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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are members of
ISO or IEC participate in the development of International Standards through technical committees
established by the respective organization to deal with particular fields of technical activity. ISO and IEC
technical committees collaborate in fields of mutual interest. Other international organizations, governmental
and non-governmental, in liaison with ISO and IEC, also take part in the work. In the field of information

ational Standards are drafted in accordance with the rules given in the ISO/IEC DireCtives| Part 2.

The mgin task of the joint technical committee is to prepare International Standards. Draft International
Standgrds adopted by the joint technical committee are circulated to national bodies for voting.| Publication as
an Intefnational Standard requires approval by at least 75 % of the national bodieés casting a vofe.

Attention is drawn to the possibility that some of the elements of this document may be the sybject of patent
rights. ]SO and IEC shall not be held responsible for identifying any or alhsuch patent rights.

ISO/IELC 28360 was prepared by Ecma International (as ECMA-328) and was adopted, under p special “fast-
track pgrocedure”, by Joint Technical Committee ISO/IEC JTC 1 Information technology, in parallel with its
approval by national bodies of ISO and IEC.

This s¢cond edition cancels and replaces the first edition (ISO/IEC 28360:2007), which has bgen technically
revised. It also incorporates the Technical Corrigendum-SO/IEC 28360:2007/Cor.1:2008.

© ISO/IEC 2012 — All rights reserved \"
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Introduction

Globally, governmental agencies, academic institutions, environmental organizations and manufacturers have
developed methods to determine chemical emissions from electronic equipment. These attempts, however,
resulted in a range of tests, the results of which are not necessarily comparable, either qualitatively or

quantitatively.

Following the publications of the first edition of ECMA-328 and the “Test method for the determination of

emissions frorm%%%mmm%a—mwmrials
Research and|Testing (BAM) and Ecma have collaborated to harmonise methods to determine the chemical

emission rates from information and communication technology (ICT) and consumer electronic

equipment in this second edition.

In addition to

(CE)

UJ

stricter test procedures, the second edition uses generalised emission, formulae, and their
derivations developed in Annex C, to calculate emission rates from concentrations) of analytes that are
measured in Emission Test Chambers (ETC).

The third edition of ECMA-328 was fully aligned with the first edition of ISO/IEC 28360, adopted under

ISO/IEC JTC 1

In addition, the

emissions fromp Hard Copy Devices” (RAL-UZ 122), experts from:the BAM, the Wilhelm-Klauditz-Institu

Following the publications of the fourth edition of ECMA-328 and/the “Test method for the determinition of
the Japan Business Machine and Information System Industries Association (JBMIA) and Ecm

collaborated td
from hard copy

's fast-track procedure and published in September 2007.

fourth edition fixes a number of errata on ISO/IEC 28360:2007 that JTC 1/SC 28 identifi

d.

U

(WKI),
have

harmonise methods to determine the fineparticle (FP) and ultrafine particle (UFP) emissions

devices in the fifth edition.

Vi
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Information technology — Office equipment — Determination of
chemical emission rates from electronic equipment

inform
operati

The m

calculation and reporting of emission rates.

This In
equipn

print patterns for use in the operating phase of EUT using consumables-(e.g. paper).

The fol
e mg
e vid
e SA

e au
am

° po

e cofnputer (desktop, tower, server), portable computers (notebooks).

Emissi
identifi

Calculd

The enpission rates determined with this method may be used to compare equipment in the sam

ati

on and communication technology (ICT) and consumer electronics (CE) equipment)d
on in an Emission Test Chamber (ETC).

ethods comprise preparation, sampling (or monitoring) in a controlled ET.C; storage

ernational Standard includes specific methods for equipment using consumables, such 3
ent not using consumables, such as monitors and PCs. Annex A/specifies monochro

owing are examples of EUT that do not use consumables:
nitors and TV sets (CRT, plasma, LCD, rear projector,-beamer);
eo (VCR, DVD player/recorder, camcorder);

T receiver (Set-Top Box);

jio units (CD player/recorder, home theatre systems, audio home systems, micro-/mini-
plifier, receiver);

table audio (CD player, MP 3 player, radio recorder, clock radio, etc.);

bn rates from EUT using consumables may also be determined according to additiong
pd by “RAL-UZ 122" Option”.

tions use the generalised model and approximations thereof as developed in Annex C.

analyte from
uring intended

and analysis,

s printers, and
me and colour

midi-systems,

| requirements

e class.

Predict

International Standard

jons ‘of “real indoor” concentrations from the determined emission rates are outside thT scope of this

2 Conformance

Determinations of emission rates and total number of emitted particles conform to this International Standard

when:

1. executed using a Quality Assurance Project Plan, Quality Assurance and Quality Control as specified in
ISO 16000-9;

2. tested in a controlled ETC as specified in Clause 7;

3. sampled/monitored and calculated as specified in Clause 8 and Annex B;

4. reported as specified in Clause 9.

© ISO/IEC 2012 — All rights reserved
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For EUT using consumables, determinations according to additional requirements identified by “RAL-UZ 122

Option” herein

3 Normati

conform to the RAL-UZ 122 Option [1].

ve 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 (incl

uding any amendments) applies.

ISO 7779, Acoustics — Measurement of airborne noise emitted by information technology and
telecommunications equipment (ECMA-74)

ISO 554, Stan

ISO 13655, G
images

ISO 16000-3,
and test cham

ISO 16000-6,
by active samq

ISO 16000-9,
products and f|

ISO 16017-1,
sorbent tube/th

EN 55013:200
characteristics

CIE 15:2004, (

4 Terms 3
For the purpos
41

aerosol

system of solig

[ISO 15900:20

Hard atmospheres for conditioning and/or testing — Specifications

raphic technology — Spectral measurement and colorimetric computation for..graph

per air — Active sampling method

ling on TENAX TA sorbent, thermal desorption and gas chromatography using MS or M

ndoor air — Part 9: Determination of the emission of volatile organic compounds from
irnishing — Emission test chamber method

ndoor, ambient and workplace air — Sampling ahd analysis of volatile organic compoy
ermal desorption/capillary gas chromatography~= Part 1: Pumped sampling

1, Sound and television broadcast receivers and associated equipment — Radio distu
— Limits and methods of measurement

Colorimetry, 3 edition, Commission Internationale de I'Eclairage, ISBN: 9783901906336

nd definitions

es of this documentsthe following terms and definitions apply.

or liquid-particles suspended in gas

DY)

ic arts

ndoor air — Part 3: Determination of formaldehyde and other carbonyl compounds in ingloor air

ndoor air — Part 6: Determination of volatile organic compounds’in indoor and test chamber air

b-FID

uilding

nds by

rbance

4.2
Aerosol Meas

uring System

device for measuring the total number concentration of aerosol particles within a size range at a certain

frequency

4.3

air exchange rate

n

ratio of the volume of clean air brought into the Emission Test Chamber (ETC) per hour [m3/h] to the unloaded
ETC volume [m?]

