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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).

Attention i
patent righ
any patent
on the ISO

Any trade
constitute

Foran expl
as well as
Technical H

The comm

This first e
replaces IS

ISO 16890

Part 1
efficien

Part 2:

Part 3:
dust cd

Part 4:

5 drawn to the possibility that some of the elements of this document may be the subjec
ts. ISO shall not be held responsible for identifying any or all such patént rights. Detail
rights identified during the development of the document will be in the Introduction ang
ist of patent declarations received (see www.iso.org/patents).

hame used in this document is information given for the convenience of users and does
an endorsement.

hnation on the meaning of ISO specific terms and expressions related to conformity assessm
nformation about ISO’s adherence to the World Trade \Organization (WTO) principles in
arriers to Trade (TBT) see the following URL: wwwsiso.org/iso/foreword.html.

ttee responsible for this document is ISO/TC 142; Cleaning equipment for air and other gaq|

dition of ISO 16890-1, together with ISO 16890-2, ISO 16890-3 and ISO 16890-4, cancels
0/TS 21220:2009, which has been techiically revised.

consists of the following parts, undéer the general title Air filters for general ventilation:

Technical specifications, requirements and classification system based upon particulate md
cy (ePM)

Measurement of fractional efficiency and air flow resistance

Determination ofthe gravimetric efficiency and the air flow resistance versus the mass of]
ptured

Conditioningimethod to determine the minimum fractional test efficiency

are
the
the

t of
s of
| /or

not

ent,
the

Ses.

and

tter

test

© ISO 2016 - All rights reserved


http://www.iso.org/directives
http://www.iso.org/patents
http://www.iso.org/iso/foreword.html
https://standardsiso.com/api/?name=9ba2945f5a6be780171d82587f86c270

ISO 16890-1:2016(E)

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 ePM1p. The air
filter elements can then be classified according to the procedures defined in this part of ISO 16890.
The particulate removal efficiency of the filter element is measured as a function of the particle size in
the range of 0,3 pm 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

© ISO 2016 - All rights reserved v
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conditioned according to the procedures defined in ISO 16890-4 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 ePMy
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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cilgrs influencing performance to betaken into account are described in Annex A.

Scope

5 part of ISO 16890 establishes an efficiency classification system of air filters for general
bd upon particulate matter (PM). It also provides an overview of the test ptocedures, an
eral requirements for assessing and marking the filters, as well as for docliitmenting the t
intended for use in conjunction with ISO 16890-2, ISO 16890-3 and 1S0'16890-4.

test method described in this part of ISO 16890 is applicable for. air flow rates betweer]

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

16890 (all parts) refers to particulate air filter eléments for general ventilation
1 efficiency less than or equal to 99 % when tested-aecording to the procedures defi
16890-1, ISO 16890-2, ISO 16890-3 and ISO 16890-4. Air filter elements with a hig
Ciency are evaluated by other applicable test methods (see ISO 29463-1, ISO 29463-2, IS
29463-4 and ISO 29463-5).

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

performance results obtained in accordance with ISO 16890 (all parts) cannot by the
titatively applied to predict perfetmance in service with regard to efficiency and lifet

Normative references

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

15957, Testdusts for evaluating air cleaning equipment

16890%2, Air filter for general ventilation — Part 2: Measurement of fractional efficiency d
stance

ventilation
d specifies
est results.

0,25 m3/s

D m3/h, 530 ft3/min) and 1,5 m3/s (5 400 m3/h, 3 178 ft3/min), referring to a test rig witl a nominal

having an
hed within
rher initial
D 29463-3,

[SO 16890.

mselves be
ime. Other

nt and are

spensable for its“application. For dated references, only the edition cited applies. For undated
rences, the latest-edition of the referenced document (including any amendments) appligs.

wn

nd air flow

ISO

1o66YU-5, AIr Jilter jor general ventilation — Fart 5. Determination oj the gravimetric efficie

air flow resistance versus the mass of test dust captured

ncy and the

ISO 16890-4, Air filter for general ventilation — Part 4: Conditioning method to determine the minimum
fractional test efficiency

ISO

3

29464:2011, Cleaning equipment for air and other gases — Terminology

Terms and definitions

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

31

Arrestance and efficiency

© ISO 2016 - All rights reserved
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3.1.1

arrestance

gravimetric efficiency

A

measure of the ability of a filter to remove mass of a standard test dust from the air passing through it,
under given operating conditions

Note 1 to entry: This measure is expressed as a weight percentage.

3.1.2

initial arrestance

initial grayimetric efficiency
Aj
ratio of th¢ mass of a standard test dust retained by the filter to the mass of dust fed after'the first
loading cy¢le in a filter test

Note 1 to enftry: This measure is expressed as a weight percentage.

3.1.3
average afrestance

average gravimetric efficiency
Am
ratio of the total mass of a standard test dust retained by the filter to‘the total mass of dust fed up to
final test pfessure differential

3.1.4
efficiency
fraction or|percentage of a challenge contaminant that is removed by a filter

3.1.5
fractionallefficiency
ability of ah air cleaning device to remove particles-of a specific size or size range

Note 1 to eptry: The efficiency plotted as a fungtion of particle size (3.7.1) gives the particle size effici¢gncy
spectrum.

