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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 proceglures 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{or
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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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 particulate matter can be defined according
to the particle size range. The most important ones are PM19, PM2 5 and PMj. The U.S. Environmental
Protection Agency (EPA), the World Health Organization (WHO) and the European Union define
PM1g as particulate matter which passes through a size-selective inlet with a 50 % efficiency cut-off
at 10 pm aerodynamic diameter. PM3 5 and PM; are similarly defined. However, this definition is not
precise if there is no further characterization of the sampling method and the sampling inlet with a
clegrly defined separation curve. In Europe, the reference method for the sampling and mdasurement
of PM1p is described in EN 12341. The measurement principle is based on the collection-era filter of the
PM{o fraction of ambient particulate matter and the gravimetric mass determinatidn (See EU Council
Dir¢ctive 1999/30/EC of 22 April 1999).

As

aut
incy
frad

he precise definition of PM19, PM3 5 and PM; is quite complex and not simple to meas
horities, like the U.S. EPA or the German Federal Environmental Agéncy (Umweltb
easingly use in their publications the more simple denotation of PM1g as being the p
tion less or equal to 10 pm. Since this deviation to the above mentioned complex “official

ure, public
indesamt),
hrticle size
" definition

doe)
refq

s not have a significant impact on a filter element’s particle reméyal efficiency, the ISO 16890 series
rs to this simplified definition of PM1p, PM2 5 and PM;.

ficulate matter in the context of the ISO 16890 series desCribes a size fraction of the natyral aerosol
lid and solid particles) suspended in ambient air. The syxmbol ePMy describes the efficiency of an air
ning device to particles with an optical diameter between 0,3 pm and x um. The following particle
ranges are used in the ISO 16890 series for the listed efficiency values.

Par
(lig
cled
size

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

Efficiency Size range, pm
ePM1yg 0,3<x<10
eéPMy 5 0,3<x<2,5
ePM1 0,3<x<1
Air filters for general ventilation are widely used in heating, ventilation and air-conditioning applications
of Huildings. In this application, air filters significantly influence the indoor air quality and/ hence, the

gives better and more meanlngful results compared to the eXIStlng standards

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 particulate matter 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 ePM1, ePM3 5 and ePM1g, The air filter
elements can then be classified according to the procedures defined in ISO 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 pm 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

© ISO 2016 - All rights reserved v
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according to the procedures defined in this part of ISO 16890 and the particulate removal efficiency is
repeated on the conditioned filter element. This is done to provide information about the intensity of
any electrostatic removal mechanism which may or may not 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 ePMy class (ex. ePMq
of filter A with ePM1 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.

vi © ISO 2016 - All rights reserved
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5 part of ISO 16890 establishes a conditioning method to determine the minimum fra
Ciency.

intended for use in conjunction with ISO 16890-1, ISO 16890-2 and\SO 16890-3, an
related test requirements for the test device and conditioning cabinet as well as the c
redure to follow.

area of 610 mm x 610 mm (24 inch x 24 inch).

16890 (all parts) refers to particulate air filter elements for general ventilation haviy
Ciency less than or equal to 99 % and an ePMy efficiency greater than 20 % when testec
he procedures defined within ISO 16890 (all parts)

E The lower limit for this test procedure is sefiat a minimum ePM1q efficiency of 20 % since it
cult for a test filter element below this level to mieet the statistical validity requirements of this

filter elements outside of this aerosol fraction are evaluated by other applicable test m¢
29463 (all parts).

br elements used in portable roome=air cleaners are excluded from the scope of this part of]

performance results obtained in accordance with ISO 16890 (all parts) cannot by the

tional test

d provides
nditioning

conditioning method described in this part of ISO 16890 is referring to a test device with a nominal

g an ePMq
| according

will be very
rocedure.

pthods. See

[SO 16890.

mselves be

qualntitatively applied to predict performance in service with regard to efficiency and lifetinpe.

Thd
frad
imp

2
The

results from this pait’of ISO 16890 may also be used by other standards that define or
tional efficiencyZinrthe size range of 0,3 pm to 10 um when electrostatic removal mechg
ortant factor.fo consider, for example ISO 29461.

Normative references

following documents, in whole or in part, are normatively referenced in this documg

indisp

[lassify the
Anism is an

nt and are

r undated

T troT T Ottt e e e rer errc ey oIt trre—eorrerorr—ereeer TTeDT

references, the latest edition of the referenced document (including any amendments) applies.