4.4
air velocity

air speed [m/s] measured in the unloaded Emission Test Chamber (ETC)

© ISO/IEC 2012 — All rights

reserved
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4.5

analyte

volatile organic compounds (VOC), carbonyl compounds, ozone, particulate matter, fine particles (FP) and
ultrafine particles (UFP)

4.6
averaged concentration time series
Simple Moving Average of total particle number concentration (Cp) over 31+ 3 s

4.7

Condensation Particle Counter

CPC

instrunjent that measures the particle humber concentration of an aerosol

NOTE 1 An Aerosol Measuring System consists of a flow meter, a particle counting device, a'‘compyter and suitable
softwarg. An Aerosol Measuring System may also be equipped with a particle size classifier.

NOTE 3 For the purposes of this International Standard, a CPC is used as a standalenge) instrument Wwhich measures
the tota| particle number concentration within a device-dependent broad size range.

4.8
consumables
toner, ink, paper and ribbon

4.9
Emissjon Test Chamber
ETC
enclosyire with controlled operational parameters for testing analyte mass emitted from Equipmgnt Under Test
(EUT)

410
Equipment Under Test
EUT
functiohal and complete information and communication technology (ICT) and consumer electronics (CE)
equipment from which chemical emission rates are determined

4.11
Fast Aprosol Measuring System
Aerosdl Measuring Systemtwith integrated particle size classifier

412
fine pdrticles
FP
particlgs with.particle size/diameter range between 0,1 um and 2,5 ym

413
loading factor
ratio of the Equipment Under Test (EUT) volume to the volume of the unloaded Emission Test Chamber

414

Hard Copy Devices

class of Equipment Under Test (EUT) using consumables that includes printers, (photo)copiers and Multi
Functional Devices (MFD)

415

maximum usage time before testing

MUT

<for EUT using consumables> ratio between the total number of prints carried out by the EUT and the printing
speed of the EUT

© ISO/IEC 2012 — All rights reserved 3
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NOTE Maximum usage time is the maximum permitted time of operation before testing in order to consider the EUT
as newly manufactured equipment for testing purposes.

4.16

operating phase
phase in which the Equipment Under Test (EUT) is performing its intended functions

417
particle

tiny piece of solid or liquid matter with defined physical boundaries suspended in a gas

4.18
Particle Emisg
PER
averaged emis
operating phas

419

o Rate

sion rate, i.e. total number of particles in a specified particle size range emittédydur
e

Particle Emiss$ion Rate

PER(t)
time-depender
phase

4.20

t emission rate of particles in a specified particle size range after the start of the op

particle loss-Hate coefficient

B

coefficient that
(ETC)

4.21
particle size

ng the

erating

describes the loss of particles in a specified parti€le Size range in an Emission Test Chamber

particle diameter

measurement

Category to describe the physical dimension of a particle

term particle size is often used asia synonym for particle diameter. The particle diameter is used t¢ assign

rticle size class (e.g. ultrafine particles, UFP).

icles measured by gravimetric methods

NOTE The

a particle to a pa
4.22

particulate matter
PM

quantity of par
4.23

pre-operating
phase in which

phase
thel Equipment Under Test (EUT) is connected to an electrical supply before it is able t

the operating f

D enter

hase

NOTE The

4.24

pre-operating phase can include warming-up and energy saving modes.

post-operating phase
phase following the operating phase

NOTE The

4.25

post-operating phase can include energy saving modes.

total number of emitted particles

TP

calculated total number of particles emitted in a specified particle size range

© ISO/IEC 2012 — All rights

reserved
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4.26

total particle number concentration
Co

particle number concentration in a specified particle size range

4.27

total volatile organic compounds

TVOC

sum of the concentrations of identified VOC and the concentrations of the converted areas of unidentified
peaks using the toluene response factor

4.28

ultrafifie particles
UFP
particlgs with particle diameter less than or equal 0,1 pm

4.29
unit specific emission rate
SER
mass, |n micrograms, of a specific analyte emitted per hour

NOTE If more than one Equipment Under Test (EUT) is placed in the Emission Test Chamber, the fletermined SER
is dividgd by the number of EUTs to obtain the unit specific emission rate SERu.

4.30
Volatilp Organic Compounds
voC
compopnds that elute between n-hexane and n-hexadec¢ane on an unpolar GC-column

5 SImbols and abbreviated terms
1

5. bbreviated terms

CE Consumer Electronics

CPC Condensatiop-Particle Counter

DNPH 2,4-Dinitrophenylhydrazine

ETC Emission Test Chamber

EUT Equipment Under Test

FP Fine Particles

FID Hametonisation-Beteetor

GC/MS Gas chromatography/Mass spectrometry
ICT Information and Communication Technology
MFD Multi Functional Device

PTFE Polytetrafluoroethene

PVC Polyvinylchloride

rH Relative humidity

© ISO/IEC 2012 — All rights reserved 5
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SER
PER
PER(t)
TVOC
UFP
vVOC

5.2 Symbo

K’
Matter
Mpefore
mbg

Mpm
Myet-after
Myet-before
ms

Mpre

Unit Specific Emission Rate

averaged Particle Emission Rate
time-dependent Particle Emission Rate
Total Volatile Organic Compounds
Ultrafine Particles

Volatile Organic Compounds

S

factor in the exponential particle decay function [cm_3]

particle loss-rate coefficient [h_1]

average mass concentration [ug m‘3]

background mass concentration [ug m‘3]

maximum ozone mass concentration [ug m‘3]

initial mass concentration [ug m's]

average mass concentration during pre-operating phase [ug m'3]

average mass concentration during operating phase and optionally during post-op
phase [ug m™]

total particle number concentration [cm_3]
background particle number¢oncentration [cm‘3]
equivalent particle diameter [nm]

ozone half-life_{min]: the period of time for the ozone concentration to drop from
Cmax 12

ozone deeay constant, without ventilation [min‘1]

0zone decay constant with ventilation (k’ = k + n/60) [min‘1]

erating

Crax tO

sample filter mass [ug] after sampling

sample filter mass [ug] before sampling

sampled mass for chamber background [ug]

mass of particulate matter [ug] deposited on the filter
reference filter mass [ug] after sampling

reference filter mass [ug] before sampling

sampled mass [ug]

sampled mass [ug] during pre-operating phase

© ISO/IEC 2012 — All rights

reserved
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Mope sampled mass [ug] during operating and optionally post-operating phase
n air exchange rate [h_1]

P atmospheric pressure [Pa]

PER Particle Emission Rate [h_1]

SER, background SER [ug h™"]

SERpe SER during operating and optionally post-operating phase [ug h_1]
SERo3 SER for ozone [ug min™ ']

SERm SER for particulate matter [ug h™']

SERre SER during pre-operating [ug h‘1]

SER, SER per unit [ug h™" u™]

T ambient temperature [K]

TP total number of emitted particles

fope operating phase duration [h]

ts Sampling time during operating and optionally post-operating phase [h]
tstart point in time marking the start of operating phase

Estop point in time marking the end. of particle emission

tore pre-operating phase duration [h]

At time-resolution.of the UFP measurement [s]

u number of EUT units

% ETC Volume [m?]

