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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 matter
electrotechnical standardization.

s of

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).

Attention i
patent righ
any patent
on the ISO

Any trade
constitute

For an ex]
expression
the World

WWW.iS0.0

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.

planation of the voluntary nature of standards, the.meaning of ISO specific terms
s related to conformity assessment, as well as information about ISO's adherence
Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT),
Fg/iso/foreword.html.

This docun
gases, in c(
CEN/TC1

cooperatio|

This secor
technically

The main g

definit

alterni

in Figt
350 m

rewordling of 6.3.1 and-removal of 6.3.3 and 6.3.4 eliminating the matching criteria and us

hent was prepared by Technical Committee dSO/TC 142, Cleaning equipment for air and o

llaboration with the European Committee for Standardization (CEN) Technical Commi

5, Cleaning equipment for air and other'gases, in accordance with the Agreement on techn
between ISO and CEN (Vienna Agreement).

)d edition cancels and replaces/the first edition (ISO 16890-2:2016), which has b
revised.

hanges are as follows:

ion of light scattering-dirborne particle counter (LSAPC) has been added in Clause 3;

ite aerosols;

re 3, thexdistance between pressure drop taps and test device (7-8), wrongly indicate
m has-been modified with “>350 mm”;

in 7.1.¢ and 8.3.3.4, a sentence has been added to specify that the D/S mixing orifice shall no

are
the
the

t of
s of
| /or

not

And
to
see

ther
[tee
ical

een

b of

] as

L be

installed during resistance to airflow measurement;

been added as common examples of aerosol particle counter;

in 7.2.5, the incorrect reference to ISO 21501-4 has been corrected with ISO 21501-1;

subclause;

template of Table 10;

Vi

in 7.2.1, aerosol particle counters (APC) and light scattering aerosol particle counter (LSAPC) have

in 10.3.2, “correlation” has been changed to “efficiency” to be consistent with the title of the

in 11.2.3, ¢), 6), iv), the word “additive” has been changed to “adhesive” to be consistent with the
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— the example of the test report in Figure A.1 has been updated to match the template report of
Table A.10.

Alist 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 most important ones are PM,y, PM; s and PM;. The United States Environmental
Protection Agency (EPA), the World Health Organization (WHO) and the European Union define PM;,
as PM which passes through a size-selective inlet with a 50 % efficiency cut-off at 10 pm aerodynamic
diameter. PM2 sand PM1 are 51m11arly defined. However, thlS deflmtlon is not precise ifthereis no further
characteriza A e a e ed sepa

In Europe, [the reference method for the samplmg and measurement of PM10 is described in EN 12
The measurement principle is based on the collection on a filter of the PM; fraction of ambient PM
the gravimletric mass determination (see Reference [10]).

As the precise definition of PMy), PM, s and PM; is quite complex and not easy to tneasure, py

authoritiey,
increasing
less or equ
have a sign
this simpli

PMinthec
particles) s
to particle

used in thg 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 efficiencies, ePM
Efficiency Size range, pm
ePM,, 0,3 <x<10
ePM, ¢ 0,3<x<2,5
ePM; 0,3<x<1

Air filters
application
and, hence
maintenan
and manufi

their parti¢

applying c
with each
industry sf
performan
ISO 16890

such as the US EPA or the German Federal Environmental Agency (Umiveltbundesa

y use in their publications the simpler denotation of PM; as being the)particle size fraci
hl to 10 um. Since this deviation to the above-mentioned complex “official” definition does|

ificant impact on a filter element’s particle removal efficiency, thedS0"16890 series refer]
fied definition of PMy,, PM, s and PM;.

pntext of the ISO 16890 series describes a size fraction of thefiatural aerosol (liquid and s
uspended in ambient air. The symbol ePM, describes the efficiency of an air cleaning de
b with an optical diameter between 0,3 pm and x um. The following particle size ranges

s to

olid
Vice
are

for general ventilation are® widely used in heating, ventilation and air-conditiofing

s of buildings. In this application, air filters significantly influence the indoor air qu3
the health of people,-by-reducing the concentration of PM. To enable design engineers
ce personnel to cheose the correct filter types, there is an interest from international tr

lity
and
ade

hcturing for a well-déefined, common method of testing and classifying air filters accordinlg to

le efficiencies; especially with respect to the removal of PM. Current regional standards
pmpletely different testing and classification methods, which do not allow any compar
other, and( thus hinder global trade with common products. Additionally, the cur
andards:have known limitations by generating results which often are far away from f
ce in\service, i.e. overstating the particle removal efficiency of many products. With

are
son
fent
lter
the

séries, a completely new approach for a classification system is adopted, which gives be

tter

and more

neaningfut Tesutts compared to the existing 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 ePM,, ePM, 5 and ePM,,. 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 pm to 10 um of the unloaded and unconditioned filter element as per the procedures defined in this
document. After the initial particulate removal efficiency testing, the air filter element is conditioned
according to the procedures defined in ISO 16890-4 and the particulate removal efficiency is repeated

viil © IS0 2022 - All rights reserved
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on the conditioned filter element. This is done to provide information about the intensity of 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 are always 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
effifiency in the size range of 0,3 pm to 10 um when electrostatic removal mechanism is@n important
factor to consider, for example ISO 29461.

The performance results obtained in accordance with the ISO 16890 series cannot,by themselves be
quantitatively applied to predict performance in service with regard to efficiency and lifetinpe.

© 1S0 2022 - All rights reserved ix
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Scope

5 document specifies the aerosol production, the test equipment and the test“imethod
isuring fractional efficiency and air flow resistance of air filters for general ¥entilation.

intended to be used in conjunction with ISO 16890-1, ISO 16890-3 and1SO 16890-4.

test method described in this document is applicable for airCflow rates between

area of 610 mm x 610 mm (24.0 inches x 24.0 inches).

5 document refers to particulate air filter elements for gefieral ventilation having an ePM
than or equal to 99 % and an ePM, , efficiency greaterithan 20 % when tested as per the |
ned within the ISO 16890 series.

E The lower limit for this test procedure is setat'a minimum ePM; efficiency of 20 % sin
cult for a test filter element below this level to meet the statistical validity requirements of this

5 document is not applicable to filter elements used in portable room-air cleaners.

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

5167-1, Measureméntof fluid flow by means of pressure differential devices inserted in cir
ion conduits running full — Part 1: General principles and requirements

21501-1, Determination of particle size distribution — Single particle light interaction meth
ght scattexing aerosol spectrometer

29463-1, High efficiency filters and filter media for removing particles from air — Part 1: Cld
formance, testing and marking

s used for

0,25 m3/s

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

| efficiency
brocedures

ce it is very
rocedure.

Pir content
pplies. For
[s) applies.

ular cross-

ods — Part

ssification,

3

For

Terms and definitions

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

ISO and [EC maintain terminology databases for use in standardization at the following addresses:

©IS

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

IEC Electropedia: available at https://www.electropedia.org/
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3.1 Air flow and resistance

3.11

air flow rate
volume of air flowing through the filter per unit time

[SOURCE: 1
3.1.2

S0 29464:2017, 3.1.24]

resistance to airflow
difference in absolute (static) pressure between two points in an airflow system at specified conditions,

especially

[SOURCE:
across the

3.2 Test
3.2.1

test device

filter elemé
[SOURCE: I

3.2.2
filter eleni
structure

[SOURCE: ]

3.2.3
upstream
u/s

area or reg

[SOURCE: I
3.2.4

when measured across the filter element (3.2.2)

SO 29464:2017, 3.1.36, modified — “at specified conditions, especially when medsy
filter element (3.2.2)” has been added.]

device

Int (3.2.2) being subjected to performance testing
SO 29464:2017, 3.1.38]

ent
hade of the filtering material, its supports and its interfaces with the filter housing

SO 29464:2017, 3.2.77]

ion from which fluid flows as it enters the test device (3.2.1)

SO 29464:2017, 3.1.39]

downstre
D/S

m

area or region into which fluid flows on leaving the test device (3.2.1)

[SOURCE: ISO 29464:2017°3.1.11]

3.3 Aero¢sol

3.3.1

liquid phaseaerosot
liquid particles suspended in a gas

[SOURCE: I

3.3.2
solid phas

SO 29464:2017, 3.2.2]

e aerosol

solid particles suspended in a gas

[SOURCE: I

S0 29464:2017, 3.2.8]

red
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3.3.3
reference aerosol
defined approved aerosol for test measurement within a specific size range

[SOURCE: ISO 29464:2017, 3.2.7]

3.4 Particle counter

3.4.1
particle counter

devicefordetecting and counting numbers of discrete airborne particles presentin-a-samuple of air
=] =] T i T

[SOPURCE: ISO 29464:2017, 3.2.114]

3.4{2
optical particle counter
OPC
particle counter (3.4.1) which functions by illuminating airborne particle§)in a sample flow of air,
conperting the scattered light impulses to electrical impulse data capable-of analysis to provjide data on
the[number of particles in multiple size intervals

Note 1 to entry: See ISO 21501-1.

[SOPRCE: ISO 29464:2017, 3.2.119, modified — “particle pepulation and size distribution’ has been
replaced for clarity with “the number of particles in multiple‘size intervals”.]

3.4]3
sampling air flow
volumetric flow rate through the instrument

3.444
parjticle size
p
geometric diameter (equivalent spherical, optical or aerodynamic, depending on cont¢xt) of the
particles of an aerosol

[SOPURCE: ISO 29464:2017, 3.2:133]

3.4{5
pariticle size distribution
prepentation, in theZform of tables, numbers or graphs, of the experimental results obtdined using
a mlethod or an dpparatus capable of measuring the equivalent diameter of particles in a sample or
cappble of giving the proportion of particles for which the equivalent diameter lies betwden defined
lim{ts

[SOPRGEYISO 29464:2017, 3.2.135]

3.4le
isokinetic sampling

technique for air sampling such that the probe inlet air velocity is the same as the velocity of the air
surrounding the sampling point

[SOURCE: ISO 29464:2017, 3.2.105]

3.5 Efficiency

3.51
efficiency
fraction or percentage of a challenge contaminant that is removed by a test device (3.2.1)

[SOURCE: ISO 29464:2017, 3.1.12]

©1S0 2022 - All rights reserved 3
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3.5.2
fractional efficiency
ability of an air cleaning device to remove particles of a specific size or size range

Note 1 to entry: The efficiency plotted as a function of particle size gives the particle size efficiency spectrum.

[SOURCE: ISO 29464:2017, 3.2.59]

3.5.3

penetration

P

ratio of cqntaminant concentration downstream
(challenge) concentration

Note 1 to enftry: Penetration is sometimes expressed as a percentage.
Note 2 to enftry: Penetration is related to efficiency (E) by the expression: E = (1 - P) x 100 %.
[SOURCE: ISO 29464:2017, 3.1.34]

3.5.4
correlatiop ratio

calculation of any potential bias between the upstream (3.2.3) and downstream (3.2.4) sampling syst

[SOURCE: ISO 29464:2017, 3.2.33]

3.6 Othe¢r terms

filters wit
[SO 2946311

performance complying with requirements of filter class ISO 35 H to ISO 45 H as

Note 1 to eptry: Reference particle filters are(laboratory tested for removal efficiency by particle size an
resistance tp air flow.

[SOURCE: ISO 29464:2017, 3.2.84]

3.6.2
reference ffilter

primary dg¢vice possessing.décurately known parameters used as a standard for calibrating second
devices

[SOURCE: SO 29464:2017, 3.1.35, modified — Note 1 to entry has been deleted.]

