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Foreword

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

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

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

As

aut
incy
frad

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

ure, public
indesamt),
hrticle size
" definition

doe)
refq

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

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

Par
(lig
cled
size

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

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

gives better and more meanlngful results compared to the eXIStlng standards

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

Air filter elements according to the ISO 16890 series are evaluated in the laboratory by their ability to
remove aerosol particulate expressed as the efficiency values ePMj, ePM3 5 and ePM1g. The air filter
elements can then be classified according to the procedures defined in ISO 16890-1. The particulate
removal efficiency of the filter element is measured as a function of the particle size in the range of
0,3 um to 10 pm of the unloaded and unconditioned filter element as per the procedures defined in
this part of ISO 16890. After the initial particulate removal efficiency testing, the air filter element is

© 1S0 2016 - All rights reserved vii
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conditioned according to the procedures defined in ISO 16890-4 and the particulate removal efficiency
is repeated on the conditioned filter element. This is done to provide information about the intensity of
any electrostatic removal mechanism which may or may not be present with the filter element for test.
The average efficiency of the filter is determined by calculating the mean between the initial efficiency
and the conditioned efficiency for each size range. The average efficiency is used to calculate the ePMy
efficiencies by weighting these values to the standardized and normalized particle size distribution of
the related ambient aerosol fraction. When comparing filters tested in accordance with the ISO 16890
series, the fractional efficiency values shall always be compared among the same ePMy class (ex. ePMq
of filter A with ePM1 of filter B). The test dust capacity and the initial arrestance of a filter element are
determined as per the test procedures defined in ISO 16890-3.

viii © ISO 2016 - All rights reserved
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Scope

5 part of ISO 16890 specifies the aerosol production, the test equipment and theltest me
measuring fractional efficiency and air flow resistance of air filters for generalventilatio

intended for use in conjunction with ISO 16890-1, ISO 16890-3 and ISO\16890-4.

test method described in this part of ISO 16890 is applicable for @ixflow rates betweer]

area of 610 mm x 610 mm (24,0 inch x 24,0 inch).

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

E The lower limit for this test procedure is set ata minimum ePM1¢ efficiency of 20 % since it
cult for a test filter element below this level to meet the statistical validity requirements of this

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

b1 elements used in portable rooni-air cleaners are excluded from the scope.

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

fhods used
n.

0,25 m3/s

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

g an ePMq
as per the

will be very
rocedure.

thods, (see

mselves be

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

2
Thd
ind
refd

ISO
effi

Normative references
following docuients, in whole or in part, are normatively referenced in this docume

rences, the'atest edition of the referenced document (including any amendments) applig

16890-1, Air filters for general ventilation — Part 1: Technical specifications, require
Fiency classification system based upon Particulate Matter (PM)

nt and are

spensable for-its application. For dated references, only the edition cited applies. F¢r undated

S.

ments and

ISO 16890-3, Air filters for general ventilation — Part 3: Determination of the gravimetric efficiency and

the

air flow resistance versus the mass of test dust captured

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

ISO 5167-1, Measurement of fluid flow by means of pressure differential devices inserted in circular cross-
section conduits running full — Part 1: General principles and requirements

ISO 21501-1, Determination of particle size distribution — Single particle light interaction methods —
Part 1: Light scattering aerosol spectrometer

ISO 21501-4, Determination of particle size distribution — Single particle light-interaction methods —
Part 4: Light scattering airborne particle counter for clean spaces
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[SO 29463, High-efficiency filters and filter media for removing particles in air
ISO 29464:2011, Cleaning equipment for air and other gases — Terminology

3 Terms and definitions

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

3.1 Air flow and resistance

3.1.1
air flow rdte
volume of ir passing through the filter per unit time

[SOURCE: IISO 29464:2011, 3.2.38]

3.1.2
nominal ajr flow rate
air flow ratle (3.1.1) specified by the manufacturer

3.1.3
resistancq to airflow
difference |n pressure between two points in an airflow system at sp€cified conditions, especially when
measured fcross the filter element (3.2.2)

3.2 Test|device

3.21
test device
filter element (3.2.2) to be tested

3.2.2
filter elenjent
structure made of the filtering material, its'supports and its interfaces with the filter housing

3.2.3
upstream
u/s
region in afprocess system traveérsed by a flowing fluid before it enters that part of the test device (3.2.1)

3.2.4
downstream
D/S
area or rejion inte-which fluid flows on leaving the test device (3.2.1)

3.3 Aerdsol

3.31
liquid phase aerosol
liquid particles suspended in a gas

3.3.2
solid phase aerosol
solid particles suspended in a gas

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

2 © IS0 2016 - All rights reserved
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3.34
neutralization
action of bringing the aerosol to a Boltzmann charge equilibrium distribution with bipolar ions

3.4 Particle counter

3.4.1
particle counter
device for detecting and counting numbers of discrete airborne particles present in a sample of air

[SOHRCE:1SQ 29464:2011, 31 27]

3.4{2

optical particle counter
OP

particle counter (3.4.1) which functions by illuminating airborne particles in\a sample flow of air,
conperting the scattered light impulses to electrical impulse data capable of afjalysis to provjide data on
particle population and size distribution

[SOPURCE: 1SO 29464:2011, 3.29]

3.43
sampling air flow
volymetric flow rate through the instrument

3.414

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

[SOPURCE: ISO 29464:2011, 3.1.126]

3.4/5
particle size distribution
pregentation, in the form of tables, numbers or graphs, of the experimental results obtairjed using a
method or an apparatus capable of measuring the equivalent diameter of particles in a samplg or capable
of giving the proportion of particles for which the equivalent diameter lies between defined limits

[SOPRCE: ISO 29464:2011, 3.1.128]

3.4l6

isokinetic sampling
technique ferair sampling such that the probe inlet air velocity is the same as the velocit}y of the air
surfounding-the sampling point

[SOURCE: I1SO 29464:2011, 3.1.144]

3.5 Efficiency

3.5.1
efficiency
fraction or percentage of a challenge contaminant that is removed by a test device (3.2.1)

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 29464:2011, 3.1.61]

© IS0 2016 - All rights reserved 3
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3.5.3

penetration

P

ratio of particle count detected downstream versus the particle count upstream

[SOURCE: ISO 29464:2011, 3.1.130]

3.5.4

correlation ratio

R

calculation of any potential bias between the upstream and downstream sampling systems

3.6 Othdr terms

filters witH performance complying with requirements of filter class ISO 35 to ISO 45.as,per ISO 294¢
[SOURCE: ISO 29464:2011, 3.1.88]

3.6.2
reference ffilter
primary device possessing accurately known parameters used-as a standard for calibraf

secondary|devices

[SOURCE: ISO 29464:2011, 3.39]

4 Symbols and abbreviated terms

4.1 Symbols

DEHS (DiEthylHexylSebacate)

KCl potassium chloride solid phase aerosol

Ra current radioactivity-ofthe source

Rag radioactivity ofthe’source at date of manufacturer

t time (years)

to,s half-life\time (years)

cv coefficient of variation

9 standard deviation of the data points

mean mean value of the data points

Uc,ips upstream correlation count for sample i, and particle size, ps
De,ips downstream correlation count for sample i, and particle size, ps

UBb,ps» U fps upstream beginning or final background average count at a specific particle size, ps

3-1

—n

ng

DB b,ps; DB fps downstream beginning or final background average count at a specific particle size, ps

D ps downstream background average count for efficiency sample, i, and for particle size, ps

4 © IS0 2016 - All rights reserved
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Dg,c,ps downstream background average count for correlation sample, i, and for particle size, ps
By,ips» Btips measured beginning or final upstream background count for sample, i, and particle size, ps
dp,ps, df,ps measured beginning or final downstream background count for particle size, ps

UB,ps, UB,c,ps upstream background average count for efficiency or correlation at a specific particle

size, ps
Ni ps measured upstream efficiency count for sample, i, and particle size, ps
Uip upstream efficiency average for sample, i, and for particle size, ps
Utod,ps sum of the upstream particle counts for particle size, ps
Dj p} downstream efficiency average for sample, i, and for particle size, ps
Rip correlation ratio for sample, i, and for particle size, ps
ﬁps correlation ratio at a specific particle size, ps
n number of samples
ec,p 95 % uncertainty of the correlation value at a specific particle size, ps
st student’s t distribution variable
v number of degrees of freedom for student’s ¢ distribution variable
Elcl s lower confidence limit of the correlation ratio at a specific particle size, ps
Euc s upper confidence limit of thé\correlation ratio at a specific particle size, ps
6c,pk standard deviation ofithe correlation value at a specific particle size, ps
Uc,tht,ps sum of the upstream particles sampled during correlation at a specific particl¢ size, ps
Ucibps correlation particles sampled for sample, i, and for particle size, ps
P penetration or the fraction of particulate that penetrates the test device
) observed penetration at a specific particle size, ps
o,ds
) final penetration at a specific particle size, ps
ps
l_)lcl ( lower confidence limit of the penetration at a specific particle size, ps
) | upper confidence limit of the penetration at a specific particle size, ps
ucl,ps
eps 95 9% uncertainty of the penetration value at a specific particle size, ps
ps standard deviation of the penetration value at a specific particle size, ps
ei static or dynamic uncertainty
Utot,ps sum of the upstream particles sampled during penetration at a specific particle size, ps
Eps fractional efficiency at a specific particle size, ps

© IS0 2016 - All rights reserved 5
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4.2 Abbreviated terms

ASHRAE
CEN

CL

NIST

PSL

American Society of Heating Refrigeration and Air Conditioning Engineers
European Committee for Standardization

concentration limit

National Institute of Standards and Technology

polystyrene latex spheres

RH

TR

5 Gene

5.1 Test

The test dg
leaks occu
be designe

The compl
usage and
encountersg

The compl
likely to be

relative humidity, %

testrig

ral test requirements

device requirements

Faround the exterior test device frame and the test rig sealing surfaces. The test device s
d or marked so as to prevent incorrect mounting.

pte test device (filter and frame) shall be made oftmaterial suitable to withstand nor
exposure to the range of temperature, humidity@nd corrosive environments likely t
d in service.

bte test device shall be designed so that itwill withstand mechanical constraints that

through thg test device shall not constitute a hazard or nuisance for the people (or devices) expose

filtered ain

5.2 Test

The test d¢
environme

device installation

ntal equilibrium with-thie test air weighed to the nearest gram. Devices requiring exte

accessorie

shall be operated during the test with accessories having characteristics equivalent to th

used in actlual practice. Thetest device, including any normal mounting frame, shall be sealed into
test rig in § manner that‘pvevents leakage. The tightness shall be checked by visual inspection and no
visible leaks are acceptable. If for any reason dimensions do not allow testing of a test device uf

standard
provided

st conditions, assembly of two or more devices of the same type or model is permit]
o leaks*occur in the resulting assembly. The operating conditions of such accesy

equipment|shall'be recorded.

vice shall be designed so that when correctly mounted in the véntilation test rig, no air/dust

hall

mal
be

are

encountered during normal use. Dust orfibre released from the test device media by air flow

d to

bvice shall be mounted intaccordance with the manufacturer’s recommendations and affter

‘nal
ose
the

der
ted,
ory

5.3 Test

rig requirements

Critical dimensions and arrangements of the test apparatus are shown in the figures of this part of
ISO 16890 and are intended as guides to help construct a test rig to meet the performance requirements
of this part of ISO 16890. All dimensions shown are mandatory unless otherwise indicated. Tolerances
are shown in the figures herein. Units are in mm (inch) 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 part of ISO 16890.
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6 Test materials
6.1 Liquid phase aerosol

6.1.1 DEHS test aerosol

Liquid phase aerosol of DEHS (DiEthylHexylSebacate) produced by a Laskin nozzle arrangement is
widely used in the testing of high efficiency filters. DEHS is the same as DES Di (2-ethylhexyl) Sebacate
or Bis (2-ethylhexyl) Sebacate since the aerodynamic, geometric and light scattering sizes are close
to each other when measured with optical particle counters (OPC). The DEHS aerosol shall be used
untfeated and introduced directly into the test rig.

