
WE CREATE BETTER ENVIRONMENTS 
BY KEEPING THEM UNDER CONTROL

Controlling cleanroom 
environments

WHITEPAPER Cleanroom environments
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WHY IS BEING FAMILIAR WITH CLEANROOMS IMPORTANT?

For the majority of projects where floorcoverings are 
specified, there is no need to understand what a cleanroom 
is. However, in the segments industry and to a lesser extent 
healthcare, cleanrooms are frequently used. In a world where 
technical components and devices are getting smaller,

the pharmaceutical industry continues to grow and healthcare 
facilities are performing sophisticated operations, the need for 
spaces with clean air is increasing. Not because it is better for 
the health of the people working in these environments, but 
because it is critical for the processes and products produced 
in there.  

WHAT IS A CLEANROOM?

If someone is to explain the word “clean”, it depends on the 
setting what the answer will be. In an office environment it 
could be that your desk is free from coffee drips and clutter. 
This is also the case for a gym, but there you may want the 
equipment to be disinfected before you use it. In for example 
food production, the pharmaceutical, semiconductor and 
automotive industry, but also in hospitals and laboratory, the 
standards are much higher. 

Standard Description of the standard

CSM classification and 
VDI 2083 part 17 accor-
ding to ISO 14644-1

Airborne particle emission test on applicati-
on with tribological stress 

CSM classification and 
VDI 2083 part 17 accor-
ding to ISO 14644-8

Material outgassing test 
VOC/SVOC and acids and bases

VDMA information leaflet Riboflavin test

CSM classification and 
VDI 2083 part 17 accor-
ding to ISO 4628

Chemical resistance

CSM classification accor-
ding to ISO 846 Biological resistance

CSM classification H
2
O

2  
absorption and desorption behaviour

GMP Guidelines, Volume 
4, Annex 1

EU Guidelines to Good Manufacturing 
Practice - Medicinal Products for Human and 
Veterinary Use - Annex 1 Manufacture of 
Sterile Medicinal Products

WHY ARE CLEANROOMS IMPORTANT?

The importance and requirements of cleanrooms varies per 
segment or even per application area. The needs for controlled 
environments are usually well known by the decision maker 
(e.g. end user, contractor or ESD specialist). The risks can be 
high; contamination can have consequences for the end 
users production processes and products. Potentially it can 
even have consequences for the lives of employees and 
consumers. 

Electronics
For the electronics industry, airborne particles and VOC’s 
are the major concerns. Particles can destroy the complex 
structure of small electronical components and VOC’s can 
lead to corrosion and other problems. It is often not possible 
to trace defects in the end product; the damage may not 
directly be noticeable, but can lead to a high failure rate and 
malfunctioning of electronical devices. A cleanroom is vital to 
ensure the quality of the product. 

Life Sciences (Pharma: prescription drugs) 
For the life science industry, airborne particles and micro-
biological contamination form the biggest risk.  The quality of 
a medicine can never be fully determined after the production.

SPECIFIC TESTS RELATED TO CLEANROOMS

There is a set of tests developed by the industrial alliance for 
Cleanroom Suitable Materials (CSM) and the Fraunhofer IPA 
institute to determine the suitability of a floor for areas where 
a controlled  environment is essential for hygienic reasons 
and/or to secure product quality. Four different forms of 
contamination can be distinguished: 
• (Macro) particles
• Chemicals
• Nanoparticles
• Micro-organisms. 
Standardized tests are used to assess the contamination risk 
of floor coverings. 

Good Manufacturing Practice (GMP) guidelines are regulations 
from the European Union, U.S. Food and Drug Administration 
(FDA) and the World Health Organization (WHO) to secure 
the quality of medication and prescription drugs.  

Particle emission
Cleanrooms can be CSM classified from ISO class 1 to ISO 
class 9 . The number relates to the amount of pollution in a 
cleanroom, specified by the number of particles per cubic 
meter of a specific size. In a typical urban environment, the 
air contains 35 million particles of 0.5 µm or larger per cubic 
meter. The lower the cleanroom classification, the lower 
the amount of particles permitted. For example, in an ISO 5 
cleanroom there are only 3.520 particles of 0.5 µm or larger 
permitted per m3, so this is about 10.000 times more “clean” 
than the typical urban environment.