7A sampled air volume [m?]

Vg sampled air volume [m3] for determination of Cyq

Vore sampled air volume [m3] in pre-operating phase

Viope sampled air volume [m3] in operating and optionally post-operating phase

6 Method overview

The flowchart in Figure 1 illustrates the method; clause numbers are indicated in brackets.

© ISO/IEC 2012 — All rights reserved 7
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Ensure Test conditions {8.1)

v ¥
Purge Emissicn Chamber (B.2.1) Select and unpack EUT (8.2.3)
' ;
Detarmine Emissipn Test Chambear Optionally install EUT (8.2.5) for '\(1/
Background condentration (8.2 .2) preparation

[ | (19

Preparation (8.2.4.2)

3 Y
N
Mo preparation, sample Ur‘Q\ preparation for at most 3 days Record operatipn time, if
monitor within 24 H (8.2.448) (8.2.4.1b) knewn (8)2.4)
¥
xO
~
‘\\ )% -
C) ﬁ( EUT Prepared and ETC ok
C) Install EUT (8.2.5)
@’ if not already done
E Particulate Matter
\Q/C) WOC and carbanyl compounds 'ﬁntfé!‘:e/ FRIUFP
-—Ozona:l/
¥ ) ] h 4 h
Determine Detarmine Determine Determing Emission
Emission rate Emission rate Emission rate rate and Total number
(826 +B.3) (B.2.6+8.4) [8.2.6 +8.5) of particles (8.2.6 + 8.6)
k i

:I Finish regaort (9) I:

Figure 1 — Determination method overview
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7 ETC requirements

7.1 Construction materials

ETC construction materials shall comply with ISO 16000-9.

7.2 Air tightness

The ETC air tightness shall be as specified in ISO 16000-9.

7.3 Air mixing efficiency

The air

8 D
For the
8.1 1
To me
humidi
with IS
8.1.1

Tests §
climati
ISO 55
Consu

8.1.2

For un
ETC's

8.1.3
The air

8.1.4

mixing efficiency in the ETC shall be as specified in ISO 16000-9.

btermination method

RAL-UZ 122 Option, tests should be executed within 10 working days after delivery of t

[est conditions

et the operational requirements specified herein, ETC parameters such as tempe

y and supply airflow shall be controlled and measured at régular intervals and recorded

D 16000-9 and shall be reported as specified in ClauseA.

Operating temperature and relative humidity (rH)

hall be executed at (23 + 2) °C and (50 + 5)%"rH according to ISO 554. For EUT use
conditions, higher operating temperature--and humidity conditions may be used &

A,

t 8.2.6.2 for special requirements onrH for EUT using consumables.

Air exchange rate (n)

oaded ETCs with a volume larger than 5 m3, n shall be in the range from 0,5 to 2,0
ith a volume of 5 m*er smaller, n shall be in the range from 0,5 to 5,0.

Air velocity
velocity in‘the unloaded ETC shall be in the range from 0,1 to 0,3 m/s.

Sampled air flow

he EUT.

ature, relative
in accordance

i in alternative
s specified in

For unloaded

The su

of quplpd airflow shall be less than 80% of the inlet airflow into the ETC

8.2 Handling of EUT and ETC

EUT shall be selected from normal manufactured batches or shall be a prototype that is representative for
EUT from such batches. For determinations using the RAL-UZ 122 Option, EUT shall be stored in an air-
conditioned room (23 °C, 50% rH) in its original packaging.

To ensure detection of a minimum emission within a practicable time, the ETC with capabilities as specified
in 7 shall be selected such that the loading factor is in the range of 1:4 to 1:100.

8.2.1

ETC purging

The selected ETC shall be unloaded and its interior walls shall be cleaned as described in ISO 16000-9.

© ISO/IEC 2012 — All rights reserved
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k' shall be less than 0,0693 [min™"], which corresponds to an ozone half-life of greater than 10 minutes, when
n=1.

The ozone half-life of the chamber has to be checked at an air exchange rate of n = 1 h™! by introducing a
concentration of 0,1 to 0,2 ppm to the chamber.

Thereafter, the ETC shall be purged with 4 ETC volumes of clean air.
8.2.2 Background concentrations (Cy,)

Following purging, the Cy4 of analyte in the unloaded ETC shall be determined and recorded.

NOTE Cpg [nay stem from e.g. emissions from the ETC itself and sampling tubes or filters.
The Cyq valueg at n = 1, shall be below the limits in Table 1.

Table 1 — Background concentrations

Analyte Limit
VOC and carbonyl compounds 2 [ug/m°] for any analysedubstance
TVOC 20 [pg/m’]
Ozone 4 [ug/m?
PM 10 [rg/m®]
FP and UFP Cp=,2000 [cm™]

8.2.3 EUT unpacking
Emissions from packaging may influence measurements considerably; in addition packaging itself may emit
VOCs that arel not representative for EUTs in typicaluse. Therefore, the EUT to be tested shall be rgmoved
from the shipging containers and all protective shipping packaging such as spacers, film wrapping and any
other shippingjpackaging elements before preparation (as specified in 8.2.4).

NOTE Afte[ unpacking, installation (step=8:2.5) may precede the preparation step (8.2.4).
8.2.4 Preparation of the EUT before testing

8.2.4.1 EUT not using consumables

Newly manufgctured equipment is known to emit higher levels in the first days of use, which|is not
representativelfor the nermal emissions over the intended lifetime.

For newly manufactured equipment, one of the following preparatory operations shall be executed:

a) The EUT shall not be operated before testing; testing shall start within 24 hours after unpacking.

b) The EUT shall have been in operation for a maximum of three days or equivalent before the start of
testing.

For other equipment, that may have been operated longer than three days, no preparation shall be executed;
in this case, the number of days that the EUT has been in operation shall be recorded, if known, otherwise
“not known” shall be reported.

NOTE Typical treatment conditions for types of EUT are:
PCs and ICT & CE equipment: 8 hours operation in idle mode for three days at 8 hours per day which is equivalent to
24 hours of continuous operation.
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8.24.2 EUT using consumables

For EUT using paper consumables, a 60 g/m2 to 80 g/m2 A4 paper with water content between 3,8% and
5,6%, and printing the patterns as specified in Annex A.1 and A.2 are appropriate for the following preparatory
operation. The maximum duration of the operating phase shall be determined. Thereafter, lightness (L*) and
colour values (L*, a*, b*), as appropriate shall be determined from the printouts according to CIE 15:2004 and
ISO 13655.

Before testing the EUT may be used up to the duration of the MUT. The MUT (as duration of the total
operating cycles) is 120 minutes.

