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APPLICATION NOTE 

Introduction 

AEROTRAK™ Portable Particle Counters are commonly used to classify the level of air cleanliness of clean 

rooms or clean zones. 

The internationally accepted methodology for defining the level of cleanliness, the volume of air to be 

sampled, the number of sampling locations and the reporting of collected data, is defined by the 

international standard ISO 14644-1:1999, Cleanrooms and associated controlled environments—

Part 1: Classification of air cleanliness.  

The purpose of this application note is to assist the end user in performing ISO 14644-1 classifications 

using AEROTRAK Portable Particle Counters. It assumes the reader is familiar with the AEROTRAK Particle 

Counter user interface and has read the appropriate AEROTRAK Particle Counter user manual. It assumes 

the correct AEROTRAK Particle Counter has been selected to classify the clean zone in terms of minimum 

particle size sensitivity, flow rate, and concentration limit performance. Familiarity with an understanding 

of the ISO 14644-1 standard is strongly recommended.   

A step-by-step example of classifying an ISO 5 @ 0.5µm Operational clean room is detailed below. It 

demonstrates how to use the AEROTRAK Particle Counter to generate an ISO 14644-1 report following the 

testing of the clean room—an AEROTRAK 9500 Particle Counter, 0.5µm @ 100 lpm flow rate is used in 

this example. 

The information and methodologies detailed here may also be applied to the use of an AEROTRAK 

Model 9306 Handheld Particle Counter when classifying clean zones. It is important to be aware that 

handheld particle counters may require significantly longer sample intervals to classify a clean zone; the 

flow rate of a handheld instrument is at least ten times less than that of an AEROTRAK Portable 

Particle Counter.  

Principle of Operation 

It is very important to understand how the AEROTRAK Particle Counter generates an ISO 14644-1 report 

before using the instrument to perform a classification.  

AEROTRAK Portable Particle Counters produce ―pass‖ or ―fail‖ ISO reports based on performing a 

calculation on the collected data in the memory buffer and comparing it against the defined limits in 

ISO 14644-1 for particle counts, the number of sample locations and the volume of air sampled. In order 

to apply the correct limits, the AEROTRAK Particle Counter needs information regarding the clean room or 

zone under test. The user must input data as detailed in the Pre-requisites section below. Once testing is 
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complete, the collected data in the instrument memory buffer is compared to limits as defined by the ISO 

14644-1 standard, based on this comparison the AEROTRAK Particle Counter then generates an ISO 

report for that specific room or zone.  

Pre-requisites 

Before the classification of the particle cleanliness of a clean room or zone can begin, there are three 
important pieces of information the AEROTRAK Particle Counter requires in order to generate an 
ISO report, once the particle count data has been collected.  

 The target cleanliness classification for the area to be classified, in terms of the ISO class, the 
particle size of interest and the occupancy state (i.e., ISO 5 @ 0.5µm Operational).  

 The area in m² of the clean room you want to classify. Note: you can enter the area as ft²; the 
AEROTRAK Particle Counter will automatically convert this to m² to perform the number of 
locations calculation.  

 A simple plan view line drawing of the area you want to classify, which will be updated with the 
correct number of sampling locations and their positions, once the number of sample locations is 
known (see figure below as an example). This drawing will be part of the comprehensive test 
report that will be compiled together with the test results generated by the AEROTRAK Particle 
Counter. The required content of this test report is detailed in section 4.4 of the ISO 14644-1 
standard.  

 

 

 

An Example of a Simple Plan Line Drawing of the Clean Room or Zone under Test.  

Note: This drawing does not reference adjacent areas and is not to scale. 

 

The line drawing will be populated with the correct number of sample locations and their associated 

names using the data generated in step 9 below. The example above already shows the sample locations 

names and positions. It is the end users responsibility to supply location names—it is recommended that 

the location names be kept as short and as meaningful as possible. The position of the sample locations 

is based on a risk analysis performed by the end user. The standard does not detail any methodologies in 

selecting sampling locations. It is normal industry practice to evenly spread the sample points around the 

room. 

If the end user is familiar with and has experience using the ISO 14644-1 standard, specifically when 

calculating the number of sample locations, then the end user can populate the line drawing of the zone 
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with the correct number of sample locations, without any assistance from the Room Definition screen on 

the AEROTRAK which helps determine this number. It is important to note that even if the end user is very 

familiar with ISO 14644-1, it will always be necessary to enter the room area and target classification 

information into the Room Definition page as detailed in steps 5 to 8 in the example below. This 

information is always needed to enable the AEROTRAK Particle Counter to generate an ISO report.  