PN S

per

] /or

ary

4 Symbols and abbreviated terms

4.1 Symbols

R, current radioactivity of the source

R, radioactivity of the source at date of manufacturer
t time (years)

tos half-life time (years)

C. coefficient of variation

4 © IS0 2022 - All rights reserved
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ze, p

ticle size, p
h

ticle size, p

size, p

1) standard deviation of the data points

m mean value of the data points

Ueip upstream correlation count for sample i, and particle size, p

Dgip downstream correlation count for sample i, and particle size, p

Ugp,p Upfp upstream beginning or final background average count at a specific particle si
Dgp Dy downstream beginning or final background average count at a specific particle size, p
Dg, downstream background average count for efficiency sample, i, and for particle size, p
Dg{, downstream background average count for correlation sample, i, and-for“particle size, p
By, il Bt ip measured beginning or final upstream background count for sample; i, and par
dp, pt d measured beginning or final downstream background count'for particle size,
Ugj Ugcs  upstream background average count for efficiency or correlation ata specific pai
N;, measured upstream efficiency count for sample, iyzand particle size, p

Uip upstream efficiency average for sample, i, and‘for’particle size, p

Uodp sum of the upstream particle counts for particle size, p

D;, downstream efficiency average for sample, i, and for particle size, p

Ri’p correlation ratio for sample, i, and“for particle size, p

}_ep correlation ratio at a specific\particle size, p

N number of samples

€cp 95 % uncertainty.of the correlation value at a specific particle size, p

S, student’s t distribution variable

v numberof/degrees of freedom for student’s ¢ distribution variable

_Icl p lower/confidence limit of the correlation ratio at a specific particle size, p

Euc . upper confidence limit of the correlation ratio at a specific particle size, p

Sc.p standard deviation of the correlation value at a specific particle size, p

Ue tor,p SUT of The UpStrean particies sampied during corretation ata specific partict
Ugip correlation particles sampled for sample, i, and for particle size, p

p particle size

P penetration or the fraction of particulate that penetrates the test device

_0‘p observed penetration at a specific particle size, p

Fp final penetration at a specific particle size, p

Ecl'p lower confidence limit of the penetration at a specific particle size, p

© IS0 2022 - All rights reserved
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upper confidence limit of the penetration at a specific particle size, p

e, 95 % uncertainty of the penetration value at a specific particle size, p

6, standard deviation of the penetration value at a specific particle size, p

e; static or dynamic uncertainty

Utor,p sum of the upstream particles sampled during penetration at a specific particle size, p
E, fractional efficiency at a specific particle size, p

4.2 Abbreviated terms

ASHRAE American Society of Heating Refrigeration and Air Conditioning Engineers

CL concentration limit

DEHS (DiEthylHexylSebacate)

KCl potassium chloride solid phase aerosol

NIST National Institute of Standards and Technology
PSL polystyrene latex spheres

RH relative humidity, %

TR testrig

5 General test requirements

5.1 Testjdevice requirements

The test dgvice shall be designed so thatwhen correctly mounted in the ventilation test rig, no air/dlust
leaks occur around the exterior test device frame and the test rig sealing surfaces. The test device shall
be designef or marked so as to prevent incorrect mounting.

The complete test device (filter and frame) shall be made of material suitable to withstand norjmal
usage and [exposure to the Tange of temperature, humidity and corrosive environments likely t¢ be
encountergd in service'

The complpte test device shall be designed so as to withstand mechanical constraints that are likely
to be encopntered during normal use. Dust or fibre released from the test device media by air fllow
through th test device shall not constitute a hazard or nuisance for the people (or devices) exposefd to
filtered airt

5.2 Test device installation

The test device shall be mounted in accordance with the manufacturer's recommendations and after
environmental equilibrium with the test air weighed to the nearest gram. Devices requiring external
accessories shall be operated during the test with accessories having characteristics equivalent to those
used in actual practice. The test device, including any normal mounting frame, shall be sealed into the
testrigin a manner that prevents leakage. The tightness shall be checked by visual inspection; no visible
leaks are acceptable. If for any reason dimensions do not allow testing of a test device under standard
test conditions, assembly of two or more devices of the same type or model is permitted, provided no
leaks occur in the resulting assembly. The operating conditions of such accessory equipment shall be
recorded.
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5.3 Testrig requirements

Critical dimensions and arrangements of the test apparatus are shown in Figures 1 to 4 and Figures 6, 7
and 10, and are intended to help construct a test rig to meet the performance requirements of this
document. All dimensions shown are mandatory unless otherwise indicated. Tolerances are shown
in the figures in this document. Units are in mm (inches) unless otherwise indicated. The design
of equipment not specified (including, but not limited to, blowers, valves and external piping) is
discretionary, but the equipment shall have adequate capacity to meet the performance requirements
of this document.

6 |Test materials
6.1/ Liquid phase aerosol

6.1{1 DiEthylHexylSebacate (DEHS) test aerosol

Liql:id phase aerosol of DEHS produced by a Laskin nozzle arrangement is widely used in th testing of
high efficiency filters. DEHS is the same as DES Di (2-ethylhexyl) Sebacate-or Bis (2-ethylhexy|l) Sebacate
singe the aerodynamic, geometric and light scattering sizes are close te:¢ach other when measured with
optical particle counters (OPCs). The DEHS aerosol shall be used untreated and introduced djrectly into
theltest rig.

6.12 DEHS properties

Formula Cy6Hs500, or CH3(CH,);CH(CyHE)CH,00C(CH,)gCOOCH,CH(C,H5)(CH,)3LH,
Molecular weight 426,69 g/mol

Derpsity 912 kg/m3 (57 1b/ft3)

Melting point 225K

Boiling point 505Kto 522K

Flash point >473K

Vagour pressure <1Paat293K

Reffractive index 1,452,at 600 nm wavelength

Dymamic viscosity 0,022 Pa-s (0.015 Ib/ft-s) to 0,024 Pa-s (0.016 Ib/ft-s)

CA$ Registry Number® 2- \.122-62-3

a  |CAS Registry Numbeg® is a trademark of CAS corporation. This information is given for the convenience oflusers of this
dochment and does fot)constitute an endorsement by ISO of the product named. Equivalent products may bg used if they
can|be shown to lead-0 the same results.

6.1)3 Liquid phase aerosol generation

The test aerosol shall consist of untreated and undiluted DEHS, or other liquid phase ferosols in

= | e dal L)
accordancewitir6-3:

Figure 1 gives an example of a system for generating the aerosol. It consists of a small container
with DEHS liquid and a Laskin nozzle. The aerosol is generated by feeding compressed particle-free
air through the Laskin nozzle. The atomized droplets are then directly introduced into the test rig.
The pressure and air flow to the nozzle are varied according to the test flow and the required aerosol
concentration.

NOTE For a test air flow rate of 0,944 m3/s (2 000 ft3/min), the pressure is about 17 kPa (2.5 Ib/in?),
corresponding to an air flow of about 0,39 dm3/s [1,4 m3/h, (0.82 ft3/min)] through the nozzle.

Any other generator capable of producing droplets in sufficient concentrations in the particle size range
of 0,3 um to 1,0 um can be used.
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Before testing, regulate the upstream concentration to reach steady-state and to have a concentration
below the coincidence level of the OPC.

Dimensions in millimetres

1 219
- 78

10 |

Key

1  particld-free air (pressure about 17 kPa) (2,5 Ib/in?)

2 aerosollto testrig

3 Laskin pozzle

4 liquid tpst aerosol

5 four 2 1,0 mm holes 90° apart top edge of holes and just touching the bottom of the collar
6  four @ 4,0 mm holes next to the tube in line with the @ 1,0.mm holes (key 5)

Figure 1 — Liquid phase aerosol generator

6.2 Soli¢d phase aerosol

6.2.1 Pogassium chloride (KCl) test aerosol

The KCI tept aerosol shall be pelydisperse solid-phase (dry) KCI particles generated from an aqudous
solution. Fpr example, a KCl'solution can be prepared by combining 120 g of reagent grade KCl with
11 of reagent grade distiled’ water. The solution is fed to the atomizing nozzle at around 1,2 ml/min
(0.04 0z/min) by a met€ping pump. Varying the operating air pressure of the generator and the solution
flow rate ajlows control-of the challenge aerosol concentration.

NOTE1 Reagentgrade water as defined by ASTM D1193.

NOTE 2 The120 g KCl to 11 of water shown here is an example. The actual ratio used can vary depending on
the equipmentused.

6.2.2 KCI properties

Formula KCl

Molecular weight 74,55 g/mol

Density 1984 kg/m3 (123.86 1b/ft3)
Melting point 1049K

Boiling Point 1686 K
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Solubility 347 kg/m3 at 293 K
Refractive index 1,490 at 600 nm wavelength
CAS number 7447-40-7

6.2.3 Solid phase aerosol generation

The solid phase test aerosol generator shall be as illustrated in Figure 2. The aerosol generator shall
provide a stable test aerosol of sufficient concentration over the 0,30 pm to 10 pm particle size range to

£l o 1 o i £l i atla 4 1 . o ODC
me U LT TITITITIITU LI dCT USUTL 1 C\.iull CIIITIILS Ul UIITS UUTUIIITIIU WILtIHIITUUL UVTl anullls LIIC Ul G,

The nozzle is positioned at the top of a 305 mm (12.0 inches) diameter, 1 300 mm (5%,0’inches) high
trapsparent acrylic spray tower. The tall tower serves two purposes: it allows the KCl-droplets to dry
by lroviding an approximately 40 s mean residence time and it allows larger-sized particles to fall out
of the aerosol.

The aerosol shall be brought to a Boltzmann electrostatic charge distribtition by an alpha or beta
radjation generator with an activity of at least 185 MBq (5 mCi) or a‘corona discharge ipnizer. The
corpna discharge ionizer shall have a minimum corona current of 3 pA-and shall be balanced to provide
equfal amounts of positive and negative ions.

NOTE1 A Boltzmann charge distribution is the average charge feund in ambient air. Electrostatiq charging is
an ynavoidable consequence of most aerosol generation methodsf assolid phase aerosol.

NOTE 2  The activity level of a radioactive source decreaseswith time. The source strength of 185 MBq (5 mCi)
is tHe minimum source strength at the end of the life. Thus,if the source strength is 370 MBq (10 mCil) when new,
the pource strength will be 185 MBq (5 mCi) after one half-life of decay.
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10
" '

clean, dry compressed air source

air confrol panel (rotameters with needle valve and outlet pressure.gauge)
minimym HEPA efficiency filters

atomizing air 0,5 dm3/s (1 ft3/min) nominal (adjusted speed)

spray tower 305 mm (12.0 inches) diam. 1 300 mm (54,0 inches) tall
metering pump speed 20 cm/s, KCl solution water’

1

2

3

4

5 air atorpizing nozzle
6

7

8 radioadtive neutralizer located at aerosol outlet; if used
9

coronadischarge neutralizer located in drying air supply line, if used
10 drying fir 1,9 dm3/s (0.040 ft3/min)
11 outlet tube 38 mm (1.5 inches) intetnal diameter (can be located on the bottom of the spray tower)

Figure 2 — Schematicdiagram of the solid phase aerosol particle generator system

6.3 Refdrence aerosols

6.3.1 Reference aerosol for 0,3 pum to 1,0 pm

For measuring the filtration performance from 0,3 um to 1,0 um, the liquid phase aerosol listed inl 6.1
shall be used.

6.3.2 Reference aerosol for 1,0 pm to 10,0 pm

For measuring the filtration performance from 1,0 pm to 10,0 pm, the solid phase aerosol listed in 6.2
shall be used.

6.4 Aerosol loading
Any aerosol used to test the filtration performance according to this document shall be introduced

in the filter element long enough to allow the test to be performed, but not so long as to change the
filtration performance characteristics of the tested device.
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7 Test equipment
7.1 Testrig
7.1.1 Dimensions

7.1.1.1 Cross dimensional area

ISO 16890-2:2022(E)

The test rig (see Figure ) con51sts of several square segments w1th 610 mm x 610 mm

is 1¢ cated in sectlon C and may have nommal inner dlmensmns between 610 mm (24 0]

622 mm (24.5 inches).