6.1/2 DEHS/DES/DOS - formula
C26H5004 or CH3(CH2)3CH(C2H5)CH200C(CH2)gCOOCH2CH(C2Hs5)(CH2)3CH3

6.1{3 DEHS properties

Molecular weight 426,69 g/mol

Derlsity 912 kg/m3 (57 Ib/ft3)

Melting point 225K

Boiling point 505Kto 522K

Flagh point >473 K

Vaplour pressure <1 Paat293K

Reffactive index 1,452 at 600 nm wavelength

Dyrnamic viscosity 0,022 Pa-s (0,015 Ib/ft:s) to 0,024 Pa-s (0,016 Ib/ft-s)
CA$ number 122-62-3

6.1/4 Liquid phase aerosol generation

Thq test aerosol shallconsist of untreated and undiluted DEHS, or other liquid phase ferosols in
accprdance with 6.3)aerosol reference.

re 1 giyes(an example of a system for generating the aerosol. It consists of a smal| container
with DEHSiquid 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 requifed aerosol

i a
coneentraciott:

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/in2),
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.

Before testing, regulate the upstream concentration to reach steady-state and to have a concentration
below the coincidence level of the OPC.

© IS0 2016 - All rights reserved 7
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Dimensions in millimetres

2 | 5
16
3 £y
4 N )/ | |
S-)/ 6
Key
1  particlg-free air (pressure about 17 kPa) (2,5 Ib/in2)
2 aerosollto test rig
3 laskin 1rjozzle
4 liquid tpst aerosol
5 four @ 1,0 mm holes 90° apart top edge of holes and just touching the bottom @f the collar
6  four @ 4,0 mm holes next to tube in line with the @ 1,0 mm holes (key 5)
Figure 1 — Liquid phase aerosol generator
6.2 Soligd phase aerosol
6.2.1 Potassium chloride (KCI) test aerosol
The KCl tedt aerosol shall be polydisperse solid‘phase (dry) potassium chloride (KCI) particles genergted
from an aqueous solution. For example, a KCl solution can be prepared by combining 120 g of reagent
grade KCl with 11 of reagent grade distilled water. The solution is fed to the atomizing nozzle at around
1,2 ml/mir (0,04 oz/min) by a metering'pump. Varying the operating air pressure of the generator pnd
the solutioh flow rate allows controlof the challenge aerosol concentration.
NOTE1 Reagent grade water@s,defined by ASTM D1193.
NOTE 2  The 120 g KCI tort\J-of water shown here is an example. The actual ratio used may vary dependinfg on
the equipmént used.
6.2.2 Kd - formula
KCl
6.2.3 KCl properties
Molecular weight 74,55 g/mol
Density 1984 kg/m3 (123,86 1b/ft3)
Melting point 1049K
Boiling Point 1686K
8 © IS0 2016 - All rights reserved
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Solubility 347 kg/m3 at 293 K
Refractive index 1,490 at 600 nm wavelength
CAS number 7447-40-7

6.2.4 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 3 3 1 3 i £l 'S £I1CO 100N ikl i ] i +lo PC
me U LT TITITITIITU LI dCT USUTL 1 C\.iull CIIITIILS Ul LII1S lJCll LUT'ITOVU 1TUOJU WILIIUUL UVUIL 1Uqu1us LIICT .

Theg nozzle is positioned at the top of a 305 mm (12,0 inch) diameter, 1 300 mm (51,0]|inch) 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.

© IS0 2016 - All rights reserved 9
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clean, dry compressed air source

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

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

spray tower 305 mm (12,0 inch) diam. 1 300 mm:(51,0 inch) tall
meterifg pump speed 20 cm/s, KCl solution water

1

2

3

4

5 air atorpizing nozzle
6

7

8 radioadtive neutralizer located at aerosel outlet, if used
9

coronadischarge neutralizer located irdrying air supply line, if used
10 drying pir 1,9 dm3/s (0,040 ft3/min)
11 outlet thbe 38 mm (1,5 inch)-internal diameter (can be located on the bottom of the spray tower)

Figure 2 — Schematic diagram of the solid phase aerosol particle generator system

6.3 Refdrenceaerosols

6.3.1 Relerenceaergseldfor03wmis1 Oy |

For measuring the filtration performance from 0,3 pm to 1,0 um, the liquid phase aerosol listed in 6.1
shall be the reference material for this test method.

6.3.2 Reference aerosol for 1,0 pum 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 the reference material for this test method.

6.3.3 Other reference aerosols

Only aerosols listed in 6.1 and 6.2 may be used to test devices as per this part of ISO 16890. In order to
use an aerosol outside of the reference range for that aerosol, acceptable matching to the results of the

10 © IS0 2016 - All rights reserved
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reference aerosol for the particle size range being measured shall be achieved according to 6.3.4. Liquid
phase aerosol can only be used to measure filtration performance in the particle size range from 1,0 pm
to 10,0 um if the test device media velocity is below 20 cm/s (39,4 ft/min).

6.3.4 Matching criteria

To show an acceptable aerosol matching, a reference test filter, as defined in 8.3.2, shall be run using the
reference aerosol and repeated using the trial aerosol. If the filtration efficiency results are within two
percentage points in each measured channel, the trial aerosol can be used in that particle size range. A
written report showing evidence of this matching shall be maintained at the testing facility. This test

sha

6.4

Any
inty
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7
7.1
7.1

7.1
Thd

noninal inner dimensions except for the test device section. The test device is located in se

may

7.1

Thd
sho
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Aerosol loading

aerosol used to test the filtration performance according to this part of 4SO 1689
oduced in the filter element long enough to allow the test to be performéd) but not so
hge the filtration performance characteristics of the tested device.

Test equipment

Testrig
1 Dimensions

1.1 Cross dimensional area

testrig (see Figure 3) consists of several square segments with 610 mm x 610 mm (24 inc
r have nominal inner dimensions betwéen 610 mm (24,0 inch) and 622 mm (24,5 inch).

1.2 Length and location dimensions

minimum or required dimensions for test rig (TR) section lengths and equipment lo
wn in Figure 3.

0 shall be
long as to

h x 24 inch)
Ction C and

fations are

© ISO 2016 - All rights reserved
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=100

Dimensions in millimetres

21400

% A [ j A A }l N {A
11 7
G oe  q ® 006
Key
A TRsection — U/S inlet plenum 9 D/S test device pressure tap
B TRsection — U/S Sampling 10 D/S mixing orifice (efficiency testing)
If dust loading, D/S final filter
C TR sectjon — Test device 11 D/S aerosol sampling head
D TRsectjon — D/S Mixing/Final Filter 12 D/S HEPA filtration (if used)
E TRsectjon — D/S Sampling 13 example of upper air flow nozzle pressure tap (if used)
F TR sectjon — Air flow measurement 14 example of air flow measurement device location
1 U/S HEPA filtration 15 example of lower air'flow nozzle pressure tap (if uped)
2 liquid derosol injection a  U/S denotes upstream of the test device.
3 solid adrosol injection b D/S denotes downstream of the test device.
4 dustinjection nozzle ¢ Devicestwsed only with dust load testing.
5 U/S mixing orifice d  Air flow nozzle pressure taps shall be located

U/S aerjosol sampling head

U/S tes
test dey

7.1.2 Co

The test rig
finish, and
rig could b
monitoring

L device pressure tap
ice

nstruction materials

7.1.3 Te!

Figure 3 = Schematic diagram of the test rig

according to the device manufacturer’s installatipn
specification requirements.

r material shall\be electrically conductive, electrically grounded, shall have a smooth intefrior
be sufficiently rigid to maintain its shape at the operating pressure. Smaller parts of the fest
b made inglass or plastic to see the test device and equipment. Provision of windows to allow

of testprogress is acceptable.

Lo

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
shall meet all of the apparatus qualification tests described in Clause 8.

12
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7.1.4 Testrig air supply

7.1.4.1 Fanlocation

The

NOTE

test rig can be operated either in a negative or positive pressure air flow arrangement.

In the case of positive pressure operation (i.e. the fan upstream of the U/S HEPA), the test aerosol

and loading dust could leak into the room, while at negative pressure (i.e. the fan downstream of the D/S HEPA)

part

7.1

icles could leak into the test rig.

2

Environment

Rod
dev
disd

NO1I
ASH

7.1

Hig
pur

HERA filtration of the exhaust flow is recommended, butinot required. An exhaust HEPA f

for
sha

7.1
The

7.1

For
dow
an

The
spa
line
as

m air or recirculated air shall be used as the test air source. The temperature of the ai
ice shall be (23 + 5) °C [(73 % 9) °F] with a relative humidity of (45 + 10) %. Exhaust f
harged outdoors, indoors, or recirculated.

E The relative humidity can affect results when counting particles of solid;phase aerosol,
RAE 1287-RP. The narrow relative humidity range is a result of that work.

4.3 Testrig HEPA filtration

h efficiency HEPA filters shall be placed in the test rig airstream upstream of the test rig seq
pose of this upstream filtration is to provide very low background particulate levels durin

the removal of any test aerosol that may be present inithe exhaust air. If the exhaust HEP)
I be a minimum of 500 mm (20 inch) from the dowmistream sampling head.