Example: ISO 5@0.5µm Operational 

Step 1: Input Room Data 

 

1. Select the Reports tab. 
 

2. Select the ISO 14644-1 icon. 

 

3. Note: The current definitions 
that will be applied to the ISO 
report calculation are currently 
displayed. 
 

4. Select the Room Definition 
icon to enter the input data the 
AEROTRAK Particle Counter 
needs to generate the 
ISO report. 
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5. Via the drop down select the 
Room Status, in this case: 
operational. 

6. Via the drop down select the 
Air Flow.  
Note: Unidirectional = 
Laminar and Multidirectional = 
Non-unidirectional = Turbulent 
air flow. 

7. Via the drop down select the 
room target ISO Class, in this 
case ISO 5, the particle size is 
selected in step 24, when the 
report is generated. 

8. Enter the room Area in m² or 
ft

2 
and then press the Close 

button.
 

 

 

9. Use the data displayed here to 
help setup the AEROTRAK 

Particle Counter’s sample 
interval, the number of 
samples at each location, and 
the number of sample 
locations. The end user will 
determine the sample point 
names; these are entered in 
the AEROTRAK Particle Count 
in step 12. Press close. 
 
Note: As the number of 
sample locations is defined 
here, they can now be added 
to the line drawing of the clean 
room under test and have 
names associated with them.  
 
Note: The minimum sample 
volume specified at 0.5 µm is 
5.68 liters. A sample interval 
of 3.4 seconds would sample 
5.68 liters with an AEROTRAK 
9500 100 lpm unit! However, 
ISO 14644-1 specifies that an 
end user must always enter a 
minimum sample interval of 
1 minute irrespective of the 
flow rate of the particle 
counter. 
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Step 2:  Configure the AEROTRAK™ Particle Counter 

 

10. Moving on to the sample 
timing screen, via Setup tab, 
Sampling and Sample 
Timing; configure the 
number of samples at each 
location and the sample 
interval. To ensure proper 
pump start up, configure a 
delay time of at least 15 
seconds. This delay time 
must also allow adequate 
time for the end user to leave 
the clean room before the 
sample commences.  
 
Then press OK. 
 
Note: The sample time must 
never be less than 1 minute; 
this is the minimum sample 
interval as stated in 
ISO 14644-1. 
 

 

11. Select Count Units. The 
count units must be set to 
cumulative and concentration 
checked as m³ as required by 
ISO 14644-1. 
 
Then press OK and then 
select Back.  
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12. Select Locations and enter 
unique location names. Up to 
10 characters can be used. 
Use the location string to 
identify the room and 
location, for example:  
VACFILL01 for vaccine 
production facility, filling 
room, location 01. These are 
the same location names that 
are used on the line drawing. 
 
Select OK to save the new 
names. 
 

 Note:  The free TRAKPRO™ 
Lite utility software supplied 
with the unit can be used to 
archive, create, and upload 
location names to the 
AEROTRAK Particle Counter 
as needed. TRAKPRO Lite 
Secure software can do the 
same in a 21 CFR part 11 
compliant manner. 
 

13. Select Recipes and then 
save the sample timing and 
count unit configuration as a 
recipe, for example: ISO5. 
Refer to the AEROTRAK 
manual to understand what 
parameters are saved in a 
Recipe. Select Close. 
 
Note: Recipes can be 
archived, created, and 
uploaded using the free 
TRAKPRO™ Lite utility 
software. TRAKPRO Lite 
Secure software can do the 
same in a 21 CFR part 11 
compliant manner. 
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Step 3:  Collect the Particle Count Data 

 

14. Return to the Main screen. 
Ensure the sample location 
ID corresponds with the 
physical AEROTRAK Particle 
Counter position as identified 
on the clean room line 
drawing. Ensure the recipe 
selected corresponds to the 
configuration performed and 
saved earlier. 

15. Press the green sample 
button to collect the first 
sample. 

 Tip: If possible, orient the 
unit when it is sampling, such 
that the display can be seen 
from a distance, typically 
outside the clean room. It is 
then possible to see when 
the sample has finished, 
without having to enter the 
clean room to verify the 
instrument has stopped. 

16. After the first sample is 
completed, move the 
AEROTRAK Particle Counter 
to the second sample 
location as defined on the 
clean room line drawing. 
Select the relevant new 
location ID and then press 
the green start button to start 
sampling.  

17. Repeat this until you have 
taken all 5 samples at all 5 
locations. 
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Step 4:  Generate and Print the ISO Report 

 

18. When finished taking all 5 
samples go to the Data tab 
and identify the range of 
sequential record numbers 
that correspond to the 
location names and data 
collected in the clean room or 
zone under test (in this case 
a total 5 samples). 

19. Note the record number 
range for the samples taken 
in the clean room (in this 
case 5 samples). The 
AEROTRAK Particle Counter 
performs ISO calculations 
only on sequential data sets 
recorded in the data buffer. 
The AEROTRAK Particle 
Counter needs the record 
number range so that it can 
generate the ISO report. 

