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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proce@lures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed fof]
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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A list of all

parts in the ISO 16890 series can be found on the ISO website.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

The effects of particulate matter (PM) on human health have been extensively studied in the past
decades. The results are that fine dust can be a serious health hazard, contributing to or even causing
respiratory and cardiovascular diseases. Different classes of PM can be defined according to the particle
size range. The mostimportant ones are PM;, PM, s and PM;. The U.S. Environmental Protection Agency
(EPA), the World Health Organization (WHO) and the European Union (EU) define PM,, as PM which
passes through a size-selective inlet with a 50 % efficiency cut-off at 10 pm aerodynamic diameter.
PM, ¢ and PM1 are 51m11arly defined. However, this def1n1t10n is not prec1se 1f there is no further
chaya 3 : A e ara

In Europe the reference method for the samplmg and measurement of PM10 is described-in EN 12341.
Thg measurement principle is based on the collection on a filter of the PM; fraction of ambipnt PM and
thelgravimetric mass determination (see Reference [7]).

As the precise definition of PMy,, PM, s and PM; is quite complex and not edsy to measure, public
authorities, such as the U.S. EPA or the German Federal Environmental Agency (Umweltblindesamt),
inceasingly use in their publications the simpler denotation of PM; as beingthe particle sjze fraction
lesq than or equal to 10 um. Since this deviation to the above-mentioned complex “official] definition
doefs not have a significant impact on a filter element’s particle removyal-efficiency, the ISO 16890 series
refgrs to this simplified definition of PMy,, PM, s and PMj.

PM in the context of the ISO 16890 series describes a size fractieniof the natural aerosol (liquld and solid
parficles) suspended in ambient air. The symbol ePM, describes the efficiency of an air cleaping device
to particles with an optical diameter between 0,3 pm andx [im. The following particle size|ranges are
usef in the ISO 16890 series for the listed efficiency values as shown in Table 1.

Table 1 — Optical particle diameter size ranges for the definition of the efficienciefs, ePM,

Efficiency Size range, pm
ePM;, 0,3<x<10
ePM;k 0,3<x<2,5
ePM; 0,3<x<1

Air| filters for general ventilation are widely used in heating, ventilation and air-c¢nditioning
applications of buildings. In ‘this application, air filters significantly influence the indoor [air quality
and, hence, the health ofpeople, by reducing the concentration of PM. To enable design engineers and
ional trade
ccording to

omparison
ht industry
rformance
7 products.
ted, which

The ISO 16890 series describes the equipment, materials, technical specifications, requirements,
qualifications and procedures to produce the laboratory performance data and efficiency classification
based upon the measured fractional efficiency converted into a PM efficiency (ePM) reporting system.

Air filter elements according to the ISO 16890 series are evaluated in the laboratory by their ability
to remove aerosol particulate expressed as the efficiency values ePM;, ePM, 5 and ePM;, The air filter
elements can then be classified according to the procedures defined in 1SO 16890 1. The particulate
removal efficiency of the filter element is measured as a function of the particle size in the range of
0,3 um to 10 um of the unloaded and unconditioned filter element as per the procedures defined in
ISO 16890-2. After the initial particulate removal efficiency testing, the air filter element is conditioned
according to the procedures defined in this document and the particulate removal efficiency is
repeated on the conditioned filter element. This is done to provide information about the intensity of

© IS0 2022 - All rights reserved v
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any electrostatic removal mechanism which can possibly be present with the filter element for test.
The average efficiency of the filter is determined by calculating the mean between the initial efficiency
and the conditioned efficiency for each size range. The average efficiency is used to calculate the ePM,
efficiencies by weighting these values to the standardized and normalized particle size distribution of
the related ambient aerosol fraction. When comparing filters tested in accordance with the ISO 16890
series, the fractional efficiency values shall always be compared among the same ePM, class (e.g. ePM,
of filter A with ePM; of filter B). The test dust capacity and the initial arrestance of a filter element are
determined as per the test procedures defined in ISO 16890-3.