[SOURCE: ISO 29464:2011, 3.1.61]

3.1.6
particulate matter efficiency
ePMy
efficiency (3.1.4) of an air’cleaning device to reduce the mass concentration of particles with an opfjical
diameter between 0,3 firand x um

3.2
filter element
structure ade-of the filtering material, its supports and its interfaces with the filter housing

3.3
group designation
designation of a group of filters fulfilling certain requirements in the filter classification

Note 1 to entry: This part of ISO 16890 defines four groups of filters. Group designations are “ISO coarse”, “ISO
ePM10”, “ISO ePM2,5” and “ISO ePM1” as defined in Table 4.

3.4 Air flow rates

2 © IS0 2016 - All rights reserved
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1

air flow rate

qv

volume of air passing through the filter per unit time

[SOURCE: ISO 29464:2011, 3.2.38]

3.4.

2

nominal air flow rate

qv,n

om

air flow rate (3.4.1) specified by the manufacturer

3.4
test

qvt
air
3.5
3.5

3
air flow rate

low rate (3.4.1) used for testing

Particulate matter

1

parjticulate matter

PM
soli

3.5

d and/or liquid particles suspended in ambient air

2

parjticulate matter PMqy

par

Ficulate matter (3.5.1) which passes through a sizesselective inlet with a 50 % efficienc

10 km aerodynamic diameter

3.5

3

parfticulate matter PM3 5

par
2,5

3.5

Ficulate matter (3.5.1) which passes through a size-selective inlet with a 50 % efficienc
um aerodynamic diameter

4

particulate matter PM;

par

Ficulate matter (3.5.1) which passes through a size-selective inlet with a 50 % efficienc

1 pm aerodynamic diameter

3.6

parjticle counter

dev|

[SO

3.7

ice for detecting and counting numbers of discrete airborne particles present in a sample

URCE: ISO 29464:2011, 3.27]

Particle size and diameter

y cut-off at

y cut-off at

y cut-off at

of air

3.71

particle size
particle diameter
geometric diameter (equivalent spherical, optical or aerodynamic, depending on context) of the
particles of an aerosol

[SOURCE: ISO 29464:2011, 3.1.126]
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3.7.2

particle size distribution

presentation, in the form of tables of numbers or of graphs, of the experimental results obtained using a
method or an apparatus capable of measuring the equivalent diameter of particles in a sample or capable
of giving the proportion of particles for which the equivalent diameter lies between defined limits

[SOURCE: I
3.8

SO 29464:2011, 3.1.128]

resistance to air flow
pressure differential

difference
measured

3.9
test dust @
amount of

4 Symb
Aj

di

dis1

d

1

Ad;
Aln dj

dso

Ep,i

n pressure between two points in an airflow system at specified conditions, especially-when
hcross the filter element (3.2)

apacity
h standard test dust held by the filter at final test pressure differential

ols and abbreviated terms

Initial arrestance, %
Lower limit particle diameter in a size range i, pm
Upper limit particle diameter in a size range i, pm

Geometric mean diameter of a size range i, pm

Width of a particle diameter size range i \tm

Logarithmic width of a particle diameter size range, i; In is the natural logarithm to thle
base of e, where e is an irrationaland transcendental constant approximately equal toj
2,718 281 828

Alnd; =Ind, , —Ind, =In(d, , /d;), dimensionless
Median particle size ofithe log-normal distribution, pm

Initial fractional-efficiency of particle size range, i, of the untreated and unloaded filtef
element, % (equals to the efficiency values Eps of the untreated filter element resulting
from ISO 16890-2)

Fractional efficiency of particle size range, i, of the filter element after an artificial
conditioning step, % (equals to the efficiency values Eps of the filter element resulting
from ISO 16890-2 after a conditioning step has been carried out according to

150 16890-4)

ePMy, min

ePMy
q3(d)
Q3(d)

Og

Average fractional efficiency of particle size range i, %

Minimum efficiency value with x=1 um, 2,5 um or 10 um of the conditioned filter
element, %

Efficiency with x=1 pm, 2,5 pm or 10 pm, %
Discrete particle volume distribution, dimensionless
Cumulative particle volume distribution, dimensionless

Standard deviation of the log-normal distribution

© ISO 2016 - All rights reserved
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Mixing ratio of the bimodal particle size distribution
American Society of Heating Refrigeration and Air Conditioning Engineers

European Committee for Standardization

Technical specifications and requirements

General

The

moyinting.

The
int
con
occ

5.2

The
tem

Thd

nor

5.3

Thd
the

HoV
air
in f

testled at 0,944 m3/s. The air flow velocity associated with this air flow rate is 2,54 m/s (500

5.4

Thd
floy

5.5
Thd

filter element shall be designed or marked for air flow direction in a way that preveént

filter shall be designed in a way that no leaks occur along the sealing edge when'correct
he ventilation duct. If, for any reason, dimensions do not allow testing of a filter under st:
ditions, assembly of two or more filters of the same type or model are permiitted, provid
ir in the resulting filter configuration.

Material

filter element shall be made of suitable material to withstand normal usage and exposuf
peratures, humidities and corrosive environments that arfe likely to be encountered.

filter element shall be designed to withstand mechanical constraints that are likely to od
mal use.

Nominal air flow rate

filter element shall be tested at its nominal air flow rate for which the filter has been d
manufacturer.

vever, many national and associatioh bodies use 0,944 m3/s (2 000 ft3/min or 3400 m3/h)
[low for classification or rating of“air filters that are nominal 610 mm x 610 mm (24 inch
hce area. Therefore, if the manhufacturer does not specify a nominal air flow rate, the fil

Resistance to air-flow

resistance todair’flow (pressure differential) across the filter element is recorded at {
U rate as deseribed in detail in [SO 16890-2.