7.1{1.2 Length and location dimensions

Thg minimum or required dimensions for test rig section lengths and equipment locations ar

test device
hches) and

e shown in

Figlire 3.
Dimensions in millimetres
- >1830 - >2130 -
=1100 - =1100 - =1100 —— =500 ole 21400
150 2350|1000 _ 250/ 150
7 B | T b b
[ / > / ]
3 ~ A ~N A | A \:l A
) ) ) :
5 el 7 e 9100 1] 2 13 1 15

42

Key]

A |TR section — U/S inlet plenum 8 testdevice

B | TR section — U/S sampling 9  D/S test device pressure tap

C |TR section — test device 10 D/S mixing orifice (efficiency testing)

D |TRsection — D/S mixing/final filter if dust loading, D/S final filter

E |TR section — D/S sampling 11 D/S aerosol sampling head

F |TR section — airflew measurement 12 D/S HEPA filtration (if used)

1 |U/S HEPA filtration 13 example of upper air flow nozzle pregsure tap (if
used)

2 |liquid aerosol injection 14 example of air flow measurement device{location

3 |solid aerosol injection 15 example of lower air flow nozzle pregdsure tap (if
used)

4 dustinjection nozzle 2 Devices used only with dust load testing.

5 U/S mixing orifice b Air flow nozzle pressure taps shall be located

6  U/Saerosol sampling head acco'r('iing. to the Qevice manufacturer’s installation

) specification requirements.
7  U/S test device pressure tap

Figure 3 — Schematic diagram of the test rig

7.1.2 Construction materials

The test rig material shall be electrically conductive, electrically grounded, shall have a smooth interior
finish, and be sufficiently rigid to maintain its shape at the operating pressure. Smaller parts of the test

© IS0 2022 - All rights reserved
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rig can be made in glass or plastic to see the test device and equipment. Provision of windows to allow
monitoring of test progress is acceptable.

7.1.3 Testrig shape

The entry plenum and the relative location of high efficiency filters and aerosol injections are
discretionary and a bend in the test rig is optional, thereby allowing both a straight test rig and a
U-shaped test rig configuration. Except for the bend itself, all dimensions and components are the same
for the straight and U-shaped configurations. A downstream mixing baffle shall be included in the test
rig after the bend. The length of the test rig and individual sections are discretionary, but the test rig

11 o £ 1 s 1.6 3 £ ol bad s Fall Q
Shal] meet 11Ul L1IIT a}JPal altuo Huallllba\-lull CLOLO ULOLTITIUCTU ITIT UIdUoU U,

7.1.4 Teptrig air supply

7.1.4.1 Han location

The test rig can be operated either in a negative or positive pressure air flow arrangément.
NOTE Iin the case of positive pressure operation (i.e. the fan upstream of the U/S HEPA filter), the test aerjosol

and loading dust can leak into the room, while at negative pressure (i.e. the fan dewnstream of the D/S HEPA
filter) parti¢les can leak into the test rig.

7.1.4.2 Hnvironment

Room air dr recirculated air shall be used as the test air source.The temperature of the air at the ftest
device shall be (23 £ 5) °C [(73 £ 9) °F] with a relative humidity of (45 * 10) %. Exhaust flow can be
discharged outdoors, indoors, or recirculated.

NOTE The relative humidity can affect results when g@unting particles of solid phase aerosol, as shown in
ASHRAE 12B7-RP. The narrow relative humidity range is a‘result of that work.

7.1.4.3 Testrig HEPA filtration

High efficigncy HEPA filters shall be placed in the test rig airstream upstream of the test rig sectiop A.
The purpoge of this upstream filtratien\is to provide very low background particulate levels duripg a
test.

HEPA filtrdtion of the exhaust flowis recommended, but not required. An exhaust HEPA filter allowg for
the removdl of any test aerosol-that can be present in the exhaust air. If the exhaust HEPA filter is uped,
it shall be 4 minimum of 580-mm (20 inches) from the downstream sampling head.

7.1.5 Teptrigisolation

The test rig shalbbe isolated from vibration caused by the blower or other sources of vibration.

7.1.6 D/Smixingorifice

For all fractional efficiency measurements, the D/S mixing orifice shall be installed as shown in Figure 3,
downstream of the test device and upstream of the D/S sample head. The D/S mixing orifice shall not be
installed during resistance to airflow measurement. The mixing orifice is made up of an orifice plate (1)
and a perforated plate as the mixing baffle (2), as shown in Figure 4.

The mixing baffle shall be 152 mm * 2 mm (5.9 inches * 0.8 inches) in diameter and have equally sized
and spaced holes with lines in a staggered pattern to provide a 40 % open area and mounted so the
centre line is in line with the centre of the hole in the mixing orifice. The pattern of the holes shall be as
close as possible to 3,175 mm (0.125 inches) diameter holes on 4,76 mm (0.187 5 inches) centres.
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Dimensions in millimetres
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Key]
1 |orifice plate
2 |perforated plate, equally spaced holes, 40 % open area, staggered lines

Figure 4 — Mixing orifice

7.1{7 Aerosol sampling

7.1{7.1 Sample lines

The upstream and downstream sample lines (both primary and secondary, if used) shall pe made of
rigid electrically conductive and electrically grounded metallic tubing having a smooth insjde surface
and shall be rigidly secured to prevent movement during testing. The upstream and d¢wnstream
sanjple lines shall be nominally idefitical in geometry (bends and straight lengths). The portion of the
san)pling lines inside the test rig shall block less than 10 % of the test rig cross-sectional arga. The use
of a short length [50 mm (2.0-inches) maximum] of straight, flexible, electrically dissipative tubing to
malke the final connection te the OPC is acceptable.

Particle losses in the test rig, aerosol transport lines and OPC need to be minimized becausg a smaller
number of counted particles means larger statistical errors and less accurate results. The ipfluence of
particle losses on theresult is minimized if the upstream and downstream sampling losses are made as
neaf equal as possible.

NOTE The use of a short flexible connection often relieves stress that can be placed on the ihstrument’s
inlef.

711272 Campln prnhnc

Tapered sharp-edged sample probes are placed in the centre of the upstream and downstream
measuring sections. The sampling heads shall be centrally located on the line with the inlet tip facing
the inlet of the test rig parallel to the air flow. The sample probe tip diameter shall be sized to provide
isokinetic sampling within 10 % in the test rig for a test air flow rate of 0,944 m3/s (2 000 ft3/min).
Changing sample probe tip diameters to maintain isokinetic sampling in the test rig at other test air
flow rates is recommended. The sample probe diameter shall be a minimum of 6 mm (0.25 inches).

NOTE This refers to the average air velocity in the test rig and not to the local velocity dependent on the
velocity pattern.
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7.1.7.3 Sampling air flow

If the OPC has an air flow pump and the air flow can be maintained by the pump sufficient to provide
isokinetic sampling while meeting the requirements of 7.1.7.2, then the OPC pump can provide the
sample air flow rate. The upstream and downstream sample air flow rate shall each be < 2 % of the test
rig air flow rate.

7.1.7.4 Secondary sampling

The use of a primary and secondary sampling system is allowed to optimize particle transport from the

tothe OPCwwith the f‘n]]nuring conditions:

w rate through the primary sampling system shall be measured to within 5-9%"%
ptric devices.

btic sampling to within 10 % shall be maintained on both primary and secondary probes

try.

stream and downstream primary sample air flow rates shall each.bé < 2 % of the systen|
te.

The primary lines (one from the upstream location, one ffom the downstream location) d

inlet prob
a) Air fla
volum
b) Isokin
c) Theup
geome
d) Theup
flow r3
NOTE
the san
an aux

hples from the test rig and transport them to the vicinity ofthe OPC(s). The primary system
liary pump and flow metering system to operate at a higherair flow rate than the OPC(s) alone]

vith

stream and downstream secondary sampling systems shall be of equal length and equivajent

air

raw
l1Ses
can

provid¢. The higher air flow rate combined with larger diameter'sampling lines improves particle transgort.

The O

the prifnary sample lines are termed the secondary sample lines.

e) The ay

7.1.7.5 A

If an aeros
be run acc
used to low
system.

7.1.7.6 \

Three one-
the test de
of a straigh

(s) then draws a lower flow rate sample from the pritndry line. The sample lines from the OPC(]

lerosol diluters

bl concentration in the test rig exceeds the limits of the particle counting system, no test
prding to the provisions jn.this document. An aerosol dilution system (diluter) may no
rer this concentration due to the uneven particle dilution of larger particulate by the dilu

[alve requirements

way valves(See Figure 5) make it possible to sample the aerosol upstream or downstrea
/ice undeér test, or to have a “blank” suction through a HEPA filter. If used, the valves sha

5) to

xiliary pump and associated flow controhahd flow measurement devices of the prinjary
sampling lines shall be downstream of secondary probes.

can
E be
Fion

of
| be

t-throtigh design to minimize impaction or other losses in the valve. Due to possible particle
losses frorx[ the sampling system, the first measurement after a valve is switched should be ignored
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Key
1 [testdevice
2 |HEPA filter (clean air)
3 [|valve, upstream
4 |valve, clean air
5 |valve, downstream
6 |computer
7 |OPC
8 |pump

Figure 5 — Schematic diagram of the aerosol sampling system

7.1{8 Testrig air flow rate measurement

Floyv measurement shall be-made by standardized flow measuring devices in accordance with
[SO|5167-1. The uncertainty-of-measurement shall not exceed 5 % of the measured value.

7.1/9 Resistance to@ir flow measurement

Megsurements ofxesistance to air flow shall be taken between measuring points located in the test rig
walll as shown.in Figure 3. Each measuring point shall comprise four interconnected static pressure
taps (see Figure 6) equally distributed around the periphery of the test rig cross section. [Figure 6 is
shown ag ‘arr example of a static pressure tap. The static pressure tap hole shall be 2 mnj = 0,5 mm
(0.08 irichies + 0.02 inches). The complete system should pass the qualification testing in 8.2.

ences with
an accuracy of +2 Pa (0.01 inches H,0) in the range of 0 Pa to 70 Pa (0.28 inches H,0). Above 70 Pa
(0.28 inches H,0), the accuracy shall be +3 % of the measured value.
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Dimensions in millimetres

A
A

Figure 6 — Static pressure tap

7.1.10 Tept devices not measuring 610 mm x 610 mm (24.0 inches x 24.0 inches)

The test apparatus shown in Figure 3 is designed for a test device with nominal face dimension
610 mm x |610 mm (24.0 inches x 24.0 inches). Transitions in accordance with-Figure 7 shall be y
for test devices with face areas from 60 % to 150 % of the normal test rig e¢ross section area of 0,37
(4 ft2). It i$ permitted to test a bank of several devices if the face area dPan individual device is
than 60 %|of the test rig area. It is also permitted to test specially siZed test devices duplicating

structure ¢f standard units if the size requirement cannot otherwisge be met.

Dimensions in millime

Ly

|
|
|
|
(610 - W)/2,_ W (W 6101/2, Y

B i
Y A \
- w -
Key
1 testdevice dimensionssnjaller than test rig (asymmetrical dimensions are allowed)
2 test deyice dimensiofslarger than test rig (asymmetrical dimensions are allowed)

W width df transitienfor test device
L; length ¢f transition to meet angle requirement of less than or equal to 7°

Eicura 7 Trancitionc fortact davicac

s of
sed
m2
less
the

tres
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7.1.11 Dust injection testing

7.1.11.1 General

The dust injection device, U/S mixing orifice, and D/S final filter shown in Figure 3 are for use if the
test device is dust loaded as per ISO 16890-3 or any other dust loading procedure. Equipment locations
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and basic requirements are shown below. Additional specifications and requirements are detailed in
ISO 16890-3. These devices are not used for measuring particle removal efficiency in this document.