5 Testrigisolation

6 D/S mixing orifice

all fractional efficiency measurements, the D/S mixing orifice shall be installed as shown
nstream of the test devigésand upstream of the D/S sample head. The mixing orifice is
rifice plate (1) and a perforated plate as the mixing baffle (2), as shown in Figure 4.

mixing baffle shall’be'152 mm #* 2 mm (5,9 inch * 0,8 inch) in diameter and have equall
Ced holes with lines in a staggered pattern to provide a 40 % open area and mounted sg
is in line withithe centre of the hole in the mixing orifice. The pattern of the holes shall
ossible to 3,175 mm (0,125 inch) diameter holes on 4,76 mm (0,187 5 inch) centres.

at the test
low can be

hs shown in

tion A. The
b a test.

Iter allows
\ is used, it

test rig shall be isolated from vibration(caused by the blower or other sources of vibrati¢n.

n Figure 3,
made up of

7 sized and
the centre
be as close
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Dimensions in millimetres

610

610

Key
1
2

orifice

7.1.7 A€

7.1.71 S

The upstre
rigid electi
and shall

sample lin
sampling |
of a short
make the f

NOTE1 |
number of ¢
losses on th
possible.

NOTE 2
inlet.

’

7.1.7.2 S

blate

perforafted plate, equally space holes, 40 % open area, staggered lines

Figure 4 — Mixing orifice

rosol sampling

ample lines

ically conductive and electrically grounded mietallic tubing having a smooth inside surf
be rigidly secured to prevent movement during testing. The upstream and downstr¢
s shall be nominally identical in geometry (bends and straight lengths). The portion of
nes inside the test rig shall block less than 10 % of the test rig cross-sectional area. The
ength [50 mm (2,0 inch) maximum] of straight, flexible, electrically dissipative tubin
nal connection to the OPC is acceptable.

article losses in the test rig, aerosol transport lines and OPC need to be minimized because a sm
punted particles will meanlarger statistical errors and less accurate results. The influence of par
e result is minimized if the' upstream and downstream sampling losses are made as near equ{

'he use of a shortflexible connection often relieves stress that would be placed on the instrumé

ample probes

Tapered s

]

arp-edged sampling probes are placed in the centre of the upstream and downstrg

am and downstream sample lines (both primaty and secondary, if used) shall be madg of

hce,
bam
the
use
b to

hller
Licle
| as

nt’s

e Im

measuring|sections. The sampling heads shall be centrally located on the line with the inlet tip fa

[ing

the inlet of the test rig parallel to the air flow. The sampling 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 sampling probe tip diameters to maintain isokinetic sampling in the test rig at other test air
flow rates is recommended. The probe diameter shall be a minimum of 6 mm (0,25 inch).

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

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
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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
inlet probe to the OPC with the following conditions.

a) Air flow rate through the primary sampling system shall be measured to within 5 % with

volumetric devices.

b) |Isokinetic sampling to within 10 % shall be maintained on both primary and secondary |probes.

c) |Theupstream and downstream secondary sampling systems shall be of equal length-and|equivalent
geometry.

d) [The upstream and downstream primary sample air flow rates shall each be’s2 % of the|system air
flow rate.
NOTE The primary lines (one from the upstream location, one from the downstream lodation) draw
the samples from the test rig and transport them to the vicinity of the @PC(s). The primary sysfem uses an
auxiliary pump and flow metering system to operate at a higher air‘flow rate than would be provided by
the OPC(s) alone. The higher air flow rate combined with larger diameter sampling lines imprgves particle
transport. The OPC(s) then draws a lower flow rate sample fronTthe primary line. The sample lifies from the
OPC(s) to the primary sample lines are termed the secondary.sample lines.

e) |The auxiliary pump and associated flow control dand flow measurement devices of tle primary
sampling lines shall be downstream of secondary @robes.

7.1)7.5 Aerosol diluters

If ap aerosol concentration in the test rig exceeds the limits of the particle counting system, no test can

be 1un as per this part of ISO 16890. Anaerosol dilution system (diluter) may not be used td lower this

congentration due to the uneven particle’dilution of larger particulate by the dilution systen).

7.1)7.6 Valve requirements

Thrjee one-way valves (see Figure 5) make it possible to sample the aerosol upstream or dowjnstream of

the[test device under test,or to have a “blank” suction through a HEPA filter. If used, the valyes shall be

of a|straight-through deSign to minimize impaction or other losses in the valve. Due to possible particle

losdes from the sampling system, the first measurement after a valve is switched should be ignored.
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Key
1 testdevice
2 HEPA fiflter (clean air)
3 valve, upstream
4 valve, clean air
5  valve, downstream
6  compufer
7 OPC
8 pump
Figure 5 — Schematic diagram of the aeresol sampling system
7.1.8 Teptrig air flow rate measurement
Flow meagurement shall be made by standardized flow measuring devices in accordance
[SO 5167-1] The uncertainty of measurementshall not exceed 5 % of the measured value.

7.1.9 Re|

Measurem
wall as sh
taps (see K
shown as
(0,08 inch

The presst

0-2:2016(E)

—

Z

sistance to air flow measurement

bnts of resistance to air(flow shall be taken between measuring points located in the tes
wn in Figure 3. Each'measuring point shall comprise four interconnected static press
igure 6) equally distributed around the periphery of the test rig cross section. Figure
in example of a static pressure tap. The static pressure tap hole shall be 2 mm * 0,5
F 0,02 inch). The’‘complete system should pass the qualification testing in 8.2.

H70), the

accuracy (;F_rZ Pa<(0,01 inch H20) in the range of 0 Pa to 70 Pa (0,28 inch H20). Above 70 Pa (0,28 1

cutacy shall be +3 % of the measured value.

vith

rig
ure
6 is
mm

re measuning equipment used shall be capable of measuring pressure differences with an

nch
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Dimensions in millimetres

/
/
/
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=

32,0
Figure 6 — Static pressure tap

7.1J10 Non 610 mm x 610 mm (24,0 inch x 24,0 inch) test devices

The test apparatus shown in Figure 3 is designed for a test device with nominal face dinpensions of
610|mm x 610 mm (24,0 inch x 24,0 inch). Transitions in accordance’with Figure 7 shall be ufed for test
devijices with face areas from 60 % to 150 % of the normal test §ig cross section area of 0,37 m2 (4 ft2).
It ig permitted to test a bank of several devices if the face area of an individual device is lesgthan 60 %
of the test rig area. It is also permitted to test specially sized test devices duplicating the sfructure of
stamdard units if the size requirement cannot otherwise be met.

Dimensions in millimetres

o -
3 = 610 610
A n

@

o

L1
i

(e10-w)/2 (W-610)/2

Key
1 testdevice dimensions smaller than test rig (asymmetrical dimensions are allowed)

2 testdevice dimensions larger than test rig (asymmetrical dimensions are allowed)

Figure 7 — Transitions for test devices
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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
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 part of

ISO 16890.

NOTE
used to me
requireme

ISO 16890-3.

7.1.11.2 1

The dust fd
and maintg

7.1.11.3 U

For all dustf
of the test
shown for
rig, the ori
be installe

NOTE \
to mix with

7.1.11.4 K
The final fi

orifice sha
testing.

7.2 Aergsol particle counter

7.2.1 Ge|

The aerosg
These inst

Asure the filter element performance as per the ISO 16890-3 test method. Listing of the equipmént;

s are provided in ISO 16890-2 to help the user when assembling a test rig for both ISO 16890-2

ust feeder

nance procedures for this equipment are listed in ISO 16890-3.

j /S mixing orifice

load measurements, the U/S mixing orifice shall be installed as shown in Figure 3, upstr¢
levice and upstream of the U/S sample head. The dimensions and design shall be the sam|
he D/S mixing orifice in 7.1.6 and shown in Figure 4, I[fan inlet plenum is installed in the
fice plate component in Figure 4 can be eliminated, The perforated plate mixing baffle s
l and located as dimensioned in Figure 4.

Vith an inlet plenum, the air is adequately mixed>and use of only the perforated plate allows the
a more uniform air flow distribution providingan even dust distribution on the face of the test de

inal filter

| be replaced when dust{ogading is completed and prior to any particle removal efficie

neral

| partiele.Counter shall be based on optical particle sizing and counting (i.e. light scatteri
ruments are commonly known as optical particle counter spectrometers (OPC) and als

eder is located as shown in Figure 3 as the dust injection nozzle. Specific'setup, qualificaf

—n

on

Pam
e as
test
hall

Hust
Vice.

Iter captures any loading dust that passes through the tested test device during the qlust
loading procedure. It is installed in plage of the D/S mixing orifice when loading dust. The D/S mi}

King
ncy

ng).
b as

optical aer

S0l spectrometers.

7.2.2 OPC sampled size range

The OPC(s) shall count and size individual aerosol particles in the 0,3 pm to 3,0 pm range for a minimum
test 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 pm 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 um, 1,0 um
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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 um and 10,0 um. The recommended particle size channels boundaries are shown in Table 2.

Table 2 — Recommended OPC(s) particle size range boundaries

.. - Geometric mean
Size Lower limit | Upper limit particle size limit
range um um 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 1,002 1,30 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 4,00 846
10 4,00 5,50 4,69
11 5,50 7,00 6,20
12 7,00 10,02 8,37
a  Required channel boundaries.

7.2}4 Sizing resolution

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

7.2{5 Calibration

The OPC shall be calibrated insaceordance with ISO 21501-4. The calibration shall be perfqrmed with
mo]}odisperse NIST-traceable. PSL and the calibration shall include at least one particle diamgter in each

of the ranges of 0,3 pm to_0;4 um, the upper most channel of the range to be tested (either 2,20 pm to
3,00 um for the minimwm-data range or 7,00 um to 10,00 um for the full data set range), and dt least four
other sizes in between."The particle size calibration of the OPC shall be performed at least afpnually.

7.216 Air flowdate

The inlet volitme air flow rate shall not change more than 2 % with a 1 000 Pa (4,0 inch H20) change in
the|pressure of the sampled air.

7.2.7  Zero counting

The total measured particle count rate shall be less than 10 particles per minute when the OPC 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.

© IS0 2016 - All rights reserved 19


https://standardsiso.com/api/?name=7e2d64b9025c9849a7636293d113b308

ISO 16890-2:2016(E)

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.