One to two 10-minutes operating cycles outside or inside the ETC shall be performed at least one day before

the UFP test in order to determine the print speed, to ensure the proper operation and to avo

emiss

ipns due to unstable UFP emission which sometimes may occur in operation after long3

the EUJT.

For th¢ RAL-UZ 122 option one or two 10-minute operating cycles or at most(1000 prin

accep

table for the purpose of EUT function testing and measuring of print speed,and no furth

and/or [usage shall be executed unless required due to malfunction of the EUT.

Treatment conditions shall be recorded in the test report.

8.2.5

EUT installation

8.2.5.1 EUT not using consumables

The EUT shall be installed while executing its intended fdnction(s) as specified in 1SO 7779,

test si

gnals as specified in chapter 5.2 of EN 55013:2001 or another appropriate standard or sp

To avqid contamination, the EUT shall be installed in the middle of the ETC as fast as p
operatgrs shall leave the ETC immediately thereafter.

8.2.5.2] EUT using consumables

Before|installation, the EUT shall have sufficient consumables to complete the operations. In

consu

To avo

mables, 60 g/m2 to 80 g/m2 A4 paper with water content from 3,8% to 5,6% shall be used.

and all|operators shall leave‘the ETC immediately thereafter.

The EUT shall remain® powered-off until the emission test as specified in 8.2.6, requires t
powergd-on.

For thé determination of FP and UFP specified in 8.6 and/or for the RAL-UZ 122 option
be ins]alled on the day before the emission test.
The ETT shall remain closed until all sampling and or monitoring 1s completed.

The installation date and time shall be recorded.

d influence on
term disuse of

ed pages are
er preparation

using suitable
pcification.

pssible and all

case of paper

id contamination, the‘powered-off EUT shall be installed in the middle of the ETC as fast as possible

he EUT to be

the EUT shall

Emission testing, as specified in 8.2.6, shall not begin within at least 3 air exchanges following installation.

8.2.6

EUT operation during test

The start of the operation of the EUT shall be recorded as the time tg.

The start and duration of the operating phases shall be recorded.

© IS0/l
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8.2.6.1

EUT not using consumables

For this class of EUT, VOC and carbonyl compounds as specified in 8.3 shall be determined and ozone as
specified in 8.4 should be determined while continuing to execute its intended functions as initiated during
installation (see 8.2.5.1).

The used test standard or specification shall be reported, preferably by referring to a standard.

8.2.6.2

EUT using consumables

To avoid condensation due to vaporisation of water from paper during the operating phase, incoming air with
rH of at most 10% may be inserted in the ETC before the operating phase. In addition, the air exchange rate

(n) may have
also depends
the test.

For this class ¢f EUT, VOC and carbonyl compounds as specified in 8.3; ozone as specified(in 8.4; par

matter as spe
controlled fron

8.2.6.2.1
To enter the p
exchanges. Fd
the start of the|
powered-on.

8.2.6.2.2

The Hard Cop

Pre-operating phase

Operating phase

0 be Increased to avoid such condensation. Increase of humidity during the operating
bn the ETC volume. Condensation of water vapour (i.e. rH > 85%) on the ETC wallshinva

Cified in 8.5 and FP and UFP as specified in 8.6 shall be determined hile the EUT
outside the ETC.

r the determination of FP and UFP as specified in 8.6, particle counting shall be start
pre-operating phase because particle emission is observed for some EUTs soon after t

v Device class of EUT shall operate at nofminal speed. Operating may include colour-,

dual sides prin
shall be used f

Enter the oper:
the operating

In conjunction

duration shall pe such that quantitative analysis is ensured.

The duration o
First priority: T

Second priorit
possible. The

ting. The monochrome and colour print\patterns specified in Annex A.1 and A.2 resp
pr EUT using paper consumables.

bting phase by starting copying erf-printing. The output of the first printed page marks the
hase. It ends with the output of-the last printed page.

with other parameters,such as n, ETC volume and the use of a post-operating pha

f the operating phase shall be planned as follows:
he duration.shall be at least 10 minutes.

. If AO\minutes duration is technically not feasible the operational phase shall be as |
number of printed pages should not fall below 150. The maximum duration possible &

number of prin

e-operating phase, the EUT shall be powered-on and remain.in’this phase between 1 a%:

phase
lidates

liculate

being

d 4 air
d from
ey are

and/or

pctively

start of

e, the

pong as
nd the

ed pages have to he checked prinr to tpqting and have to be documented in the test pra

ocol.

8.2.6.2.3

Post-operating phase

The post-operating phase starts when the operating phase ends, and may last up to four air exchanges.

8.3 VOC, carbonyl compounds

The flow chart

12

in Figure 2 illustrates the determination method for VOC, carbonyl compounds.
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Prepare Sorbents (8.3.1)

v

Start operating EUT (8.2.6),
collect, store and analyse
samples (8.3.2)

4

Chamber
concentrations

Emission Model (Annnv (‘)

4
Calculate (8.3.3)

y
Emission
Rates

Figure 2 — Determination method for VOCj:carbonyl compounds

8.3.1 |Sorbents
VOC dampling and analysis shall be performed using the sorbents as specified in 1SO 16017-1, with the
exceptjon of Chromosorb and Porapack due to their high blank values: Tenax TA™ shall be cpnditioned and
analysed according to ISO 16000-6 to minimjse the production of artefacts, especially benzene.

For thg RAL-UZ 122 Option, Tenax tubes shall be spiked with an internal standard such as ¢yclodecane or
deuterated toluene.

For cafbonyl compounds, DNPH cartridges shall be used as sorbent material.
8.3.2 [Sample collection
For VQC, duplicate samples shall be taken, and for carbonyl compounds at least one sample shall be taken.

Individyal VOCs, carbonyl compounds with a concentration = 1,0 |.Jg/m3 and, under the RAL-UYZ 122 Option,
benzerje with-a:concentration = 0,25 pg/m?®, shall be detected.

8.3.2.1| “""Sample collection from EUT not using consumables

Sampling shall start at 3 and end no later than 4 air exchanges after tg.

In addition, Carbonyl compounds sampling shall be conducted as specified in ISO 16000-3.

8.3.2.2 Sample collection from EUT using consumables

Sampling shall be performed during:

i. The pre-operating phase, starting at the beginning of this phase, or, under the RAL-UZ-122 Option, with a

sample flow of 100 to 200 ml/min, from 20 minutes before the end until the end of the one-hour pre-
operating phase; and
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The operating phase, starting at beginning of this phase, and may continue into the post-operating phase.
Under the RAL-UZ 122 Option, sampling shall continue for one air exchange in the post-operating phase,
with a sample flow of 100 to 200 ml/min.

Loaded samples shall be stored and analysed as specified in ISO 16000-3 and ISO 16000-6.

Identified VOCs shall be quantified using absolute response factors, determined by calibration. Unidentified

VOCs shall be quantified using the toluene equivalents as a relative response factor.

