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Cleanroom Requirements and Classification Standards

Cleanrooms are controlled environments enabling processes in industries with high
requirements in terms of cleanliness, such as Pharma, Biotech and Healthcare. Depending

on the specific application, the airborne particle concentration, the airborne chemical
concentration and/or the bioburden (e.g. in terms of colony-building units) will have to be
controlled. This requires operation of cleanrooms within certain parameters. To assist with
implementation of requirements into practice, several norms exist: ISO 14644-1 classifies
cleanrooms in terms of particle load measured in numbers of particles per m?® - Figure 1 shows
the respective classification table.

DINENISO 14644-1 Highest permissible concentration (particles per m?)

Class/Particle size range >= 0.1 pym >=0.2pym >= 0.3 um >= 0.5 um >= 1.0 ym >= 5.0 ym
ISO1 10

ISO 2 100 24 10

ISO3 1,000 237 102 35

ISO 4 10,000 2,370 1,020 352 83

ISO5 100,000 23,700 10,200 3,520 832

ISO 6 1,000,000 237,000 102,000 35,200 8,320 293

ISO7 352,000 83,200 2,930
ISO 8 3,520,000 832,000 29,300
ISO9 35,200,000 8,320,000 293,000

Fig. 1: Permitted particle load per cleanroom class
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Protection Target 1: The Product may not be contaminated

In order to isolate controlled environments from their sur-
roundings and to avoid contamination with particles, filters
(HEPA/ULPA), positive pressure systems and directional
air flows are used. Nevertheless, there are still numerous
sources of particles within the cleanroom itself, so that
any kind of equipment will have to be tested for cleanroom
suitability.

The controlled environment thus protects the product
from the environment and the operators.

Separating process and source of contamination (e.g.

by using isolators or RABs) is desirable but not always
possible. In highly critical areas, e.g. open filling of liquid
doses, human beings will usually not be present. In less
critical areas such as background areas and in manual
weighing, mixing and filling of solid doses humans will be
present if required due to the process design. Fig. 2 shows
typical zones according to GMP and possible tasks. When
translating ISO to GMP, the operating condition may have
to be considered so that the following information is to be
seen as indicative:

« Aseptic filling

« Transport of open vials

» Open handling of primary packing
& components after sterilization

» Sampling of sterile APIs & bulk

» Sterility test

aseptic filling

sterilization

« Dispensation of components for
solution manufacturing
« Solution manufacturing for

« Filling of products with terminal

» Manufacturing and filling of
non-sterile solutions and
ointments

» Manufacturing and filling of oral
doses (tablets, capsules)

« Sampling of bulk solutions before

sterilization

» Background of blow-fill-seal

» Background of zone A

« Dispensation of components for
terminally sterilized products
« Solution manufacturing of

* Warehouse
« Infrastructure
» Laboratories

terminally sterilized products
« Cleaning of equipment with

product contact

» Open handling of primary
packaging after cleaning
» Background isolator (filling)

Fig. 2: Typical tasks in different zones, ©Swiss Cleanroom Concept
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Protection Target 2: Humans may not be
exposed to Hazardous Substances

Depending on which chemical compounds are used
during production of pharmaceutical agents, a second
protection target will come up: The operator and the
surroundings have to be protected from the product,
e.g. when using CMR raw materials, HPAPIs e.g. for cancer
therapies, when handling pathogens in R&D processes
and also in gene- and cell-based therapies which can
pose a risk to healthy organisms. Again, achieving contain-
ment by using technical and organizational measures will
be preferred. If open handling of substances is neces-
sary, personal protective equipment (PPE) and especially
breathing protection will be employed:
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The Challenge: Trade-off between PPE and
Cleanroom Suitability

For breathing protection, powered solutions are becoming
more and more popular as the advantages are obvious:
Lower breathing resistance means longer usage as heavier
tasks can be sustained for prolonged amounts of time -
including employees who are less physically fit. In addition
to the high level of comfort, this means a reduction of
time-consuming and therefore expensive use of air locks.
Tasks get interrupted less frequently. Face fit testing,
which can be especially challenging for bearded persons,
isn't required either.

At the same time, powered respirators are introducing a
new source of particle contamination into the cleanroom
due to the air flow and moving parts within the blower
until. This means possibly conflicting objectives in terms of
protecting operators and protecting the product, as PPE
isn't designed as cleanroom garment and therefore not
rated for usage in those areas.



The Solution: Qualification of PPE according to ISO 14644-14

To enable usage of this type of breathing protection in cleanrooms at pharmaceutical plants, Drager performed
a qualification of a typical device according to ISO 14644-14. This norm describes a procedure to rate
equipment for suitability based on the cleanroom classes defined in ISO 14644-1.

R — ml The system configuration was as follows:

» Drager X-plore 8700 PAPR

» Drager X-plore 8700 extended battery
(Ex approved)

» X-plore 8000 decon belt

» Flexible hose

« Long premium hood, reusable (S/M)

« Particle filter P3 R SL (EN)*

A *Caution: for use in the US and other countries not
. e = following EN norms, tests will have to be repeated
Fig. 3: System configuration for testing, ©Fraunhofer IPA with a NIOSH approved filter.

Do take into consideration that this measures particle load caused by the device only. Breathing protection
means air is exhaled unfiltered into the room, in this case in combination with an air flow that will have skin
contact. A solution could be wearing cleanroom garment and/or a medical face mask e.g. according to

EN 14683 underneath the respirator.

Result & Summary

The necessary tests were conducted at Fraunhofer IPA in Stuttgart, DE in a cleanroom class 1yielding the following result:

Test parameter(S) Air Cleanliness Class

Blower level: third fan stage

Hood: X-plore 8000 premium hood, long (S/M)
Volume flow: Q = 210 lpm

Maximum inward leakage: QL < 0,2 %

Overall result: 4

Fig. 4: ISO class rating of Drager PAPR, ©Fraunhofer IPA

This means that Driager powered air-purifying respirators can be used in cleanrooms of up to ISO class 4, so that the
conflict between protecting the operator and protecting the product when wearing this type of PP has been resolved.
Further tests are planned for the future, e.g. when using combination filters such as ABEKHgP3.

Cleanroom suitability of the powered air-purifying respirator could also be proven in operational practice:

A manufacturer of excipients and APIs for the pharmaceutical and cosmetical industry based in Southwestern Germany
could not detect any additional particle burden when using the device in everyday operations. The measurements were
performed using standard particle counters at several critical locations in a class 6 cleanroom.

Do you have any questions regarding the usage of breathing
protection in cleanrooms? Get in touch with us!
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