NOTE Even though this equipment is not used to measure the particle removal efficiency, the equipment is
used to measure the filter element performance as per the ISO 16890-3 test method. Listing of the equipment and
requirements are provided in ISO 16890-2 to help the user when assembling a test rig for both ISO 16890-2 and
ISO 16890-3.

7.1.11.2 Dust feeder

The dust feeder is located as shown in Figure 3 as the dust injection nozzle. Specific setup, qualification
and maintenance procedures for this equipment are listed in ISO 16890-3.

7.1{11.3 U/S mixing orifice

Forjall dustload measurements, the U/S mixing orifice shall be installed as show#iin Figure 3, upstream
of the test device and upstream of the U/S sample head. The dimensions and design shall be §he same as
shojn for the D/S mixing orifice in 7.1.6 and shown in Figure 4. If an inlet plenum is installed in the test
rig,|the orifice plate component in Figure 4 can be eliminated. The perforated plate mixing paffle shall
be installed and located as dimensioned in Figure 4.

NOTE With an inlet plenum, the air is adequately mixed and use ©f only the perforated plat¢ allows the
dust to mix with a more uniform air flow distribution providing anevén dust distribution on the fade of the test
device.

7.1{11.4 Final filter

The final filter captures any loading dust that passes through the tested test device during the dust
loadling procedure. It is installed in place of the By/S mixing orifice when loading dust. The D/S mixing
oriffice shall be replaced when dust loading is\completed and prior to any particle remova] efficiency
tesfling.

7.2| Aerosol particle counter

7.2{1 General

The aerosol particle counter shall be based on optical particle sizing and countingl (i.e. light
scattering). These instruments are commonly known as OPC spectrometers and also as optical aerosol
speftrometers, aerosolparticle counters, or light scattering airborne particle counters.

7.2)2 OPC sampled size range

Theg OPC(s)-shall count and size individual aerosol particles in the 0,3 um to 3,0 pm range for § minimum
testl data\set or 0,3 pm to 10,0 pm range for a full data set. The counting efficiency of the OPC shall be
250 %-for 0,3 um particles.

7.2.3 OPC particle size ranges

The OPC shall have a minimum of eight logarithmically spaced particle size channels for the minimum
test data set or 12 logarithmically spaced particle size channels for the full data set. There shall be a
minimum of three particle size channels in each of the following size ranges: 0,3 pm to 1,0 pm, 1,0 pm
to 3,0 um, and 3,0 um to 10,0 pm. Particle size channel boundaries shall be located at 0,3 um, 1,0 um,
3,0 pm and 10,0 pm. The recommended particle size channels boundaries are shown in Table 2.
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Table 2 — Recommended OPC(s) particle size range boundaries

N _— Geometric mean

Size Lower limit | Upper limit particle size limit
range um pm m
1 0,302 0,40 0,35
2 0,40 0,55 0,47
3 0,55 0,70 0,62
4 0,70 1,002 0,84
5) 1,004 1,50 1,14
6 1,30 1,60 1,44
7 1,60 2,20 1,88
8 2,20 3,002 2,57
9 3,002 4,00 3,46
10 4,00 5,50 4,69
11 5,50 7,00 6,20
12 7,00 10,02 8,37

a2 Required channel boundaries.

7.2.4 Sizing resolution

The sizing|resolution of the OPC shall be < 8 % (standard deviation/mean) and shall be measurefl in
accordance¢ with ISO 21501-1. The resolution shall be measuréd at a particle size in the 0,5 pm to 0,7|pm
size range.

7.2.5 Calibration

all be calibrated in accordance with:JSO 21501-1. The calibration shall be performed with
monodispdrse NIST-traceable monodisperse polystyrene spheres (PSL) and the calibration shall include
at least ong¢ particle diameter in each of the-ranges of 0,3 pum to 0,4 um, the upper most channel of|{the
range to be¢ tested (either 2,20 pm to 3,00 um for the minimum data range or 7,00 um to 10,00 und for
the full datfa set range), and at least four other sizes in between. The particle size calibration of the PPC
shall be pefformed at least annually.

7.2.6 Air flow rate

The inlet vplume air flej-rate shall not change more than 2 % with a 1 000 Pa (4.0 inches H,0) change
in the prespure of the sampled air.

7.2.7 Zefo counting

The total faes s be : 05 C is

sampling air with a high efficiency HEPA filter on the sample intake.

7.2.8 Dual OPC(s)

Dual OPC(s) (one on the upstream sample and one on the downstream sample), if used, shall be identical
models such that they are closely matched in design and sampling flow rate.

7.3 Temperature, relative humidity

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.
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8.1 Schedule of qualification testing requirements

8.1.1 General

Apparatus qualification tests shall verify quantitatively that the test rig and sampling procedures
are capable of providing reliable fractional efficiency measurements and resistance to air flow
measurements. Maintenance testing shall keep the system in good operating order. Additional cleaning
and maintenance operations subject to any normal laboratory operation shall also be needed beyond

what is listed in Clause 8.

8.1)2 Qualification testing

Ful

system qualification testing shall take place every two years or sooner-if)any change is made

to the system that can alter performance, such as changing a major compéhent of the system. It is

rec

A change to the system requiring requalification includes, but is notdimiited to, changing
recpnfiguring the test rig dimensions, changing the locations of, €.g: the OPC, generators
ordpr of testing should allow the user to minimize potential retesting due to modifications

mmended that the qualification test be performed in the order listed in. Fable 3.

the blower,
Also, this
hat can be

reqpired to pass sections of the qualification testing. For example, not knowing the aeroso| generator

response time can cause issues trying to pass the aerosol uniformity test.

8.1]13 Qualification documentation

The
restilts of the latest qualification testing.

Table 3 — Qualification testing requirements

test rig owner/operator shall always have a qualification testing report available documenting the

Qualification testing Subclause Requirement
Tesk rig — Pressure system testing 8.2.1 No change in Pa
<5 % of the set sample air flow|rate
OP( — Air flow rate stability test 8.2.2
< 2 % between U/S and D/
OP(Q — Zero test 8.2.3 < 10 counts per minute from 0,30 pm|to 10,0 um
OP( — Sizing accuracy 8.2.4 Relative to the max in the appropriafe channel
OPC — Overload test 8.2.5 No predetermined level
Aerjosol reference-matching? 6.3 < 2 % points in each channgl
Aerjosol generator — Response time 8.2.6 No predetermined level
Aerjosolgenerator — Neutralizer 8.2.71 Radioactivity shall be detectpd
Aerjosol neutralizer lifetime 8.2.7.2 Replace if any decrease detected
Aerosol neutralizer — Radioactive servicelife |5, -, Document source strength when new
verification Remaining life > 185 Mbq (5 mCi)
Aerosol neutralizer — Radioactivity is present |8.2.7.4
Aerosol neutralizer — Corona discharge current |8.2.7.6 23 pA
aAszgcsio(:lﬁt;LLttralizer — Corona discharge bal- 8.2.7.7 As close as possible a reading of zero
Test rig — Air leakage test 8.2.8 <1%
Test rig — Air velocity uniformity 8.29 C,<10%
Test rig — Aerosol uniformity 8.2.10 C,<15%

a2 This testis required if an aerosol other than the reference one is used for a particle size range.
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Table 3 (continued)

Qualification testing Subclause Requirement
Test rig — Downstream mixing 8.2.11 C,<10%
Test rig — Empty test device section pressure  |8.2.12 < 5Pa (0.02 inches H,0)
Test rig — 100 % efficiency test 8.2.13 > 99 % for all particle sizes
0,30 pm to 1,0 pm: 0,90 to 1,10
Test rig — Correlation ratio 8.2.14 1,0 um to 3,0 um: 0,80 to 1,20
3,0 pm to 10,0 pm: 0,70 to 1,30

a

This tes

[ is required if an aerosol other than the reference one is used for a particle size range.

8.2 Qua
8.2.1 Te

8.2.1.1 H

The test sh
Carefully §
5000 Pa (1
individual

For each j

manufactufrer to the sensor. This test shall be carried out sequentially on all pressure lines attache
the test rig

NOTE ’
pressure in
to air flow.

8.2.1.2 K

For each s4
the applied

ification testing
5t rig — Pressure system testing

ressure system test pl'OtOCOl

all be made by calibrated pressure measuring devices or by the system described in Figui
eal the pressure sample points in the test rig to be able to withstand a negative pressun
0.0 inches H,0). Disconnect the pressure sensor(s) and apply the negative pressure to g
kample line until all sample pressure lines have been tested:

ressure sensor connected to the system, apply the’maximum pressure allowed by

'he pressure system test is to verify that thedines, connectors and equipment used to mea
the test rig do not significantly affect the accuracy of the measurements of air flow rate or resist

ressure system test results
mple line or sensor port, after 30 s of testing there shall be no change in the pressure f
pressure value.
1 2
\ \

\

e 8.
e of
ach

the
d to

bure
ince

fom

Key
1
2
3

20

sealed pressure inlet
test device section
Ap =5 000 Pa (20.0 inches H,0)

Figure 8 — Pressure system test
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8.2.2 OPC — Air flow rate stability test

8.2.2.1 Air flow rate stability test protocol

Install a very high resistance to air flow filtration device or a perforated plate which generates a
minimum of 1 000 Pa (4.0 inches H,0) resistance to air flow between the upstream particle sampling
location and the downstream particle sampling location at an air flow rate of 0,944 m3/s (2 000 ft3/
min).

Measure the sampled air flow rate from the test rig at both the upstream and downstream sampling
locations

If uping a secondary sampling system, both the air flow from the test rig and the airflow [to the OPC
shall be individually verified. Measure the sampled air flow rate through the OPC by éjther|measuring
thelexhaust or the inlet air flow at both the upstream and downstream sampling locations.

8.2]2.2 Air flow rate stability test results

The air flow rate from the test rig at the upstream and downstream sampling locations shall be within
5 %] of the set sample air flow rate. The difference between the samplé-gir flow rate from the|test rig for
the [upstream and downstream sample lines shall not exceed 2 %.

Theair flow rate of the OPC using upstream and downstream gatnpling points shall be within 5 % of the
insfrument’s specified air flow rate. The difference between thé sample air flow rate into thg OPC from
the [upstream and downstream sample lines shall not exceed 2 %.

NOTE Differences in sample air flow through the QRC[s) can significantly alter measurement|capabilities
during a test. This potential issue is enhanced as the resistance to air flow in the test rig is increased

8.2]3 OPC — Zero test

8.2]13.1 Zero test protocol

For|each OPC on the system, install aminimum HEPA level efficiency filter directly to the inlstrument’s
inlgt and run a 1 min count.

8.213.2 Zero test results

The zero count of the OPC(s) shall be verified to be < 10 total counts per minute in the §,30 um to
10,0 pm size range:

NOTE The ability of the OPC to zero count is a quick indication if maintenance is needed on the (PC.

8.2/4 OPC — Sizing accuracy

8.2 47— Sizingaccuracy test protocot

The sizing accuracy of the OPC(s) shall be checked by sampling an aerosol containing PSL of known
particle size.

NOTE OPC(s) measure the particle count and the equivalent optical particle size. The indicated particle size

is strongly dependent on the calibration of the OPC. Checks with PSL particles at the low and the high end of the
OPC’s particle size range are especially meaningful.

8.2.4.2 Sizing accuracy test results

A relative maximum particle count shall appear in the OPC sizing channel that encompasses the PSL
particle diameter. This result is not intended to be an OPC calibration, but simply a sizing accuracy
check of the OPC.
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8.2.5 OPC — Overload test

8.2.5.1 General

OPCs can underestimate particle concentrations if their concentration limit is exceeded. Therefore, it is
necessary to know the concentration limit of the OPC being used. The maximum aerosol concentration
used in the tests shall then be kept sufficiently below the concentration limit, so that the counting error
resulting from coincidence does not exceed 5 %.