The results from this document can also be used by other standards that define or classify the fractional
efficiency in the size range of 0,3 ym to 10 ym when electrostatic removal mechanism is an important
factor to cqnsider, for example ISO 29461.

The performance results obtained in accordance with the ISO 16890 series cannot by themselve$ be
quantitatiyely applied to predict performance in service with regard to efficiency and lifetime.

vi © IS0 2022 - All rights reserved
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Scope
5 document establishes a conditioning method to determine the minimum fractional test]

intended to be used in conjunction with ISO 16890-1, ISO 16890-2 and 1S0~16890-3, an
related test requirements for the test device and conditioning cabinet\as well as the cq
cedure to follow.

conditioning method described in this document is referring to a test device with a nd
h of 610 mm x 610 mm (24 inches x 24 inches).

5 document refers to particulate air filter elements for gefieral ventilation having an ePM
than or equal to 99 % and an ePM, efficiency greater than 20 % when tested accor
redures defined within the ISO 16890 series.

E The lower limit for this test procedure is set ata minimum ePM,, efficiency of 20 % since it
cult for a test filter element below this level to meet the statistical validity requirements of this

b1 elements used in portable room-air cleaners are excluded from the scope of this docun

Normative references

following documents are réferred to in the text in such a way that some or all of th
Ktitutes requirements of this document. For dated references, only the edition cited 3
ated references, the latést edition of the referenced document (including any amendmen

16890-2:2016, Air. filters for general ventilation — Part 2: Measurement of fractional efficig
v resistance

Terms.and definitions

the purposes of this document the following terms and definitions apply.

ISO

efficiency.
d provides
nditioning

minal face

| efficiency
ing to the

will be very
rocedure.

nent.

Pir content
pplies. For
[s) applies.

ncy and air

and IEC maintain terminology databases for use in standardization at the following add

esses:

31

[SO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at https://www.electropedia.org/

minimum fractional test efficiency
fractional efficiency measured according to ISO 16890-2 after applying the conditioning method
defined in this document

[SOURCE: ISO 29464:2017, 3.2.108]
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4 Symbols and abbreviated terms

[PA isopropyl alcohol (isopropanol)

MSDS material safety data sheet

5 General conditioning test requirements

5.1 General

The conditlioning procedure is used to determine the minimum fractional test efficiency and-tofest
whether the filter fractional efficiency is dependent on the electrostatic removal mechanisnt. This
is accompllished by measuring the removal efficiency of an untreated filter and the corresponding
efficiency after conditioning.

Many typep of air filters rely to different extents on the effects of passive electrostatic charges on|the
fibres to aghieve higher particle removal efficiencies, particularly in the initial stages of their working
life, at low fesistance to airflow.

Exposure to some types of challenges, such as combustion particles, fine particles or oil mist in seryice
can affect the action of these electric charges so that the initial efficiency-can drop substantially affter
an initial period of service. This drop in the fractional efficiency candbe'reduced by a slight increase in
mechanical efficiency from the collection of particles in the filtration media. The amount of the drop
and the anount of the increase can vary by filter type, service location and atmospheric air conditigns.

The proceflure described in this document indirectly but‘quantitatively shows the extent of|the
electrostatlic charge effect on the initial performance _on-a full-size filter (measured according to
ISO 1689042). It indicates the level of efficiency obtainable'with the charge effect removed [or minimized
by isopropyl alcohol (IPA, commonly known as isopropanol or 2-propanol) vapour conditioning] pnd
with no increase in mechanical efficiency. It shetld not be assumed that the measured conditioned
(“discharggd”) efficiency always represents real-life behaviour. The treatment of a filter as descr(;IEed
in this doqument can affect the structure,ofithe fibre matrix or chemically affect the fibres or dven
fully destrpy the filter medium. Hence, this-procedure shall not be applicable to all types of filters. If
degradation shows a visual, physical change or a resistance to airflow change of more than 10 % and a
minimum 10 Pa change, this documént'is not applicable and the filter shall not be classified according
to ISO 16890-1.

