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Foreword

This document (EN 1822-3:2009) has been prepared by Technical Committee CEN/TC 195 “Air filters for
general air cleaning”, the secretariat of which is held by UNI.

This European Standard shall be given the status of a national standard, either by publication of an identical
text or by endorsement, at the latest by May 2010, and conflicting national standards shall be withdrawn at the
latest by May 2010.

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rights. CEN [and/or CENELEC] shall not be held responsible for identifying any or all such patent rights.

This document supersedes EN 1822-3:1998.

It is dealing with the performance testing of efficient particulate air filters (EPA), high efficiency particulate air
filters (HEPA) and ultra low penetration air filters (ULPA).

The series of standards EN 1822, High efficiency air filters (EPA, HEPA and ULPA) consists of the following
parts:

— Part 1: Classification, performance ftesting)marking

— Part 2: Aerosol production, measuringiequipment, particle counting statistics
— Part 3: Testing flat sheet filter media

— Part 4: Determining leakage of filter, elements (scan methbd)

— Part 5: Determining the efficiency of filter elements

As decided by CEN/TC 195, this European Standard is based on particle counting methods which actually
cover most needs of different applications. The difference between this European Standard and previous
national standards lies in the technique used for the determination of the integral efficiency. Instead of mass
relationships, this new technique is based on particle counting at the most penetrating particle size (MPPS;
range: 0,12 um to 0,25 um). It also allows ultra low penetration air filters to be tested, which is not possible
with the previous test methods because of their inadequate sensitivity.

According to the CEN/CENELEC Internal Regulations, the national standards organizations of the following
countries are bound to implement this European Standard: Austria, Belgium, Bulgaria, Cyprus, Czech
Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Latvia,
Lithuania, Luxembourg, Malta, Netherlands, Norway, Poland, Portugal, Romania, Slovakia, Slovenia, Spain,
Sweden, Switzerland and the United Kingdom.
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Introduction

As decided by CEN/TC 195, this European Standard is based on particle counting methods which actually
cover most needs of different applications. The difference between this European Standard and previous
national standards lies in the technique used for the determination of the integral efficiency. Instead of mass
relationships, this technique is based on particle counting at the most penetrating particle size (MPPS), which
is for micro-glass filter mediums usually in the range of 0,12 ym to 0,25 ym.

For Membrane filter media, separate rules apply, see Annex A of EN 1822-5:2009. This method also allows to
test ultra low penetration air filters, which was not possible with the previous test methods because of their
inadequate sensitivity.
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1 Scope

This European Standard applies to high efficiency particulate air filters and ultra low penetration air filters
(EPA, HEPA and ULPA) used in the field of ventilation and air conditioning and for technical processes, e.g.
for applications in clean room technology or pharmaceutical industry.

It establishes a procedure for the determination of the efficiency on the basis of a particle counting method
using a liquid test aerosol, and allows a standardized classification of these filters in terms of their efficiency.

This European Standard applies to testing sheet filter media used in high efficiency air filters. The procedure
includes methods, test assemblies and conditions for carrying out the test, and the basis for calculating results.

2 Normative references

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

EN 1822-1:2009, High efficiency air filters (EPA, HEPA and ULPA) — Part 1: Classification, performance
testing, marking

EN 1822-2:2009, High efficiency air filters (EPA, HEPA and ULPA) — Part 2: Aerosol production, measuring
equipment, particle counting statistics

EN 14799:2007, Air filters for general air. ¢leaning < Terminology

3 Terms and definitions

For the purposes of this document, the terms and definitions given in EN 14799:2007 apply.

4 Symbols and abbreviations

Table 1 contains the quantities (terms and symbols) used in this standard to represent measurement variables
and calculated values. The values inserted in the equation given for these calculations should be in the units
specified.
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Table 1 — Quantities

Term

Symbol

Unit

Equation for the calculation

Measured variables

Exposed area A cm?
Test volume flow rate 1% cm?/s
Pressure drop Ap Pa
Mean particle diameter ~ pMm
d
p

Particle number N -
Sampling volume flow rate Vs cm?/s
Sampling duration t S

Calculated quantities

95 % level of confidence

Filter medium face velocity u cm/s 1%
U=—
A
Mean differential pressure Ap Pa 1 <&
p 3
ApE\DLBP,
n o
Particle number concentration Cy om-3 N
CN —
Vit
Penetration for particles in size range i P a Cvai b
p 2l
CN,M,I
Mean penetration P a — 1
P==>P
nioy
Mean efficiency E @ E=1-P
Number of particles for the upper or lower | Ngso, - See Clause 7 of EN 1822-2:2009
limit of the 95 % level of confidence
Penetration as upper limit value for the| Pgso, . ? Cr d050si
95 % level of confidence Posy; = ———= °
CN 1,95%,i
Mean penetration as upper limit value for j; ) a _ 1<
the 95 % level of confidence 9% Posy,= —z Foss
nio
Mean efficiency as lower limit value for the | 7 ., ) Eosy = 1-Posy

@ These quantities are usually given as a percentage.