When benzene is detected, this shall be verified and quantified by analysing a sample on al
carbonaceous sorbent such as Carbotrap/Carbopack type materials.

ternate

When in doubf{, positive findings of benzene are to be verified via a second independent sampling (e.d. using
Carbotrap/Carpbopack™ or activated carbon type materials).
8.3.3 Emission rate calculation
This Clause specifies formulae that apply to practical situations that are special cases ofthe general case (as
developed in Annex C).
Concentrationsg shall be determined, using the following equations:
ms Mope Mpre M
C, = v Cope =V Core = v C, = ng (1)
s ope pre 9
8.3.3.1  EUT not using consumables
The SER for EJT not using consumables is:
d-C,,)-n-V
SER, = (Q-Crg)-n-V (2)
u

8.3.3.2 EUT using consumables
The Backgroumnd emission rates are:

SER,,=C,|-n-V (3)
a) Emissionp in the pre-operating phase
Assuming conjstant emission rates during the pre-operating phase, emission rates shall be calculgted as
follows.
1. Ifa sampIF is taken from the beginning of this phase:

C.-C,_)nV-t
SERpre — ( pre bg) pre (4)
exp(-n-t,)-1+n-t

2. RAL-UZ 122 Option

SER,.=C, -n-V (5)
b) Emissions in the operating and post-operating phase
1. General case
Emission rates in these phases shall be determined using the following general formula:
14 © ISO/IEC 2012 — All rights reserved
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C _Cbg).nz VtG _SERpre [exp(_n(tG _tope))+n.(tG _tope)_1+(1_exp(_n.tpre)) (1_exp(_ntG ))]

6
eXp(_n.tG)_eXp[_n'(tG_tope)]+n'tope ( )
2. Special cases
Consult Annex C for more detail on special cases.
If there is no post-operating phase (tc=t), then:
SER — (Cope _Cbg).n2 V .tG _SERpre [(1_exp(_n .tpre ))(1_exp(_n .tG ))] (7)
e exp(-n-t,)-1+n-t,
If the ppst-operating phase is relatively long (-7, = 3):
C_.-C,_)n*V-t,—SER_[n-t,—exp{n-t
SE %pe _ ( ope bg) G Ig)re[ G p(_ pre))] (8)
nt,,
3. RAL-UZ 122 Option
For the RAL-UZ 122 Option the post-operating phase shall last one‘air exchange and| the following
approxjmate formula shall be used for the calculation of SER,e (i.€. (B(28) as derived in Annex [C.9):
C,.-n"-V.t.,—-SER _-n-t
SE ?ope — ope G pre G (g)
exp(_n : tG ) - exp[_n ' (tG - tope )] +n- tope
8.3.3.3] TVOC (RAL-UZ 122 Option)
The TYOC value shall be calculated as the sum“of the concentrations of all identified apd unidentified
substapces, eluting between n-hexane and n-hexadecane and resulting in emission rates above the following
values
e Fof measurements in ETCs <5 m>; SERr. 2 0,005 mg/h and SER,,: 2 0,05 mg/h;

e Fo

8.4 (

The flo

f measurements in ETCs >5'm>: SERpe 2 0,02 mg/h and SER,,- 2 0,2 mg/h.

Dzone

wchart in Figure 3illustrates the determination method for ozone.

© ISO/IEC 2012 — All rights reserved
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Analyser and lines

meet (8.4.1)
requirements

Start operating
EUT (8.2.6),
monitoring and
analysis (8.4.2)

Emission Ozone
Model Concentration

Calculate
(8.4.3)

4

Emission
Rate

Figure 3 — Determination method for ozone

8.4.1 Analyser and sampling line requirements

Ozone analysérs shall at least have:

e The capabjlity to detect concentrations between 4 pg/m3 and 1 mg/m3;
e A precision of 2 pg/m?;

e A sampling rate (may be important for small ETCs) of < 2 I/min.

To prevent losg of ozone insthe'sampling line, it shall be of minimum length, not exceeding 4 m, and mgde of a
flexible inert mpterial suchdas PTFE.

8.4.2 Monitdring

Slnce ozone i an _tnctalhla aalasla it cbhall bha maanitarad ond analhond tnctontanaaiiclhy ot |Ar\rt each
o art urStaiorC— ToTCTOTrCT— T oran T T ormorctU—arT—arary SCU— o o riCOU STy —at 10T

30 seconds during continuous operation either for at least 10 minutes, or for as long as it takes to determine
the build-up and stabilisation of ozone in the ETC.

Following the end of the operating phase, the ozone half-life (H’) shall be determined from the ozone decay
curve.

8.4.3 Emission rate calculation
For analysers indicating values that are converted for the Standard Ambient Temperature and Pressure
(SATP) of (273 + 25 =298) K and 101 325 Pa (i.e. 1 atmosphere), SERo; shall be calculated using the actual

ETC pressure (P in Pa), the actual ETC temperature (T in K) and the gas conversion constant
(R = 339,8 Pa/K), otherwise P/TR = 1 shall be used:
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kvp
SER s = Cma K VP i k' — k4 (n/60) = 12
TR H
NOTE If the temperature and pressure in the ETC equal the SATP, P/TR is 1.

8.5 Particulate matter

(10)

The flowchart in Figure 4 illustrates the gravimetric determination method for particulate matter emitted from
EUT using consumables.

8.5.1

Condition-and
RatrtoRdhe

weigh reference
and sample filters
(8.5.1)

A

Start operating
EUT (8.2.6) and
sampling (8.5.2)

:

Welgh reference
and sampled filters

A

Emission Particulate
Model matter Weight

A

Calculate
(8.5.3)

A
Emission
Rate

Figure 4 — Determination method for particulate matter

Weighing and Filter conditioning

The analytical balance, with a weighing precision of 1ug or better, shall be located in a temperature and
humidity controlled room as specified in 8.1.1.

Glass fibre filters with 0,7 um pore size, or equivalent e.g. 0,8 um pore size PVC filters, shall be used.

The filters shall remain in the controlled room for 48 hours. The unused reference filter and the sampling filters
shall be weighed before sampling giving Mret.nefore aNA Mpgtore.

8.5.2

Sampling

Particulate matter shall be sampled during the operating and post-operating phases of the EUT. Sampling
duration shall ensure the detection of at least 5 pg/m3 of particulate matter.

© ISO/IEC 2012 — All rights reserved
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For the RAL-UZ 122 Option sampling shall start at the beginning of the operating phase and continue during
the full post-operating phase that lasts 4 air exchanges.

