
V
arious regulations require 
cleanrooms to be regularly 
microbiologically monitored. This 
applies both to critical production 
facilities, for example for the 

aseptic production of medicines, and to less critical 
ones, such as non-sterile production. 

Basically, the more critical the process, the more 
intensive the monitoring must be. This is usually 
assessed and defined with the help of a risk 
assessment and a Contamination Control Strategy 
(CCS).  

In microbiological environmental monitoring, a 
distinction must be made between surface and air 
monitoring. The former is usually tested using 
contact plates or swabs (for more details, see 
Goverde 2018 or Rieth 2017), while the air is 
tested using active or passive air sampling. All 
these methods are established and generally 
recognised. Continuous monitoring in the most 
critical areas (e.g. cleanroom class A and B of 
aseptic manufacturing or ATMP production) is 
becoming increasingly important (e.g. EudraLex 
2022). So how can it be implemented in the best 
possible way?  

 
SIMPLE AND COST EFFECTIVE: Passive 
air measurement with settle plates 
The easiest and most cost-effective way to assess 
the air is with the help of settle plates: Petri 
dishes with a solid nutrient medium are placed in 
the cleanroom for a certain period of time, on a 
surface or in a holder. (For full advantage and 
disadvantage list see Table 1.)  

The air measurement itself is passive: only 
those particles that "fall" onto the plate by gravity 
or are blown onto the plate by the air flow are 
detected. Naturally, these are mainly larger and/or 

heavier ones. The measurement is therefore 
rather random, and the accuracy of the 
quantification is questionable.  

The exposure time is decisive for the probability 
of detection of microorganisms. In most cases, the 
quantity of CFU (colony forming units) per 4 
hours is taken as the unit (e.g. EudraLex 2022, 
FDA 2004).  

The results obtained using the settle method 
tend to be qualitative or semi-quantitative. It is 
therefore only suitable as a supplement to active 
measurement methods.  
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Continuous monitoring is becoming 
increasingly important in the most critical 
areas like class A and B of aseptic 
manufacturing or ATMP production. So how 
can it be implemented in the best way?  
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Continuous 
monitoring:  
a look at automated 
settle plate handling 

Table 1: Assessment of the settle method (based on PDA 2014 and 
Goverde 2018 with additions). 

Advantages 
 
l Easy to use 
l Established method for 
   continuous microbial air sampling 
l Inexpensive 
l Any type of plate and/or culture 
   media can be used 
l Small footprint allows for easy 
   placement in critical zones 
l Continuous sampling over a 
   longer period of time is possible 
l No power connection required 
l Simulates reality: settle of a 
   contaminating particle on a target 
   object 

Disadvantages 
 
l The count is considered semi-
   quantitative 
l The bacterial count cannot be 
   correlated with an air volume 
l The sedimentation of the particles 
   depends on size, the  
   temperature, air flow, and
   turbulence 
l Currently low level of automation: 
   manual plate change at regular 
   intervals interrupts normal 
   workflow 
l Risk of handling errors when 
   changing plates 
l Irregular exposure times lead to 
   deviations  
l Undefined air movement in 
   environments with directional air 
   flow
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HIGHER ACCURACY: Active microbial air 
sampling 
In active air measurement, the microorganisms 
are either accelerated onto an agar (impaction 
method) or filtered from the air onto a membrane 
(gelatine membrane filter) or into a liquid 
(impinger). These methods quantify the number 
of organisms per unit of air and can be measured 
isokinetically. It is therefore considered more 
accurate than passive air measurement (e.g. 
Andon 2006 or Goverde 2018). (For full advantage 
and disadvantage list see Table 2.) 

 
FAST BUT COSTLY: Alternative air 
sampling methods/rapid methods 
The traditional methods for counting airborne 
germs are growth-based. It can therefore take 
between 2 and 10 days of incubation before a 
result is available. An immediate result can be 
obtained with online measuring devices: they 
detect airborne particles and distinguish 
microorganisms from inert particles based on 
their biofluorescence (Biofluorescent Particle 
Counters, BFPCs). 

This technology enables rapid reactions to 
microbiological changes. Nevertheless, it is still 
rarely used routinely. The main reasons for this 
are the high validation effort, the difficulties in 
setting limits and the need to identify isolates in 
the event of a positive result. A non-representative 
survey of pharmaceutical microbiologists therefore 
also showed that less than half of the respondents 
would use BFPCs as the preferred method for 
implementing the requirement for continuous 
airborne microbial testing. However, the 
authorities encourage the implementation of such 
devices (e.g. EudraLex 2022, Miller 2019, Riley 
2004) because they allow continuous monitoring 
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Table 3: Assessment of Rapid Methods (based on Goverde 2018 with 
supplements).