NOTE The measured fractional efficiency in the 0,30 um to 0,40 pm particle size range often decreases as
the concentpation begins to overload the OPC

verload test protocol

initial fractional efficiency tests shall be performed over a range of challenge aerpsol
concentratjion to determine a total concentration level for the fractional efficiency test-that does|not
overload the OPC(s). If the upstream concentration in the test rig cannot be reduced;@ dilution system
may be uded to reduce the aerosol concentrations below the OPC’s concentration limit. It is then
necessary [to take upstream and downstream samples via the dilution systefn)in order to elimiEte

errors arising from uncertainty in the dilution factor’s value. The lowest total’éoncentration level shall
be less thqn 1 % of the instrument’s stated total concentration limit. The tests shall be performed
following the procedures of 9.3 on a media-type air cleaner using,a Tange of upstream aerpsol
concentratjons. The tests shall be performed at 0,944 m3/s (2 000 ft3/min). The filters selected for fhis
test shall Have an initial fractional efficiency in the range of 30 %.t6.70 % as measured by the 0,30|um
to 0,40 um| particle size range and > 90 % for the 7,0 um to 10 yim particle size range. The aerosol for
these tests[shall be generated using the same system and progedures of 9.3.

8.2.5.3 verload test results

The tests ghall be performed over a sufficient range of total aerosol challenge concentration$ to
demonstrate that the OPC(s) is not overloaded“at the intended test concentration. The measyred
filtration efficiencies should be equal over the Concentration range where overloading is not significpnt.

8.2.6 Aefrosol generator — Response time

8.2.6.1 erosol generator response time — Measurement protocol

Measure the time interval foFthe aerosol concentration to go from background level to steady-sfate
test level. The test shall bé-performed at an air flow rate of 0,944 m3/s (2 000 ft3/min) with the PPC
sampling ffom the upstyeam probe. Similarly, measure the time interval for the aerosol to return to
backgroungd level aftersturning off the generator.

NOTE he aerosol generator response time determines the amount of time delay needed to reach a stepdy-
state condifion«for testing. This is to ensure that sufficient time is allowed for the aerosol concentratioph to
stabilize prjofto beginning the upstream/downstream sampling sequence during the filter testing.

Use the aerosol generator defined in 6.1.3 and the OPC defined in 7.2 to find the aerosol generator
response times for liquid phase aerosol. Repeat this test using the solid phase aerosol generator in 6.2.3.

8.2.6.2 Aerosol generator response time results

These time intervals shall be used as the minimum waiting time between (a) activating the aerosol
generator and beginning the OPC sampling sequence and (b) deactivating the aerosol generator and
beginning the OPC sampling sequence for determination of background aerosol concentrations.
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8.2.7 Aerosol generator — Neutralizer

8.2.7.1 Aerosol neutralizer test protocol

Test the activity of the alpha or beta radiation source with an appropriate radiation detection device.
If a corona discharge ionizer is used, it should have a minimum corona current of 3 pA and shall be
balanced to provide equal amounts of positive and negative ions.

NOTE When testing filters with a solid phase aerosol electrostatic charge on, the aerosol can affect the test
results. Thus, neutralizing the solid phase aerosol is a necessary procedure.

8.217.2 Aerosol neutralizer lifetime

Thg measurement shall be repeated annually and compared to prior measuremernts to|determine
if a|substantial decrease in activity has occurred. Replace neutralizers showing adack of|activity in
accprdance with the manufacturer’s recommendations.

8.217.3 Aerosol neutralizer — Radioactive service life verification

Ver|fy, based on the original radioactivity of the source, the source’s\radioactive half-life, and the time
pasped from the date of manufacture, that the current radioactivity of the source is above 185 MBq
(5 mCi).

-t

R, =R,ox2"5 >185 MBq (5 mCi) (1)
whgre
R, isthe current radioactivity of the source, MBq (mCi);

R,y 1isthe original radioactivity ofthe source (at date of manufacture), MBq (mCi);
t is the elapsed time since the’date of manufacture (years);

tos is the half-life of thesgurce (years).

8.2]7.4 Aerosol neutralizer — Radioactivity is present

A r4diation detector-shall be used to confirm that radioactivity is detected within the neutrglizer.

8.217.5 Aerosol neutralizer — Radioactive clean

Radioactive aerosol neutralizers shall be cleaned at a minimum of every two weeks. Rinse wjth water if
KCl|agfosol is used. Use appropriate solvent if oil aerosol is used.

8.2.7.6 Aerosol neutralizer — Corona discharge current

The aerosol neutralizer current for corona discharge devices shall be measured as part of qualification
and as part of each test. The minimum corona current shall be 3 pA.

8.2.7.7 Aerosol neutralizer — Corona discharge balanced output

The neutralizer output shall be checked for balance at a minimum of every two weeks. Remove the
neutralizer from the spray tower, but leave it attached to the drying air source. Support the neutralizer
300 mm from any object except for a small support arm that is on the side or rear of the neutralizer.
Start drying air flow 1,9 dm3/s (4 ft3/min). Hold static the voltmeter 305 mm (12.0 inches) in front
of the neutralizer in the centre of the air stream exiting the neutralizer. If the positive and negative
outputs are user-adjustable, adjust the positive and negative output to obtain as close as possible a
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reading of zero. If the positive or negative outputs were adjusted, repeat the measurement of corona
discharge current and confirm that the minimum corona current specified is still achieved.

8.2.7.8 Aerosol neutralizer — Corona discharge clean corona source

The corona discharge points shall be inspected at a minimum of every two weeks and cleaned if needed.

WARNING — Disconnect ion source from power supply and refer to the manufacturer’s safety
requirements prior to cleaning the corona neutralizer.

8.2.8 Testrig—Airlea

8.2.8.1 (

The test rig
the case of

laoca tack

l\asb CCOoU

feneral

positive pressure operation (i.e. the fan upstream of the test device in the test rig), the

aerosol can leak into the laboratory, while at negative pressure particles can leak innte'the test syst

Either met
low.

8.2.8.2 A

The test rig
and immed
opening on
but not les
leakage re
location sh
1,416 m3/s
the test pr
resistance

8.2.8.3 A

Carefully n
air flow ra

hod has the potential to affect the test results unless the overall test rigleakage rate is v

lir leakage test protocol

b shall be sealed at the beginning of the 610 mm x 610 muD(24.0 inches x 24.0 inches) sec
iately upstream of the exhaust filter bank by attaching.a'gasketed solid plate to the tes!
other appropriate means. It is acceptable to apply the-seals to a larger length of the test
5 than prescribed. If a larger test rig length is incltded, the system shall still meet the s
quirements. To establish the pressure for the leak test, the pressure at the aerosol injec

r can be operated either under negative or positive pressure depending on the-fanlocation. In

test
em.
ery

fion

rig
rig,
hme
[ion
and

all be measured with the test rig operating-atair flow rates of 0,236 m3/s, 0,944 m3/s
(500 ft3/min, 2 000 ft3/min, and 3 000 ft3/min) without a test device installed. To deter

of an air cleaner.

lir leakage test results

neasure the amount of airgentering the test rig until the lowest test pressure is achieved.
fe required to maintain(the pressure at a constant value shall be measured and recorde

the leak rafte, and the test shall(then be repeated for the other two test pressures. The measured

rates shall
this docun
the test rig

829 Te

8.2.9.1 A

not exceed 1,0 % efthe corresponding test air flow rate. The highest pressure anticipate
ent is 3 200 Pa-(13 inches H,0). The user should exercise caution and should not pressu
beyond its design limit for personal safety.

5t rig — Air velocity uniformity

liCvelocity parameters

ine
essures, add 250 Pa (1.0 inch H,0) toCthe measured pressures to account for the agtied

The
1 as
eak
l by
Fize

The uniformity of the challenge air velocity across the test rig cross section shall be determined by a
nine-point traverse (Figure 9) in the 610 mm x 610 mm (24.0 inches x 24.0 inches) test rig immediately
upstream of the test device section without any test device installed in the test device section. The
uniformity test shall be performed at air flow rates of 0,236 m3/s, 0,944 m3/s and 1,416 m3/s (500 ft3/
min, 2 000 ft3/min, and 3 000 ft3/min). The velocity measurements shall be made with an instrument
having a minimum accuracy of 10 % with a minimum resolution of 0,05 m/s (10 ft/min).

NOTE If the air velocity is not uniform in the test rig, the results of resistance to air flow and fractional
efficiency testing can have higher variability than expected.
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8.2.9.2 Air velocity protocol

A one-minute average velocity shall be recorded at each grid point (Figure 9). The average shall be
based on at least 10 readings taken at equal intervals during the one-minute period. The traverse shall
then be repeated two more times to provide triplicate one-minute averages at each point for the given
air flow rate. The average of the triplicate readings at each point shall be computed.

8.2.9.3 Air velocity results

The coefficient of variation, C,, of the nine corresponding averaged grid point air velocity values shall
be lessthan 10 9% at each air flow rate

C, shall be calculated as follows:

¢, =2 2
m
where
) is the standard deviation of the nine averaged measuring.points;
m is the mean value of the nine measuring points.

Dimensions inf millimetres
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Figure 9 — Air velocity and aerosol uniformity sampling points

8.2.10 Testrig — Aerosol uniformity

8.2.10.1 Aerosol uniformity parameters

The uniformity of the challenge aerosol concentration across the test rig cross section shall be
determined by a nine-point traverse in the 610 mm x 610 mm (24.0 inches x 24.0 inches) test rig
immediately upstream of the test device location using the grid points as shown in Figure 9.

The traverse measurements shall be performed at air flow rates of 0,236 m3/s, 0,944 m3/s and
1,416 m3/s (500 ft3/min, 2 000 ft3/min, and 3 000 ft3/min). The traverse shall be made by repositioning
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a single probe to maintain the same sample line configuration for each of the nine grid points. The inlet
nozzle of the sample probe shall be a tapered sharp-edged sample probe and meet the requirements of
7.1.7.2 for isokinetic sampling at 0,944 m3/s (2 000 ft3/min). This same inlet nozzle diameter shall be

used at all

NOTE
have higher

air flow rates.

variability than expected.

8.2.10.2 Aerosol uniformity protocol

A minimu

of a one-minute sample shall be taken at each grid point with the aerosol gener

If the aerosol distribution is not uniform in the test rig, the results of fractional efficiency testing can

tor

operating.
total of fiv
the 12 OP
shown in 7
> 100 in oy
aerosol sys

8.2.10.3 A

The C, of t

flow rate ih each of the 12 OPC size channels.

The coeffid

8.2.11 Te

8.2.11.1 I

The point
using the g
its normal
(24.0 inchd

After sampling all nine points, the traverse shall be repeated four more times to provi
e samples from each point. The five values for each point shall then be averaged for edc
[ size channels. The measurements shall be made with an OPC meeting the spédificat
2. The number of particles counted in a specified size range in a single measurement sha
der to reduce the statistical error. If both solid and liquid aerosols are usedyin testing, 1
tems shall meet this qualification requirement.

Llerosol uniformity results

e corresponding nine grid point particle concentrations shall bé.less than 15 % for each

ient of variation C, shall be calculated for each particle size range at each flow as follows
[P
b

is the standard deviation (of the nineimeasuring points) for particle size range, p;

is the mean value of the nine méasuring points for particle size range, p.

5t rig — Downstream mixing

Jownstream mixingparameters

bf aerosol injection immediately downstream of the test device section shall be travet
rid points as-shewn in Figure 10. The downstream sample probe shall remain stationar
centre of testrig sampling location. A HEPA filter with face dimensions of 610 mm x 610
s x 24.05nches) shall be installed to obtain smooth air flow at the outlet of the test de

e a
h of
ons
1 be
oth

air

(3)

sed
y in
mm
Vice

section.