8.5.3 Emission rate calculation
The unused reference filter and the sampling filters shall be weighted after sampling giving Myet.atter aNd Mt
The particulate matter mass shall be corrected with the reference filter mass difference:

Mpm = (Matter — Mbefore) = (Mref-atter =~ Mref-before)- (11)

With Cope = Mpm/ Vope, the SER,m shall be calculated using the following formula:

C_.-n*-V-t
SER,, = e ° (12)
exXp(—n -t,)—exp[-n-(t, -t )+n-t,,
For the RAL-UEZ 122 Option the following approximate formula shall be used:
C_.-n-V-t
SER,, = fe 17 e (13)

t

ope

8.6 Fine and Ultrafine Particles (FP and UFP)

The flow chart in Figure 5 illustrates the determination method for¢FP and UFP. FP and UFP determination
does not subgtitute the gravimetric determination of particulatetmatter (8.5). It is an additional tes} to be
performed in parallel.
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Aerosol Measuring System
meets (8.6.1)
and passed operational
readiness test

Start operating
EUT (8.2.6)

| FP and UFP
measurement
/ (8.6.2) /

/Emission Model /
Calculation of

results
(8.6.3)

Diagram of total particle
number concentration

Calculation¢of total
particle 10ss rate
coefficient (R)

Particle Emission
Rate (PER)

and

Total Number of
Particles (TP)

Figure 5 — Determination method for FP and UFP emissions

8.6.1 |General Requirements for Aerosol Measuring Systems

An Aefosol-Measuring System shall be capable to measure the time dependent total pgrticle number
concertration with particle size range as specified in 8.6.1.1, particle number concentration range as specified
in 8.6.1.2 and time resolution as specified in 8.6.1.3.

The operational readiness test for Aerosol Measuring System shall be passed prior to testing as specified in
Annex B.

For the RAL-UZ 122 Option each individual Aerosol Measuring System used must be qualified and approved
as specified therein.

8.6.1.1  Particle size range

The following instrument settings should be regarded as minimum requirements: The Aerosol Measuring
System shall be capable to count particles within a size range from at least 7 nm to at least 300 nm.
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The detection efficiency at the lower size limit (7 nm) must be equal or higher than 50%.

NOTE Con

sult the Aerosol Measuring System instruction manual for specific details.

8.6.1.2  Particle number concentration range

The below instrument criteria should be fulfilled. The application of an aerosol dilution system between the

ETC sampling

CPC:

port and the inlet of the aerosol measurement system may be necessary.

Required lower particle number concentration level shall be 1 cm™ within the above specified size range.

Required upp
10" cm®.

pr particle number concentration level within the above specified Size range shall

Fast Aerosol Measuring System:

The required Ipwer concentration level in the size channel nearest to the lower particle sizeytimit of 7 n

be equal or lower than 5000 cm™.

The required ypper concentration level in the size channel nearest to the upperparticle size limit of

shall be equal

NOTE1 The
1s.

pr higher than 10° cm™.

NOTE 2 Refgr to Annex B.1 for further information.

8.6.1.3 Tim

e resolution

Particle numbgr concentration values shall be recorded at'a rate of at least 0,5 Hz.

8.6.1.4 Corlnection of Aerosol Measuring System to ETC

The tubing be

consist of electrically conductive material .(e.g. conductive silicon rubber) and shall not exceed 3 m in
Sharp bends inp the tubing shall be avoided:

8.6.1.5 Quglity Assurance

Aerosol Measyring System shallhave the following capabilities:

e calibration

of air flux

¢ Report and display of malfunctions during measurements automatically

e Procedure

5e requirements refer to concentration values normalized to size channels widths and a time reso

bxceed

m shall

800 Nnm

ution of

tween the ETC sampling port and the aerosol inlet of the Aerosol Measuring System shall

length.

S Tor cleaning and maintenance

o Export of ASCII data

e report of settings

e Time and date setting/synchronization

e Measurement of electrometer noise levels for Fast Aerosol Measuring System.

20
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Measurement

FP and UFP shall be measured during the pre-operating, operating and post-operating phases of the EUT.
The result of FP and UFP measurement are presented as a diagram of C, versus time comprising the period

from 5

8.6.3

min before start of the operating phase to at least 30 min after its end.

Calculation

The Aerosol Measuring System manufacturer’s software data display feature should be used in order to check
the quality of measured data as described below.

- Th
aft
ap

- Ift

teps during or
br the operating phase. Occurring steps should not exceed a maximum acceptable |step height of
broximately 15.000 cm™.

his criterion cannot be met even after repeated measurement dilution of the derosol befween the ETC

sampling port and the inlet of the Aerosol Measuring System is acceptable imorder to opg¢rate a CPC in

Sin

Techni
Counti

gle counting mode.

Cal note on steps in measured data from CPC: At low concentrations CPCs operatg in the Single
ng Mode (SCM). With increasing particle number concentration the €PC switches to Phgtometric Mode

(PM). Refer to the manufacturer’'s manual for the respective concentration range. For many CPCs it is typically

betwegn 10.000 and 50.000 1/cm™. In this range steps or discontinuitiés may occur.’

The Agrosol Measuring System manufacturer's software shotilld be used to export the total particle number
concerjtration time series from the measuring file to an editable file. The data should be correcfed accordingly

if aerogol dilution was applied.

The averaged concentration time series, i.e. the Simple Moving Average over 31+3 seconds, shall be used to

calcul
Particl

8.6.3.1

It is reg

e the Particle loss-rate coefficient 3, the Particle Emission Rate PER and the Total number of emitted
s TP.

Calculation of Particle loss: rate coefficient

ommended to use consistentdata formats and unit for time data points throughout the calculations.

1

GILHAM R.J.J., QUINCEY P.G., Measurement and mitigation of response discontinuities of a widely used

condensation particle counter, J Aerosol Sci, Volume 40, Issue 7, July 2009, p. 633-637.
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Fighre 6 — Diagram of a total particle number,concentration time series (example)

1. Plot the aeraged concentration time series as:shown in Figure 6 (optionally the concentration timg series
may be added to the diagram).
2. Read the|values c4, t; and c,, t, as indicated in Figure 6 with high accuracy from the awveraged
concentration time series. Make sure thatthe values ¢4, t; are read at least 5 minutes after the mgximum
of the parficle number concentration.\lt is essential that no particle release occurs after t; (see|Fig. 7)
Make sure|that the values c,, t; are réad at some distance — at least 25 min — after t,.
3. Calculate [ using the followingsformula:

Ml (14)

t,—t,

B =

NOTE Altefnatively*B may be determined by fitting the total particle number concentration decay after thgd end of
particle emission t0@,single-exponential decay function:

C, =q-exp(-f-1) (15)
The correlation coefficient shall be larger than 0,98 to ensure the quality of the following calculations.
8.6.3.2 Calculation of PER and TP
Distinction of cases for the calculation:

Case a) if Cy(t) is continuously decreasing after end of operating phase the steps described in 8.6.3.2.1 shall
be applied.

Case b) if Cy(t) is increasing after end of operating phase the steps described in 8.6.3.2.2 shall be applied.
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.1 Case a)

1. Read the values ty,x and Cy(tswn) a@s indicated in Figure 6 with high accuracy from the averaged
concentration time series.

2. Read the values ty, and Cy(tsp) as indicated in Figure 6 with high accuracy from the averaged
concentration time series.