Fractional efficiency curves (particle size efficiency spectrum)

S incorrect

y mounted
indard test
bd no leaks

es to those

cur during

esigned by

as nominal
x 24 inch)
er shall be
ft/min).

he test air

initial fractional efficiency curve, E;, of the unloaded and unconditioned filter element ag

a function

oft

€ particle size Is measured at the test alr I'Tow rate In accordance with 1SU 1667U-4.

The fractional efficiency curve, Ep ;, of the filter element after an artificial conditioning step defined in

ISO

5.6

16890-4 is determined as a function of the particle size in accordance with ISO 16890-2.

Arrestance

The initial arrestance, the resistance to air flow versus the mass of test dust captured and the test dust
capacity are determined in accordance with ISO 16890-3 using L2 test dust as specified in ISO 15957.

©IS
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6 Test methods and procedure

The technical specifications of the test rig(s), the related test conditions, test aerosols and standard
test dust used for this part of ISO 16890 are described in detail in ISO 16890-2, ISO 16890-3 and
ISO 16890-4. The full test according to this part of ISO 16890 consists of the steps given below, which
all shall be carried out with the same filter test specimen under the same test conditions and at the
same test air flow rate:

a) measure the resistance to air flow as a function of the air flow rate according to ISO 16890-2;

b) measure the initial fractional efficiency curve, Ej, of the unloaded and unconditioned filter element

as a fupction of the particle size in accordance with ISO 16890-2;

c) carry ¢ut an artificial conditioning step in accordance with ISO 16890-4;

d) measufe the fractional efficiency curve, Ep; of the conditioned filter element as. a functiop of
the pafticle size in accordance with ISO 16890-2, which is equal to the minimumn;fractional fest
efficiency;

e) calculdte the ePM efficiencies as defined in Clause 7;

f) load the filter with synthetic L2 test dust as specified in ISO 15957 according to the procedyres

the
ISO

ped in ISO 16890-3 to determine the initial arrestance, the pesistance to air flow versus
f test dust captured and the test dust capacity (this stepdSyoptional for filters of group
ePM2,5 or ePM1).

descril
mass d
ePM10)

the
age

The initial
fractional
fractional §

fractional efficiency curve, Ej, of the untreated and unfoaded filter element (see 5.5) and|
pfficiency curves, Ep , after an artificial conditioning step are used to calculate the avey

pfficiency curve, Ey ;, using Formula (1).

0,5-(E; +Ep,) 1)

A

NOTE For further explanations on the test procedure according to ISO 16890-4, please refer to 8.2.

The proceglure described in ISO 16890-4 quantitatively shows the extent of the electrostatic chd
effect on the initial performance of.the filter element without dust load. It indicates the levg
efficiency ¢pbtainable with the charge)effect completely removed and with no compensating incre

rge
I of
ase

in mechan
could unde
fractional ¢
by numera
conditione
conditione
by Formul
differ sign

cal efficiency. Hence, thé fractional efficiencies, Ep; after an artificial conditioning
restimate the fractiénal efficiencies under real service conditions. Since the real mini

us uncontrolled, parameters, its real value lays unpredictably between the initial and
 value. For{good sense, in this part of I[SO 16890, the average between the initial and

um
pfficiencies encountered during service strongly depend on the operating conditions degLed

$tep

the
the

 value is-used to predict the real fractional efficiencies of a filter during service, as defi

ficantly from the ones given in this part of ISO 16890. Additionally, the chemical treat

of a filter 1
fibre matr

) edlum applled 1n ISO 16890 4 as an art1f1c1al agemg step may affect the structure of

f
h (1). Thevefore, it shall be noted that fractional efficiencies measured in real servicer:F\

ed
ay
ent
the

Hence, not all types of fllters and medla may be appllcable to the mandatory procedure descrlbed in
[SO 16890-4 and, in this case, cannot be classified according to this part of ISO 16890.

7 Classification system based on particulate matter efficiency (ePM)

7.1 Definition of a standardized particles size distribution of ambient air

To evaluate air filters according to their ePM efficiencies, standardized volume distribution functions
of the particle size are used which globally represent the average ambient air of urban and rural areas,
respectively. Typically, in the size range of interest (>0,3 pm), the particle sizes in ambient air are
bimodal distributed with a fine and coarse mode. Fine filters, mostly designed to filter out the PMy
and PM; s particle size fractions, are evaluated using a size distribution which represents urban areas,

6 © IS0 2016 - All rights reserved
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while fine filters predominantly designed to filter out the PMyq fraction are evaluated using a size
distribution which represents rural areas.

NOTE The actual particle size distribution of ambient air depends on many different factors. Hence,
depending on the location, the season of the year and the weather conditions, the actual measured particle size
distribution may differ significantly from the standardized one given in this part of ISO 16890.

This bimodal distribution is represented by combining lognormal distributions for the coarse and the
fine mode as given in Formula (3).

do d)=— "  .exp|—-_ 2
e e ;
g

g

In Hormula (2), f(d,ag,dso) represents the lognormal distribution function for erie modd, coarse or

find, where d is the variable particle size, for which the distribution is calenlated, and the standard
devjiation, ag, and the median particle size, ds, are the scaling parameters; The bimodal distribution is
der]ved as given in Formula (3) by combining the lognormal distributions for the coarse (B) and the
find (A) mode, weighted with the mixing ratio, y.

dQ(d)
q3(d)=m=y-f(d,O'gA,dSOA)+(1—y)-f(d,0'gB,d50B) (3)

wheére the parameters are defined to the values given in Table 2, representing urban and rural areas.