5.2 Testidevice requirements

The test d¢vice shall be’désigned or marked so as to prevent incorrect mounting. The complete fest
device (filter and frame) shall be made of material suitable to withstand normal usage and expodure
to the range of teniperature, humidity and corrosive environments likely to be encountered in service.

5.3 Testldevice selection

The test device shall be mounted in accordance with the manufacturer’s specifications and, after
equilibration to standard climatic conditions, weighed to the nearest gram. Before starting the
conditioning, the initial resistance to airflow and initial fractional efficiency shall be determined
according to the measurement procedure described in ISO 16890-2.

The test device shall be a full-size filter element with a nominal face dimension of 610 mm x 610 mm
(24 inches x 24 inches) with a maximum length (depth) of 760 mm (29.9 inches). If for any reason,
dimensions do not allow conditioning of a test device under standard test conditions, assembly of two
or more smaller devices of the same type or model is permitted, provided no leaks occur in the resulting
assembly. For filters with a higher length or depth, the conditioning cabinet described in 7.1 can be
scaled accordingly. The operating conditions of such accessory equipment shall be recorded.

2 © IS0 2022 - All rights reserved
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5.4 Conditioning cabinet requirements

Critical dimensions and arrangements of the conditioning cabinet are shown in Figure 1 and Figure A.1
and are intended to help construct a conditioning cabinet to meet the performance requirements of this
document. All dimensions shown are mandatory unless otherwise indicated. Units shown are in mm
(inches) unless otherwise indicated.

The design of equipment not specified (including but not limited to the holding frame, IPA trays,
conditioning cabinet surroundings and auxiliaries) is discretionary, but the equipment shall have
adequate capacity to meet the performance and health and safety requirements described in Clause 8.

6 |Conditioning materials

Theliquid for the conditioning step to discharge filter media and equalize electrostati¢’surfgce charges
on the filter fibres is IPA. IPA is placed inside the conditioning cabinet to evaporate.wuntil the dquilibrium
of IPA vapour in ambient air is reached so that liquid IPA will not be in contaep with the fillter media.

Refer to Clause 8 for safety issues.

Isopropanol (IPA) - formula:
Iso]ropanol properties:
Derysity
Molecular weight

|

Melfing point
Boiling point

Flagh point

Ign]tion temperature

Vaplour pressure

OH
C,Hg0 |

H3C—CH—CHy
785,5 kg/m3 (49 Ib/ft3)
60,09 g/mol
185K
355K
285K
698 K
0,059 7 bar 2 (at 298 K)/0,043 2 bar (at 293 K)/0,081 4 bar (at 303 K)

To be calculated as follows:

Explosion limits (in air)

CAS Registry Number®b

© IS0 2022 - All rights reserved

logyo (P):A_Tl%

where

P is pressure (bar) T is temperature (K)
Ais 4,577 95 Bis1 221,423

Cis -87,474

NOTE 1 bar = 100 kPa.
Lower concentration limit 2 % (vol.), upper concentration limit 12 % (vol.)
both at 293 K

67-63-0
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a1 bar = 0,1 MPa = 105 Pa; 1 MPa = 1 N/mm?2.

b CAS Registry Number® is a trademark of CAS corporation. This information is given for the conven-
ience of users of this document and does not constitute an endorsement by ISO of the product named.

Equivalent

products may be used if they can be shown to lead to the same results.

For the conditioning test, IPA shall have a purity of minimum 99,5 %.

7 Conditioning cabinet

7.1 Gen

The condit
chambers.
allow the
conditioni
open-air p

easily as p|
bag filters,

the filter h
of the filtej

7.2 Con
The condif

I’l

bral

ossible. To make sure that test devices with non-rigid, self-suppérting structures, sucl
are installed in the proper way and offer the full media surface to the air/vapour mixt
plding frame is in a horizontal position and the test device is/hanging vertically (dust air

to the top, clean air side to the bottom of the chamber).

litioning cabinet dimensions and construction'materials

ioning cabinet shall be made of stainless or galvanized steel. IPA vapour is denser

air and ca

the concenftration of IPA vapour. Therefore, the positiéning of several IPA trays inside the [PA holg
chamber of the cabinet is adjacent to the filter holdihg chamber, so that an equal distribution of
vapour within the cabinet is achieved quickly.

