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Summary 
A chair of model HÅG Capisco Puls 8010 from Scandinavian Business Seating AB, was 
tested in a clean zone meeting the particle concentration requirements for ISO class 4 or 
class 5, depending on the intensity of activities performed. The tests were conducted for the 
four particle size intervals >0.3µm, >0.5µm, >1µm and 5µm. 
 
The particle generation from the chair was found to be negligible compared to the particle 
generation from the person using the chair, when dressed in high quality cleanroom garments. 
 
The cleanroom class of the working zone remained unchanged when the tested chair was used 
compared to the case with a reference chair without any moving parts. 
 
There were observations that may indicate that particles are released from the gas-stem when 
operated for adjustment of the seat height. However, any particle generation from the gas 
stem is judged to be of less importance than the particle generation from moving people. 
 
No microbial contamination could be detected on the plane surfaces of the seat and the back-
rest after these had been rinsed with 70% ethanol.  
 
The generation of particles from a human dressed in clean room clothes is roughly in the 
range 100 - 10 000 particles per second depending on the quality of the clothes and the type of 
activity. The sum of particles generated by the laboratory personnel and the chair should be 
prevented from reaching sensitive processes and equipment. This shall be achieved by proper 
arrangement of the ventilation of the clean zone and by proper location of particle generating 
sources in relation to the area of clean work. The air cleanliness class ISO 4-5 typically 
requires the air flow in the cleanroom to be unidirectional, which was the case at the location 
for the present test. 
 
Background 
Today, there are no standards for cleanroom classification of products used in clean rooms. 
Instead, standards related to cleanroom classification are those defining air cleanliness classes 
and methods for verification of the cleanness of the air in a clean room (e.g. the ISO 14644 
standard). 
 

In order to verify whether an object can be used in a clean room, considering its particle 
generation, there are two principally different ways to go. One approach is to measure the 
particle generation rate of the object itself (e.g. isolating the chair and excluding the influence 
of the person operating the chair), and compare it to other sources of pollution in the clean 
room. This approach can be deemed dubious, since such comparison data rarely are available. 
 
The other approach is to measure the particle concentration in a clean zone when the object is 
used in its normal function. The particle concentrations measured when the test object is in 
use shall then be compared to the concentrations measured during the use of a reference 
object, known to have a negligible particle generation. The present test was carried out 
according to the latter approach. 
 
In the present investigation the object was a chair studied in action with a person dressed in 
good clean room clothes. A chair without any padding or moving parts was used as reference 
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chair. It is reasonable to expect that the main contributors of particle generation are partly the 
wear (friction) between the clothes and the covering of the chair, and partly the wear (friction) 
of surfaces in the mechanisms of the chair. Both these particle generating processes are 
considered in the approach selected. 
 
The results shown in the present report are valid for the tested object only. However, chairs of 
other models, but with an equivalent construction, equivalent materials and with an equal 
mechanism can be expected to show similar results, as regards particle generation. 

 
 

Measurement location and personnel 
The measurements were carried out on 27 May 2014 by Lars Ekberg and Tommy Sundström, 
CIT Energy Management AB.  
 
The tests were performed in a test chamber in the laboratory at the division of Buildings 
Services Engineering, at Chalmers University of Technology, Gothenburg, Sweden.  

 
The airflow in the zone was unidirectional with a downward air velocity of 0.4 m/s at a height 
of 1 m above floor level.  
 

 
The tested object 
The tested object was a chair of model HÅG Capisco Puls 8010 provided by Scandinavian 
Business Seating AB, see Figure 1. The chair is mainly made from solid materials; only a 
small part in the centre of the seat has padding/upholstery. Prior to the tests, the surfaces of 
the chair were rinsed using a cloth with alcohol.  
 