Taple 2 — Parameters for the distribution function as given in Formula (3) for urban pand rural

environments
urban rural
q3,(d;) A B q3,(d;) A B
d50,u 0,3 um 10 pm d50'r 0,25 pm 11 uym
Ty u 2,2 3,1 Ogr 2,2 4
Vu 0P45 Vr 0,18

Figlire 1 shows a graphical plot of Formula (3) using the parameters given in Table 2.

© IS0 2016 - All rights reserved 7
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Typical urban size distribution Typical rural size distribution
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° 10 N N ) 16 ﬁ
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Particle size (um) Particle size (um)
Key
- logarithmic distribution (this part of ISO 16890)
PR logarithmic distribution (cumulative)

Figure|l — Discrete and cumulative logarithmic particle volume distribution functions of

ambignt aerosol as typically found in urban and rural environiments (see Reference [7])

As an exanpple, Table 3 gives the values of the standardized propeoxtion by volume, g3, calculated uging

Formula (3) for the particle counter channels recommended by<[SO 16890-2.

Table 3 — Example of the standardized urban and rural particle volume distributions, g3, in
ambient air for the particle size channels recommended by ISO 16890-2
Optical particle diameter in um Discrete particle volume distribution
d; dis+1 - urban rural

d; =d;-d,, | Alnd; =In(d; , /d;) 45, (d) 45, (d,)
0,30 0,40 0,35 0,29 0,226 27 0,094 12
0,40 0,55 0,47 0,32 0,198 91 0,083 95
0,55 0,70 0,62 0,24 0,158 37 0,074 32
0,70 1,00 0,84 0,36 0,115 22 0,070 14
1,00 1,30 114 0,26 0,085 03 0,076 28
1,30 1,60 144 0,21 0,076 18 0,088 33
1,60 2,20 1,88 0,32 0,080 22 0,108 04
2,20 3,00 2,57 0,31 0,099 84 0,137 26
3,00 4,00 3,46 0,29 0,126 88 0,167 08
4,00 550 469 032 015556 016542
5,50 7,00 6,20 0,24 0,177 57 0,216 71
7,00 10,0 8,37 0,36 0,191 57 0,231 43

NOTE The differences between aerodynamic and optical particle diameters are neglected in this part of

ISO 16890. Additionally, it is assumed that the particle density is constant while in actual ambient air it may

depend on the particle size.
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7.2 Calculation of the particulate matter efficiencies (ePM)

The particulate matter efficiencies ePM1g, ePM2 5 and ePM1 are calculated from the average fractional
efficiencies Ej ;, [see Formula (1)] and the standardized particle size distribution defined in 7.1 [see

Formula (3)] by using Formula (4).

n

ePM1 = ZEA,i -q3u( Alnd / Zq3 Alnd (urban size distribution),
i=1
rfu _ -
el"MZ'5 = LbA,i . q3u (Cli ) - Aln Cli / ngu (al. ) - Aln CII. (urban size distribution},
i=1 i=1
n
ePM,, = ZEA,i -q3r( -Alnd, /Z:q3 -Alnd, (ruralsize distribution) 4)
i=1

whére (}I. =/d; -d. , isthe geometric mean diameter and Alnd, =Ind, \*Ind, =In(d, { /d,).

In Hormula (4), i is the number of the channel (size range) of the partiele counter under consideration
and| n is the number of the channel (size range) which includes the particle size, x (dn ¥ x < dn+1),
whé¢re x = 10 pm for ePMyg, x = 2,5 pm for ePM3 5 and x = 1 pm-for ePM;. For the deterrpination of
the|efficiency ePMy, the upper limit of the largest channel corisidered in Formula (4) shall be equal to
1 pm (dpn+1 = 1 pm); for ePM3 5 it shall not be larger than‘3,0 pm (dp+1 < 3,0 um). To detprmine the
effifiency, ePMj, the upper limit of the largest channel-considered in Formula (4) shall he equal to
10 jm (dp+1 = 10 pm). The lower size limit of the smallest channel of the particle counter|taken into
accpunt for the calculation of the efficiency values;@PMy shall be equal to 0,3 pm (d; = 0,8 um). The
mirfimum number of channels considered in Formula (4) shall be 3 for ePM; (n 2 3), 6 for ePM3 5 (n 2 6)
and 9 for ePM1g (n 2 9). In any case, all channelg;used shall be adjacent not missing out or dqverlapping
any|particle size in-between.

Additionally, the minimum efficiencies, @PM3 5 min and ePMq, nin are defined by Formula (5)
n
ePM, = D Ep; - qy, (d) Alnd, / qu -Alnd, (5)
i=1 i=1
7.3| Classification

Thdq initial arrestanee* and the three efficiency values ePM1, ePM; 5 and ePM1p and thg minimum
effifiency valuessePM1, min and ePMz 5 min shall be used to classify a filter in one of the fpur groups
given in Table 4,

Table 4 — Filter groups

Requirement i
Grd tesienation q Class reporting

ePM1, min ePM3 5, min ePM1g value

ISO Coarse — — <50 % Initial grav.

arrestance
ISO ePM10 — — >50 % ePMqo
ISO ePM2,5 — >50 % — ePMy 5
ISO ePM1 >50 % — — ePM1

The filter classes are reported as class reporting value in conjunction with the group designation. For
the reporting of the ePM classes, the class reporting values shall be rounded downwards to the nearest
multiple of 5 % points. Values larger than 95 % are reported as “>95 %". Examples of reporting classes
are [SO Coarse 60 %, ISO ePM10 60 %, ISO ePM2,5 80 %, ISO ePM1 85 % or ISO ePM1 >95 %. Except for
filters of the group ISO Coarse, the dust loading in accordance to ISO 16890-3 and the measurement of
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the initial arrestance is optional. ISO coarse filters can be classified only based on the initial arrestance
and, hence, in this case, the measurement of the ePMy efficiency values is optional.