The condit
610 mm x g
(299 inche
chamber v
recommen

Figure 1 sh

stratify within the chamber, possibly causing all areas of the filter not to be subjecte

ioning cabinet shall be capable™of containing a full-size filter with face dimension
10 mm (24 inches x 24 inches). The maximum length/depth of the test device shall be 760
s). To allow the air to pass freely around the test device by diffusion, the outer filter hold
blume shall be between 0/45'm3 (15.9 ft3) and 0,65 m3 (23.0 ft3). The filter holding chan{
Hed dimensions are 750.mm x 750 mm x 850 mm (29.5 inches x 29.5 inches x 33.5 inche

ows the recommended size and dimensions of the conditioning cabinet.

ioning cabinet shall consist of a filter holding chamber and one or two IPA tray-holding
Each chamber may have separate doors for service. The filter holding chamber shall
stallation of a full-size filter (the test device) in a way that the filter does not touch|the
g cabinet walls and allows air/vapour to pass around freely by diffusion(/There shall b¢ an
hssage between the IPA tray holding chamber and the filter holding chamber to guarantee
that the mfixture of air and IPA vapour can equilibrate in the whole conditioning cabinet volum

b as
1 as
Lire,
side

han
1 to
ling
IPA

5 of
mm
ling
ber

).
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To make sure that the air inside the(€onditioning cabinet is saturated with IPA very quickly,
leadt 1 dm3 (34 fl 0z) liquid IPA shall be filled into the trays before starting the conditioning
shall offer at least 1,0 m?2 (10,8%t2) free surface area for IPA evaporation. Each tray shall be
liquid IPA and covered before.starting the conditioning procedure. The mixture of ambient
in the conditioning cabinet shall not interact with the ambient air (proper seal).

NOTE For 1 dm3 ofIPA the weight is equal to 786 g (27.7 0z).

Figure 1 — Conditioning cabinet schematic drawing

ISO 16890-4:2022(E)

Dimensions in millimetres

h total of at
. The trays
filled with
hir and [PA

The container with/IPA shall not come into direct contact with sunlight or any other hedt radiation

that can alter the vapour characteristics significantly. Respecting these conditions and cont
temperaturé.and humidity within the specified ranges, there is no need for instrumentatid
the [[PA vapour concentration surrounding the test device as the air in the chamber is almos

with IPA vapour.

rolling the
n to verify
k saturated

The trays with liquid IPA shall be uncovered and placed inside the filter housing. After closing the
tray section door, wait for 30 min. Then open the filter section door and place the test device inside

(upstream side towards IPA - vertical/horizontal).

Close the filter section door tightly. Once the conditioning time is reached, open the filter section door
and immediately remove the test device. Finally, pull out the IPA trays, cover them and store them in the

extraction hood.

7.3 Environment, temperature and relative humidity

The room air where the conditioning cabinet is installed shall be controlled at (25 + 5) °C [(77 £ 9) °F],
with a relative humidity of (40 + 20) %. The room air temperature is especially sensitive to evaporation
and diffusion processes within the conditioning cabinet, and shall be reported continuously or at least

© IS0 2022 - All rights reserved
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hourly. The temperature measurement device shall be accurate to within 1 °C (1.8 °F). The relative
humidity measurement device shall be accurate to within +2 %. The temperature and relative humidity
measurement devices shall be calibrated yearly. More frequent calibration can be needed in places
where the relative humidity changes significantly by season.

Standard climatic conditions for equilibration with room air shall be (23 + 5) °C [(73 £ 9) °F] with a

relative hu

midity of (45 + 10) %.

8 Safety issues

This condi
to treat all

Itisin the
protection
takes into

possible related health and safety issues.

of staff before applying this method. Additionally, it is presupposed that the responsible
consideration official and legal regulations. See Annex A for safety recomméndations.