ISO 16890-1, Air filters for general ventilation — Part 1: Technical specifications, requirements and
classification system based upon particulate matter efficiency (ePM)

ISO 16890-2, Air filters for general ventilation — Part 2: Measurement of fractional efficiency and air flow
resistance

ISO 16890-3, Air filters for general ventilation — Part 3: Determination of the gravimetric efficiency and
the air flow resistance versus the mass of test dust captured

ISO 29464, Cleaning equipment for air and other gases — Terminology
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3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 29464 and the following apply.

31
minimum fractional test efficiency
fractional efficiency after applying the conditioning method defined in this part of ISO 16890

Note 1 to entry: Also named as “minimum filter efficiency” or “minimum test efficiency”.

Note 2 to entry: Minimum fractional test efficiency shall be measured according to ISO 16890-2.

4 Symbols and abbreviated terms

[PA isopropyl alcohol (isopropanol)

MSDS material safety data sheet

5 General conditioning test requirements

5.1 General

This proceflure is used to determine the minimum test efficiency andto test whether the filter fractignal
efficiency is dependent on the electrostatic removal mechanismaThis is accomplished by measuringthe
removal efficiency of an untreated filter and the corresponding efficiency after conditioning.

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

Exposure o some types of challenge, such as combustion particles, fine particles or oil mist in seryice
may affect|the action of these electric charges:so that the initial efficiency may drop substantially alfter

an initial period of service. This drop in the-fractional efficiency can be reduced by a slight increade in
mechanical efficiency from the collection of particles in the filtration media. The amount of the drop
and the anfount of the increase can vapy by filter type, service location and atmospheric air conditigns.

The procedure described here indirectly but quantitatively shows the extent of the electrostatic chgrge
effect on the initial performatce on a full size filter (measured according to ISO 16890-2). Itindicategthe
level of efficiency obtainable'with the charge effect removed (or minimized by IPA vapour condition|ng)
and with np i
(“discharg

but
to
ISO 16890-1.

5.2 Test device requirements

The test device shall be designed or marked so as to prevent incorrect mounting. The complete test
device (filter and frame) shall be made of material suitable to withstand normal usage and exposure
to the range of temperature, humidity and corrosive environments likely to be encountered in service.

5.3 Test device selection

The test device shall be mounted in accordance with the manufacturer’s recommendations and,
after equilibration to standard climatic conditions, weighed to the nearest gram. Before starting the

© ISO 2016 - All rights reserved
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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 inch x 24 inch) with a maximum length (depth) of 760 mm (30 inch). 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.

5.4

Crit
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Thd
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Thi
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conditioni bi :

ical dimensions and arrangements of the conditioning cabinet are shown in the\figu
[ of ISO 16890 and are intended as guides to help construct a conditioning cabinet t

erwise indicated. Units shown are in mm (inch) unless otherwise indicated:

design of equipment not specified (including but not limited to the‘holding frame,
ditioning cabinet surroundings and auxiliaries) is discretionary, (but the equipment

Conditioning materials

liquid for the conditioning step to discharge filter media and equalize electrostatic surfg
he filter fibres is isopropyl alcohol (IPA, commonly;known as isopropanol or 2-propa
ed inside the conditioning cabinet to evaporate uxtil the equilibrium of IPA vapour in an
"hed. So liquid IPA will not be in contact with the-filter media.

5 part of ISO 16890 does not claim to treat-all possible related health and safety issue
ponsibility of the user of this part of ISQ~16890 to take suitable measures for the health

official and legal regulations are.fully respected.

OH
I

Iso

Isopropanol properties:

ropanol (IPA) - formtila:  C3HgO H,C—CH—CH,

res of this
b meet the

formance requirements of this part of ISO 16890. All dimensions shown are‘mandatory unless

[PA trays,
shall have

guate capacity to meet the performance and health and safety reqtiivements described if Clause 8.

ce charges
hol). IPA is
bient air is

bs. It is the
and safety

fection of the staff before applying this'method. Additionally, the responsible user shall take care

Dersity 0,785 5 kg/m?

Molecularaaeight 60,09 g/mol

Melting point 185K

Boiling point 355K

Flash point 285K

Ignition temperature 698 K

Vapour pressure 0,059 7 bar (at 298 K)/0,043 2 bar (at 293 K)/0,081 4 bar (at 303 K)

©IS

To be calculated as follows:

B
T+C

log,, (P) =A-
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Explosion limits (in air)

where

P = pressure (bar) T = temperature (K)
A=4,577 95 B=1221,423
C=-87474

NOTE 1 bar =100 kPa.

Lower concentration limit 2 % (vol.), Upper concentration limit 12 % (vol.)