The downgtfeam mixing measurements shall be performed at air flow rates of 0,236 m3/s, 0,944 m3/s
and 1,416 m>/s (500 ft°/min, 2 000 ft°/min, and 3 000 ft°/minJ. An aerosol nebulizer shall nebulize a
KCl/water solution (prepared using a ratio of 300 g of KClto 1 000 ml water) into an aerosol of primarily
sub micrometre sizes. A rigid extension tube with a length sufficient to reach each of the injection points
shall be affixed to the nebulizer outlet. A 90° bend shall be placed at the outlet of the tube to allow
injection of the aerosol in the direction of the air flow. The injection probe shall point downstream.
The aerosol shall be injected immediately downstream within 250 mm (10.0 inches) of the HEPA filter
at preselected points located around the perimeter of the test rig and at the centre of the test rig as
indicated in Figure 10. The flow rate through the nebulizer and the diameter of the injection tube outlet
shall be adjusted to provide an injection air velocity within +50 % of the mean test rig velocity. The
downstream aerosol concentration shall be measured as the total aerosol concentration > 0,30 pm.

NOTE1 A downstream mixing testis performed to ensure that aerosol that penetrates the air cleaner (media
or frame) is detectable by the downstream sampler.
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The nebulizer can be of any kind that produces a stable submicrometre aerosol and is not required to

be the same aerosol generator used to generate the 0,30 pm to 10,0 pm challenge aerosol for the efficiency test. A
small hand-held nebulizer facilitates the traversing process.

NOTE 3

The combination of (a) evaluating the downstream concentration as the total concentration > 0,30 pm

and (b) the use of a portable nebulizer greatly simplifies and speeds up the process of the test while maintaining

the

8.2

use to detect inadequate downstream mixing.

.11.2 Downstream mixing protocol

A one-minute sample from the downstream probe shall be acquired with the nebulizer operating and

the
the
pro

trip

rea

8.2

The

air

mixing is not achieved, verify that the downstream mixing orifice and baffle are properl
and

the
aer

The

whg

next grid point location. A new one-minute sample shall be obtained after waiting at’lea
redure shall be repeated until all nine grid points have been sampled two more-times
licate measurements at each grid point for the given air flow rate. The average’of th
Hings at each point shall be computed.

11.3 Downstream mixing results

C, of the corresponding nine grid point particle concentrations Ghall be less than 10
[low rate in each of the 12 OPC particle size ranges. If the required degree of downstre

psol nebulizer if needed and repeat the downstream mixing test.
coefficient of variation C, shall be calculated for each particle size range at each flow as

Sp

mp

Cyp

re

) is the standard deviation’(of the nine measuring points) for particle size range,

m is the mean valueofthe nine measuring points for particle size range, p.

Injection tube positioned at the Iirstinjection grid point. The injection point shall then.b|

centred. Confirm that the aerosol nebulizer provides a stdble output by injecting the
centre of the test rig location while repeatedly sampling/downstream. Improve the stah

e moved to
5t 30 s. The
to provide
b triplicate

Do for each
hm aerosol
[y designed
aerosol at
ility of the

follows:
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Dimensions in millimetres
610

<25 305

<2

£
£
£

305

¢ &  ©

Figure 10 — Downstream mixing aerosol injection grid

8.2.12 Teptrig — Empty test device section pressure

8.2.12.1 Hmpty test device section protocol

Set the test rig air flow rate to 0,944 m3/s (2 000 ft3/min) with no test device in the test device sectfion.
Record thelresistance to air flow of the empty testdevice section.

8.2.12.2 HEmpty test device section pressureresults

The measyred resistance to air flow across the empty test device section shall be less than § Pa
(0.02 inchgs H,0). System maintenapeeshall be performed until the resistance to air flow is below fhis
level.

NOTE Jince there is a linear.¢iStance between the upstream and downstream pressure sampling pojnts,
there can b¢ a small tare pressuxe or system effect due to this distance and the movement of the air. The sy4tem
tare does ngt include any filtéer-mounting hardware used to hold the filter in a normal installation, 5.2.

8.2.13 Teptrig —a00 % efficiency test and purge time

8.2.13.1 100%' efficiency protocol

An initial fractional efficiency test shall be performed using a HEPA filter element with an efficiency of
at least ISO 35 H according to ISO 29463-1 as the test device. The test procedures for determination of
fractional efficiency given in 9.3 shall be followed and the test shall be performed at an air flow rate of
0,944 m3/s (2 000 ft3/min).

One parameter affecting the efficiency during the 100 % efficiency test is the purge time. The purge
time is too short if, after switching from the upstream to the downstream line, residual particles from
the upstream sample are counted during the downstream sampling and yield an efficiency of < 99 %. In
this case, the purge time shall be increased and the 100 % efficiency test repeated.

NOTE The purpose of this test is to ensure that the test rig and sampling system are capable of providing
a 100 % efficiency measurement. In addition, this test assesses the adequacy of the aerosol generator response
time from 8.2.6. If the response time is insufficient, residual particles from the relatively high concentration
upstream sample appear in the downstream sample.
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8.2.13.2 100 % efficiency results

The fractional efficiency shall be greater than 99 % for all particle sizes. Determine an acceptable purge
time to meet this test requirement and double the time needed as a safety factor. Use this safety factor
value as the test purge time.

8.2.14 Testrig — Correlation ratio

8.2.14.1 General

Therorretationrratiotest shattbe performed withoutatestdevice imptace tocheck theadequacy of the
overall test rig, sampling, measurement and aerosol generator.

NOTE In a perfect system, the correlation ratios are 1,0 at all particle sizes. Deviations from 1)J0 can occur
duefto particle losses in the test rig, differences in the degree of aerosol uniformity (i.e. mixing) at the upstream

and|downstream probes, and differences in particle transport efficiency in the upstream and downstream
sampple lines.

8.2]14.2 Correlation ratio protocol

The test shall be performed as a normal fractional efficiency test bt with no test device ingtalled. The
test air flow rate shall be 0,944 m3/s (2 000 ft3/min). The test procedures for determingtion of the
corfelation ratio in 9.3 shall be followed.

8.2{14.3 Correlation ratio results
The correlation ratio for each particle size shall meét the data quality requirements from 10}3.3.

NOTE If the correlation ratio falls outside of theequired specification at the smaller particle siz¢s (< 1,0 um)
the possible causes can be:

— |incomplete mixing at the upstream probe location;
— |non- alignment of the aerosol injection tube;

— |the aerosol can need additional mixing in the discretionary ductwork upstream of the upstrpam mixing
orifice.

If thie small particles are within required limits but the larger particles (> 1,0 pm) are not, the possiblg causes can
be:

— |unequal sampleline losses;

— |for dual OPCsystems, one of the OPCs can be out of calibration or have air flow issues.

8.3| Maintenance

8.3.T General

Apparatus maintenance testing gives the user a way to check the system on a regular basis and keep
it in good operating order. Additional cleaning and maintenance operations subject to any normal
laboratory operation shall also be needed beyond what is listed in 8.3. The maintenance schedule is
shown in Table 4. Items are shown based on the proper time to perform each maintenance item with
references to the appropriate subclause of this document. Several items listed are also part of the
qualification test requirements, but are listed in Table 4 as they shall be performed and documented
more often than the qualification requirement.
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Table 4 — Maintenance schedule

Maintenance items? Subclause Etiz? w?e‘:lﬁs Monthly m(fril)t(hs Yearly
Test rig — Correlation ratio 8.2.14 X
Test rig — Empty test device section pressure 8.212 X
Test rig — Background counts 8.3.2 X
OPC — Zero test 8.2.3 X
OPC — Sizing accuracy 8.2.4 X
Test rig — Referemnce fiiter test 833 X
Test rig — Pressure reference test 8.34 X
Test rig — 100 % efficiency test 2.1 X
Test rig — Final filter resistanceb 8.3.5 X
Testrig — Pressure system testing 8.2.1 X
Aerosol gerjerator — Response time 8.2.6 X
OPC — Calibration 7.2.5 X
Pressure sgnsors — Calibration 719 X
Temperatute, RH — Calibration 73 X
Air flow rafe measurement — Calibration 71.8 X
Aerosol gerjerator — Response time 8.2.6 X
Aerosol negtralizer — Remaining radioactivity 8.2.7. X
Aerosol neytralizer — Confirmation of radioac-
tivity 224 X
Aerosol negtralizer — Radioactive clean 8.2.7.5 X
Aerosol nelitralizer — Corona discharge current |8.2.7.6 X
Aerosol neltralizer — Corona discharge balanced
output 8:2.7.7 X
?;;(())rslglsr;iuizalizer — Corona discharge - clean 8.278 X
a  Regular]cleaning of all equipment is needed to maintain the performance of the test rig.
b For this|[document, the final filter is hot used.

8.3.2 Teptrig — Backgreund counts

Test rig bagkground coGnts are part of the normal fractional efficiency testing process defined in 9|3.1.
Regular mpnitoring-of’these results enables the test rig owner/operator to find potential issues With
the system|before they become a problem.

NOTE Increases in the background counts can be a sign of an intake HEPA filter problem, an OPC problerp, or
even a test jigléakage problem.

8.3.3 Testrig — Reference filter test

8.3.3.1 Reference filters

For each test rig, a minimum of three identical reference filters shall be maintained by the testing
facility solely for initial fractional efficiency testing on a biweekly basis. The reference filter shall be of
structurally stable design. The fractional efficiency of the reference filters shall cross 50 % efficiency
in the particle diameter range of 0,7 pm to 3,0 pm and be < 35 % at 0,30 pm to 0,40 pm and > 70 % in
the 7,0 um to 10,0 um range. The three reference filters shall be labelled as “primary,” “secondary” and
“reserve.” These reference filters shall remain protected when not in use and stored in a safe place from
potential damage.
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Testing a known reference filter for fractional efficiency enables the test rig owner/operator to find
potential issues with the system before they become a problem. Detecting shifts in the efficiency
curves becomes difficult if the efficiency is either very high or very low for all particle sizes. Changes
in the filtration efficiency of electret media reference filters can be due to reduced effectiveness of the

neutralizer and its condition should then be checked.

8.3

.3.2 Reference protocol

The “primary” reference filter shall be tested at an air flow rate of 0,944 m3/s (2 000 ft3/min) for

fractlonal eff1c1ency as deflned in 9. 3 every two weeks If the fract10na1 eff1c1ency values shift by >

5 pe sizing-ehannels—the—secondar ger shall be
tested. Ifboth the prlmary and secondary reference f11ters show shlfts > 5 percentage p01nt for any of
the mple lines,

Per

valges of 30 % and 35 % is 5 percentage points, not 5 %.

8.3

Thd
The

8.3
Thd

. The “reserve” reference filter shall be used if either the primary or secondaty refe
bmes unusable (e.g. damaged).

rence filter

Centage points is not to be confused with per cent. As an example, the difference between efficiency

3.3 Reference values

reference filters shall be tested as defined in 9.3 for fractional efficiency and resistance
se initial values shall be the reference values for that reférence filter.

3.4 Reference resistance to air flow

measured resistance to air flow across the.reference filter shall be within 10 % of th

val

val
NOT

incl
mar

8.3

Imn
refq

8.3

Wh
par

maE[ntenance shall be performed to restore.the resistance to air flow to within 5 % of th

e for that reference filter. If the resistanéé to air flow deviates by more than 10

e. The D/S mixing orifice shall not be installed during resistance to airflow measuremer
E Examples of system mainteniance steps that can be performed to restore the resistancg

ide (but are not limited to) checking for leaks in the ducting and around the flow nozzle and ¢
ometer for proper zero and levek

3.5 OPCrecalibration

hediately after recalibration of the OPC(s), retest each of the reference filters (or a
rence filters) to-establish new fractional efficiency and resistance to air flow reference v|

3.6 Reference filter replacement

en either the primary or secondary reference filter shows a shift > 5 percentage points fo
Licle size ranges and the secondary or reserve reference filter does not show the shift, t
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to air flow.

b reference
%, system
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t.
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hlues.

- any of the
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new set of identical reference filters shall be obtained.