9 Test method

9.1 Gen

bral

The described procedure is based on a standardized treatment,with IPA to evaluate electrost

influence @

The IPA te

n the fractional efficiency of a full-size filter.

5t is made by first measuring the fractional efficiencCy of an untreated filter. Next, the

device is cgnditioned with IPA vapour. If IPA is reused, theIPA purity shall remain above 99,5 %. Al

the filter h
30 min. Th
same meth
To verify t
(23+£5)°
repeated.

The IPA v4
includes s¢g

hs been exposed to the IPA vapour, it is placed#inder standard climatic conditions for at 1
en the fractional efficiency measurements;dre repeated according to ISO 16890-2, using
od and test aerosol as applied for the jnitial fractional efficiency test before conditio
hat the sample is free from residual, [PA, the sample is purged for 10 min with test
[ [(73 = 9) °F] and a relative humidity of (45 + 10) % and the fractional efficiency te{

pour treatment is made using the conditioning cabinet described in Clause 7. This sys
veral trays/vessels for the liquid IPA. The filter shall be subjected to several additional t
hperative that the filter\be preserved in an undamaged, uncontaminated condition for
the planned total testprogram.

litioning procedure

oning procédure for the test device shall follow the listed steps.

Equilibprate the test device under standard climatic conditions for at least 30 min. Weigh the

tional efficie

r:ling.
ajr at

[loning test requires the use of health hazard reagents (IFPA). This document does notcl im

esponsibility of the user of this document to take suitable measures for the health and safety

ser

atic

test
fter
past
the

tis

tem
bsts
the

test
e to

to_the nearest gram and measure the initial frac

ncy and the resistanc

t gram (respecting safety issues according to Clause 8).

door and wait for 30 min.

Fill the trays with IPA respecting the minimum requirement of Clause 7. Weigh each tray to the

Place one IPA tray after the other inside the chamber and remove its cover. Close the tray section

Open the filter section door and immediately insert the test filter in place. Make sure that the filter

is installed in a way that the levelling of the [PA concentration within the conditioning cabinet by
diffusion is easily possible (no blockage). Close the filter section door and tighten the curl knobs.

and it is in
duration o
9.2 Con
The condit
a)

device

airflov
b)

neares
0)
d)
6
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e) Set the conditioning time on the timer to 24 h and start the conditioning procedure; test device
exposed to saturated IPA vapour/air mixture at (25 + 5) °C [(77 £ 9) °F] run for 24 h. Room climatic
conditions including barometric pressure shall be reported (and controlled if necessary).

f) Once conditioning time is reached, open the filter section door and immediately remove the test

g)

filter. Close the filter section door and tighten the curl knobs.

Equilibrate the test device under standard climatic conditions for at least 30 min.

h) Pull out the IPA trays and place them covered inside the extraction hood. Weigh each tray to the

nearest gram to determine the amount of IPA evaporated.

j)

NOTI

complete after five iterations, then it is unlikely the filterwill ever discharge completely.

9.3
At

Weigh the filter to the nearest gram and measure the fractional efficiency and resistanc
according to ISO 16890-2. After purging for 10 min, the fractional efficiency test isyrep
more.

As an additional indication for full discharge by conditioning, a third fractienal efficig
50 % air flow rate shall be performed. When the efficiency curves show-awariation > 5
points for 0,4 um, the same test device shall be conditioned for anothet~24 h. Repeat the
the 0,4 um efficiency measured at 100 % and 50 % air flow rate diffets less than 5 percent
If the 5 percentage point criterion cannot be met then the filter ishot classifiable per IS
The 50 % air flow efficiency shall be run according to ISO 16890-2 with the system air
50 % of the original airflow and shall use a particle counter €orrelation per ISO 16890-2
be determined at 50 % of the original airflow. For this 50, % airflow efficiency, ISO 168
9.2 is not required.