3. Proceed with final steps in 8.6.3.2.3.

8.6.3.2

1. Repd the values ty,+ and C(tsr) as indicated in Figure 6 with high accuracy from

.2 Case b) (Calculation of PER(t))

comcentration time series.

2. C4q

Jculate the time difference between two consecutive time data points, At in seconds,

3. PHR(t) in particles/second shall be calculated using At

PE

F=y At exp(—B-At)

Vv (Cp(t)—Cp(t—At)exp(—B-At)]

4. PIqt PER(t) as shown in Figure 7.

-1

operating phase

the averaged

(16)

C(t)/cm”

| PER(t) < 0.1 PER(), _,

Af———
4x10" 1x10°
J

] C,(t,,)
£
EE 2x10" ‘ 5x10°
g [t \

- —— PER(t)

n averaged Cp(t)
N
O L L) L L L I-l/l L L L) L) L L L) L V L "l’:“’:‘l ‘: li’l 0‘l l::“‘l L .l/‘l'l":‘\ L] 0
0 10 20 30 40

—— PER() time / minutes

Figure 7 — Diagram of PER(t) and C(t)

5. The values tyq, and Cy(tsiop) Shall be read with high accuracy from the averaged concentration time series
curve in Figure 7 as indicated. tso, marks the point on the time axis, from which on PER(t) remains below
10% of its maximum.
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NOTE In some cases the particle emission rate curve may partially fall below the zero baselines due to particle
concentration reduction effects in the ETC, not considered in the calculations. Before and after the particle emission the
PER(t) values shall be near to the zero baseline, i.e. they shall deviate by less than + 5% of the PER(t)-maximum from

Zero.

6. Proceed with final steps in 8.6.3.2.3.

8.6.3.2.3 Calculation of PER and TP, final steps

1. The difference of total particle number concentrations (Ac,) shall be calculated as follows:

ACP :Cn (tvmn )_Cn (tvmrf)

2. The arithmetic mean of measured concentration values between tg.; and ts., shall be calculated:

C.. =1

av

with n

3. PER shall

PER S

Assum

4. TP shall b
TP =H
Assum

The calcu

AC S

P

In this

9 Testreqg

- n C

[~ j=1 p,l'
n

number of measured concentration values between tg,; and tsqp.
be calculated using the following formula:

v AC
_(t—p_{_B . CaV}

u stop - tstan‘

e 25% as relative error of PER [h™]
e calculated using the following formula:
PER-(t,,, —t

stop start )

e 25% as relative error of TP

ation of PER and TP is not'reliable if:

1000 cm 3

case the numeric results (8, PER, TP) shall be specified in the protocol as “not quantifiab

ort

The test repor

Shdall Inciude e 101owing, 1 applicable ana avdllable.

Test laboratory

e Reference to ISO/IEC 28360.

e Name and address of test laboratory.

e Name of the responsible person.

e Unique identification number of the test report.
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EUT description

Test cpnditions and methods

Manufacturer.

Type, brand name and serial number of EUT, and for EUT using consumables: if tabletop or floor-
mounted.

Print or copying time according to manufacturer’s information.
Identification number (model number) and lot number of consumables used.

History of the EUT and of the consumables (date of production, date of arrival to the test laboratory, date
ar|d time of unpacking, storage time, environmental storing conditions before test).

Tylpes of packaging.
External dimensions.

Nymber of hours the equipment has been used while energised during manufacture and tegting.

D3te of test.

Dgscription of the test apparatus and methods used (ETC, clean air system, environmental control
syistem, sample collection, analytical instrumentation‘standard generation and calibration).
Degpcription of Aerosol Measuring System:

- | Manufacturer, model, type and serial number of Aerosol Measuring System

- | Name and version of the Aerosol Measutring System software

- | Date of last calibration and /or maintenance

- | Aerosol Measuring System settings used for measurement

- | Particle size range (or Fast\Aerosol Measuring System: Particle size range and number|of channels
within this range

- | Result of the mandatory operational readiness test (see Annex B).
Statement on thé.compliance to Quality Assurance items.
Name and storage location of the raw data measurement files.

Ngmé-and storage location of the ASCII-export data files.

ETC test conditions (T, rH, n).
Background concentrations (Cyg).
Loading factor.

Type, start time and duration of preparation for newly manufactured equipment; for other equipment, the
number of days in operation before test, if known; “not known” otherwise.

Sampling methods used (sorbent(s) used, volume sampled, sampling start time and duration).

Start and duration of pre-operating, operating and post-operating phases.

© ISO/IEC 2012 — All rights reserved 25


https://iecnorm.com/api/?name=7eafe6c4941a7896852061c75583085b

ISO/IEC 28360:2012(E)

e Test specification for intended functions.

e Printing speed during test and number of printed pages.
e Print mode used for testing (monochrome or colour)

e Lightness and/or colour values (L*, a*, b*) from printout.
e  Ozone half-life of the unloaded ETC.

e Detection limits of VOC, carbonyl compounds, ozone and particulate matter.

e Disturbanges of - and deviations from test methods.
Emission ratgd determination and total number of particles determination

e |dentification of the formulae used to determine specific emission rates from) ‘measuredd ETC
concentrations.

e |dentification of the calculation method used to determine PER and TP.
Results

¢ Name, CAS-number and concentration of identified VOCs, formaldehyde and other carbonyl compounds
in pre-opgrating phase and operating phase and calculated emiSsion rates.

e Concentrdtion of unidentified VOCs in pre-operating phaseand operating phase and calculated efnission
rates.

e TVOC vallie calculated based on the response factor-of toluene as specified in ISO 16000-6, for the RAL-
UZ 122 Option.

e Maximum|ozone concentration and calculated ozone emission rate.

¢  Ozone half-life following the operating.phase.

e Mass of sampled particulate matter (mpn) and calculated emission rate (SERr).
o Diagram df particle number_¢oncentration time series as specified.

e Dilution fagtor if aerasol dilution was applied.

e Calculatedq Particle loss rate coefficient £.

e Particle ernissiomrate PER:

e  Total number of emitted particles TP.
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Annex A
(normative)

Print Patterns

A.1 Monochrome print pattern 5% coverage

Annex A.1 illustrates the monochrome pattern with 5% black coverage; tests of EUT using paper

consun e pattern at
http://Www.ecma-international.org/publications/standards/Ecma-328.htm.
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A.2 Colour print pattern, 20% coverage

This Annex illustrates the colour pattern with 20% colour coverage (5% needed for each colour [black,
magenta, cyan, yellow] tests of EUT using paper consumables as specified in this International Standard shall
be executed using the pattern at _http://www.ecma-international.org/publications/standards/Ecma-328.htm.
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Annex B
(normative)

Preparatory Aerosol Measuring System Test Procedures

B.1 Procedures for operational readiness of Aerosol Measuring System

This Annex specifies procedures for testing the operational readiness of Aerosol Measuring System. These
steps are addiforatrequirementstoperiodicatinstromentmaintemramce ]

B.1.1 Particle size range measurements

The lower particle size limit is the smallest diameter at which the counting efficiency of @yspecific ferosol
Measuring Sygtem is 50%.