NOTE When the test is carried out on a test rig which was originally designed to perform tests according to
the EN 779:2012 only using an aerosol consisting of untreated and undiluted DEHS or an equivalent liquid test
aerosol for the size range from 0,3 pm to 1 pm, for an ISO ePM1 dust filter (ePM1, min =2 50%), it is allowable only
to report the efficiencies ePM1, min and ePM1 and, in this case, only to use these two values to determine the filter
group and class.

Based on the test results and Table 4, filters could be assigned to two or more filter groups. For example,
a filter classified as ISO ePM1 85 % could also be classified as ISO ePM10 95 %. However, according
to this par i ifred T v fsjone
classificatipn shall be shown on the filter’s label. Nevertheless, in a full summary report, all fivelePMy
efficiency yalues shall be reported, namely the three efficiency values ePM1, ePM3 5 and ePMqgand|the
minimum ¢fficiency values ePM1, min and ePM3 5, min. The reporting of the initial arrestancge‘is/optignal,
except for [SO Coarse filters, where this value determines the filter class and, hence, its reporti
mandatoryf. The efficiency comparison of different filters shall be done only within thé-same ISO group,
e.g. comparing ePM of filter A with ePM1 of filter B.

8 Reporting

8.1 General

Data given|in the summary report are based on the data and testreports generated from ISO 16890-2,
ISO 1689043 and/or ISO 16890-4 and the data analyses and classification defined in 7.3. At a minimum,
the summgry test report shall include a description of the tést method(s) and any deviations frorm it.
The summpry report shall include the following:

10 © IS0 2016 - All rights reserved
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type of filter;

the number of this part of ISO 16890;
test number;

test aerosol;

test air flow rate;

summary of the results;

Tes

measured initial fractional efficiency curve as a function of the particle size fromea
according to ISO 16890-2;

measured fractional efficiency curve as a function of the particle size from a test.fepor
to ISO 16890-2 after an artificial ageing step according to ISO 16890-4;

calculated average fractional efficiency curve as a function of the particlé-size according
of ISO 16890;

calculation of the efficiency values ePM1, ePMz 5, ePM1p and ofthe minimum efficie
ePM1, min and ePM2 5 min;

data and results of air flow rate and pressure differentialdnigasurements;
data and results of dust loading measurements (optional).

- results shall be reported using the summary report format used in this part of ISO

As
fing
use

8.2

ADb
issy

in option, the dust loading curve, test dust capacity and arrestance can be reported fo
d in order to convert the nearest measured values to the specified final test pressure dif

Interpretation of test reports

rief digest shall be included in the test reports. The text given below shall be include
ed report and shall bea-one-page addition filling about half the page:

test report

F according

fo this part

ncy values

16890 (see

Figlires 2 to 4, which comprise the complete summary report and are examples of acceptable forms).
Exgtt formats are not requested, but the report shall include the items shown.

r specified

| test pressure differentials as defined in ISO 16890-3. Linear interpolation or extrapolatjion may be

erential.

d after the

Th

Th
cha
Iti
(fo

Air

e interpretatiofrof test reports

rged filters; is provided for those unfamiliar with the procedures of this series of ISO sta
b intendedto assist in understanding and interpreting the results in the test report/sumi
" further details of procedures, the full ISO 16890 document series shall be consulted).

s brief review-of the test procedures, including those for addressing the testing of electrgstatic

ndards.
mary

filters may rely on the effects of passive static electric charges on the fibres to achieve h

gh

eff

me

ciencies, particularly 1n the initial stages or thelr working life. Environmental Tactors

encountered in service may affect the action of these electric charges so that the initial efficiency
may drop substantially after an initial period of service. This could be offset or countered by an
increase in efficiency (“mechanical efficiency”) as dust deposits build up. The reported, untreated
and conditioned (discharged) efficiency shows the extent of the electrical charge effect on initial
performance and indicates the potential loss of particle removal efficiency when the charge effect
is completely removed and when, at the same time, there is no compensating increase of the

chanical efficiency. These test results should not be assumed to represent the filter

performance in all possible environmental conditions or to represent all possible
“real-life” behaviour.
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8.3 Summary

The one page summary section of the performance report (see Figure 2) shall include the following
information:

a) general:

b)

d)

12

1) testing organization including name, location and contact information;

2) report number;

3) da
4) n
5) te

6) date when and how the tested device (filter) was obtained;

manufpcturer’s data of the tested device:

1) manufacturer’s name (or name of the marketing organizationif different from
manufacturer);

2) brhnd and model name or number as marked on the tested device (full identification of]
tested device);

3) physical description of construction (e.g. pocket filter, nuiber of pockets);

4) dimensions (width, height, depth);

5) type of medium - if possible or available, the féllowing shall be described:
i) | identification code (e.g. glass fibre type’ABC123, inorganic fibre type 123ABC);
ii)| net effective filtering area as determined by the testing organisation;

6) additional information if needed;

7) aphoto of the actual test device is highly recommended, but not required;

test data:

1) testair flow rate;

taofthe reanaort:
2 T e-HEe PO
e of report supervisor;

t(s) requested by;

2) n

3) number ofthe attached test report according to ISO 16890-4;