8 Qualification of test rig and apparatus

8.1 Schedule of qualification testing requirements

8.1.1 Geperal

Apparatus|qualification tests shall verify quantitatively that the test rig and sampling,procedyres
are capable of providing reliable fractional efficiency measurements and resistance’ to air ilow
measuremgnts. Maintenance testing shall keep the system in good operating order. Additional clea

ing

and maint¢nance operations subject to any normal laboratory operation shall als¢-be needed beyjond

what is listled in Clause 8.

8.1.2 Qualification testing

Full syste

qualification testing shall take place every two years or seofier if any change is made to|the

system that may alter performance, such as changing a major compohent of the system. It is suggested

that the qufalification test be performed in the order listed in Table.3:

A change fo the system requiring requalification would include, but is not limited to, changing|the
blower, redonfiguring the test rig dimensions, changing the\locations of the OPC, generators, etc. Also,
this order [of testing should allow the user to minimizetpotential retesting due to modifications that
may be refuired to pass sections of the qualification“esting. For example, not knowing the aerpsol

generator fesponse time could cause issues trying to pass the aerosol uniformity test.

8.1.3 Qualification documentation

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

results of the latest qualification testing:

Table'3 — Qualification testing requirements

Subclause
Qualification'testing ;;It_?i)sf Requirement
1S0 16890
Test rig — Pressufesystem testing 8.2.1 No change in Pa
<5 % of the set sample air flow rate
OPC — Air flow rate stability test 8.2.2 s e e
2-o-betweenH/SandDAS
OPC — Zero test 8.2.3 <10 counts per minute from 0,30 um to 10,0 um
OPC — Sizing accuracy 8.24 Relative to the max in the appropriate channel
OPC — Overload test 8.2.5 No predetermined level
Aerosol reference matching? 6.3 <2 % points in each channel
Aerosol generator — Response time 8.2.6 No predetermined level
Aerosol generator — Neutralizer 8.2.71 Radioactivity shall be detected
Aerosol neutralizer life time 8.2.7.2 Replace if any decrease detected

a  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)

Subclause
e . . of this .
Qualification testing part of Requirement
IS0 16890

Aerosol neutralizer — Radioactive service life 8273 Document source strength when new
verification — Remaining life >185 Mbq (5 mCi)
Aerosol neutralizer — Radioactivity is present 8.2.74
Aerosol neutralizer — Corona discharge current | 8.2.7.6 >3 pA
Aerjosol neutralizer — Corona discharge bal- 8.2.7.7 As close as possible a reading‘of{zero
anded output
Tesft rig — Air leakage test 8.2.8 <1%
Tes|t rig — Air velocity uniformity 8.29 CV < 10.%
Teslt rig — Aerosol uniformity 8.2.10 CV<715%
Test rig — Downstream mixing 8.2.11 CV'<10%
Tes|t rig — Empty test device section pressure 8.2.12 <5Pa (0,02 inch H,0)
Tes|t rig — 100 % efficiency test 8.2.13 >997% for all particle sizes

0530 pm to 1,0 pm: 0,90 to 1,10
Tes}t rig — Correlation ratio 8.2.14 1,0 pm to 3,0 um: 0,80 to 1,70

3,0 pm to 10,0 pm: 0,70 to 1,30
a |This testis required if an aerosol other than the reference one'is‘tsed for a particle size range.
8.2| Qualification testing
8.2]1 Testrig — Pressure system testing
8.2]1.1 Pressure system test protocol
The test shall be made by calibrated pressure measuring devices or by the system described |n Figure 8.

Car
50
ind

For

manufacturer to.the sensor. This test shall be carried out sequentially on all pressure lines

the

NO1
the

bfully seal the pressure sample points in the test rig to be able to withstand a negative |

vidual sample line until-all sample pressure lines have been tested.

each pressure Gensor connected to the system, apply the maximum pressure alloy

test rig.

E Thepressure system test is to verify the lines, connectors and equipment used to measure
fest rigrdo not significantly affect the accuracy of the measurements of air flow rate or resistance

hressure of

DO Pa (20,0 inch H20). Disconnect the pressure sensor(s) and apply the negative pressifire to each

fed by the
httached to

pressure in
to air flow.

8.2. 1.2 PTressure system test results

For each sample line or sensor port, after 30 s of testing there shall be no change in the pressure from

the

©IS

applied pressure value.

02016 - All rights reserved
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— - — — —
—r - — — d—

Key
1 sealed pressure inlet

2 testdeyice section

3  Ap=5000 Pa (20,0 inch H20)

Figure 8 — Pressure system test

8.2.2 OHC — 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 pf 1 000 Pa (4,0 inch H,0) resistanceste’air flow between the upstream particle sampfing
location arld the downstream particle samplinglocation at an air flow rate of 0,944 m3/s (2 000 ft3/njin).

Measure t
locations.

e sampled air flow rate from the’test rig at both the upstream and downstream sampling

If using a 4econdary sampling systemny, both the air flow from the test rig and the air flow to the PPC
shall be inglividually verified. Meastre the sampled air flow rate through the OPC by either measuring
the exhausft or the inlet air floWwsat both the upstream and downstream sampling locations.

rate from'the test rig at the upstream and downstream sampling locations shall be within
5 % of the $et samiple air flow rate. The difference between the sample air flow rate from the test rig for

[ [ B 3 AT 53 D 3 T 596 0f the
instrument’s specified air flow rate. The difference between the sample air flow rate into the OPC from
the upstream and downstream sample lines shall not exceed 2 %.

N2 UP [edll [0 AOWT [Eall N PIINE POII [ DE W

NOTE Differences in sample air flow through the OPC(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

8.2.3.1 Zero test protocol

For each OPC on the system, install a minimum HEPA level efficiency filter directly to the instrument’s
inlet and run a 1 min count.
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8.2.3.2 Zero test results

The zero count of the OPC(s) shall be verified to be <10 total counts per minute in the 0,30 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 OPC.
8.2.4 OPC — Sizing accuracy

8.2.4.1 Sizing accuracy test protocol

The sizing accuracy of the OPC(s) shall be checked by sampling an aerosol containing, raghodisperse

polystyrene spheres (PSL) of known particle size.

NOTE OPC(s) measure the particle count and the equivalent optical particle size. The indicated particle size
is sfrongly dependent on the calibration of the OPC. Checks with PSL particles at the low and the high end of the
OP({'s particle size range are especially meaningful.

8.214.2 Sizing accuracy test results

A 14
par
che

tlative maximum particle count shall appear in the OPC sizing‘channel that encompasges the PSL
Ficle diameter. This result is not intended to be an OPC calibrdtion, but simply a sizinjg accuracy
Ck of the OPC.

8.2]5 OPC — Overload test

8.2]5.1 General

OP( refore, itis
jcentration

nting error

s may underestimate particle concentrationg’if their concentration limit is exceeded. The
necpssary to know the concentration limit of the OPC being used. The maximum aerosol coj
usefl in the tests shall then be kept sufficiently below the concentration limit, so that the cou
resfilting from coincidence does not exceed 5 % .

NO1
the

E The measured fractional efficiency in the 0,30 um to 0,40 pm particle size range often d
concentration begins to overleadithe OPC.

ecreases as

8.2]5.2 Overload test protocol

A's

con
ove
may

bries of initial fractional efficiency tests shall be performed over a range of challen
centration to determine a total concentration level for the fractional efficiency test th
Fload the OPC{s). If the upstream concentration in the test rig cannot be reduced, a dilu]
' be used-.t0 reduce the aerosol concentrations below the OPC’s concentration limit

ge aerosol
it does not
ion system

It is then

necpssary.tovtake upstream and downstream samples via the dilution system in order t¢ eliminate
level shall
performed
; Am aerosol
concentratlons The tests shall be performed at 0, 944 m3/s (2 000 ft3/m1n) The fllters selected for this
test shall have an initial fractional efficiency in the range of 30 % to 70 % as measured by the 0,30 pm
to 0,40 pm particle size range and >90 % for the 7,0 pm to 10 um particle size range. The aerosol for

these tests shall be generated using the same system and procedures of 9.3.

errgrs arising from uncertainty in the dilution factor’s value. The lowest total concentratior
be ess than 1 % of the lnstruments stated total concentratlon 11m1t The tests shall be

8.2.5.3 Overload test results

The tests shall be performed over a sufficient range of total aerosol challenge concentrations to
demonstrate that the OPC(s) is not overloaded at the intended test concentration. The measured
filtration efficiencies should be equal over the concentration range where overloading is not significant.
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8.2.6 Ae

rosol generator — Response time

8.2.6.1 Aerosol generator response time — Measurement protocol

Measure the time interval for the aerosol concentration to go from background level to steady-state
test level. The test shall be performed at an air flow rate of 0,944 m3/s (2 000 ft3/min) with the OPC
sampling from the upstream probe. Similarly, measure the time interval for the aerosol to return to

background level after turning off the generator.

NOTE The aerosol generator response time determines the amount of time delay needed to reach a steady-
state condition for testing. This is to ensure that sufficient time is allowed for the aerosol concentration to
stabilize prior to beginning the upstream/downstream sampling sequence during the filter testing.

Use the aerosol generator defined in 6.1.4 and the OPC defined in 7.2 to find the aerosolgenerator
response times for liquid phase aerosol. Repeat this test using the solid phase aerosol generator in 6{2.4.
8.2.6.2 Aerosol generator response time results

These time intervals shall be used as the minimum waiting time between (a)~activating the aerpsol
generator and beginning the OPC sampling sequence and (b) deactivating the-aerosol generator pnd
beginning fhe OPC sampling sequence for determination of background aefosol concentrations.

8.2.7 Aefosol generator — Neutralizer

8.2.7.1 Aerosol neutralizer test protocol

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

NOTE When testing filters with a solid phase aeresol electrostatic charge on, the aerosol can affect the[test

results. Thu

8.2.7.2 A

The measy
if a substa
accordancg

8.2.7.3 A

Verify, bas
passed fro

s, neutralizing the solid phase aerosol is\a-necessary procedure.

lerosol neutralizer life time

htial decrease in activity has occurred. Replace neutralizers showing a lack of activit
with the manufacturer’s recommendations.

lerosol neutralizer — Radioactive service life verification

bd on the-qriginal radioactivity of the source, the source’s radioactive half-life, and the ]
M date.of manufacture, that the current radioactivity of the source is above 185 MBq (5 1

t

Irement shall be repeated)annually and compared to prior measurements to deternpine

y in

ime
Ci).

Ra = Ra,~Z - I85 MBq (5 mCi)
where
Ra current radioactivity of the source, MBq (mCi);
Ragp original radioactivity of the source (at date of manufacture), MBq (mCi);
t elapsed time since date of manufacture (years);
tos half-life of the source (years).
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8.2.7.4 Aerosol neutralizer — Radioactivity is present

A radiation detector shall be used to confirm that radioactivity is detected within the neutralizer.

