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Technical requirements for a cleanroom for the
production of cytotoxic products

Cleanroom technology

The term cleanroom technology describes the chain of technical or
operational measures that are necessary to prevent harmful effects from
contamination of products or humans /

the environment

Therefore, the task is:

- to protect the products,
- protect the personnel,
- protect the environment

Protection of the product

Various structural measures are intended to prevent the following
sources of contamination:
e Chemical contamination (e.g. residues of the previous process)
e Microbioogical contamination (e.g.bacteria, molds)
e Particulate contamination (e.g. fibres, hair, skin particles)
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Protection of staff & environment

e air flow / barrier systems

e contaminated air removal & '
e HEPA filters

v v
Apart from factors such as staff training, defined and
validated cleaning procedures, as well as validated entry
procedures and disinfection, attempts are already made
to prevent contamination through technical and structural
measures.

Various factors must be considered when it comes to the technical
requirements.

For example:
e Air pressure & air flow
e Temperature
e Humidity
o Measurements of particles
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TEMPERATURE HUMIDITY
CONTROL CONTROL

Air pressure

In cleanroom enviroments, pressure cascades refer to a system where
different areas are maintained at progressively lower air pressures. The
cleanest area has the highest pressure, and each adjacent, less clean
zone has a slightly lower pressure.

This creates an airflow from clean to less clean areas, preventing
contaminations from entering critical zones.
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ISO class 8 I1SO class 7 ISO class 6 I1SO class 5
AP 15Pa AP 30Pa AP 45Pa AP 60Pa

Pressure hierarchy

https://www.jungheinrich-profishop.co.uk/
Figure 1 — Air purity and pressure hierarchy in cleanroom classification according to ISO 14644-1.
When working with cytostatic substances, it is not advisable to work
strictly according to this principle, as otherwise cytotoxic substances
could be released into the environment and thus harm humans and the
environment.



https://www.sepsservices.com/resources/cleanrooms/cleanrooms-the-importance-of-uniform-airflow/

Technical requirements for a cleanroom for the production oy cytotoxic products

To prevent this, additional airlocks are used.

As shown in the illustration, both rooms adjacent to the airlock have a
higher air pressure than the airlock itself. This prevents airborne particles
from entering the cleanroom from the outside and also prevents
hazardous substances from getting outside.
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https://pharmaceuticalupdates.com/

Figure 2 - Example of a “sink airlock” for cytotoxic cleanroom containment.

Pressures and Airflow configuration for cytotoxic products

When handling cytotoxic medicinal products, the pressure and airflow configuration must
protect both the product and the personnel/environment.In standard sterile manufacturing,
pressure cascades maintain positive pressure in the cleanest areas (to protect the product).
However, with hazardous substances, a modified approach is used to prevent toxic particles
from escaping.

Key principles for cytotoxic areas:

o Negative pressure in the cytotoxic preparation room relative to adjacent areas, to
prevent hazardous particles from escaping.

e Primary containment (Grade A) inside an isolator or Class II BSC with unidirectional
airflow (“first air”) to protect the product.

o Airlocks (material and personnel) with pressure differentials designed to control both
contamination entry and hazardous material escape.

Typical configuration:

e Room: Negative pressure of approx. 2.5-7.5 Pa relative to adjacent spaces (per USP
<800> recommendations).

e Primary device: Positive pressure within the controlled air of the Grade A zone
(isolator/BSC).

e Air changes: At least 20-30 air changes per hour (ACH) in the room, with exhaust to
the outside through H14 HEPA filters, ideally with a bag-in/bag-out system for filter
changes.

e Background grade: Grade B when not using an isolator; Grade C or D possible for
isolators (see classification section).
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Note for learners: Specific values and design diagrams for cleanroom pressure cascades are
provided in Annex 2 of this material.

Air flow

To protect employees and products from contamination, a regulated
laminar air flow system is used.
The example on the right is a laminar airflow workbench.

This is a specific method of air movement desgined to minimize
contamination and maintain a controlled, clean anviroment.

As shown in the image, laminar airflow means the air flows in parallel
layers, moving at the same speed and in the same direction, with no
turbulences or swirls.

The air particles follow smooth, straight paths.

It typically flows vertically from the ceiling of the laminar flow hood to the
work surface and prevents stirring up particles and keeps them from
settling on critical surfaces.
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The incoming air is cleaned by a HEPA filter. Similarly, the outgoing air is
further cleaned of pollutants by one or more HEPA filters in succession.

Vertical

HEPA filter (exhaust)

HEPA filter (air supply)

glass shield
intake

7~z

work surface

https://www researchgate.net/

Figure 3 — Schematic of a vertical laminar airflow biosafety cabinet (Class Il).

Isolators, which are increasingly being used, also represent a similar
principle.

These are a closed systems into which materials must first be
introduced.

The manufacturer can access the isolator through designated access
points using attached gloves.

https://www.researchgate.net/
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Aseptic Isolator
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https://www zeneronline.co.uk/

Figure 4- Aseptic isolator airflow configuration.
Air flow - remove contaminated air

The air used, both in the laminar flow bench and in the room, is extracted
and filtered several times using HEPA-filters H14.