4) number of the attached test report according to ISO 16890-3;

mber of the.dttached test report according to ISO 16890-2;

results:

1) initial and final test pressure differential;

2) efficiency values ePM1, ePM3 5 and ePMjy, including uncertainties;

3) minimum efficiencies ePM1, min and ePM3 5, min, including uncertainties;

the

the

4) initial and average arrestance (optional for filters of group ISO ePM10, ISO ePM2,5 or ISO ePM1);

5) testdust capacity (optional);
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6) ISO filter class including test conditions in parentheses, if test air flow rate is non-standard;
e) performance curves:

1) fractional efficiency versus particle size for the unloaded and untreated filter element resulting
from the attached report to ISO 16890-2, and for the filter element after an artificial ageing
step resulting from the attached report to ISO 16890-4 and the average fractional efficiency
according to this part of ISO 16890;

2) pressure differential versus test dust captured (optional);

ISO 16890-3 (optional). The curve shall be drawn through arrestance values,plo
mid-point of their associated weight increments;
f) |concluding statement:

1) the results of this test relate only to the test device in the condition stated Herein. The
performance results cannot by themselves be quantitatively applied to predicf filtration
performance in all “real-life” environments.

In the summary report, the results shall be rounded to the nearest integer.

Efficiency values and the calculation of the ePM; efficiencies shall be attached to the summary report as
shojn in Figures 3 and 4.
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Testing organisation:
ISO 16890 - Air Filter Test Results X;g‘;gs
Phone
GENERAL
Report no.: Date of report: yyyy-mm-dd
Supervisor: Device obtained (when and how obtained)
Test(s) requested by:
DEVICE TESTED
Model: Manufacturer: Construction:
mm x mm x mm
TEST DATA AND ATTACHED TEST REPORTS
Test air flow rate: Test report to ISO 16890-2 Report ne.
3 Test report to ISO 16890-3 (optional) Report no.
m/s Test report to ISO 16890-4 Report no.
RESULTS
Initial prg¢ssure differential: Initial arrestance: ePM1, min ePM35 min ISO rating
Pa % % %
: : : : 0
Final test|pressure differential: | Test dust capacity: ePMy ePM; 5 ePM ISO ePM__ _%
Ph / Pa / Pa g/ g/ g % % %
Remarks
~ 100 Curve 1
X o .
S 9 Initial fractional
B 80 efficiency E;
E 70 (ISO 16890-2)
E 60 Curve 2
5 %0 Conditioned fractional
= 40 efficiency Ep;
g (ISO 16890-4)
E 20 Curve 3
« 10 .
= Average fractional
l 0 1 10 100 efficiency Ea;
' g ™ (ISO 16890-1)
Particle size (um)
Test dust captured (g)
Curve 4
0 100 200 300 400’ 500 600 700 800 900 1000 1100 1200 1300 X .
™ 504 100 Pressure differential as
& o a function of the air flow
— = rate (clean filter)
-f_.;“ 40 &0 g (15016890-2)
E 30d 60 g Curve 5
é 2 Pressure differential as
= 20 4 - afunction of the test
e § dust captured (optional
a 10 20 (IS0 16890-3)
4 Curve 6
& 0 0 A
rrestance as a
0,00 0,25 0,50 0,75 1,00 125 function of the test dust
. captured (optional)
Air flow rate (m3/s) (ISO 16890-3)
NOTE The results of this test relate only to the test device in the condition stated herein. The performance results
cannot by themselves be quantitatively applied to predict filtration performance in all "real life" environments.

Figure 2 — Summary section of performance report
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ISO 16890 — Fractional efficiency values
Testing organization: Reportno.:
Model: Manufacturer:
Test air flow rate: m3/s Date of report: yyyy-mm-dd
1. d; divg d, Aln d E; Ep, En,
um um um pm % % %
1
A
§
4
J
b
7
8
D
10
11
Key
d; lower limit particle diameter in a size range i, um

di+1 lower limit particle diameter in a size range i, um
d geometric mean diameter of a size range i, uin

Aln f; logarithmic width of a particle diameter'size range i; In is the natural logarithm to the base of e [where e is

an irrational and transcendental constant approximately equal to 2,718 281 828, dimensionles
Aln d; = In (dj+1/d))

Ej initial fractional efficiency of.particle size range i of the untreated and unloaded filter element, $o
Ep,| fractional efficiency of particle size range i of the filter element after an artificial conditioning sfep, %
Epji| average fractional efficiency (E; + Ep,i)/2 of particle size range i, %

Figure 3 — Efficiency value reporting
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ISO 16890 - Calculation of PM-efficiencies
Testing organisation: Report no.:
Model: Manufacturer:
Test air flow rate: m3/s Date of report: yyyy-mm-dd
; di Alnd, dis?;tl;ir;ion 434 (d_z) Ep, i q3, (d;) Epit a3, (d,) ePMy min ePMy
pm Gs, (d)) -Aln d, -Alnd, -Aln d, % %
1
2
3
4 ePM i ePM1{
Y line 1-4
5
6
7
8 ePMy 5, min | €PM2)s
Y line 1-8
i d, Aln d; distrruilr)iltion s, (d;) Epi- 430 (d}) ePM
pm Gs, (d)) -Aln d, -Aln d, %
1
2
3
4
5
6
7
8
9
10
11
12 ePMyo
X line 1-12

Figure 4 — Reporting of calculation of the efficiency values, ePMy
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Annex A
(informative)

Shedding from filters

A.1—Shedding
A.1.1 General

The term “shedding” comprises three separate aspects of filter behaviour: re-entrainment df particles,
particle bounce and release of fibres or particulate matter from the filter matetial. Some or pll of these
phenomena are likely to occur to some extent during the life cycle of an installed filter, espedially in dry
wedther conditions.