8.2.7.5 Aerosol neutralizer — Radioactive clean

Radioactive aerosol neutralizers shall be cleaned at a minimum of every two weeks. Rinse with water if
KCl aerosol 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 qllalification
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 weelis. Remove
neufralizer from the spray tower, but leave it attached to the drying air'source. Support heutralizer
300 mm from any object except for a small support arm that is on the'side or rear of the peutralizer.
Start drying air flow 1,9 dm3/s (4 ft3/min). Hold static voltmeter 365/mm (12,0 inch) in firont of the
neufralizer in the centre of the air stream exiting the neutralizer.df\the positive and negatjve outputs
areluser-adjustable, adjust the positive and negative output to©btain as close as possible a reading of
zer(. If the positive or negative outputs were adjusted, repeat/the measurement of corong discharge
curfent 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@'minimum of every two weeks and cleanedl if needed.

CAUTION — Disconnect ion source from power supply and refer to the manufacturgr’s safety
requirements prior to cleaning the corona neutralize.

8.2!18 Testrig — Air leakage test

8.218.1 General

The test rig can be operated either under negative or positive pressure depending on the f3n location.
In the case of positivelpressure operation (i.e. the fan upstream of the test device in the tdst rig), the
test aerosol could l€ak'into the laboratory, while at negative pressure particles could leak ifpto the test
system. Either method has the potential to affect the test results unless the overall test rig l¢akage rate
is very low.

8.2]8.2  Air leakage test protocol

The test rig shall be sealed at the beginning of the 610 mm x 610 mm (24,0 inch x 24,0 ingch) section
and immediately upstream of the exhaust filter bank by attaching a gasketed solid plate to the test rig
opening or other appropriate means. It is acceptable to apply the seals to a larger length of the test rig,
but not less than prescribed. If a larger test rig length is included, the system shall still meet the same
leakage requirements. To establish the pressure for the leak test, the pressure at the aerosol injection
location shall be measured with the test rig operating 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) without a test device installed. To determine
the test pressures, add 250 Pa (1,0 inch H20) to the measured pressures to account for the added
resistance of an air cleaner.

8.2.8.3 Air leakage test results

Carefully measure the amount of air entering into the test rig until the lowest test pressure is achieved.
The air flow rate required to maintain the pressure at a constant value shall be measured and recorded

© IS0 2016 - All rights reserved 25


https://standardsiso.com/api/?name=7e2d64b9025c9849a7636293d113b308

ISO 16890-2:2016(E)

as the leak rate, and the test shall then be repeated for the other two test pressures. The measured leak
rates shall not exceed 1,0 % of the corresponding test air flow rate. The highest pressure anticipated
by this part of ISO 16890 is 3 200 Pa (13 inch H0). The user should exercise caution and should not

pressurize

the test rig beyond its design limit for personal safety.

8.2.9 Testrig — Air velocity uniformity

8.2.9.1 Air velocity parameters

The uniformity of the challenge air velocity across the test rig cross section shall be determined by

a nine-poifit traverse (Figure 9) in the 610 mm x 610 mm (24,0 Inch x 24,0 Inchj test rig immediately

upstream

uniformity
(500 ft3/m
instrumen

NOTE
efficiency tg

8.2.9.2 A

A one-min
based on a

then be repeated two more times to provide triplicate one-minute averages at each point for the g

air flow rat

8.2.9.3 A

The CV (w
correspon

The coeffid
cV =

n

where

mean

If the air velocity is not uniform in the test rig, the results of resistance to air~flow and fracti

J

bf the test device section without any test device installed in the test device section:

in, 2 000 ft3/min, and 3 000 ft3/min). The velocity measurements shall be madé witk

sting can have higher variability than expected.

lir velocity protocol

ite average velocity shall be recorded at each grid point (Figure 9). The average shal
[ least 10 readings taken at equal intervals during the one*minute period. The traverse s

e. The average of the triplicate readings at each pointshall be computed.

lir velocity results

ing averaged grid point air velocity values shall be less than 10 % at each air flow rate.

ient of variation CV shall be calculated as follows:

is the standard deviation of the nine averaged measuring points;

is the mean‘value of the nine measuring points.

[ having a minimum accuracy of 10 % with a minimum resolution of 0,05 m/s{(10 ft/min).

The

test shall be performed at air flow rates of 0,236 m3/s, 0,944 m3/s and L1416 m3/s

an

bnal

be
hall
ven

ere CV is the coefficient of variation, compuited as the standard deviation/mean) of the fine

(2)
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Dimensions in millimetres
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Figure 9 — Air velocity and aerosel uniformity sampling points

10 Testrig — Aerosol uniformity

10.1 Aerosol uniformity parameters

ermined by a nine-point traverse in the 610 mm x 610 mm (24,0 inch x 24,0 inch) test rig in
tream of the test device location using the grid points as shown in Figure 9.

traverse measuremehnts shall be performed at air flow rates of 0,236 m3/s, 0,944
6 m3/s (500 ft3/mihy/2 000 ft3/min, and 3 000 ft3/min). The traverse shall be made by re
hgle probe to maintain the same sample line configuration for each of the nine grid point]
zle of the sample probe shall be a tapered sharp edged sample probe and meet the requi
.2 for isokinetic sampling at 0,944 m3/s (2 000 ft3/min). This same inlet nozzle diamef
d at all airflow rates.

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

hav

uniformity of the challenge: aerosol concentration across the test rig cross sectign shall be

hmediately

m3/s and
hositioning
s. The inlet
rements of
er shall be

testing can

b higher than expected variability.

8.2.

10.2 Aerosol uniformity protocol

A minimum of a one-minute sample shall be taken at each grid point with the aerosol generator
operating. After sampling all nine points, the traverse shall be repeated four more times to provide a
total of five samples from each point. The five values for each point shall then be averaged for each of
the 12 OPC size channels. The measurements shall be made with an OPC meeting the specifications
shown in 7.2. The number of particles counted in a specified size range in a single measurement shall
be >100 in order to reduce the statistical error. If both solid and liquid aerosols are used in testing, both
aerosol systems shall meet this qualification requirement.
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8.2.10.3 Aerosol uniformity results

The CV of the corresponding nine grid point particle concentrations shall be less than 15 % for each air
flow rate in each of the 12 OPC size channels.

The coefficient of variation CV shall be calculated for each particle size range at each flow as follows:

CV, =

where

8 s

meanps

(3)

6195

meanp
8.2.11 Te

8.2.11.1 I

The point
using the g
its normal
(24,0 inch

The downs
and 1,416
a KCl/watg¢
primarily

injection p
tube to all

downstream. The aerosol shall be injected immediately downstream within 250 mm (10,0 inch) of

HEPA filter
rig as indig
outlet shal
The downg

NOTE1 4
or frame) is

NOTE 2 ]
be the same
small hand-

NOTE3 1

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

is the mean value of the nine measuring points for particle size range, ps.
5t rig — Downstream mixing

Jownstream mixing parameters

pf aerosol injection immediately downstream of the test deviCe'section shall be traver
rid points as shown in Figure 10. The downstream samplinggrobe shall remain stationary
centre of test rig sampling location. A HEPA filter with facerdimensions of 610 mm x 610

24,0 inch) shall be installed to obtain smooth air flowsat the outlet of the test device sect]

m3/s (500 ft3/min, 2 000 ft3/min, and 3 000 ft3/min). An aerosol nebulizer shall nebu
br solution (prepared using a ratio of 300 giof KCI to 1 000 ml water) into an aerosq
ub micrometre sizes. A rigid extension tubé with a length sufficient to reach each of|
pints shall be affixed to the nebulizer outlet. A 90° bend shall be placed at the outlet off
bw injection of the aerosol in the direction of the air flow. The injection probe shall p

at preselected points located around the perimeter of the test rig and at the centre of the
ated in Figure 10. The flow rate.through the nebulizer and the diameter of the injection t
be adjusted to provide aninjection air velocity within +50 % of the mean test rig velo
tream aerosol concentratienh shall be measured as total aerosol concentration >0,30 um.

\ downstream mixing test is performed to ensure that aerosol that penetrates the air cleaner (m
detectable by the downstream sampler.

'he nebulizer«an/be of any kind that produces a stable submicrometer aerosol and is not require
aerosol generator used to generate the 0,30 pm to 10,0 um challenge aerosol for the efficiency te
held nebuilizer facilitates the traversing process.

'he ombination of (a) evaluating the downstream concentration as the total concentration >0,3(

and (b) the

se-of'a portable nebulizer greatly simplify and speed up the process of the test while maintaining

sed
y in
mm
ion.

tream mixing measurements shall be performed at,air flow rates of 0,236 m3/s, 0,944 m3/s

lize
I of
the
the
Dint
the
test
ube

City.

pdia

d to
5t. A

pum
the

utility to de

. 1 3 -
LECLHTaUcqudic UOWIIS LT CAIIl ITITXTITE.

8.2.11.2 Downstream mixing protocol

A one-minute sample from the downstream probe shall be acquired with the nebulizer operating and
the injection tube positioned at the first injection grid point. The injection point shall then be moved to
the next grid point location. A new one-minute sample shall be obtained after waiting at least 30 s. The
procedure shall be repeated until all nine grid points have been sampled two more times to provide
triplicate measurements at each grid point for the given air flow rate. The average of the triplicate
readings at each point shall be computed.
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8.2.11.3 Downstream mixing results

The CV of the corresponding nine grid point particle concentrations shall be less than 10 % for each
air flow rate in each of the 12 OPC particle size ranges. If the required degree of downstream aerosol
mixing is not achieved, verify that the downstream mixing orifice and baffle are properly designed
and centred. Confirm that the aerosol nebulizer provides a stable output by injecting the aerosol at
the centre of the test rig location while repeatedly sampling downstream. Improve the stability of the
aerosol nebulizer if needed and repeat the downstream mixing test.

The coefficient of variation CV shall be calculated for each particle size range at each flow as follows:

0
DS
CVpS =— 4)
mean
whgre
Sps is the standard deviation (of the nine measuring points) for particle size range, ps;

meanps is the mean value of the nine measuring points for particle §iZe range, ps.

Dimensions in millimetres

<5 | p— 305

610
(2] (2]
4 5 6
305
7 8 9
9 @ ®

Figure 10 — Downstream mixing aerosol injection grid

8.2]12- Test rig — Empty test device section pressure

8.2.12.1 Empty 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 section.
Record the resistance to air flow of the empty test device section.