 

 
 
Figure 1. Photographs showing the tested chair. 
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Measurement instruments 
An optical particle counter, Met One 3313, serial number 030301047, was used for 
measurement of the number concentration of airborne particles. Results for particles larger 
than 0.3, 0.5, 1 and 5 µm are reported in Appendix 1 and 2. The instrument was calibrated 22 
January, 2014. A sensor of the type Swema, SWA 31, was used for air velocity 
measurements. The sensor has the serial number 382989 and it was calibrated 3 January, 
2014. Documentation of the calibration of the instruments is found in Appendix 4. 
 
Method 
The tests were conducted in a test chamber with the floor dimensions 1.25 m · 0.80 m and a 
ceiling height of 2.7 m. The ceiling of the chamber is covered with HEPA filters and the 
chamber has a unidirectional airflow with extract air located at floor level. The air velocity of 
the downward parallel airflow was measured to 0.4 m/s at a height of 1 m over the floor. The 
temperature and relative humidity were about 21 °C and 45 %RH. 
 

The test-person was dressed in high quality cleanroom clothes during the tests, see Figure 2. 
The clothing comprised cleanroom under-garments with long sleeves and legs, and a fully 
covering overall. Data for the cleanroom clothes are: 
 

Brand and model:  FRISTADS XT36-8R003 
Material:  100% Polyester with carbon threads 
Fabric:  Cellgard 4 
Filtration efficiency for particles >0.3µm: 85% 
Filtration efficiency for particles >0.5µm: 88% 
Suitable for clean room class 10 (US Federal Standard) 

 
Particle generation test-cases 

Particle concentrations were measured for the following cases: 
 

• A chair with a non-moving person 
• A chair with a person rising from the chair and sitting down. This was done with a 

tempo of 1 cycle per 4 seconds. 
• A chair with a person changing angle of seat and backrest. This was done with a 

tempo of 1 cycle per 4 second. 
• A chair with a person changing height of seat. This was done with a tempo of 1 

cycle per 4 second. 
 

Each of the cases described above was investigated by at least three separate particle counting 
periods. Each period comprised one minute sampling of one cubic foot of air.  
 

In addition to the tested chair, a sub-set of measurements were carried out using a reference 
chair. The reference chair was made of lacquered laminate, without padding or any moving 
parts.  
 

The particle measurements were made in two alternative locations: 
 

1) In the working-zone 1 m above the floor. This location represents the working zone, where the 
air cleanliness requirement of the class must be fulfilled, see Appendix 1. 
 

2) In addition measurements were made in the air extracted from the test chamber at floor level. 
This measurement was made in order to estimate the particle generation rate, see Appendix 2. 
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Figure 2. Chair with seated person. 

 
Test of cleanability 

Initially, all surfaces of the chair were rinsed using 70% ethanol and a cleanroom cloth. After 
rinsing, agar contact plates were used to sample microbial contamination on the back rest and 
on the seat. 
 
Thereafter, the chair was intensely handled by three persons not wearing gloves. The seat and 
the back-rest were firmly and repeatedly touched by bare hands. New microbial samples were 
collected on the centre of the seat and on the back-rest. 
 
Finally, the chair was rinsed again using ethanol and a cloth. A third set of microbial samples 
were collected. 
 
The agar plates were promptly delivered to SIK – The Swedish Institute for Food and 

Biotechnology for incubation and analysis. The analysis result is shown in Appendix 3. 
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Results 
 
The results from measurements in the working zone (1 m above floor) are shown in 
Appendix 1, while results from measurement in the extract air are summarized in Appendix 2. 
 
Measurements in the working zone 

When the test person repeatedly moved by rising and sitting down the requirements were met 
for ISO Class 5, at >0.3µm, >0.5µm and 1 µm. This was the case both for the reference chair 
and the tested chair. The movement was intended as a “stress-test” to provoke a high level of 
particle generation. Thus, the movement was much too intense (continuously rising and sitting 
down every 4 second) to comply with the requirements of ISO class 4, both when using the 
tested chair and the reference chair. 
  