Litgrature about shedding and its effect on filter performances can befound in References [18] and [20]
to [R5].

A.1l2 Re-entrainment of particles

As fthe quantity of the arrested dust on the filter increases, the following effects may |ead to re-
entrainment of already captured particles into the air stream:

— |an incoming particle may impact on a captured particle and re-entrain it into the air stream;

— |the air velocity in the channels through the medium increases because of the space ofccupied by
captured particles. Furthermore, the filter medium may become compressed by thd increased
resistance to airflow, thereby causing a further increase in velocity in the air channels. The
consequent increased fluid drag én-deposited particles may re-entrain some of them;

— | movements of the filter medium during operation cause re-arrangement of dust in the filfer medium
structure. This leads to afiiihmediate re-entrainment of dust. Filter medium movemgnts can be
caused by a variety of cireumstances, such as:

a) normal air flow'through the filter;
b) periodic (e:g-daily) start/stop operation of the air conditioning plant;
c) varyingair flow rates, caused by air flow control;

d) ntechanical vibration, caused by the fan or other equipment.

Re-putrainment of particles may be measured and quantified (see References [1], [4], [25] arld [26]).

This effect is more pronounced for low efficiency filters than for high efficiency filters (see References
[25] and [26]).

A.1.3 Particle bounce

In an ideal filtration process, each particle would be permanently arrested at the first collision with a
filtering surface such as a fibre, or with an already captured particle. For small particles and low air
velocities, the energy of adhesion greatly exceeds the kinetic energy of the airborne particle in the air
stream, and once captured, such particles are very unlikely to be dislodged from the filter. As particle
size and air velocity increase, the kinetic energy of particles increases and, hence, larger particles
may “bounce” off a fibre. As a result, they normally lose enough energy to be captured in a subsequent
collision with a fibre. However, if no contact with a fibre follows, the particle is shed, i.e. discharged
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from the filter, which results in a corresponding reduction of efficiency for particles of this size range
(see References [5] and [6]).

Therefore, as described in ISO 16890-2, to quantify this effect and to consider it in the efficiency
measurement, for particles larger than 3 pm, solid KCI particles shall be used as a test aerosol. Using a
liquid aerosol, the particle bounce effect cannot be measured at all.

The particle bounce effect is more pronounced for low efficiency filters than for high efficiency filters.

A.1.4 Release of fibres or particulate matter from filter material

Some filter
from the
especially
be emitted
fibre struc
the filter d
the filter. I
is normally
by typical

A.2 Test

Users sho
the user’s
such meas
to measurg
generates 1

The arrest
shedding &
arrestance
that shedd

The efficie
normally n
(DEHS) ae

Membrane
occurrence

|
l;I»oint of view, it would be advantageous to detect any:shedding behaviour of a filter. Howe

bsign materials (e.g. the binder which holds fibres together), throughout the @perating li
should be noted, however, that the quantity of fibres or particulate matter shed in this

' negligible in comparison with the total amount of dust penetrating-through a filter loa
environmental dust burden (see References [9] and [10]).

ing of shedding effects
d be aware of the possibility of filters exhibiting shedding behaviour in practical use. F

irements are not that easy to perform. Different attempts have been made in recent y¢

eproducible and repeatable test results.

hnce measurements for low efficiency filters prescribed in this part of ISO 16890 reflect]
ffects described above (see A.1) only, partly, if at all. However, any drop in the value of
or resistance during the course of afilter loading test should be taken as a serious indica
ng may have occurred.

one of the above describéd)shedding effects, as the aerosol used for these filters is a lid
osol.

of this type of shedding, but such a method is not defined here.

media either contain and/or generate loose fibres, or particulate matter might be emitted
ilter’s design materials or the filter medium (e.g. binder, etc). During filter operatfion,
n turbulent air flow or during variable air flow or start-stop operation, these materials|can
into the air stream. The extent of such shedding depends on the integrity ofithe medjum
fure and its rigidity and stability in the face of varying air velocities, as well as the stabilitfy of

e of
vay
ded

fom
ver,
bars

e shedding quantitatively, but up to now it hasnoet been possible to define a method which

the
the
fion

ncy/particle size results forigher efficiency filters provided in this part of ISO 16890 refllect

juid

sampling downstream of filters and microscopic analyses of the membranes could deternpine

18
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In this example, measurement results and the calculation and classification method is shown for a

syn

hetic-pocketfitter{HitterAY-classified E/to-ENA79-and- MERV-A14-to- ASHRAE-52-2

ePM

TreTT

efficiencies have been calculated by using the MS Excel file included in this part of

(htip://standards.iso.org/iso/16890/-1/).

