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Summary

A chair of model HAG 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 >0.3um, >0.5um, >1um and Sum.

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 Sundstrom,
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 HAG 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 um 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 >0.3um: 85%
Filtration efficiency for particles >0.5um: 88%
Suitable for clean room class 10 (US Federal Standard)

Particle generation test-cases
Particle concentrations were measured for the following cases:

e 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.

e 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 >0.3um, >0.5um and 1 um. 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 >0.3um, >0.5um.

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.

e 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 [um] 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 [um] Capisco Puls Reference chair
[number/cuft] [number/cuft]
>0.3 12 18
>0.5 8 10
>1 4 33
>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 [um] Capisco Puls Reference chair
[number/cuft] [number/cuft]
=0.3 28 35
=0.5 15 15
>1 8 3,3
25 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 [um] Capisco Puls Reference chair [number/cuft]
[number/cuft] Non-moving person Moving person

>0.3 17 18 35

>0.5 8 10 15

>1 4.3 33 3,3

>5 1.3 1.3 0,7

- Al-1 -
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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 [um] Capisco Puls Reference chair [number/cuft]
[number/cuft] Non-moving person Moving person

>0.3 22 18 35

>0.5 7 10 15

>1 3 33 3,3

>5 1.5 1.3 0,7

- Al-2 -
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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 [um] Capisco Puls Reference chair
[number/cuft] [number/cuft]
>0.3 38 44
=0.5 13 21
>1 2.7 8
25 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 [um] Capisco Puls Reference chair
[number/cuft] [number/cuft]
=0.3 578 588
20.5 279 301
>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 [um] Capisco Puls Reference chair [number/cuft]
[number/cuft] Non-moving person Moving person

=0.3 98 44 588

=0.5 33 21 301

21 8 8 121

>3 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 [um] Capisco Puls Reference chair [number/cuft]
[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

- A2-1 -
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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 [um] Capisco Puls Reference chair [number/cuft]
[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 um, 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.

- A2-2 -
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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.

StatF Of- Location CFU/16cm’
contamination
: Back-rest 0
Rinsed by ethanol Seat ;
Contaminated Back-rest 109 (of which 3 mould)
Seat 108 (of which 2 mould)
: Back-rest 0
Rinsed by ethanol Seat ;

CFU refers to the total number of colony forming units of aerobic microorganisms
collected on contact plates, TSA with disinhibitor plus (TWI).

- A3-1 -
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Appendix 4 — Documentation of instrument calibration

Be Right™

CERTIFICATE OF CALIBRATION

ab NN lab

Hach certifies that the calibration performed complies with the requirermans of IS0 21501 in whole or in par, as requested by the cusiomear Tk
reporiad sizes in the calibration mformation section are accurate to +/- 10%

The accuracy of the standands & eguipmant used for tha calibration are traceable (o the US Mational Instiute of Standards and Technalogy (NI
parfomed (& masntained by Hach & performed in accordance with the Hach Quality Manual QAT001. This cerificate may nol be reproduced o
cerificates withou! a watermark & an suthoreed signature are nol vaiid.

General Information
Calibation Lab

AR Ninolab
Instrumentwiigen &

184 51 Upplands Vasty

Ceitstomear Nams

CIT Energy Manasgmani AR
Charmass

wara Bandbergs Alla 5B, dtr

412 96 GOTEBORG

Lars Ekberg
Inetrument Infeomatian
Counter Model 3313 Slation 1D Kalibrenngsrum Tomparatiine ngc
Part Humbes 208388301 Callbration Date ~ 2014-jan-22 Belative Humdity 150 %
Counter Sarigl 030301047 Mominai Fiow B3 LFM
SensorModel  AIR Cafibration Dy~ 201 54an Lager Current S04 maA
Sensor Serial 408704 R Numbes 511058 {Referance Cinly)
Hach Procegure COBS146-1 REVE
Crlgria Pass/Fail
76,3 LPM £5% Pass
50,8 m\ Radurance Only HiA
21 A LTS
1I50-216501 Fatse Counl Rate 0.0 partches in 0,42 m* 0,0 paruckes in 0,42 m* Pass
|Calitsration Equipmant
Type Iedat Senal
PHA Core Counter PHA, 10044 18002 201 4-ma-10
DN Fluka 116 36430058 2014-aug-18
Stopwatch Waco Spli - 2014-50p-24
Themmometes WVaisalz HMI 41 U020030 20144ul=30
Fioww Matar B22-13-0M1 4TE16 201 4-mar-22
Calibration Information
Channel  Size (um) Cal (m\] Threshold {m] Pericle Size (um) LA Lot Humsr
1 0.3 730 T30 0,206 Therma 41698 201 G-bwb-01
2 0.5 4500 460.0 0,498 Themo 41528 2015-feb-01
3 1.0 600 45 81 37 1.018 Thermao 42129 2016-pun-01
4 a0 130371 1303,08 3,002 Tharma 42338 2016-aug-01
5 50 213889 1858 91 53 Thermo 39502 20 4-sep-01
[ 10,0 E545 12 5GBS, 18 98 Tharmp 2409 201 4-aug-01
e o P
Hach Calibration 1544 /ét"ﬁf‘/ (7 7aY

