture should be free-
standing, and fixing to a penetration of the 
structure should be designed out wherever 
possible.  Wall, floor and ceiling finishes 
should be homogeneous and seamless.

We ignore the link 

between health security 

and international security 

at our peril.

“ “

Bill Gates

Siting Security

Build

GRP interlocking door
Surface-mounted services 
and gas-tight transfer plate
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MAT recently completed a high specification 
CL3 facility for a leading UK university that 
wanted to expand its research capability. The 
new laboratory, situated on the top floor of 
the ten-storey faculty building, was partially 
funded by charitable donations and is part of 
a major ongoing refurbishment programme.   
The biological research programmes 
planned for the suite using known CL3 
pathogens meant that compliance with 
ACDP/SAPO standards and the Security of 
Laboratories (part 7 of the Anti-terrorism, 
Crime and Security Act 2001) was paramount.  
MAT was involved from design through 
to commissioning and handover, working 
closely with the client to ensure that the 
design was tailored to suit their particular 
requirements and the limitations of the site.

The turnkey suite comprises a dedicated 
LPS 1175 SR4 high security lobby and CL3 
anteroom leading to a 75m2 CL3 laboratory.  
A new CL2 laboratory of 47m2
also forms part of the suite.  The 
ventilation design was for a 100% fresh 
air-conditioned air supply plant, integrated 
with microbiological Class II safety cabinets 
incorporating automatic air bypass to ensure 
a constant negative pressure suite.

An emergency fail-safe air bypass 
arrangement linked to the roof-mounted 
AHU air supply plant ensures that in the 
event of an AHU shutdown, the suite is 
able to maintain negative pressure airflow. 
MAT also installed dedicated CO2 supplies 
for incubators, full system controls and 
integrated building security systems. 
Integrated formaldehyde cabinet and 
laboratory fumigation systems enable the 
client to fumigate the safety cabinet and 
laboratories independently. CCTV, intruder 
and personnel safety alarms were included 
for extra security.  

The laboratory suite was also modified to 
suit disabled workers, with the addition of a 
washroom with disabled access.

The job presented particular challenges due 
to the location of the new laboratory on the 
top floor, for example the cabinet extract 
ductwork had to be installed through the 
roof of the facility, and much of the ductwork 
throughout the suite had to be fire rated. 
In addition, all work had to be undertaken 
around active laboratories within the faculty.  
Stringent health and safety and installation 
methods ensured the works were carried out 
safely. 

Upon completion, the CL3 laboratory 
must be commissioned to ACDP guidance 
and COSHH requirements to ensure it is 
operating correctly.  In MAT’s case, MAT 
FM is brought in to carry this out, and 
prior to handover the rooms are pressure 
decay tested at both negative and positive 
pressures and leak tested.  In line with 
COSHH requirements, an ongoing service 
and maintenance plan then provides full 
verification of the critical ventilation system 
and an annual major service. 

This also ensures the facility is running as 
cost- and energy-efficiently as possible, 
as mechanical ventilation is major source 
of energy use – according to the Carbon 
Trust, energy consumption can increase 
by up to 60% if regular maintenance is not 
undertaken.

Dirty or faulty fans, air ducts and components 
directly affect system efficiency and will 
increase running costs and the risk of 
breakdown. 

Filters in the HVAC system and safety 
cabinets are checked as part MAT FM’s 
annual service, and can be replaced as 
necessary.  This has to be undertaken in a 
carefully controlled manner, as clearly the 
filters in a CL3 laboratory may well contain 
dangerous pathogens.  If the cabinets have 
been used for biological work, the filter must 
be fumigated before removal, wrapped in 
yellow clinical waste sacks and consigned 
as infectious special waste.  If used for 
chemical work, the filter must be consigned 
as cytotoxic special waste.  Both require 
specialist removal and recycling - MAT has 
a Waste Carrier License and works with a 
partner company that comes in to dispose of 
used filters securely. A Waste Disposal Form 
ensures all filters can be traced.

Handover and Maintenance Work as specialised as this should always be 
carried out by service engineers trained in 
cleanroom maintenance.

MAT FM engineers hold qualifications in key 
areas including:

• Ventilation & Air Conditioning for 
 Authorised Persons (HTM 03)
• Professional Cleanroom Testing
• Airflow Measurements Testing
• Principles of Filter Testing
• Microbiological Safety Cabinet Testing 
• Principles and Application of Particle Counting
• Electrical Training
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