8.2.12.2 Empty test device section pressure results

The measured resistance to air flow across the empty test device section shall be less than 5 Pa (0,02 inch
H70). System maintenance shall be performed until the resistance to air flow is below this level.

NOTE Since there is a linear distance between the upstream and downstream pressure sampling points, there

can be a small tare pressure or system effect due to this distance and the movement of the air. The system tare does
not include any filter mounting hardware which may be used to hold the filter in a normal installation, 5.2.

© IS0 2016 - All rights reserved 29


https://standardsiso.com/api/?name=7e2d64b9025c9849a7636293d113b308

ISO 16890-2:2016(E)

8.2.13 Testrig — 100 % efficiency test and purge time

8.2.13.1 100 % efficiency protocol

An initial fractional efficiency test shall be performed using a filter element with an efficiency of at least
HEPA 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 Q‘Alifl‘hihg from the upstream-to the downstream ]inn’ residual p:\rh'r‘]nc f]

fom

the upstre:
this case, t

NOTE ]
a 100 % eff
time from §
upstream sg

8.2.13.2 1

The fractignal efficiency shall be greater than 99 % for all particle sizes,Determine an acceptable pt

time to me
value as th|

8.2.14 Te

8.2.14.1 (

The correl
overall tes

NOTE
due to parti
and downs

sample lines.

8.2.14.2 (

The test sh
test air flo
correlation

8.2.14.3 (

In a perfect system, the correlationratios are 1,0 at all particle sizes. Deviations from 1,0 can o

hm sample are counted during the downstream sampling and yield an efficiency of <999
he purge time shall be increased and the 100 % efficiency test repeated.

'he purpose of this test is to ensure that the test rig and sampling system are capablelof provi
ciency measurement. In addition, this test assesses the adequacy of the aerosol gehérator resp

mple appear in the downstream sample.

00 % efficiency results

et this test requirement and double the time needed as a saféty factor. Use this safety fa
e test purge time.

5t rig — Correlation ratio

feneral
htion ratio test shall be performed withouta test device in place to check the adequacy of

rig, sampling, measurement and aerosol generator.

cle losses in the test rig, differences-in the degree of aerosol uniformity (i.e. mixing) at the upstr
ream probes, and differences\in ‘particle transport efficiency in the upstream and downstr

orrelation ratio praotocol

all be performedas a normal fractional efficiency test but with no test device installed.
w rate shallbe0,944 m3/s (2 000 ft3/min). The test procedures for determination of
ratio in 9.8;shall be followed.

orrelation ratio results

.In

Hing
nse

.2.6. If the response time is insufficient, residual particles from the relativelychigh concentration

rge
Ctor

the

Ccur
Fam
Fam

The
the

The correl

htion ratio for each particle size shall meet the data guality requirements from 10.3.3

NOTE

If the correlation ratio falls outside of the required specification at the smaller particle sizes (<1,0 pm),

suspect incomplete mixing at the upstream probe location; the aerosol injection tube may need to be realigned or
additional mixing provided in the discretionary ductwork upstream of the upstream mixing orifice. If the small
particles are within required limits but the larger particles are not, suspect unequal sample line losses. For dual
OPC systems, also suspect that one of the OPCs may be out of calibration or have air flow issues.

8.3 Maintenance

8.3.1 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
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laboratory operation shall also be needed beyond what is listed in 8.3. The maintenance schedule is
shown in Table 4. I[tems are shown based on the proper time to perform each maintenance item with
references to the appropriate subclause of this part of ISO 16890. Several items listed here are also part
of the qualification test requirements, but are listed here as they shall be performed and documented
more often than the qualification requirement.

Table 4 — Maintenance schedule

Subclause
Maintenance items ;;f‘:?isf Eii? w'l;vzl(;q Monthly m(?:l):‘}‘ S Yearly

1SO 16890

Tes|t rig — Correlation ratio 8.2.14 X

Test rig — Empty test device section pressure 8.212 X

Tes}t rig — Background counts 8.3.2 X

OPC — Zero test 8.2.3 X

OP( — Sizing accuracy 8.2.4 X

Tes|t rig — Reference filter test 8.3.3 X

Test rig — Pressure reference test 8.3.4 X

co
DN
—
(ON]
>

Tesft rig — 100 % efficiency test

4

Tes|t rig — Final filter resistancea

co
NS
—
=<

Tesft rig — Pressure system testing

[ee]
N
N
<

Aerlosol generator — Response time

OP( — Calibration 225 X
Pregssure sensors — Calibration 7.1.9 X
Temperature, RH — Calibration 7.3 X
Air|flow rate measurement — Calibration 71.8 X

co
Do
o
<

Aerosol generator — Response time

(e}
N
~
o
>

Aerosol neutralizer — Remaining radioactivity

Aerfosol neutralizer — Confirmation of radioac-

tiviky 8.2.74 X
Aerjosol neutralizer — Radioactive clean 8.2.7.5 X
Aerosol neutralizer — Coerena discharge current 8.2.7.6 X

Aerosol neutralizer -£€orona discharge output 8.2.7.7 X
Aerosol neutralizers- Corona discharge inspect 8.278 X

and clean if needed

NOTE Regular cleaning of all equipment is needed to maintain the performance of the testrig.

a  |Forthispart of ISO 16890, the final filter is not used.

8.3.Z~ Testrig — Background counts

Test rig background counts are part of the normal fractional efficiency testing process defined in 9.3.1.
Regular monitoring of these results enable the test rig owner/operator to find potential issues with the
system before they become a problem.

NOTE Increases in the background counts could be a sign of an intake HEPA filter problem, an OPC problem,
or even a test rig leakage problem.
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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 pass through 50 %
efficiency in the particle diameter range of 0,7 um to 3,0 um and be <35 % at 0,30 pum to 0,40 um
and >70 % in the 7,0 um to 10,0 pm 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 placgfrompotentiatdamage:

Testing a known reference filter for fractional efficiency enables the test rig owner/operator, to find
potential ifsues with the system before they become a problem. Detecting shifts in the efficigncy
curves bedomes difficult if the efficiency is either very high or very low for all particle sizes. Charnges
in the filtration efficiency of electret media reference filters may be due to reduced effectiveness of|the
neutralizer and its condition should then be checked.

8.3.3.2 eference protocol

The “primairy” reference filter shall be tested at an air flow rate of 0,944 m3/s (2 000 ft3/min)| for
fractional gfficiency as defined in 9.3 every two weeks. If the fractiofial efficiency values shift by >5
percentagd points for any of the particle sizing channels, the “se¢ondary” reference filter shall be
tested. If bpth the primary and secondary reference filters show.shifts >5 percentage points for any of
the particle sizing channels, system maintenance shall be perfermed as needed (e.g. clean sample lipes,
recalibratd the OPC, etc.) to restore the reference filter fractional efficiency test to a <5 percentage
point shift] The “reserve” reference filter shall be used if<either the primary or secondary refergnce
filter becomes unusable (e.g. damaged).

NOTE Fercentage points is not to be confused with pércent. As an example, the difference between effici¢ncy
values of 301% and 35 % is 5 percentage points, not 5 %;

8.3.3.3 Reference values

The reference filters shall be tested asidéefined in 9.3 for fractional efficiency and resistance to air flow.
These initipl values shall be the refetence values for that reference filter.

8.3.3.4 Reference resistance-to air flow

The measufed resistanceo,air flow across the reference filter shall be within 10 % of the reference value
for that reference filtefidf the resistance to air flow deviates by more than 10 %, system maintengnce
shall be pefformed to Yestore the resistance to air flow to within 5 % of the reference value.

NOTE xamples of system maintenance steps that can be performed to restore the resistance to air flow
include (buf are'not limited to) checking for leaks in the ducting and around the flow nozzle, and checking the
manometer{forproper zero and level.

8.3.3.5 OPCrecalibration

Immediately after recalibration of the OPC(s), retest each of the reference filters (or a new set of
reference filters) to establish new fractional efficiency and resistance to air flow reference values.

8.3.3.6 Reference filter replacement

When either the primary or secondary reference filter shows a shift >5 percentage points for any of the
particle size ranges and the secondary or reserve reference filter does not show the shift, the primary
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and/or secondary reference filter shall be replaced with an identical filter or filters, if available, or a
new set of identical reference filters shall be obtained.

NOTE A reference filter’s efficiency may change with the collection of test aerosol after repeated use.

8.3.4 Testrig — Pressure reference test

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

ref«r&m&ﬂl&;d&&@n.ﬂiimnhu&ed.hﬁ&a&&mmmi&diommm levice with
stable resistance to air flow over repeated use as the pressure reference device.

8.3

5 Testrig — Final filter resistance

For
dus
che
air

filte

this part of ISO 16890, the final filter is not used, but it may be used if this testrig is used|to perform
t loading procedures in accordance with ISO 16890-3 or other standards..The final filtef should be
rked on a monthly basis at a typical air flow rate of 0,944 m3/s (2 000 ft8/min) and the regsistance to
low should not exceed 500 Pa (2,0 inch H0). If the resistance to air flow exceeds this levl, the final
r should be replaced.

9 |Test methods

9.1| Air flow rate

The
by t

test device shall be tested at its nominal air voluine flow rate for which the device has bed
he manufacturer.

n specified

If the manufacturer does not specify a nominal air volume flow rate, the test device shall be tested
at (0,944 m3/s (2 000 ft3/min). The air flow-velocity associated with this volumetric flow s 2,54 m/s
(50p ft/min). Unless otherwise specified;:ithe test shall be performed at 0,944 m3/s (2 000 ftp/min).

For he nominal

face

test devices that are not nominal610 mm x 610 mm (24,0 inch x 24,0 inch) in face area, t
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

Inst
test

valyes will establish a curve of resistance to air flow as a function of the air flow rate. The r¢g

air

all the test device\it/the test rig and record the value for the initial resistance to air flov
rig air flow hasstabilized to each of 50 %, 75 %, 100 % and 125 % of the test air flow

low readings shall be corrected to an air density of 1,20 kg/m3 (0,075 Ib/ft3) (see Annex

v when the
rate. These
sistance to
B).

9.3| Measurement of fractional efficiency

9.3.1 Aerosol sampling protocol

All particle counting samples shall be a minimum of 30 s sample time and all particle count samples for
any test shall be at the same sample time. The number of counts can be increased from the minimum
values shown in 9.3.3 or 9.3.4, and the sample time for a test can be increased from the minimum value,
as long as the sample time for each count remains the same throughout the test.

NOTE Increasing the number of counts and using longer sample times may improve statistical variability.