Airborne contamination by particles, VOC’s or micro-
organisms can have a significant impact on the quality of the 
end product and because it is related to safety and health of 
the end user no risks are taken.  The risk is typically controlled 
by the implementation of a cleanroom. The word “room” 
refers to a location or space, from small scale chambers to 
large industrial production areas, a “room” where measures are 
taken to limit the amount of airborne contaminants.

Not all possible impurities can be detected and not every pellet 
can be checked. Quality can therefore only be guaranteed 
if the entire production process is carried out in a precisely 
prescribed and controlled manner. The GMP regulations for 
the production of medicinal products contain minimum 
requirements for the methods, facilities, and controls used 
in manufacturing, processing and packing of a prescription 
drug. The regulation aims to ensure that a product is safe for 
use and that it has the ingredients and strength it claims to 
have. The required cleanroom class for an area is depending 
on the type of activity. Areas where medication is produced 
know stricter limits than for example transport areas or 
warehousing.

Other sectors
Cleanrooms can also be found in other sectors like the 
food industry and healthcare. Minimizing the growth and 
spreading of micro-organisms like germs and fungi reduces 
the risk of unhygienic situations with detrimental effects on 
the health of human beings. In the food industry, controlled 
production in cleanroom areas can help to reach a higher 
efficiency, higher margins and an increase of the shelf life of 
products.

ISO 14644-1 GMP in operation GMP at test 

5 A A/B

7 B C

8 C DTesting on particle emissions

The reel-on-disk test is used to determine the release of 
particle emissions (size and number) from the floor due to 
stress from moveable devices. A wheel moves over a test 
piece for a fixed period, number of revolutions and force. The 
particle emissions are measured continuously during the test. 
Limit values for each class are given in ISO 14644-1. Class 1 
represents virtually no release of particles, class 9 allows the 
highest concentration of particles per m³. The test method 
for particle emission is ISO14644-1, but the classification is 
different and additional requirements on microbiological 
contamination need to be met. GMP classes are related to ISO 
classes:

Riboflavin test
The cleanability of flooring systems is important for sectors 
where hygiene is essential. In the pharma and food industry 
and in healthcare cleanrooms, surfaces need to be easy 
to clean and disinfect. In the standardized VDMA test a 
contaminant mixture with riboflavin is applied on the surface, 

allowed to dry and then removed using a reproducible 
cleaning process. The yellow coloured fluorescent vitamin 
enables to visualize the residue after cleaning. An assessment 
according to ISO 4628-1 is made in UV light and the cleaning 
efficacy is rated from 0 – Excellent (no residues visible at all) to 
5 – None (dense pattern of residues or residue spots).
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THE RELATION TO THE FORBO UNDER CONTROL PORTFOLIO

Forbo Flooring systems is offering a number of collections 
which are classified for use in cleanrooms:
• Colorex 
• Sphera Element
• Sphera SD | EC

Colorex SD 150222 | niagara SD 150265 | blue ridge

Outgassing behaviour
Outgassing tests measure airborne molecular contaminants 
(AMC’s) released from the floor. A shortlist of AMC’s known 
for being a risk to products and processes in cleanroom 
environments is tested for emissions. The following groups 
are tested:
• VOC/SVOC 
• Inorganic acids 
• Ammoniac

The result is an ISO-ACC
m

 class for each contaminant;  
class 0 has the highest concentration of airborne molecular 
contaminants, -12 the least. 

AMC’s can cause a multitude of adverse effects such as: 
• Corrosion of metal surfaces on electrotechnical 

components 
• Degradation of HEPA/ULPA filters
• Haze on wafers and optics (used in the semiconductor 

industry)
• Negative impact on sensitive materials 
• Changes in contact resistance and voltage shifts

ISO-AMC Class Concentration
g/m³

Concentration
μg/m³

0 100 106 (1.000.000)

-1 10-1 105 (100.000)

-2 10-2 104 (10.000)

-3 10-3 103 (1.000)

-4 10-4 102 (100)

-5 10-5 101 (10)

-6 10-6 100 (1)

-7 10-7 10-1 (0,1)

-8 10-8 10-2 (0,01)

-9 10-9 10-3 (0,001)

-10 10-10 10-4 (0,0001)

-11 10-11 10-5 (0,00001)

-12 10-12 10-6 (0,000001)

Chemical resistance
The Fraunhofer IPA Institute assesses chemical resistance for 
cleanrooms according to ISO 2812-1. Instead of putting a few 
drops of the substance on a piece of material, a complete 
sample is immersed in the chemical for up to 24 hours. The 
CSM classification based on the results on 10 typical reagents:

• Formalin 37%
• Ammoniac 25%
• Hydrogen peroxide 30%
• Sulphuric acid 5%
• Phosphoric acid 30%

• Peracetic acid 30%
• Hydrochloric acid 5%
• Isopropanol 100%
• Sodium hydroxide 5%
• Sodium hypochloride 5%

Assessment is done visually according to ISO4628-1 on 4 
criteria: type, size and amount of damage and intensity of 
alteration and classified from 0 (excellent) to 5 (none)

H2O2 absorption and desorption
Cleanrooms in GMP environments need to be freed from 
harmful micro-organisms on a regular basis. Common 
practice is the use of vaporized hydrogen peroxide. After the 
application, the molecules need to stay on the surface for 
a while to do their job. After a specified time, the air in the 
cleanroom needs to be refreshed to reduce the hydrogen 
peroxide level below a specified limit. The time it takes to 
reach 1/10 of the maximum concentration at the start of 
the refreshing stage is called k-value (time in minutes). A low 
k-value is positive, because it means the cleanroom can be 
used for regular activity more quickly. 

Biological resistance
There are two tests to determine the biological resistance 
of floor coverings. ISO 846 is used to test the interaction 
between untreated samples (no biocides), molds and 
bacteria. Materials used in cleanrooms may not serve as 
a nutrient for micro-organisms. Suspensions of spores 
and bacteria are placed on samples of the floor covering. 

When a material is treated with an anti-bactericide or if the 
material is acting as an anti-bactericide by nature, ISO 22196 is 
used. Two types of microorganisms are placed on the sample. 
A calculation of the reduction factor (by counting the number 
of micro-organisms) is made after 24 hours. 

Classification of absorption - desorption behaviour

K-value Conclusion

≤ 5 min Non-absorptive

> 5 - ≤ 15 min Fast

> 15 - ≤ 60 min Medium

> 60 min Slow

Not determinable due to 
catalytic activity

Catalytic

Contamination control
Following a comprehensive programme of testing, suitability 
for use in cleanroom applications of these ranges have 
been certified by the Fraunhofer IPA Institute. ISO standards 
and GMP regulations for air purity require compliance by 
presenting consistent results that are verified on regular basis. 

Colorex satisfies the strictest requirements for particle release 
behaviour and outgassing, helping to reduce any threat of 
contamination. Sphera Element and Sphera SD | EC can offer 
an excellent option where a sheet product is preferred. Sphera 
Element can be used for cleanrooms up to class 4, Sphera SD 
up to class 6 and Sphera EC up to class 5.

GMP
Good Manufacturing Practice requires a smooth floor which 
is tight and free from cracks. Colorex complies with the 
requirements once installed for the life span of the product 
and is less vulnerable to cracking than poured floors. In highly 
sensitive areas, and other places that have strict hygiene 
requirements, it’s vital that floor-to-wall transitions are water-
tight, perfectly hygienic and aesthetically pleasing.

Our integrated coving system and skirting create a perfect 
seal for these critical areas using the same Colorex material. 
The radius of the preformed Colorex and Sphera corners is 
linked to the size of cleaning pads found on most commercial 
cleaning machines. This ensures that no sharp corners are 
created that would prove difficult to clean. Preformed corners
are prevented from tearing thanks to their special construction.

Fraunhofer IPA 
results

Airborne particle 
emission and 

cleanroom suitability
GMP Outgassing Chemical 

resistance Cleanability K-value

VOC SVOC

Colorex SD ISO 4 Class A -5.2 -9.5 Excellent Report available -

Colorex EC ISO 2 Class A -8.1 < -9.6 Excellent Report available
0.7 min (non-
absorptive)

Colorex plus EC ISO 2 Class A -8.1 < -9.6 Excellent Report available -

Colorex plus basic ISO 4 - - - - - -

Colorex plus R10 ISO 6 - - - - - -

Sphera SD ISO 6 Class A (expected) -8.3 -8.5 Very good No test -

Sphera EC ISO 5 Class A (expected) < -9.6 < -9.6 Very good No test -

Sphera Element ISO 4 Class A -8.1 < -9.6 Very good Very good
> 5 - ≥ 15 min 

(fast)

Fraunhofer classified cleanroom products carry a qualification 
certificate. Validity can be checked at: http://www.
db.cleanmanufacturing.fraunhofer.de/en/web/guest/qdb/-/
ipa-cmqd-search/search 