The other tested cases (changing angle and height) showed particle concentrations in the 
working zone that met the requirement according to ISO Class 4, at >0.3µm, >0.5µm.  
 
Measurements under the seat 

The measurements in the extract air showed concentrations that met the requirement for ISO 
Class 5, except in the following cases: 
 

• When the test person moved by rising and sitting down, repeatedly 
• Most likely, the particles originated from the person moving – not from the 

chair. This is supported by the observation that the measurement when using the 
reference chair showed similar concentrations.  

• When the test person changed the height of the seat (activating the gas-stem) 
• Probably a large fraction of these particles was generated by the person 

operating the chair. 
• However, the observation might be an indication that particles were released 

from the gas-stem. The contribution to the particle concentration in the room is 
small, partly because the particle release takes place only when the gas-stem is 
operated, and partly because the particle release takes place rather close to the 
floor. 

• The particle concentration measured when operating the gas-stem were of the 
same magnitude as measured when the test person moved about the reference 
chair (rising and sitting down). Thus, any particle generation from the gas stem 
is judged to be of less importance than the particle generation from moving 
people. 
 

• Note that both cases above represent activities of an intensity that is unrealistic in 
cleanroom applications (continuously rising and sitting down, and continuously 
changing the height of the chair). The tests were made in order to provoke particle 
generation in order to estimate a worst case of the potential particle generation. 
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Conclusions 
 
The particle generation from the chair was found to be negligible compared to the particle 
generation from the person using the chair, when dressed in high quality cleanroom garments. 
 
The cleanroom class of the working zone remained unchanged when the tested chair was used 
compared to the case with a reference chair without any moving parts. 
 
No microbial contamination could be detected on the plane surfaces of the seat and the back-
rest after these had been rinsed with 70% ethanol. 
 
 
 
Gothenburg, June 30, 2014 

 
Lars Ekberg 
CIT Energy Management AB 
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Appendix 1 Results – Measurements in the working zone 
 
Table 1.1 summarizes the air cleanliness requirements according to the ISO Class 4 and 5, for 
four particle size intervals. All concentrations are presented using the unit particle number per 

cubic foot. However, the basic unit according to the ISO standard is per cubic meter. The 
concentration values in the tables can be translated to particle number per cubic meter by 
multiplying with 35.3. 
 
 
Table 1.1. Requirements for ISO Class 4 and Class 5 

Particle size [µm] ISO Class 4 [number/cuft] ISO Class 5 [number/cuft] 
≥0.3 29 291 
≥0.5 10 100 
≥1.0 2 24 
≥5.0 0.08 0.8 

 
In the following tables, the results from measurements in the working zone (1 m above floor) 
are summarized, test case by test case.  
 

 
Table 1.2. The tested Capisco Puls 8010 and the reference chair with a non-moving person, 
measured in working zone. 

Particle size [µm] Capisco Puls 
[number/cuft] 

Reference chair 
[number/cuft] 

≥0.3 12 18 
≥0.5 8 10 
≥1 4 3.3 
≥5 1.3 1.3 

 

 
Table 1.3. The tested Capisco Puls 8010 and the reference chair with a moving person (rise 
and sit down), measured in working zone. 

Particle size [µm] Capisco Puls 
[number/cuft] 

Reference chair 
[number/cuft] 

≥0.3 28 35 
≥0.5 15 15 
≥1 8 3,3 
≥5 1.5 0,7 

 

Table 1.4. The tested Capisco Puls 8010 chair with a person changing angle of the seat and 
back-rest, measured in working zone. 

Particle size [µm] Capisco Puls 
[number/cuft] 

Reference chair [number/cuft] 
Non-moving person Moving person 

≥0.3 17 18 35 
≥0.5 8 10 15 
≥1 4.3 3.3 3,3 
≥5 1.3 1.3 0,7 
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Table 1.5. The tested Capisco Puls 8010 chair with a person changing height of the seat, 
measured in working zone. 