E It is expected that the filter will discharge in one iteration but it can take more. If the disd

Repeat testing

 to airflow
eated once

ncy test at
percentage
same until
age points.
0 16890-1.
flow set to
which shall
90-2:2016,

harge is not

st including conditioning on a second:-new test device shall be done when one or nore of the

follpwing criteria occurs:

a) |the change in weight is more than #1 % or exceeds the maximum of #20 g (0.71 oz); or

b) [the resistance to airflowhas‘changed by more than +10 % or exceeds +10 Pa (0.04 inchgs H,0); or

c) |the fractional efficiencyfor 0,4 pm has changed more than +5 % in measured efficiency percentage
points after purging,

If the required acetiracy in one or more of the criteria above cannot be met, the test shall be|stopped to

find out if the filter' media or filter construction is affected by the IPA vapour or if the qualifjcation test

shows a mismatch of the test rigs and procedures.

10|Qualification

The temperature measuring and the relative humidity sensors shall be checked and calibrated a
minimum of once a year.

All other instruments used in this method shall be calibrated and maintained according to the
manufacturer’s specifications.

Air tightness of the conditioning cabinet shall be checked by a leakage test on a regular basis, equivalent
to the leak test described in ISO 16890-2. In order to avoid unnecessary spillage of [PA-vapour, to reduce
explosion risk and exposure of persons to IPA-vapour, the cabinet shall be sealed such that an applied
overpressure of 200 Pa (0.80 inches H,0) will not drop more than 30 Pa (0.12 inches H,0) in 1 min. This
is what an airtight construction allows and this will lead to a maximum 30 g (1.06 oz) IPA loss during a
24 h conditioning cycle.
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The conditioning cabinet owner/operator shall always have a qualification testing report available
documenting the results of the latest qualification testing.

11 Reporting results

Test results shall be reported using the test report format of ISO 16890-2 for fractional efficiency and
resistance to airflow, which includes information about the filter manufacturer, the filter model and
description.

The following additional information about the conditions during conditioning and test data shall be
reported:

a) range jof room air temperature, relative humidity and barometric pressure during conditiofing
time with respect to the given limits;

b) purity|of IPA liquid (min 99,5 %);
c) time of exposure/conditioning;

d) conditjoning cabinet description including photos and/or drawings with-information about|the
main dlimensions, volume of the cabinet, the amount of IPA trays, evaporation surface (nunjber
and size of the trays) and amount of IPA filled into trays with respect to the minimum criteria of
Clause|7;

e) test dqvice weight before and after conditioning and the weight of the IPA trays before and affter
conditjoning to determine the evaporated amount of [PA;

f) testdgvice resistance to airflow at rated air flow rate before and after conditioning. Data valueg for
resistgnce to airflow shall be reported as whole number values only (no decimal or fractions) when
displayed in SI units (Pa) or to two decimal places\i# IP units (inches H,0) (see ISO 16890-2);

g) testdgvice fractional efficiency curve at rated.air flow rate before and after conditioning including
measufrement at 50 % rated air flow rate.after conditioning. All data values for fractional efficigncy
shall be reported as whole number valuesonly (no decimal or fractions);

h) additignal remarks.

8 © IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=2aa0b3e7e362ed5b07a2c64a9141434e

	Foreword 
	Introduction 
	1 Scope 
	2 Normative references 
	3 Terms and definitions 
	4 Symbols and abbreviated terms 
	5 General conditioning test requirements 
	5.1 General 
	5.2 Test device requirements 
	5.3 Test device selection 
	5.4 Conditioning cabinet requirements 

	6 Conditioning materials 
	7 Conditioning cabinet 
	7.1 General 
	7.2 Conditioning cabinet dimensions and construction materials 
	7.3 Environment, temperature and relative humidity 

	8 Safety issues 
	9 Test method 
	9.1 General 
	9.2 Conditioning procedure 
	9.3 Repeat testing 

	10 Qualification 
	11 Reporting results 
	Annex A (informative) Recommendations for health and safety aspects for the use of IPA 
	Bibliography 