Advantages 
 

l Online measurement: The result 
   is available within minutes 
l Quick response possible 
l Single cells are detected (also in 
   clumps or chains) 
l Simple automation 
l Permanent trending

Disadvantages 
 

l Great validation effort 
l Direct germ identification is not 
   possible 
l All microbial cells are measured 
   (including viable-but-not 
   culturable, VBNCs) 
l Expensive instruments 

Table 2: Assessment of active microbial air sampling (based on PDA 2014 
and Goverde 2018 with supplements) 

Advantages 
 
l Easy to use 
l Measurement can be done within 
   10 minutes  
l Portable devices, therefore very 
   flexible to use 
l Battery operation possible  
l The collection head can be 
   sterilized 
l Large volumes can be assessed 
l Airflow can be calibrated 
l In some cases, standard agar 
   plates can be used 

Disadvantages 
 
l The agar plate is usually placed 
   manually  
l Influence of impaction on the 
   viability of microorganisms must 
   be evaluated 
l Continuous measurement only 
   possible to a limited extent 
l In some cases, special agar 
   plates are required 
l Low level of automation

Figure 2: CFD airflow study of the MAS-100-Libra. 
The image shows the airflow or turbulence on the 
device. In the area of the exposed plate, it is almost 
the same as in a manually laid settle plate.
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of cleanrooms and faster response to deviations 
from the normal state. (For full advantage and 
disadvantage list see Table 3.) 

 
Continuous air sampling is expected 
The requirement of the new Annex 1 (EudraLex 
2022) is clear: continuous air measurement must 
be carried out in critical cleanroom areas. As 
described above, this is traditionally done using 
settle plates, isolated active air measurements 
with a very low impaction air volume or 
alternatively with rapid methods.  

Active continuous air measurement would 
enable better quantification. However, various 
regulatory requirements explicitly or at least in 
principle expect measurement by means of settle 
plates. This can lead to the use of settle plates 
being required during official inspections; this was 
confirmed to the authors by various colleagues 
from the pharmaceutical industry.  

Table 4 provides an overview of the statements 
in some important regulatory documents on 
measurement using settle plates. They show: It is 
currently almost unavoidable to use settle plates 
in cleanroom monitoring. 

Modern aseptic filling processes are already 
highly automated. It therefore makes sense to also 
automate microbiological monitoring, for example 
with a solution such as RoboCell from Groninger 
or Versynta from Syntegon. This reduces human 
intervention and thus lowers the risk of 
contamination. The new MAS-100 Libra 
automated settle plate changer, which can be 
loaded with up to 6 x 90 mm plates, offers an 
alternative (Figure 1). This and its unique design 
offer a whole range of advantages: 
l  The plates are automatically changed every 4 
    hours, but other exposure times are also 
    possible. As a result, significantly fewer 

    interventions are necessary during filling, or 
    the filling process does not have to be 
    interrupted at all. 
l The minimum coverage time without 
   intervention is 24 hours. 
l The MAS-100 Libra can be permanently 
   mounted in the isolator or RABS but can also 
   be used in other zones as a stand-alone device 
   with power supply or battery. 
l Compatible with all common agar plates, i.e. 
   the plates used so far can also be used with the 
   MAS-100 Libra.  
l A data log file documents all relevant 
   information (e.g. start of measurement, 
   duration of exposure). 
l The device takes up little space. 
l The MAS-100 Libra automates the 
   conventional settle plate. The measurement 
   therefore remains unchanged and results can 
   be directly compared with historical data. An 
   existing trending can be continued seamlessly. 
l The validation effort is very low: in principle, 
   the manual plate is replaced by an automated 
   system. The airflow at the agar plate is not 
   significantly altered using the MAS-100 Libra 
   (see Figure 2). 
l The MAS-100 Libra is an innovative solution 
   that combines the classic and proven method 
   of passive air measurement by means of a 
   settle plate with automated monitoring, which 
   is becoming increasingly important. 

 
Conclusion 
Due to the clear requirement of the new Annex 1 
to continuously measure the air in critical areas, 
both the emerging alternative rapid methods 
using biofluorescence and the automation of 
classic methods are gaining in importance.  
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Table 4: Summary of some regulations regarding microbial air sampling by means of settle plates

* Aseptic Guide Japan; Japanese Pharmacopeia (JP); ANVISA (Brazil); ISO 13408-1; USP <1115>, USP <1116>, FDA Aseptic Guide; Mexico 
  MAS-100 Libra: An Automated Solution for Passive Air Measurement 
  The frequency of microbiological sampling interventions should be consistent with the benefits. This is how USP <1116> puts it, for example. Methods that do not           
  require human intervention are also to be preferred.  

Set of regulations 
 

WHO 
 
EudraLex (2022) - Annex 1 
 
 
ChP 
 
PDA TR #13 
 
 
ZLG (2020); FAQ about 
ApBetrO 
 
Other documents*

Disadvantages 
 

Clear statement that settle plates are to be used. 
 
You must measure continuously in A (and possibly B). (Note: This is usually done with settle plates.) 
It is necessary to use a combination of methods. 
 
"Sedimenting" microorganisms should be monitored. (Note: This implies the use of settle plates.) 
 
It is mentioned that certain authorities insist on the use of settle plates. Settle plates have certain 
advantages, e.g. less influence on air flow, and you can place them close to the product. 
 
Both documents recommend the use of settle plates. 
 
 
The settle plate is mentioned as a possible method for measuring the air, especially in the 
connection with long-term monitoring or as an additional measurement.
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