Particle size [µm] Capisco Puls 
[number/cuft] 

Reference chair [number/cuft] 
Non-moving person Moving person 

≥0.3 22 18 35 
≥0.5 7 10 15 
≥1 3 3.3 3,3 
≥5 1.5 1.3 0,7 
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Appendix 2 Results – Measurements in the extract air 
 

In the following tables the results from measurements in the air extracted from the test 
chamber at floor level are summarized, test case by test case. 
 
Note that the classification of a cleanroom normally is made considering the particle 
concentration where sensitive products are exposed, e.g. typically in the working zone. The 
concentration at floor level is normally not considered at all. In this report, concentrations at 
floor level are reported in order to provide additional information about the potential particle 
generation from the tested chair.  
 
 

 
Table 2.1. The tested Capisco Puls 8010 and the reference chair with a non-moving person, 
measured in the extract air. 

Particle size [µm] 
Capisco Puls 
[number/cuft] 

Reference chair 
[number/cuft] 

≥0.3 38 44 
≥0.5 13 21 
≥1 2.7 8 
≥5 0.3 1.3 

 

 
Table 2.2. The tested Capisco Puls 8010 and the reference chair with a moving person (rise 
and sit down), measured in the extract air. 

Particle size [µm] Capisco Puls 
[number/cuft] 

Reference chair 
[number/cuft] 

≥0.3 578 588 
≥0.5 279 301 
≥1 95 121 
≥5 12 19 

 

 
Table 2.3. The tested Capisco Puls 8010 chair with a person changing angle of seat and back 
rest, measured in the extract air. 

Particle size [µm] 
Capisco Puls 
[number/cuft] 

Reference chair [number/cuft] 
Non-moving person Moving person 

≥0.3 98 44 588 
≥0.5 33 21 301 
≥1 8 8 121 
≥5 0.7 1.3 19 

 

 
 

Table 2.4. The tested Capisco Puls 8010 chair with a person changing height of the seat, 
measured in the extract air. 

Particle size [µm] Capisco Puls 
[number/cuft] 

Reference chair [number/cuft] 
Non-moving person Moving person 

≥0.3 419 44 588 
≥0.5 240 21 301 
≥1 100 8 121 
≥5 18 1.3 19 
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Table 2.5. The tested Capisco Puls 8010 chair with a person standing beside the chair moving 
the seat backwards and forwards, measured in the extract air. 

Particle size [µm] Capisco Puls 
[number/cuft] 

Reference chair [number/cuft] 
Non-moving person Moving person 

≥0.3 206 44 588 
≥0.5 95 21 301 
≥1 37 8 121 
≥5 5 1.3 19 

 

 
 
Particle generation rate 
The particle generation expressed as number of particles per second can be estimated by 
multiplying the values in Tables 2.1-2.5 by a factor of 13.5, which is the airflow rate through 
the test chamber measured in cubic feet per second. 
 
For particles >0.5 µm, for example, the particle generation rate ranged from about 200 
particles per second with a non-moving person, to about 4 000 particles per second for the 
case when the test person was moving by repeatedly rising and sitting down. The results were 
similar for the tested Capisco Puls 8010 and the reference chair. 
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Appendix 3 – Agar plate analysis result 

 
 
The table below provides a translation of the result. Original analysis report shown on 
the next page.  
 
 

State of 

contamination 
Location CFU/16cm

2
 

Rinsed by ethanol 
Back-rest 0 

Seat 0 

Contaminated 
Back-rest 109 (of which 3 mould) 

Seat 108 (of which 2 mould) 

Rinsed by ethanol 
Back-rest 0 

Seat 0 
 
 
CFU refers to the total number of colony forming units of aerobic microorganisms 
collected on contact plates, TSA with disinhibitor plus (TWI). 
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Appendix 4 – Documentation of instrument calibration 
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