CAS-numb

For the corj

7 Cond

7.1 Gen

The condit
chambers.
the installg
cabinet wa
passage be
mixture of
possible. T
installed iy
frame is in
top, clean ¢

7.2 Con
The condif

both at 293 K

A

r 67-63-0

ditioning test, IPA shall have a purity of minimum 99,5 %.

jtioning cabinet

bral

ioning cabinet shall consist of a filter holding chamberjand one or two IPA tray holg
Each chamber may have separate doors for service. The filter holding chamber shall a
tion of a full size filter (the test device) in a way that thefilter does not touch the conditio
lIs and allows air/vapour to pass around freely by diffusion. There shall be an open
tween the IPA tray holding chamber and the filter holding chamber to guarantee that
air and IPA vapour can equilibrate in the whole conditioning cabinet volume as easil
b make sure that test devices with non-rigidi’self-supporting structures, like bag filters,
the proper way and offer the full media-surface to the air/vapour mixture, the filter holg
a horizontal position and the test device'is hanging vertically (dust air side of the filter to
ir side to the bottom of the chambef).

litioning cabinet dimensions and construction materials

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

air and ca
the conce
chamber o
vapour wi

The condi
610 mm x
(30 inch).
chamber d

stratify within the chamber, possibly causing all areas of the filter not to be subjecte
ration of IPA vapgdur. Therefore, the positioning of several IPA trays inside the IPA hold
the cabinet is adjacent to the filter holding chamber, so that an equal distribution of
hin the cabinet.is achieved quickly.

ioning eabinet shall be capable of containing a full size filter with face dimension
10 mm-(24 inch x 24 inch). The maximum length/depth of the test device shall be 760

o allew the air to pass freely around the test device by diffusion, the outer filter holdi

ling
low
ing
air
the
y as
are
ling
the

mensions shall be 750 mm x 750 mm x 850 mm (29,5 inch x 29,5 inch x 33,5 inch). Figufe 1
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Dimensions in mm

To 1

T

1050

Figure 1 — Conditioning cabinet schematic drawing

hake sure that the air inside the conditioning eabinet will be saturated with IPA very qui

of a

confitioning. The trays shall offer at least 1,0’ m? (10,8 ft2) free surface area for IPA evapor
tray shall be filled with liquid IPA and covered before starting the conditioning procedure. T
of ambient air and IPA in the conditionifig cabinet shall not interact with the ambient air (pr

The
tha
tem
the
wit
The

cab
tow

Clos
the

least 1 dm? (= 786 g, 34 fl oz or 0,028 oz) liguid IPA shall be filled into the trays before g

may alter the vapour charaeteristics significantly. Through respecting this and cont
perature and humidity within the specified ranges, there is no need for instrumentatia
[PA vapour concentration’ surrounding the test device as the air in the chamber is almos
n [PA vapour.

trays with liguid IPA shall be uncovered and placed inside the filter housing. After
net door, waitfor 30 min. Then open the filter door and place the test device inside (up{
ards IPA - Vertical/horizontal).

e the.door tightly. Once the conditioning time is reached, open the door and immediat
testdevice. Finally, pull out the IPA trays, cover them and store them in the extraction hg

Ckly, a total
tarting the
htion. Each
he mixture
pper seal).

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

rolling the
n to verify
k saturated

Closing the
tream side

bly remove
od.

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
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 may 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 humidity of (45 + 10) %.

©IS
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8 Safety issues

This conditioning test requires the use of health hazard reagents (IPA). This part of ISO 16890 does
claim to treat all possible related health and safety issues.

not

It is in the responsibility of the user of this part of ISO 16890 to take suitable measures for the health
and safety protection of staff before applying this method. Additionally, the responsible user shall take

care that official and legal regulations are fully respected.

Some informative hints are given in Annex A.

9 Test method

9.1 General

The descriped procedure is based on a standardized treatment with isopropanolc(IPA) to evaljyate

electrostatiic influence on the fractional efficiency of a full size filter.

The isopropanol test is made by first measuring the fractional efficiency of an-untreated filter. Next
test device is conditioned with IPA vapour. If IPA is reused, the IPA purity, shall remain above 99,1
After the filter has been exposed to the IPA vapour, it is placed under standard climatic conditions fq
least 30 min. Then the fractional efficiency measurements are repeatedaccording to ISO 16890-2, u

the

%.
rat
bing

the same njethod and test aerosol as applied for the initial fractionatefficiency test before conditior:ling.

To verify that the sample is free from residual IPA, the sample:is purged for 10 min with test ai
(23 £5)°C [(73 = 9) °F] and a relative humidity of (45 * 10}%% and the fractional efficiency te
repeated.