030301 047 01.22 2014

™ o
1) e --..{-\-1 o

SN | S

L
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A" Calibratar - Bang! Boathivs
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abNiNGO lab

Be Right™
AS RECEIVED DATA
Gansral Information Customar Narme
Calibration Lab CIT Energy Managment AB
&8 Minolab Charmaers
Instrumentvagen 4 iara Sandbergs Ak 58, 41
184 51 Upplands Vasby
412 36 GOTEBORG
Lars Ekberg
Counter Mode| 3213 Statign ID Kalibranngsrum Tempersture 219°C
Parl Number  20B3893-01 Calbmion Dete~ 2014-jan-22 Ralative Humidity 15,0 %
Counter Setia] 030301047 Calbation Dus ~ 2015-jan Hominal Flow 2B3LFM
Sensor Model  AIR R Nurmipsr 511063 Laser Curent 56,4 mA
Sensor Sanal  40BT-04 Hach Procedure  CO88149-1 REVE
Test Nams As Received £s Calibrated Daoviabon (%) Crilgra (Y]  Pags/Fal
Flow 283 283 a 15% Pass
Moisa 526 50,8 3.54 - haiA,
Lasar Current 55 56,4 Q.7 A
Zar Count PASS - - e Wi
Channel infenmation
1 03 73.0 T30 T80 0,208 057 15,00 Pass
2 0.5 460,0 4800 4500 0,408 5,40 15,00 Pass
3 10 B691.37 639,46 6820 0875 -2.50 15,00 Pass
4 30 1303,08 1308,71 13450 3,133 443 15,00 Pass
5 50 166891 2139.80 2001.0 5203 4,06 16,00 Pass
g 10,0 566518 551512 56250 EREE 4,58 15,00 Pass

Deiaion < 5%
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Certificate no: 4003520

Calibration
Certificate

Calibration without adjustment of an Air speed probe SWA 31

Calibration resulis:

8/M: 382989

Manufact. date: 1999%-02-10
Required Software version: 1.00
Required Hardware wveraion: 1.00

Cal. date: 2014-01-03

Cal. setup: SWEMA(A/N 89)
Next cal, date: 2015-01-03
Cal. cond.: 1001 hPa 30 %HH

Read val. Corr

10.0 em/s 6.7 cmfa

25.0 em/2 24.1 cm/s

60.0 em/s E0.4 cm/s -
1.00 m/fa 1.01 m/a -0.01
2.00 m/B 2.01 m/ag =0.01
1.00 m's 2.98 m/s 0.02
5.00 m/8 4.98 m/B 0.02
7.00 m/f= £.91 m/a 0.08
10.0 m/B 10.1 m/8 =0.1

[At 1013 hPa)

=& O

. |
o3
-4

21.2 dgC 21.5 dgC -0.3

Calibrated by _
e Z::’E’ —_—

Pe?ﬁn Héikansson

Uncertainty of measurement:
Coverage probability 95%

Instnusment mcertainty - see manual
Velocity

0,07-0,50 m/s =+ 0,02 m/s.
0,50-3,00 m/s = £ 0,03 m/s
3,00-12,00 m/s =+ 0,04 m/s
Temperature +0,3°C

Measuring method:
Calibration in a free air stream

The sensors position in the air
stream:

Horizontal with the arrow in the
air stream direction.

3 ®

—
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Measuring equipment

Parameter Name Serial no.
Air velocity | Air velocityrig |A/N8

SWEMA 2

Differential | MKS Baratron RN 1
Pressure

Reference Swema 3000 See Cal.Setup
mstrument
Atmospheric | HALSTRUP A/N 69
Pressure /BASD

Air Rotronic 1200 AN S
Temperature
Reiative Rotronic 1200 AMNS
Humidity

Traceability:

The measuring equipment is traceable
calibrated to these official measuring centres

Parameter Measuring centre
Air velocity Swedish National
Differential pressure Testing and Research
Awmospheric Pressure Institute

Alir temperature

| Relative humidity

Rotronic SCS

Tel: +46 (0)8 94 (0 90 Fax +46 (0)8 93 44 93
E-mail: swema@swemase www.swermise
Delivery address: Peppary, 27, SE-123 56 Farsta, Sweden

Postal address: Peppary, 27, SE-123 56 Farsta, Sweden |
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