Table B.1 — Example filter data for the fractional efficiency values-of Filter 4

ISO 16890

\

d; di+1 671. Aln d; Ej Ep,i Ep,i
um um pm % % %
0,3 0,5 0,39 0,51 66,0 37,0 51,5
y 0,5 0,7 0,59 0,34 78,0 49,0 63,5
1 0,7 1,0 0,84 0,36 86,3 59,0 72,7
4 1,0 1,3 1,14 0,26 92,0 68,0 80,0
k 1,3 1,6 1,44 0,21 95,0 75,0 85,0
q 1,6 2,2 1,88 0,32 96,9 83,0 90,0
T 2,2 3,0 2,57 0,31 98,4 91,0 94,7
8 3,0 4,0 3,46 0,29 99,7 96,5 98,1
q 4,0 5,5 4,69 0,32 100 98,6 99,3
5,5 7,0 6,20 0,24 100 100 100
7,0 10,0 8,37 0,36 100 100 100

© ISO 2016 - All rights reserved
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Key
X  particlq size (upm)
Y fractional efficiency (%)

FigureB.1 — Example filter data for the fractional efficiency values of Filter A plotted as ¢
function of the particle size (particle size efficiency spectra)

Table B.2 — Example for the calculation of ePM efficiencies for Filter A

i ai Aln d urba_n q3, (d;) Ep; d3,(d;) | Ep;d3,(d;) | ePMymin | ePM
um d3.(d;) | -Alnd; ‘Alnd, ‘Alnd, % %

1| 039 | 051 [021917 | 6,211960 0,041 425 0,057 659

2 | 059 | 0,34 | 0,165 680,055 745 0,027 315 0,035 398

3 | 084 | 036 |011522°] 0,041097 0,024 247 0,029 857 ePMy min | ePMy

T line1-3| 0,208 802 0,092 988 0,122 915 45 59| |

4 | 1,14 | 0,26 J Q08503 | 0,022 309 0,015 170 0,017 847

5 | 1,44 | 0,24170,07618 | 0,015 817 0,011 863 0,013 445

6 | 1,89 | 4,32 | 008022 | 0,025546 0,021 203 0,022 978

7 | 2,51.020.31 |0,09984 | 0.030966 0,028 179 0029324 | ePM> 5 min| ePMis

Tline 1-7| 0,303 440 0,169 403 0,206 510 56 68

7 | 2,57 | 0,31 |0,09984 | 0,030966 0,028 179 0,029324  |ePMz5, min| ePMzs

1 | 039 | 0,51 | 0,09088 | 0,046422 0,023 908

2 | 059 | 0,34 | 0,07571 | 0,025 474 0,016 176

3 | 084 | 036 |007014 | 0,025016 0,018 174

4 | 1,14 | 0,26 | 0,07628 | 0,020013 0,016 011

5 | 1,44 | 0,21 | 0,08833 | 0,018340 0,015 589

6 | 1,88 | 0,32 | 0,10804 | 0,034406 0,030 949

7 | 257 | 0,31 | 0,13726 | 0,042573 0,040 316

8 | 346 | 0,29 | 0,16708 | 0,048 067 0,047 154
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i urban q q q
L _ d3, (d;) Epi -z, (dy) | Ep;-d3,(d;) | ePMymin | ePMy
1
pm d3,(d;) | -Alnd, ‘Alnd, ‘Alnd, % %
9 4,69 | 0,32 | 0,19542 0,062 233 0,061 798
10 | 6,20 | 0,24 | 0,21671 0,052 261 0,052 261
11 | 8,37 0,36 | 0,23143 0,082 545 0,082 545 ePMqo
Y line 1-11 0,457351 0,404 879 89
NOTE The data above are rounded. Since for the data calculation the actual formulae havejbeen used with
morfe digits than given above, there might be some rounding differences when recalculating‘the dgta with the
valyes given above.
In the example above, the filter is rated according to Table 4 as ISO ePM2,5 65 %;
Anqther example is the one of a glass-fibre paper based rigid filter (Filter B) ¢lassified F9 to EN 779 and
MERV-A 15 to ASHRAE 52.2.
Table B.3 — Example filter data for the fractional efficiency values of Filter B
di di d. E; Ep,i Eai
i i+1 i Aln di i D,i Al
in um in um in pm % %
0,3 0,5 0,39 0,51 82,0 79,0 80,5
y 0,5 0,7 0,59 0,34 90,0 88,0 89,0
] 0,7 1,0 0,84 0,36 94,3 93,0 93,7
4 1,0 1,3 1,14 0,26 96,7 96,0 96,4
k 1,3 1,6 1,44 0,21 98,2 98,0 98,1
¢ 1,6 2,2 1,88 0,32 98,8 98,5 98,7
1 2,2 3,0 2,57 0,31 98,9 98,7 98,8
8 3,0 4,0 3,46 0,29 99,2 99,0 99,1
q 4,0 55 4,69 0,32 99,7 99,6 99,7
5,5 7,0 6,20 0,24 100 100 100
7,0 10,0 8,37 0,36 100 100 100
Table B.4 — Example for the calculation of the ePM efficiencies for Filter B
— urban — - -
; di Alnd: distribution | q3, (dl) ED,i "3y, (dl) EAJ' 43y, (d, ) ePMy, min ePMy
i _
in pm g (d) -Alnd, -‘Alnd, -Alnd, % %
tou I
1 0,39 | 0,51 0,219 17 0,111 960 0,088 449 0,090 128
2 0,59 | 0,34 0,165 68 0,055 745 0,049 056 0,049 613
3 0,84 | 0,36 0,115 22 0,041 097 0,038 220 0,038 488 ePM1, min ePM
Y line 1-3| 0,208 802 0,175 725 0,178 229 84 85
4 1,14 0,26 0,085 03 0,022 309 0,021 417 0,021 495
5 1,44 | 0,21 0,076 18 0,015 817 0,015 501 0,015 517
6 1,88 | 0,32 0,080 22 0,025 546 0,025 163 0,025 201
7 2,57 0,31 0,099 84 0,030 966 0,030 563 0,030 594 ePM2 5 min| ePMzs
Y line 1-7| 0,303 440 0,268 368 0,271 035 88 89
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