NOTE

8.3

A reference filter’s efficiency can change with the collection of test aerosol after repeated

.4 Testrig — Pressure reference test

ilable, or a

use.

Testing the resistance to air flow as defined in 9.2 of a perforated plate (or other reference) having
known resistance to air flow values at a minimum of four air flow rate data points between 0,472 m3/s
(1 000 ft3/min) and 1,416 m3/s (3 000 ft3/min) shall be used as a resistance to air flow reference. The
reference filter defined in 8.3.3 can be used for this test. It is recommended to use a test device with
stable resistance to air flow over repeated use as the pressure reference device.
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8.3.5 Testrig — Final filter resistance

For this document, the final filter is not used, but it may be used if this test rig is used to perform dust
loading procedures in accordance with ISO 16890-3 or other standards. The final filter should be
checked on a monthly basis at a typical air flow rate of 0,944 m3/s (2 000 ft3/min) and the resistance
to air flow should not exceed 500 Pa (2.0 inches H,0). If the resistance to air flow exceeds this level, the
final filter should be replaced.

9 Test methods

9.1 Air ﬁow rate

The test dejvice shall be tested at its nominal air volume flow rate for which the device has been specified
by the marfufacturer.

If the manpfacturer does not specify a nominal air volume flow rate, the test device-shall be tegted
at 0,944 mP/s (2 000 ft3/min). The air flow velocity associated with this volumetri¢ flow is 2,54 /s
(500 ft/mip). Unless otherwise specified, the test shall be performed at 0,944 m3ys (2 000 ft3/min).

For test dgvices that are not nominal 610 mm x 610 mm (24.0 inches x 24.07inches) in face area,|the
nominal fafe area shall be multiplied by 2,54 m/s (500 ft/min) to get the test air flow rate.

9.2 Measurement of resistance to air flow

Install the [test device in the test rig and record the value for the'initial resistance to air flow when|the
test rig air{flow has stabilized to each of 50 %, 75 %, 100 %~and 125 % of the test air flow rate. These
values will[establish a curve of resistance to air flow as a function of the air flow rate. The resistande to
air flow readings shall be corrected to an air density of4,20 kg/m3 (0.075 Ib/ft3) (see Annex B).

9.3 Measurement of fractional efficiency

9.3.1 AeJosol sampling protocol

All particlq counting samples shall beaminimum of 30 s sample time and all particle count sampleg for
any test shlall be at the same sample-time. The number of counts can be increased from the mininpum
values shoyvn in 9.3.3 or 9.3.4, and the sample time for a test can be increased from the minimum vdlue,
as long as he sample time forceaeh count remains the same throughout the test.

NOTE Increasing the nimber of counts and using longer sample times can improve statistical variability.

9.3.2 Bakkground:sampling

Begin the [initial"background sampling after the test device is properly installed, the air flow |has
stabilized ta the test a1r flow rate, and the aerosol generator is off The f1nal background sampllng is
run at the teste ' c rire-w
off. Each partlcle count for the background samphng shall have a minimum sample tlme of 30 s and all
background particle counts shall have the same sample time as the fractional efficiency counts. The
average background count shall be less than 5 % of the average measured upstream count during the
filter element test.

NOTE Cleaning the inside surface of the test duct both upstream and downstream of the test device section
and sampling lines can help if the average background count is more than 1 % of the average measured upstream
count.
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9.3.3 Testing sequence for a single OPC

9.3.3.1 General

The testing sequence for a single OPC is shown in Table 5 and described below.

9.3.3.2 Single OPC sequence description

a) Install the test device, unless this is a correlation test, then no test device is installed.

b) Startthe qir flow and let stahilize

c) |Measure the beginning background counts.

1) Purge the upstream/downstream lines according to the purge time valde,determined from
8.2.13.2.

2) Sample the upstream (B, ;) background particles.

3) Purge the upstream/downstream lines.

4) Sample the downstream (d}) background particles.

5) Purge the upstream/downstream lines.

6) Sample the upstream (B), ,) background particles:

d) |Startthe aerosol generator and let stabilize as pernthe time determined in 8.2.6.

e) |Measure efficiency counts. Repeat 9.3.3.2 e) uitil 5 upstream and 5 downstream countd have been
sampled.

1) Purge the upstream/downstreanilines.

2) Sample the upstream (N,) particles.

3) Purge the upstream/downstream lines.

4) Sample the downstréam (D,) particles.

f) |Measure the final upstream efficiency count.

1) Purge thealpstream/downstream lines.

2) Samplethe final upstream (Ny) particles.

g) |Stop thexderosol generator and let stabilize as per the time determined in 8.2.6.

h) |Measure the final background counts.

1) Purge the upstream/downstream lines.

2) Sample the upstream (B;;) background particles.
3) Purge the upstream/downstream lines.

4) Sample the downstream (d;) background particles.

5) Purge the upstream/downstream lines.
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6) Sample the upstream (B;,) background particles.
i) Check the data quality requirements as defined in 10.3.
1) Ifthe data quality requirements are met, stop the air flow and remove the test device.

2) If the data quality requirements are not acceptable, repeat items c) to h) as a complete set and
use all data collected in the data quality calculations.
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9.3.3.3 S

ingle OPC initial data reduction

For a single OPC system, the upstream counts from two samples shall be averaged to obtain an estimate
of the upstream counts that have occurred at the same time as the downstream counts were taken.

For the upstream beginning and final background counts:

Bb,i,p +Bb,(1‘+1),p

Uppp=—""— 5)
BeintBriiiiys

UB,f,p — 2 (6)
where

Ugy,p |is the beginning upstream background average count for particle size, p;

Bfp [|iSthe final upstream background average count for particle size, p;

By p |is the measured beginning upstream background count for particle’size, p;

B¢, |is the measured final upstream background count for partiele size, p.
The upstregam background counts before and after the efficiency orl¢orrelation samples shall simply be
averaged.

UgepborUs, =M 7)
where

Ug p is the upstream background average count for efficiency sample, i, and for particle size)p;

Bcp | 1S the upstream background average count for correlation sample, i, and for particle sizg, p;

Ugy,p | 1s the beginning upstredm background average count for sample, 7, and for particle size} p;

Uggp | is the final upstream background average count for sample, i, and for particle size, p.
The downgtream backgroufid'counts before and after the efficiency or correlation samples shall sinpply
be averagegd.

Dgcp lor Dp p =M (8)
where

Dg ), is the downstream background average count for efficiency sample, i, and for particle size, p;

Dg., isthedownstreambackground average count for correlation sample, i, and for particle size, p;

dy,, is the beginning downstream background average count for particle size, p;

dg, is the final downstream background average count for particle size, p.

For the upstream efficiency counts:

Uip=

36

_Nip+Nis),p

5 (9)
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where

9.3.

9.3.

U;, isthe upstream efficiency average for sample, i, and for particle size, p;

N;, is the measured upstream efficiency count for sample, i, and for particle size, p.

4 Testing sequence for dual OPC

4.1 General

Thd

9.3

a)
b)

‘)

d)

f)

g)

h)

testing sequence Ior testing using dual UFCs'1s snown 1n lable 6 and described below,

4.2 Dual OPC sequence description

Install the test device, unless this is a correlation test, then no test device is installed.
Start the air flow and let stabilize.

Measure the beginning background counts.

1) Purge the upstream/downstream lines as per the purge tinie value determined fron
2) Sample the upstream (U}, ;) and downstream (d,, ;) background particles.
Start the aerosol generator and let stabilize as per thetime determined in 8.2.6

Measure efficiency counts. Repeat 9.3.4.2 e) until 5,upstream and 5 downstream counts
sampled.

1) Purge the upstream/downstream linest

2) Sample the upstream (U;) and thexdownstream (D,) particles.

Stop the aerosol generator and let:stabilize as per the time determined in 8.2.6.
Measure the final background counts.

1) Purge the upstream/downstream lines.

2) Sample the upstream (U ¢;) and the downstream (d;;) background particles.
Check the data.quality requirements as defined in 10.3.

1) Ifthe data quality requirements are met, stop the air flow and remove the test devid

18.2.13.2.

have been

€.

2) Ifthe’data quality requirements are not acceptable, repeat items c) to g) as a complete set and

use all data collected in the data quality calculations.

Table 6 — Dual OPC counting cycle for a size range, p

Backgro_und, 1 2 3 4 5 Back_ground,
beginning final
g &
u/s o UB,b,p 2| o Ul,p UZ,p U3_p U4’p Us,p 2 o UB,f,p
2 S| & g2
= = =
A~ (-9 A~
D/S dy, Dy, |Dyp|D3p|Dyp|Ds)p dg,
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9.3.4.3 Dual OPC background calculations

The upstream background counts before and after the efficiency or correlation samples shall simply be
averaged.

B UB,b,p +UB,f,p

UB,C_p or UB,p —f (10)
where
UB p iD thC ulJOtl cdallrl ba\,}\51 Uulld davill asc Cff;bicll\/_y LUullt fUl lJal tlblC D;LC, [J,

Ugp | isthe upstream background average correlation count for particle size, p;
Ugp,p | is the beginning upstream background average count for particle size, p;
Ugrp | isthe final upstream background average count for particle size, p.

The downdtream background counts before and after the efficiency or correlatien samples shall simpply
be average(d.

db +df
Dy, ,lor D, =—2 1P (11
B.c,p B,p 2 L )
where
Dg |, is the downstream background average efficiency count for particle size, p;

Dgp | is the downstream background average correlation count for particle size, p;
is the beginning downstream backgrotind average count for particle size, p;

is the final downstream background average count for particle size, p.

10 Data reduction and calculations

10.1 Corygelation ratio

10.1.1 Cofrelation ratio-general

The correlation ratio,\R; shall be used to correct for any bias between the upstream and downstr¢am
sampling systems."Fhe correlation ratio shall be established from the ratio of downstream to upstr¢am
particle cojints with the aerosol generator on, but without any test device installed in the test rig. [The
correlatior] rdtio shall be determined for each test device and at the air flow rate of the test deyice.
To measurke_the correlation ratio. follow the qnmp]ing requirements of 931 withont inc‘m]ling a kest

device.

The general formula for correlation ratio is:

:Nds
N

R (12)

us

where

Ny

¢ is the particle count at the downstream sample probe;

N is the particle count at the upstream sample probe.

us
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10.1.2 Correlation ratio data reduction

The correlation ratio shall be calculated for each upstream and downstream sample in each particle
size range using the upstream and downstream values.

_ Dc,i D
i,p—
c,p
where
D ratlo 1ot 3 £, 1 H Jd £ £aal H
I\I"p IS LIIC LUTTCIAdlIVIT 1T dUIU 1TUT Dallll}lc, I, dIIU 1UT Pal LIVIU OI1IZLT, [J,
D, is the downstream correlation count for sample, i, and for particle size p;
Ug;p Isthe upstream correlation count for sample, i, and for particle size p.
These correlation ratios shall be averaged to determine a final correlation ratio-value for eg
sizg.
n
= :§:~-1th
R — i=1
P n
whére

Thd

Ep is the correlation ratio for particle size, p;

R;, 1isthe correlation ratio for sample, i, and for particle size, p;

n is the number of samples.

standard deviation of the correlation ratio shall be determined by:

56"’ n-1
wh¢re
S¢p is the standard deviation of the correlation ratio for particle size p;
Ep is thecorrelation ratio for particle size p;
R, 15'the correlation ratio for sample i and for particle size p.
The 95 % uncertainty of the correlation value shall be determined by:
— St
ecp=0cp XE
where
€cp is the correlation uncertainty for particle size, p;
6c’p is the standard deviation of the correlation ratio for particle size, p;
S, is the t distribution variable from Table 7 for a given value of n;
n is the number of samples.
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NOTE The values of t distribution are calculated according to the probabilities of two alpha values and the
degrees of freedom. The t distribution table (two tailed) for a 95 % confidence level is shown.