9.3.2 Background sampling
Begin the initial background sampling after the test device is properly installed, the air flow has

stabilized to the test air flow rate, and the aerosol generator is off. The final background sampling is
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run at the test device air flow rate, after the fractional efficiency testing, and with the aerosol generator
off. Each particle count for the background sampling shall have a minimum sample time 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 may help if the average background count is more than 1 % of the average measured
upstream count.

9.3.3 Testing sequence for a qingl(-\ 0OPC

9.3.3.1 S
a) Install

b) Startt

c) Measufe the beginning background counts.

1) Py

8.2.13.2.

2) S4

3) Pyrge the upstream/downstream lines.

4) Sa

5) Purge the upstream/downstream lines.

6) Sample the upstream (Bp 2) background pasticles.

d) Startthe aerosol generator and let stabilize;as per the time determined in 8.2.6.

e) Measufe efficiency counts. Repeat 9.3.371 e) until 5 upstream and 5 downstream counts have b
sampléd.

1) Pyrge the upstream/downstream lines.

2) Sa

3) Purge the upstreahi/downstream lines.

4) Sa
f) Measu

1) Pyrge@the upstream/downstream lines.

2) Sa

ingle OPC sequence description
the test device, unless this is a correlation test, then no test device is installed.

he air flow and let stabilize.

rge the upstream/downstream lines according to the purge time“value determined fi

fmple the upstream (Bp,1) background particles.

imple the downstream (d}) background particles.

mple the upstream(fVy) particles.

[nple the downstream (Dy) particles.

e thefinal upstream efficiency count.

mple the final upstream (Ng) particles.

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

h) Measu

re the final background counts.

1) Purge the upstream/downstream lines.

2) Sample the upstream (Bf1) background particles.

3) Purge the upstream/downstream lines.

4) Sample the downstream (dr) background particles.

34
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5) Purge the upstream/downstream lines.
6) Sample the upstream (B 2) background particles.
i) Check the data quality requirements as defined in 10.3.
1) Ifthe data quality requirements are good, 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.

rable o — Single UFCU counting Cycle Ior a size range, ps

Background, beginning 1 2 3 4 5 6 7 8 9 10 11 Backgrjound, final
= o]
(=] .
U B B N N; N: N N N B B
/ En b,1,p9 gn E" b,2,ps g E‘) 1,ps| go g" 2,ps E" g’:o 3,ps En gn 4,ps E" E‘) 5,p5] g‘) @ 6,ps£§/ g" f,1,ps| % E" 1,2,ps|
5 5 5 S5 5 5 S 5 5 5 5 5 5 5 OS5 ]
D/4|* &\ dops | e & D1,ps| & &\ Dz,ps| & D3, ps| ™ & |Da,ps| = a D5.p$d & T deps |

9.313.2 Single OPC initial data reduction

Forla single OPC system, the upstream counts from two samples shall be averaged to obtain gn estimate
of the upstream counts that would have occurred at the same timé,asthe downstream counts yere taken.

For|the upstream beginning and final background counts:

B

. + B, .
_ "bjips b,(i+1),ps
UB,b,ps - 2 (5)
U _ Bf,i,ps + Bf.(i+1).p5 6
Bfps — 2 ©)

whére

Ug,b,ps is the beginning upstream background average count for particle size, ps;
Ug,fps is the final upstream background average count for particle size, ps;

Bp,ips is the measured beginning upstream background count for particle size, ps;
Btjps is the measured final upstream background count for particle size, ps.

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

U +U
UR Cns or UR ns — B’b’ps B'flps (7)
’ ’ Z

where

Ugps isthe upstream background average count for efficiency sample, i, and for particle size, ps;
UB,c,ps is the upstream background average count for correlation sample, i, and for particle size, ps;
Ugb,ps isthe beginning upstream background average count for sample, i, and for particle size, ps;

Ugfps is the final upstream background average count for sample, i, and for particle size, ps.
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The downstream background counts before and after the efficiency or correlation samples shall simply
be averaged.

B db,ps +df,ps ®

D Bps 2

Bcps OF D

where

Dgps isthe downstream background average count for efficiency sample, i, and for particle
size, ps;

DB c,ps| is the downstream background average count for correlation sample, i, and for particle
size, ps;

dp,ps | isthe beginning downstream background average count for particle size, ps;
dt ps is the final downstream background average count for particle size, ps.
For the upgtream efficiency counts:

U ] Ni7p5 +N(i+1)vp5 (9)
i,ps | 2

Uips 19 the upstream efficiency average for sample, i, andfor particle size, ps;

Njps 1§ the measured upstream efficiency count for sample, i, and for particle size, ps.
9.3.4 Testing sequence for dual OPC testing

9.3.4.1 Dual OPC sequence description
a) Installlthe test device, unless this is.a correlation test, then no test device is installed.
b) Startthe air flow and let stabilize.

c) Measufe the beginning background counts.

o

1) Purge the upstreanni/downstream lines as per the purge time value determined from 8.2.13.2
2) Sample the upstream (U p,1) and downstream (dp 1) background particles.

d) Startthe aeresoel’generator and let stabilize as per the time determined in 8.2.6

e) Measufreefficiency counts. Repeat 9.3.4.1 e) until 5 upstream and 5 downstream counts have Heen
samplee:

1) Purge the upstream/downstream lines.

2) Sample the upstream (Uj) and the downstream (D;) particles.
f) Stop the aerosol generator and let stabilize as per the time determined in 8.2.6.
g) Measure the final background counts.

1) Purge the upstream/downstream lines.
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2) Sample the upstream (Ug 1) and the downstream (df1) background particles.
h) Check the data quality requirements as defined in 10.3.
1) Ifthe data quality requirements are good, stop the air flow and remove the test device.

2) If the 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 ps

Background, 1 2 3 4 5 Background,
beginning | . final
(=) (=)
U/S %’c UB,b,ps 5 %’n Ul,ps UZ,ps U3,ps U4-,ps US,ps 8 %’n UB,f,ps
5 °|5 °|5
D/S e db,ps e Dl,ps DZ,ps D3,ps D4-,ps DS,ps e df,ps

9.314.2 Dual OPC background calculations

Theg upstream background counts before and after the efficiency or cerrelation samples shall simply be
averaged.

UB,b,ps + UB,f,ps

UB,c,ps or UB,ps = 2 (10)

whére

Ugps isthe upstream background average-efficiency count for particle size, ps;
Ug,c,ps Isthe upstream background average correlation count for particle size, ps;
Ugb,ps is the beginning upstream background average count for particle size, ps;
Ug/ftps 1is the final upstream background average count for particle size, ps.

Thg downstream background counts before and after the efficiency or correlation samples shall simply
be 4veraged.

d +d
D _~ bps fps

DB,c,ps or B,ps A~ 2 (11)

where

Dggs\™ is the downstream background average efficiency count for particle size, ps;

wa-ekran aclegratind o nragn ool odbi oy oot £ ot

n ic ad na icla ciza oo
TBC,P5 TS CHC OOV ITS T OO DaCIKgT UdTITO av CTa g CCOTT CTatroTT COUTIC TOT pPaT CrCTC—STZC oS,

dpps isthe beginning downstream background average count for particle size, ps;

ds ps is the final downstream background average count for particle size, ps.
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10 Data reduction and calculations

10.1 Correlation ratio

10.1.1 Correlation ratio general

The correlation ratio, R, shall be used to correct for any bias between the upstream and downstream
sampling systems. The correlation ratio shall be established from the ratio of downstream to upstream
particle counts with the aerosol generator on, but without any test device installed in the test rig. The
correlation ratio shall be determined for each test device and at the air flow rate of the test device. To

measure th

The generdl formula for correlation ratio is:

R

where

downsgream is the particle count at the downstream sample probe;

upstregm

e correlation ratio, follow the sampling requirements of 9.3.1 without installing a test deyice.

_dopnstream
Upstream

10.1.2 Cofrelation ratio data reduction

is the particle count at the upstream sample probe.

12)

The correlftion ratio shall be calculated for each upstream.@nd downstream sample in each particle

size range psing the upstream and downstream values.

Ri ,pS
where

Ri,ps

Dc,i,ps

Uc,i,ps

D

c,i,ps

c,i,ps

s the correlation ratio for sample, i, and for particle size, ps;
s the downstream correlation count for sample, i, and for particle size ps;

s the upstream correlation count for sample, i, and for particle size ps.

13)

These cortelation ratio$, shall be averaged to determine a final correlation ratio value for dach

(14)

particle size.
K1
R — _Li:IRﬂPS
ps %
where

R is the correlation ratio for particle size, ps;

ps

R;ps s the correlation ratio for sample, i, and for particle size, ps;

n number of samples

38
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The standard deviation of the correlation ratio shall be determined by:

n n \2

S (R Ry

. =1\ i,ps ps
5c,ps* n—1 (15)

where

Ocps  Isthe standard deviation of the correlation ratio for particle size ps;

o |

is the correlation ratio for particle size ps;

~
A

DS

Rips  isthe correlation ratio for sample i/ and for particle size ps;

Theg 95 % uncertainty of the correlation value shall be determined by:

e. =08 x— (16)
c,ps ops [
whére

ecps  1sthe correlation uncertainty for particle size, ps;

6c,ps is the standard deviation of the correlation ratiéfot particle size, ps;

st is the t distribution variable from Table 7 fotra given value of n;
n is the number of samples.
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.

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

Rlcl,ps = Rps o ec,ps (17)
Rucl,ps = Rps + ec,ps (18)
where

is thelower confidence limit of the correlation ratio for particle size, ps;

R | iS'the upper confidence limit of the correlation ratio for particle size, ps;
ucl,ps;

é¢ps  Isthe correlation uncertainty for particle size, ps.

Table 7 — Student’s t distribution variable

Number of | Number of degrees of
samples freedom st
n v=n-1
5 4 2,776
10 9 2,262
15 14 2,145
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Table 7 (continued)
Number of | Number of degrees of
samples freedom st
n v=n-1
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.

Uc,tot,ps

where

Uc,tot,p 3

Uc,i,ps
10.2 Pen

10.2.1 Pe

The fractig
the air thd
test device
shown belq

where

downs
upstre

Pps

= Z ;7:1 Uc,i,ps

is the sum of the particles sampled during correlation for particle size;ps;

is the correlation particles sampled for sample, i, and for particle $ize, ps.
ptration and fractional efficiency

hetration and fractional efficiency general

nal efficiency is a measure of the fraction of particlés that the test device removes f
t passes through it and is calculated from the _amount of particulate that penetrates
during the test. The general formulas for penetration (P) and fractional efficiency (Eps)
w.

wnstream

pstream

1-P

) < 100

fream is the partielereount downstream of the test device;
im is the parnticle count upstream of the test device;
isthéparticle fractional efficiency at particle size, ps, %;

is the particle penetration at particle size, ps.