® The index "u" refers to up-stream particle counts, and the index "d" refers to down-stream particle counts.
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5 Description of the test method

When testing the sheet filter medium the fractional efficiency is determined using a particle counting method.
The testing can use a monodisperse or a polydisperse test aerosol. The methods differ in terms of both the
production of the aerosol and the particle counter used. Furthermore the measurement of the pressure drop is
made at the prescribed filter medium velocity.

Specimens of the sheet filter medium are fixed in a test filter assembly and subjected to the test air flow
corresponding to the prescribed filter medium velocity. The test aerosol from the aerosol generator shall be
conditioned (e.g. vaporisation of a solvent) then neutralised, mixed homogeneously with filtered test air and
led to the test filter assembly.

In order to determine the efficiency, partial flows of the test aerosol are sampled upstream and downstream of
the filter medium. Using a particle counting instrument the number concentration of the particles contained is
determined for various particle sizes. The results of these measurements are used to draw a graph of
efficiency against particle size for the filter medium, and to determine the particle size for which the efficiency
is a minimum. This particle size is known as the Most Penetrating Particle Size (MPPS).

When measuring the particles on the upstream side of the filter medium it may be necessary to use a dilution
system in order to reduce the concentration of particles down to the measuring range of the particle counter
used.

Additional equipment is required to measure the absolute pressure, temperature and relative humidity of the
test aerosol and to measure and control the test volume flow rate.

6 Sampling of sheet filter media
The testing of the sheet filter medium shall be carried out on at least five samples.

The samples shall bethandled with care;jtheareato be tested shall:be free-from-all folds, kinks, holes or other
irregularities. ’

All samples shall be clearly and permanently marked with the following details:
a) The designation of the filter medium;

b) The upstream side of the filter medium.

7 Test apparatus

71 General

The test apparatus to be used and the arrangement of the components and measuring equipment are shown
in Figure 1 of EN 1822-1:2009.

The basic details for the aerosol generation and the aerosol neutralisation, together with the details of suitable
types of apparatus are contained in EN 1822-2.

7.2 Test arrangements for testing with monodisperse test aerosol

When testing sheet filter media with a monodisperse test aerosol the particle number concentration is
determined using a total count method with a condensation nucleus counter. The arrangement of the test
apparatus is shown in Figure 1.

The monodisperse test aerosol is created in a number of steps. Firstly a polydisperse primary aerosol is
produced using a jet nebuliser with, for example, a DEHS/Iso-propanol solution. The particles are reduced to a
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convenient size for the following process by evaporation of the solvent. The aerosol is then neutralised and
passed to a differential mobility analyser. The quasi-monodisperse test aerosol available at the output of the
differential mobility analyser is once again neutralised, and then mixed homogeneously with filtered test air in
order to achieve at the test volume flow rate required for the filter medium velocity.

The mean particle diameter of the number distribution is varied by adjusting the voltage between the
electrodes of the differential mobility analyzer!)

In order to achieve a sufficiently high particle number concentration over the entire test range from 0,04 ym to
0,8 um it may prove necessary to use several jet nebulizers with differing concentrations of the aerosol
substances in the solvent. Numerical concentrations which are too high can be adjusted by diluting the test
aerosol before the test filter mounting assembly. The number concentration in the test aerosol shall be
selected so that no dilution is necessary for the measurements made downstream from the filter.

A pump positioned downstream draws the test aerosol through the test filter mounting assembly. This ensures
that the differential mobility analyser can always operate under nearly the same conditions, independent of the
pressure drop across the tested filter medium. In contrast, where the testing system operates with an
overpressure this ensures that leaks in the system do not falsify the test measurements.

Particles are counted upstream and downstream from the filter using either two condensation nucleus
counters in parallel, or using only one such counter to measure the upstream and downstream concentrations
alternately. If the level of the upstream number concentration exceeds the measuring range of the counter
then a dilution system shall be included between the sampling point and the counter.

1) Actually, the adjustment gives the mode of number distribution. This can be taken as equal to the median value with
sufficient accuracy.
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1 Filter
2 Pressure valve
3 Solenoid valve
4 Jet nebuliser
5 Neutraliser
6 Differential mobility analyser
7 Needle valve
8 Test filter mounting assembly
9 Differential pressure gauge

10 Dilution system

11 Condensation nucleus counter

12 Measuring equipment for absolute pressure, temperature and relative humidity
13 Volume flow rate meter

14 Vacuum pump

15 Computer for control and data storage

Figure 1 — Setup for testing with monodisperse test aerosols
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