The 95 % confidence limits of the correlation value shall be determined by:

Rlcl,p =Rp ~€cp (17)
Rucl,p :Rp ~€cp (18)
where
EICI p is the lower confidence limit of the correlation ratio for particle size, p;
Eud v is the upper confidence limit of the correlation ratio for particle size, p;
€cp is the correlation uncertainty for particle size, p.
Table 7 — Student’s t distribution variable
Number of | Number of degrees of
samples freedom S
n v=n-1
5 4 2,776
10 9 2,262
15 14 2,145
20 19 2,093
25 24 2,064
30 29 2,045
The sum of the particles sampled during the correlation counts shall be calculated.
n
Uc,tot,] =2Uc,i,p :19)
i=1
where
Uctotp| 1s the sum of the'particles sampled during correlation for particle size, p;
Ueip is the corrélation particles sampled for sample, i, and for particle size, p.
10.2 Penetration and fractional efficiency
10.2.1 Pehetrationandfractionalefficieneygeperal——— |

The fractional efficiency is a measure of the fraction of particles that the test device removes from
the air that passes through it and is calculated from the amount of particulate that penetrates the test
device during the test. The general formulas for penetration (P) and fractional efficiency (E,) are shown
below.

=Nds
N

P (20)

us

E,=(1-P,)x100 (21)

p
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where
Ny, is the particle count downstream of the test device;
N, is the particle count upstream of the test device;
E, is the particle fractional efficiency at particle size, p, %;
P, is the particle penetration at particle size, p.

10.2.2 _Penetration datareduction

The observed penetration shall be calculated for each upstream and downstreamgsample in each
particle size range using the upstream and downstream values.

D.

_Fip

Pop=7 (22)
i,p
wh¢re

P;,, Iisthe observed penetration for sample i and for particle-size, p;
Di’p is the downstream particle count for sample, i, and.for particle size, p;
U, istheupstream particle count for sample, i, and-for particle size, p.

These penetrations shall be averaged to determinesthe observed penetration value for each particle
sizqg.

P, ,===— (23)
whére

Fo‘p is the observed penetration for particle size, p;

P;,p  isthe obseryed-penetration for sample, i, and for particle size, p.

The standard deviation of the observed penetrations shall be determined by:

Nii(Piop—Pop)’

o, ,= 24
0,p o1 (24)
whére
8o.p is the standard deviation of the observed penetration for particle size, p;

ﬁo’p is the observed penetration for particle size, p;

P is the observed penetration for sample, i, and for particle size, p.

i,0,p

The observed penetrations shall be corrected by the correlation ratio to give the final penetration
values for each particle size.

ol

p = 2P 25
=R, (25)
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Pop

Ry

is the final penetration for particle size, p;
is the observed penetration for particle size, p;

is the final correlation ratio for particle size, p.

The standard deviation of the correlation ratio shall be combined with the standard deviation of the
observed penetration to determine the total error.

2 2
_ 0, 13}
5, =B | <2 | 4] 22 26)
R P,
p 0,p
where
5p is the standard deviation of the observed penetration for particle size, p;
13p is the final penetration for particle size, p;
5”, is the standard deviation of the correlation ratio for partigle size, p;
1_2p is the final correlation ratio for particle size, p;
60,p is the standard deviation of the observed penetration for particle size, p;
o,p is the observed penetration for particle size, p:
The 95 % yncertainty of the penetration value shall be'determined by:
St
e, =0, xX— 27)
A
where
e, igthe penetration uncertainty for particle size, p;
5p ig the standard deviatjon of the penetration for particle size, p;
S; if the t distribution variable from Table 7 for a give value of n;
n i the number of samples.
The 95 % donfidénce limits of the penetration shall be determined by:
Plcl,p — 28)
ucl,p =Fpt €p (29)
where
e, is the penetration uncertainty for particle size, p;
13101 p is the lower confidence limit of the penetration for particle size, p;
_ud p is the upper confidence limit of the penetration for particle size, p.

42
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The sum of the upstream particle counts for particle size, p, shall be calculated.

n
Utot,p = ZUi,p (30)
i=1
where
Uiorp  is the sum of the upstream particle counts for particle size, p;
Up is the efficiency particles sampled for sample, i, and for particle size, p.

10.3 Data quality requirements

10.3.1 Correlation background counts

The correlation background count values for each particle size shall be less‘than 5 % of the average
upskream particle measured during the correlation testing.

n
Zi=1Ui,P
Dy por Up,p<==7x0,05 (31)

whegre

Ug.p istheupstream background average correlation count for particle size, p;
Dg.p, isthe downstream background average correlation count for particle size, p;

U, istheupstream average correlationcount for particle size, p.

10.B.2 Efficiency background counts

The efficiency background count values for each particle size shall be less than 5 % of the average
upskream particle measured during the efficiency testing.

G

Dy, or Uy, <%""’m05 (32)
where

Ug, IS the upstream background average efficiency count for particle size, p;

Dgg, ¥is the downstream background average efficiency count for particle size, p;

i, s theupstreanraverage efficiency toumnt for particle size; p-

10.3.3 Correlation ratio

The correlation ratios and uncertainty shall fall within the limits shown in Table 3 and repeated below
in Table 8. The minimum number of counts in Formula (19) for each particle size shall be greater than or
equal to 500. If a sufficient number of counts is not obtained, the sample time or aerosol concentration
shall be increased. The aerosol concentration shall not exceed the concentration limit of the OPC(s). The
correlation uncertainty (e, ;) is calculated using Formula (16).

©1S0 2022 - All rights reserved 43


https://standardsiso.com/api/?name=1dd6d26842ff9bf034c9f113ec87c2ce

ISO 16890-2:2022(E)

Table 8 — Correlation ratio limits

Size |Particlesize range, Total count Correlation ratio
range um minimum value limits Cep
1 0,30 to 0,40 Ue ror.1 2 500 0,90 to 1,10 e.;<0,05
2 0,40 to 0,55 Ueor.2 2 500 0,90 to 1,10 e.,<0,05
3 0,55 to 0,70 Ue ror.3 = 500 0,90 to 1,10 e.3<0,05
4 0,70 to 1,00 Uq tor.4 = 500 0,90 to 1,10 e.4<0,05
5 1,00 to 1,30 Uq o5 2 500 0,80 to 1,20 e.5<0,05
6 1,30 to 1,60 Uq o6 2 500 0,80 to 1,20 e < 0,05
7 1,60 to 2,20 Usor7 2 500 0,80 to 1,20 e.7<0,05
8 2,20 to 3,00 Ue ror.5 = 500 0,80 to 1,20 e.5<0,05
9 3,00 to 4,00 Ue ror0 2 500 0,70 to 1,30 e.o < 0,00
10 4,00 to 5,50 Uqto.10 = 500 0,70 to 1,30 e 1020,10
11 5,50 to 7,00 Uq o111 2 500 0,70 to 1,30 ely50,15
12 7,00 to 10,0 U tor12 2 500 0,70 to 1,30 €,1,<0,15
10.3.4 Pepetration
The penetifation uncertainty shall fall within the limits shown in Table.

The minimum number of counts from Formula (30) for each particle size shall be greater than or equal

to 500. If al
be increasg

The penetr
greater of {

If the peng
llmlt (PHCI

Table 9 — Penetration limits

sufficient number of counts is not obtained, the sample time or aerosol concentration s
bd. The aerosol concentration shall not exceed the.concentration limit of the OPC(s).

ation uncertainty (e,) is calculated using Edrmula (27) and shall be less than or equal to
he static limit or the dynamic limit shown for that particle size in Table 9.

tration uncertainty cannot meet this-data requirement, the penetration upper confidg
|} ) shall be used for that particlesize penetration.

hall

the

nce

Size Particle size range, Total count Static Dynamic
range pwm minimum uncertainty uncertainty
1 0,30-t0 0,40 Upor.1 2 500 e;<0,05 <(0,07« B)

2 0,40 to 0,55 Upor,2 2 500 e, <0,05 < (0,07« P,)
3 0,55 to 0,70 Upor,3 2 500 e3<0,05 < (0,07« P;)
4 0,70 to 1,00 Upor4 = 500 e,<0,05 < (0,07 « P;)
5 1,00 to 1,30 Utor 5 2 500 es<0,05 < (0,07« P)
6 1,30 to 1,60 Utor.6 2 500 eq<0,05 <(0,07 ¢ P;)
7 1,60 to 2,20 Ugor 7 = 500 e;<0,05 < (0,07« P,)
8 2,20 to 3,00 Upor.g 2 500 eg<0,05 <(0,07« B;)
9 3,00 to 4,00 Uporo 2 500 eq<0,05 eg< (0,15 Py)
10 4,00 to 5,50 Utor10 2 500 e10<0,05  |e;n< (0,15 By)
11 5,50 to 7,00 Upor11 2 500 110,05  |e;; (0,20 B;)
12 7,00 to 10,0 Upor12 2 500 e1,<0,05 |e;;<(0,20¢ By)
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10.4 Fractional efficiency calculation

The fractional efficiency is determined by one of the following formulae.

For all particle sizes that meet all of the data quality requirements, the fractional efficiency for the
particle size(s) is determined by:

E,=(1-P,)x100

where

(33)

For
the

whg

11

11
Tes

for

11.

11.

Eve|
eler

11.

J1 General

Tabte 11 comprise the complete test report and are examples of acceptable forms. Use of

E, is the fractional efficiency particle size, p, %;

Fp is the penetration for particle size p.

any particle sizes that cannot meet all of the data quality requirements, thefractional ef
particle size(s) that cannot meet the data quality requirement is determined by:

E,=(1-P,y ,)x100
re

E, is the fractional efficiency particle size, p, %;

P

el p is the upper confidence limit of the penetration for particle size p.

Reporting results

[ results shall be reported usingythe test report format shown in this document. Ta

atis not required, but thefeport shall include all of the items shown in 11.2.
2 Required reporting elements

.1 Report geneéral

hents shall/be considered invalid. An example of a completed test report is included in Ax

.2 Report values

ficiency for

(34)

ble 10 and
this exact

ry test report shall include the information listed in 11.2. Any report not containing afll required

nexA.

All data values for particle removal efficiency shall be reported as whole number values only (no
decimal or fractions).

Data values for resistance to airflow shall be reported as whole number values only (no decimal or
fractions) when displayed in SI units (Pa) or to 2 decimal places in IP units (in H,0).

©IS
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11.2.3 Report summary

The one-page summary section of the performance report (see Table 10) shall include the following
information:

a) laboratory information:
1) laboratory name;

2) laboratory location and contact information;

Y .
3) testoperator’s namn(c)’

4) particle counting and sizing device(s) information;
i) | manufacturer’s name;
ii)] model number;
iii] coincidence value (p/m3) (p/ft3);
5) method of airflow measurement;
b) testinformation:
1) arneference to this document, i.e. ISO 16890-2:2022;
2) unlique test report identification;
3) date of the test;
4) how the sample is obtained;
c) testdgvice information:

1) manufacturer’s name (or name of_the marketing organization, if different from [the
manufacturer);

2) brpnd and model number as marked on the test device;

3) test device condition (e.g\clean, conditioned as per ISO 16890-4, loaded as per ISO 16890-3,
used);

4) dimensions (height/width, and depth);

5) physical deseription of construction (e.g. pocket filter, number of pockets; pleated pdnel,
number and depth of pleats);

6) mediadescription including:

1) £rna of rvandia il dacoin Fion and tdapeifioorion (A g glace Ol AD1YD i oganic Fbre

Cy pcTTor Heata— WG eSer ltlLlUAA aHhRe—teeRteation T 5" oSy IToTCIYDTZ,;, IIOT SarIttC 1

12AB);
ii) media colour;
iii) effective filter area;

iv) type and amount of any adhesive to the media; if this information is unknown, it shall be
shown as “Not available”;

v) electrostatic charge; if this information is unknown, it shall be shown as “Not available”;

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