The isopropanol vapour treatment is made using the conditioning cabinet described in Clause 7. ]
system includes several trays/vessels for the liquid isopropanol. The filter shall be subjected to sev|
additional [tests and it is imperative that the filter is preserved in an undamaged, uncontaming
condition fpr the duration of the planned total testprogram.

The isopropanol vapour exposure conditiorning is carried out as follows:

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

r at
tis

[his
bral
ted

test

device|to the nearest gram and measure the initial fractional efficiency and the resistance to airfllow

values|for the new untreated device according to ISO 16890-2 (or other standard if applicable);

b) Condition the filter accerding to the procedure described; test device exposed to saturated
vapouy/air mixture at(25 + 5) °C [(77 = 9) °F] for 24 h;

) EquililLrate the test device under standard climatic conditions for at least 30 min, weigh
measufre the fractional efficiency and resistance to airflow. After purging for 10 min with dry, c}
air, repeat the&fractional efficiency test once more.

A test inclyding conditioning on a second new test device shall be done when

[PA

and
ean

a) the change in weight is more than +1 % or exceeds the maximum of +20 g,

b) the resistance to airflow has changed by more than #10 % or exceeds #10 Pa, and

c) the fractional efficiency for 0,4 um has changed more than +5 % in measured efficiency percentage

points after purging.

If the required accuracy 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 qualification test shows a mismatch of the test

rigs and procedures.

6 © IS0 2016 - All rights reserved
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Conditioning procedure

The conditioning procedure for the test device shall follow the listed steps.

a)

b)

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

gh the test

device to the nearest gram and measure the initial fractional efficiency and the resistance to

airflow values for the new untreated device according to ISO 16890-2 (if not yet done).

Fill the trays with IPA respecting the minimum requirement of Clause 7. Weigh each
nearest gram (respecting safety issues according to Clause 8).

tray to the

f)

g)
h)

j)

10

Thd
min

All

o ha c . ) .
Place omre tPAtray after the otherimside the chamberamd Temove its tover—€lose the t
door and wait for 30 min.

Open the door of the filter section and immediately insert the test filter in place, Make sy
filter is installed in a way that the levelling of the IPA concentration within the ¢ondition
by diffusion is easily possible (no blockage). Close the door and tighten the €url knobs.

Set the conditioning time on the timer to 24 h and start the conditioning procedure;
exposed to saturated IPA vapour/air mixture at (25 + 5) °C [(77 % 9)°F] run for 24 h. Ro

conditions including barometric pressure shall be reported (and-¢ontrolled if necessary).

Once conditioning time is reached, open the filter door and immediately remove the test
the door and tighten the curl knobs.

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

Pull out the IPA trays and place them covered inside the extraction hood. Weigh each
nearest gram to determine the amount of IPA evaporated.

Weigh the filter to the nearest gram afnd measure the fractional efficiency and
to airflow according to ISO 16890-2. After purging for 10 min, the fractional efficig
repeated once more.

As an additional indication for fulldischarge by conditioning, a third fractional efficig
50 % air flow rate shall be performed. When the efficiency curves show a variation >5 9
0,4 um, the same test deviceshall be conditioned for another 24 h. Repeat the same until
efficiency measured at 100)% and 50 % air flow rate differs less than 5 percentage poin{

Qualification

temperature mieasuring and the relative humidity sensors shall be checked and ¢
imum of oncé a year.

other sinstruments used in this method shall be calibrated and maintained accord

malufactitrer’s recommendations.

AirH

Lhaolllbao cbhacl-ad b o

2l

ay section

re that the
ing cabinet

test device
dm climatic

Filter. Close

tray to the

resistance
ncy test is

ncy test at

points for
the 0,4 um
S.

hlibrated a

ing to the

ghia £ caditianing ool ra-cat o o vacialo b o oo
TSItIICS S UT tnCCOTIOTOIOTII TS Ca T e T STIanT OCCIICCRCT Oy arCanagtteST O a T Cgurar oaSTS;

equivalent

to the leak test described in ISO 16890-2. In order to avoid unnecessary spillage of IPA-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 will not drop more than 30 Pa in 1 min. This is what an airtight construction
allows and this will lead to a maximum 30 g IPA loss during a 24 h conditioning cycle.

The conditioning cabinet owner/operator shall always have a qualification testing report available
documenting the results of the latest qualification testing.
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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 of room air temperature, relative humidity and barometric pressure during conditioning
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, evaporatipn{surface (nunjber
and site of the trays) and amount of IPA filled into trays with respect to thetminimum criteria of
Clause|7;

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

f) testdgvice resistance to airflow at rated air flow rate before an@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 in I[P units{{inch H0) (see ISO 16890-2);

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

h) additignal remarks.
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