These must be checked and replaced regularly for the purpose of
requalification or at fixegfintervals.

Figure 5 — Removal of contaminated air in cleanroom environments.

Te m pe rature & h u mw/i\t\w.terrauniversal.com/

Temperature and humidity are precisley controlled and documented to
ensure stable environmental conditions and product safety.
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This is managed by a central HVAC system, which continously cools, heats,
humidifies, or dehumidifies the air.

Sensors in the room constantly monitor actual values and trasmit datato a
building management system.

If deviations occur, the system can automatically adjust to maintain the
defined setpoints.

Additionally, alram funktions are often implemented to enable immediate
response in case limit violations.

Controllind temperature and humidity is crucial to ensure product quality,
stability and sterility.

Uncontrolled conditions can lead to microbial groth, particle formation or
changes in active ingredients.

Dengng

Cleanroom World
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TEST DESCRIPTION SPECIFICATION
205um | 25.0 um
<352,000 | <2,930

Airborne Particle Count

Temperature & Relative Humidity Test

- Average Temperature (°C) 20-25
- Average Relative Humidity (%) 40 - 60
Room Pressurization Test (Pa) Positive

https://www.cleanroomequips.com

Figure 6 — Temperature, humidity, and particle count requirements for an ISO Class 7 cleanroom.

Measurements of particles

To monitor the number of particles and thus also the air quality according to
GMP or ISO classifications, so-called particle counters are used.
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These measuring devices are used to detect and count airborne particles by
size by drawing in the air from the environment.

Particle counters are available as portable units (for routine checks) or fixed
systems (for continuous monitoring) and draw in air to count particles by
size.

Maximum particles/m?,
equal to or greater than the tabulated size

At Rest In Operation

Class

= 0,5 pm = 5,0 pm = 0,5 pm = 5,0 pm
A | 3520 29 3,520
: IS0 5 150 M (29;= 5 um; LSAPC) IS0 § IS0 M (29;= 5 um; LSAPC)
B- 3,520 29 352,000 2,930
105 IS0 M (29;2 5 pm; LSAPC) 1507
e 352,000 2,930 3,520,000 29,300
https:ﬁww.testot is.de/ 1S07 1S0 8

Figure 7 — Maximum allowable airborne particle concentrations according to EU GMP
cleanroom classifications (Grades A—D) and corresponding ISO standards.

Structural measures for particle control include:

o Limiting equipment to essentials to avoid airflow obstruction
o Using abrasion-resistant materials (e.g. stainless steel)

e Smooth, seamless surfaces for floors, walls, and ceilings

e Easy-to-clean and disinfect materials

o Using cleanroom-compatible tools and stationery

Other important measures concern the structural
requirements:
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e unnecessary objects in the cleanroom can impede the airflow.
Therefore, limit your cleanroom equipment to the bare essentials.

e tools and furniture should be made of abrasion-resistant materials to
minimize the adhesion of particles to surfaces. (e.g. stainless-steel
cabinets /worktables)

e furniture, flooring, and wall coverings must be smooth and seamless
to prevent particles from settling

e materials should be easy to clean and disinfect

e additional work materials such as notebooks, pens and paper must
also be suitable for use in cleanrooms.

Classification of Rooms and Cleanliness Grades

Cleanrooms are classified according to EU GMP Annex 1, aligned with ISO 14644-1 for
airborne particle concentration.

For cytotoxic (hazardous) products, aseptic manipulation must be carried out in Grade A
(critical zone), normally inside an isolator or a Class II Biological Safety Cabinet (BSC):

e Minimum background: Grade B if not using an isolator

e Open isolators: may operate with a Grade C background

o Closed isolators: may operate with a Grade D background
Any deviation from Grade B must be justified through a Contamination Control
Strategy (CCS) and a documented risk assessment.

Detailed particle and microbiological limits for Grades A—D are provided in Annex
ISO 14644-1:2015 explains how to test and classify cleanrooms:

e Where and how to take samples

e How much air to sample

e How to determine if the room meets the grade
EU GMP Annex 1 adds GMP-specific requirements, such as:

e Defined Grades A-D for sterile manufacturing

e Microbiological limits

o Continuous monitoring for Grade A
o Frequency of requalification

Best Practices for Cytotoxic Cleanrooms — Checklist
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This checklist summarises the key technical and procedural points to ensure safe operation of
cleanrooms handling cytotoxic products. It can be used as a quick reference for training, daily
practice, and internal audits. For detailed requirements, refer to the main text and relevant
GMP/ISO guidelines.

Maintain Grade A conditions in the primary work zone (isolator or Class |l
BSC) with the correct background grade.

Keep negative room pressure relative to adjacent areas to prevent
hazardous particle escape.

Ensure 220-30 air changes/hour (ACH) and exhaust through H14 HEPA
filters to the outside.

Limit equipment and materials to essential items only.

Use smooth, non-porous, seamless surfaces for easy cleaning and disinfection.

Use airlocks for personnel and materials with pressure differentials to
control contamination entry/exit.

Perform environmental monitoring (viable and non-viable particles) at
defined intervals.