10.2.2 Pe

¢ = 3o aka adis ks oo
ICUIAdUIVII Uditd 1 vUuuLuIvil

[19)

"Om

the
are

20)

21)

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

P i,ops

40

Di,ps

i,ps

(22)
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where

Piops is the observed penetration for sample i and for particle size, ps;
Djps isthe downstream particle count for sample, i, and for particle size, ps;
Uips is the upstream particle count for sample, i, and for particle size, ps.

These penetrations shall be averaged to determine the observed penetration value for each particle size.

= Z Zi—1 1,003
ops (23)
n
whgre
is the observed penetration for particle size, ps;
o,ps
Piops is the observed penetration for sample, i, and for particle size, ps.
The standard deviation of the observed penetrations shall be determin€d by:
n 5 \2
Z i (Pi ops — P )
5 — i=1 ,0,pS o,ps 24
o,ps n—1 (24)
where

Sops  isthe standard deviation of the obseryed penetration for particle size, ps;

p is the observed penetration forparticle size, ps;
o,ps

Piops isthe observed penetratiofifor sample, i, and for particle size, ps.

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

o,ps

Py = (25)
R
whére
P is)the final penetration for particle size, ps;
ps
P is the observed penetration for particle size, ps;
o,ps
R is the final correlation ratio for particle size, ps.
ps

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

(26)
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where

8 s
P

1

C,ps
R s

o

0,ps

o,ps

The 95 %

e =

19

<
1%}
—

19

s%)

)

ﬁr

—_
2

19

=
—

The 95 % d

P Icl,ps 7

P
where

eps

P Icl,ps
P

ucl,ps

ucl,ps T

0-2:2016(E)

is the standard deviation of the observed penetration for particle size, ps;
is the final penetration for particle size, ps;
is the standard deviation of the correlation ratio for particle size, ps;

is the final correlation ratio for particle size, ps;

is the standard deviation of the observed penetration for particle size, ps;

is the observed penetration for particle size, ps.

ncertainty of the penetration value shall be determined by:

st

psx\/;

the penetration uncertainty for particle size, ps;

the standard deviation of the penetration for particle-size, ps;

iy the t distribution variable from Table 7 for a give'value of n;

the number of samples.

onfidence limits of the penetration shall be determined by:

is the penetrdtion uncertainty for particle size, ps;

is the lower confidence limit of the penetration for particle size, ps;

is thelupper confidence limit of the penetration for particle size, ps.

27)

28)

29)

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

Utot,ps

where

Utot,ps

Ui, ps

42

= Z?:lUi,ps

is the sum of the upstream particle counts for particle size, ps;

is the efficiency particles sampled for sample, i, and for particle size, ps.

(30)
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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
upstream particle measured during the correlation testing.

n
2 iaUeips

< ==L SUPS 0,05

(31)

whyd

10.

Thd
ups

whg

10.
The

belgw in Table 8. The minimum number of counts from Formula (19) for each particle si

gre
con
the

Ug,c,ps isthe upstream background average correlation count for particle size, psj
Dg,cps isthe downstream background average correlation count for particle size, ps;

Ucips isthe upstream average correlation count for particle size, ps.

B.2 Efficiency background counts

efficiency background count values for each particle size/shall be less than 5 % of t
tream particle measured during the correlation testing.

Z?:lui

Dy s 0T Up s < % x 0,05

bre

Ugps is the upstream background avérage efficiency count for particle size, ps;
Dgps is the downstream background average efficiency count for particle size, ps;
Uips is the upstream average efficiency count for particle size, ps.

B.3 Correlation ratio

correlation ratios-and uncertainty shall fall within the limits shown in Table 3 an
hter than or equadl to 500. If a sufficient number of counts is not obtained, the sample time

centrationshall be increased. The aerosol concentration shall not exceed the concentrat
OPC(s). Fhe'correlation uncertainty (ec,ps) is calculated from Formula (16).

Table 8 — Correlation ratio limits

he average

(32)

l repeated
ze shall be

or aerosol
jon limit of

size |Particlesizerange, | Total count Correlation ratio o
range um minimum value limits ops
1 0,30 - 0,40 Uctot1 = 500 0,90 to 1,10 ec1<0,05
2 0,40 - 0,55 Ue tot2 = 500 0,90 to 1,10 ec2<0,05
3 0,55 - 0,70 Ue tot,3 = 500 0,90 to 1,10 ec3< 0,05
4 0,70 - 1,00 Ue tot.4 = 500 0,90 to 1,10 ec4 < 0,05
5 1,00 - 1,30 Uec tot.5 = 500 0,80 to 1,20 ec5<0,05
6 1,30 - 1,60 Ue tot,6 = 500 0,80 to 1,20 ec6< 0,05
7 1,60 - 2,20 Uector7 = 500 0,80 to 1,20 ec7<0,05
8 2,20 - 3,00 Ue tot.8 = 500 0,80 to 1,20 ecg < 0,05
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Table 8 (continued)
Size Particle size range, Total count Correlation ratio .
range um minimum value limits Pps
9 3,00 -4,00 Uc,tot,9 2 500 0,70 to 1,30 ec9<0,10
10 4,00 - 5,50 Ue tot,10 = 500 0,70 to 1,30 ec10<0,10
11 5,50-7,00 Uc,tot,11 2 500 0,70 to 1,30 ec11<0,15
12 7,00 - 10,0 Uc tot,12 2 500 0,70 to 1,30 ec12< 0,15
10.3.4 Pepetration
The penetifation uncertainty shall fall within the limits shown in Table 9.

The minimum number of counts from Formula (30) 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 coficentration shall
be increas¢d. The aerosol concentration shall not exceed the concentration limit of the’OPC(s).

The penetifation uncertainty (eps) is calculated from Formula (27) and shall be dess than or equal tojthe

greater of

If the pene
limit (Pudp

Table 9 — Penetration limits

he static limit or the dynamic limit shown for that particle size in.Fable 9.

tration uncertainty cannot meet this data requirement, the penetration upper confidg
) shall be used for that particle size penetration.

nce

Size Particle size range, Total count Static Dynamic
range wm minimum uncertainty uncertainty
1 0,30 -0,40 Utot,1 2 500Q e1<0,05 e1< (0,07 ﬁl)
2 0,40 - 0,55 Utot,2 2500 e2<0,05 e2< (0,07 o [)2)
3 0,55-0,70 Urye3 2 500 e3<0,05 e3< (0,07 o 133)
4 0,70 - 1,00 Utot,4 = 500 e4<0,05 e4< (0,07 o 134)
5 1,00-1,30 Utot,5 2 500 e5<0,05 e5< (0,07 ﬁs)
6 1,30-1,60 Utot,6 2 500 e6<0,05 e < (0,07 136)
7 1,60+ 2,20 Utot,7 2 500 e7<0,05 e7< (0,07 o 57)
8 2,20 - 3,00 Utot,3 = 500 eg<0,05 eg < (0,07 » 138)
9 3,00 -4,00 Utot,9 2 500 e9<0,05 e9< (0,15« 139)
10 4,00 - 5,50 Utot,10 = 500 e10< 0,05 e10< (0,15 o _10)
1T 5,50 - 7,00 Utot,11 = 500 €11 2 0,05 e11 < (0,20 » 1311)
12 7,00 - 10,0 Utot,12 2 500 e12 < 0,05 e12<(0,20 1312)

10.4 Fractional efficiency calculation

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

44
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For all particle sizes that meet all of the data quality requirements, the fractional efficiency for the
particle size(s) is determined by:

E o =(1—P,)x100 (33)

where

Eps  isthe fractional efficiency particle size, ps, %;

P is the penetration for particle size, ps.

PS

For|any particle sizes that cannot meet all of the data quality requirements, the fractional'efficiency for
the particle size(s) that cannot meet the data quality requirement is determined by;

E,_=(1-P

ps ucl,ps

)% 100 (34)

wheére

Eps  isthe fractional efficiency particle size, ps, %;

P 1 is the upper confidence limit of the penetration for particle size, ps.
ucl,ps

11(Reporting results

11.1 General

Test results shall be reported using the testreport format shown in this part of ISO 16890 Figure 11
and| Figure 12 comprise the complete testreport, and are examples of acceptable forms. [Use of this
exaft format is not required, but the report shall include all of the items shown in 11.2.

11.2 Required reporting elements

11.2.1 Report general

Evely test report shalldnclude the information listed in 11.2. Any report not containing afll required
elerpents shall be censidered invalid.

11.2.2 Repertvalues

All [datatvalues for particle removal efficiency shall be reported as whole number valugs only (no
decjmalvor 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 H20).

11.2.3 Report summary

The one-page summary section of the performance report (see Figure 11) shall include the following
information:

a) laboratory information:
1) laboratory name;

2) laboratory location and contact information;
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b)

d)

46

3)
4)

test operator’s name(s);

particle counting and sizing device(s) information;

i)
ii)

manufacturer’s name;

model number;

iii) coincidence value (p/m3) (p/ft3).

5) method of airflow measurement.

testin

1
2)

3) date of the test;

4) ho
test d¢
1) m
m
2) br
3) te
us
4) di
5) ph
6) mjq
i)
ii)
iii]
iv)
v)
7)

an

un

number and depth of pleats);

formation:
identification of this part of ISO 16890;

ique test report identification;

w the sample was obtained.
vice information:

inufacturer’s name (or name of the marketing organization, if different from
nufacturer);

hnd and model number as marked on the test device;

t device condition (e.g. clean, conditioned as pei~ISO 16890-4, loaded as per ISO 1689
ed, etc.);

mensions (height, width, and depth);

ysical description of construction «\(e.g. pocket filter, number of pockets; pleated pa

bdia description including:

type of media with description and identification (e.g. glass fibre AB12, inorganic f
12AB);

media colour;

effective filtér/area;

showaras “Not Available”;

electrostatic charge. If this information is unknown, it shall be shown as “Not Availablg”.

the

0-3,

nel,

bre

type and amount of any additive to the media. If this information is unknown, it shalll be

a photo of the actual test device is highly recommended, but not required;

8) any other pertinent descriptive attributes.

test device literature data or operating data as stated by the manufacturer:

1) testdevice initial resistance to airflow at the test airflow rate;

2)
3)

rated final resistance to airflow at the test airflow rate;

initial particle removal efficiency;
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