 

20. Go back to the ISO reports 
screen via the Reports tab 
and then press the Generate 
icon. 
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21. Check the records button and 
enter the corresponding 
record numbers for the data 
that was collected from the 5 
sample locations in the clean 
room under test, this record 
number range was identified 
in step 18. 

 

22. To generate the report, press 
the Channels button and 
select the relevant particle 
sizes that correspond to your 
target classification criteria. In 
this case, as the target 
criterion is ISO 5 @ 0.5 µm, 
only check the 0.5 µm 
particle size.  
 

23. Press the Generate icon. 

 

24. The ISO report is displayed 
here prior to printing, allowing 
the end user to review the 
content and ensure the 
correct data set has been 
selected prior to printing. 
 

25. Press the Print icon to send 
the ISO 14644-1 report to the 
AEROTRAK Particle Counter 
printer.  
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Interpretation of the ISO Report 

The ISO report will present the 95% upper confidence limit (UCL) if there are nine or fewer sample 

locations. The only way to overcome the requirement to detail the 95% UCL in the report is to sample 

more than nine locations in the clean room. It is not possible to omit data from an ISO report calculation 

on the AEROTRAK Particle Counters. 

The ISO report may fail when reporting the 95% UCL if one of the points sampled has a significantly 

cleaner particle concentration than the others. This sample point is often referred to as an ―ultra clean 

outlier‖. A failure scenario could be that in a clean room with five sample locations, out of the five 

locations sampled, four are 3450 c/m³ and one is an ultra clean outlier giving a significantly lower value of 

750 c/m³. This clean outlier will cause the clean room to fail the ISO 5 class limit of 3520 c/m³ at 0.5 µm 

even though all the particle count results are all below the class limit. At first glance, this may seem 

illogical. The reason for this is that the 95% UCL is derived from the mean and standard deviation of the 

data collected—a result that is significantly cleaner than the others will cause the standard deviation to 

become large relative to the mean. If the mean is relatively close to the class limit then a large standard 

deviation will cause a ―fail‖ to be reported. A printout example of a ―fail‖ due to the 95% UCL being over 

the class limit is detailed in the example of a failed ISO report in the next section.  

An ISO report will fail if the end user does not take samples at enough locations in the clean room or if not 

enough samples have been taken. 

An ISO report will fail if the end user does not set the sample interval to a minimum of 1 minute. Even 

though the calculation presented by the AEROTRAK Particle Counter in the ISO 14644-1 screen may state 

you only need sample a volume of 5.6 liters of air, as detailed in the screen shot associated with step 9, 

ISO 14644-1 states that the minimum sample interval of 1 minute is required irrespective of the flow rate 

of the particle counter. The AEROTRAK report generator will detect that the sample interval is not 1 minute 

or greater and will generate a failed report. 
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Example of Failed ISO Report Printout for ISO 5@0.5µm Operational 

 

 

 

Report criteria is detailed and is as defined in 
Steps 5-8. 

 

 

Minimum required sample interval; PASS. 

 

 

 

 

Ultra clean outlier that is going to cause this report 
to FAIL. 

 

 

 

The impact of the ultra-clean outlier:  even though 
all the average concentrations are below the class 
limit, this will FAIL, because VACCH1L05 is 
significantly cleaner. The consequence is that the 
standard deviation becomes very large with respect 
to the mean. The standard deviation and the mean 
are used to calculate the 95% Upper confidence 
limit (UCL). 

 

Required number of locations in the room; PASS. 

 

Required number of samples in the room; PASS.  

 

Required sample volume at each location; PASS. 

 

Because of the impact of the ultra clean outlier on 
the 95% UCL the overall result is a FAIL. 
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Example of Passed ISO Report Printout for ISO 5@0.5µm Operational 

 

 

Report criteria is detailed and is as defined in 
Step 5-8. 

 

 

 

Minimum required sample interval; PASS. 

 

 

 

 

All the results are of a similar value. 

 

 

 

 

As all the results are similar in value, the standard 
deviation becomes small with respect to the mean. 
As a result, the 95% UCL is quite close to the mean 
value and it is a PASS.  

 

 

Required number of locations in the room. 

 

 

Required number of samples in the room; PASS.  

 

Required sample volume at each location; PASS. 

 

As all the overall result is a PASS. 
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Conclusion 

The AEROTRAK Particle Counter easy to use interface makes it easy to perform ISO 14644-1 
classifications using the methodology detailed in this application note. This methodology can be applied 
to any clean room or zone. As with many activities, repeated use of the ISO reporting feature will very 
quickly build confidence when using AEROTRAK Particle Counters for classification activities. 

Please contact TSI if you require any assistance in applying your AEROTRAK Particle Counter to 
ISO 14644-1 classifications or if you have any wider questions in terms of applying the ISO 14644-1 
standard when using the AEROTRAK Particle Counters.  
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