Verify and document HEPA filter integrity and airflow performance regularly.

Train staff in hazardous drug handling procedures and spill response.

Use appropriate PPE: chemotherapy-tested gloves (ASTM D6978 / EN ISO
374), impermeable gown, eye/face protection as needed.

Table 1 Best Practices for Cytotoxic Cleanrooms — Checklist

Cleaning and Decontamination for Cytotoxic Areas

Handling cytotoxic drugs requires specific cleaning and decontamination procedures beyond
standard disinfection for sterile products.A 4-step process is recommended (adapted from
USP <800> and European best practice guidelines):

1.

2.

4.

Deactivation — Use a chemical agent to neutralise the hazardous drug (e.g., sodium
hypochlorite solution).

Decontamination — Remove drug residues from surfaces (e.g., detergent or cleaning
solution).

Cleaning — Physically remove contaminants and residues with suitable cleaning
agents.

Disinfection — Apply an approved disinfectant to eliminate microbial contamination.

If sodium hypochlorite is used for deactivation, follow with a neutralising step (e.g.,
sodium thiosulfate) to protect stainless steel surfaces.Wipe sampling for hazardous drug
residues (e.g., cyclophosphamide, 5-FU, platinum compounds) should be performed
periodically to verify the effectiveness of cleaning.Cleaning materials (wipes, mops) must
be dedicated to the cytotoxic area and disposed of as hazardous waste after use.

Frequencies:
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o Work surfaces: at the beginning and end of each shift, after spills, and between
different drug preparations.

e Floors: daily.

o Walls and ceilings: monthly or as per risk assessment.

Microbiological Monitoring Methods

Cleanroom microbiological monitoring is a vital part of a cleanroom qualification and
continual environmental monitoring. Frequent sampling will make sure that the limits set by
EU GMP Annex 1 are met and security against possible contamination is identified early on.
Active, passive, surface and personnel monitoring methods are usually used to provide an
overall picture of the microbiological quality.

The main approaches include:

e Active air sampling (volumetric samplers, e.g., | m? over 10 minutes) for quantitative
assessment.

o Passive sampling using settle plates (90 mm diameter, exposed for 4 hours).

e Surface monitoring using contact plates (RODAC) or swabs for irregular surfaces.

o Personnel monitoring using glove prints after operations.

Incubation conditions:

e 30-35 °C for 3-5 days (bacteria).
e 20-25 °C for 5-7 days (moulds/yeasts).

Conclusion

The sterility and quality of the cytotoxic products are not only insured depending upon
compliance with international standards like ISO 14644, EU GMP Annex 1 and 800 but also the
safety of the personnel and the environment. By complying with such necessities, cleanroom
practices make it possible to have a safe, controlled, and sustainable system of preparing the
cytotoxic drugs.

Guidelines

The most important regulatory framework for the qualification of
cleanrooms in the pharmaceutical sector is formed by the EU GMP
Guideline Annex 1 in combination with DIN EN ISO 14644.

DIN EN ISO 14644
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DIN EN ISO 14644-1 is an international series of standards for the
classification of cleanrooms, focused on particle concentration.

It defines nine cleanroom classes (ISO 1 to ISO 9) based on the maximum

permissible particle concentration per cubic meter of air.

150 Maximum concentration limits (particulates/m® of air) for particles equal
to and larger than the considered sizes shown below (concentration
chassification limits are calculated in accordance with equation (1) in 3.2)
number (N)
0.1 pm 0.2 pm 0.3 pm 0.5 pm 1pm 5 pum
ISO Class 1 10 2
I1SO Class 2 100 24 10 4
I1SO Class 3 1,000 237 102 35 8
I1SO Class 4 10,000 2,370 1,020 352 83
I1SO Class 5 100,000 23,700 10,200 3,520 832 29
I1SO Class 6 | 1,000,000 | 237,000 102,000 35,200 8,320 293
I1SO Class 7 352,000 83,200 2,930
ISO Class 8 3,520,000 | 832,000 29,300
I1SO Class 9 35,200,000 | 8,320,000 | 293,000
NOTE: Uncertainties related to the measurement process require that concentration data with no
more than three significant figures be used in determining the classification level.

https://alliedcleanrooms.com/
Figure 8 —-ISO 14644-1 cleanroom classification system.

Annex |

Annex 1 of the EU GMP Directive for the manufacture of sterile medicinal
products supplements these requirements of DIN EN ISO 14644 and
additionally specifies limits for microbiological load and recovery times of
cleanrooms, which further specifies the requirements for air purity.

An important requirement of Annex 1 is the definition of recovery time,
which states that a cleanroom must regain its required cleanliness class
within a defined period of time after a disruption. According to VDI 2083-2,
this must be carried out every 12 months at specified measuring points and
critical locations.
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Grade

Air Sample Settle Plates (Diameter 90 mm) cfu/4

Contact Plates (Diameter 55 mm)
cfw/m3 Hours (@ cfu/plate
AD) 1 1 1
B 10 5 5
C 100 50 25
D 200 100 50

.httpS:X/health_ec_euro-pa:euﬁ . . ) o
Figure 9 — Microbiological limits for cleanrooms
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