The upper patticle size limit is the largest diameter at which the counting efficiency of a specific ferosol
Measuring Sygtem is 50%.

CPCs shall be|operated with the working liquids butanol or isopropanol.

B.1.2 Particle number concentration range measurements

The lower pariicle number concentration level is the concentration that can be distinguished with a statistical
certainty of 95(% from the reported concentration background value due to the instrument's false coupt rate.
The false count rate is the reported count rate which is not caused by particles.

For Fast Aerogol Measuring System based on the measurement of electric currents the lower particle fumber
concentration |evel decrease with increasing particle’size while the upper particle number concentratign level
decreases with increasing particle size. Both limits*are much higher compared to other Aerosol Megsuring
System, such as CPCs.

The size depepdent number concentration:of Fast Aerosol Measuring System may be presented as apsolute
concentration {C;, or as concentration normalized to the width of the respective size class DC/ D log d;| where
index i corresponds to the size class
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B.2 Procedures for Operational readiness test of Fast Aerosol Measuring System
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Set up the instrument (B.2.1)

A

A

e Check offsets (B.2.2 No 4)

o Check noise level (B.2.2 No 6)

Zero Check (B.2.2)

fulfilled

Requirements Requirements

not fulfilled

A 4

Preparation (B.2.3)

. Check status (B.2.3 No 1)

. Check offsets (B.2.3 No 2)

. Check electric current deviation (B.2.3
No 3)

. Check noise level (B.2.3 No 4)

. Check flow rate (B.2.3 No 6)

Requirements
not fulfilled Troubleshooting

fulfilled

Requirements

y

Continue with clause 8.6

Figure B.1 — Scheme for the operational readiness test for Fast Aerosol Measuring

B.2.1 Set up of instrument

1. Check for proper cleanliness of the instrument and tubing.

System

2. Set up the Fast Aerosol Measuring System for the purpose of enabling a straight connection between the
sampling port of the ETC and the aerosol inlet of the Aerosol Measuring System with a maximum length

of 3 m.

3. Check date and time settings of Aerosol Measuring System and/or Aerosol Measuring System software
and laboratory clock and synchronize if date is different and/or if time differs by more than 1 s.
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B.2.2 Zero Check

To ensure stability of the Fast Aerosol Measuring System it should not be switched off between zero check
and EUT test procedure.

1. Attach a HEPA filter (with at least 99,99% filter efficiency) to the aerosol inlet of the Fast Aerosol

Measuring

2. Switch on

System.

the Fast Aerosol Measuring System and warm up for at least 20 minutes.

3. Ensure that all operating parameters (air temperature, voltages, internal pressure and different flows such

as sample

4. Perform a
offsets and

5. Start the n

sheath, extraction and charger flow) are correct.

zeroing procedure according to the manufacturer's manual and ensure correct elects
RMS values.

neasurement with the HEPA filter attached in the particle number concentration mode

time resolytion. Leave the measurement running for at least 2 hours. Check the recerded spectra

malfunctio

6. The obser]

h records and artefacts.

ved particle concentrations [dN] in each size channel should not exceed the respective

concentrafjon values — as specified by the manufacturer — by more than\500 cm™. The spectra

free of sud
than a fact

B.2.3 Prepa

den changes of the concentrations (i.e. increasing/decreasing-of concentratlon values b
pr two within less than 10 seconds).

ation for measurement

These steps shall be executed consecutively.

1. Ensure thg
as sample

2. Perform a
offsets and

3. Leave the
not deviatg

4. The obser

t all operating parameters (air temperature;.voltages, internal pressure and different flow
sheath, extraction and charger flow) are\correct.

zeroing procedure according to the manufacturer’'s manual and ensure correct electric
RMS values of electrometers.

instrument running for 30 minutes, repeat step 2 and ensure that the electric current off;
more than +/- 10 fA.

ved particle concéntrations [dN] in each size channel should not exceed the respective

concentrafjon values — as specified by the manufacturer — by more than 500 cm™

5. Remove th

6. Measure t
this value.

e HEPA:-filter from the aerosol inlet of the Fast Aerosol Measuring System.

ne sample flow rate. If an internal flow meter allows the determination of the flow rate,
Otherwise use a flow meter traceable to a calibration certificate. The measured flow

ometer

vith 1's
for any

lower
ghall be
y more

s such

current

sets do

lower

refer to
of the

nnnnnnnn it chall ba saridlain b AN/ ~F th A o\ ol rdad-in-iHta-calibrati chifinaota

Aerosol M

uuoulllls uyou.'lll SHamoe-WHRH =10 ot the-varde-recoraeaitS-eandration-eerareate:

7. Connect the Aerosol Measuring System to the ETC. Avoid sharp bends of the tubing.

8. Measure the particle background concentration in the ETC. The background concentration level should
correspond to the value given in 8.2.2, Table 1.
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B.3 Procedures for Operational readiness test of CPC

Set up the instrument <

ISO/IEC 28360:2012(E)

A 4

Preparation (B.3.1)

Check Level of
Working fluid
(B.3.1 No 1)

B.3.1

1. Sw
pre

2. Ift
to
po

Drain Reservoir
(B 3.1 No 3)

Check Status
(B 3.1 No 6)

Check Flow Rate
(B 3.1 No. 5)

Requirements
fulfilled

Requirements

not.fulfilled

A 4

Continue with
clause 8.6

Preparation

nt.

A 4

Troubleshooting

Figure B.2—= Preparation scheme for CPC

3. Drainthe CPC before testing if necessary.

itch on the CPC and fill reservoir with working fluid to the specified level (observe
cautions regarding-moving the unit when reservoir is full).

ne CPC has)been dried for shipment or storage follow the manual provided by the manuf
et the insfrument in operating condition. After successful priming of the wick proceed

manufacturer’s

acturer on how
with the next

4. Allow the saturator, condenser and optics to reach their specified temperatures.

5. Measure the sample flow rate. If an internal flow meter allows the determination of the flow rate, refer to
this value. Otherwise use a flow meter traceable to a calibration certificate. The measured flow of the CPC
shall be within £ 10% of the value recorded in its calibration certificate.

6. Check that the working fluid wick in the CPC is saturated. This can, for example, be done by sampling
room air. The number concentration measured by the CPC should be higher than 1000 cm” because
room air particle number concentration is typically higher than this value. Aerosols from other sources with
sufficiently high number concentrations may also be used for this test.
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7. Check that zero concentration is reported when a HEPA filter (> 99,99% efficiency) is attached to the inlet
of the CPC. If concentrations higher than 1 cm™ are reported, check for, and correct, any leaks in the
connection between the HEPA filter and the CPC. The CPC requires attention from the manufacturer if a
particle concentration greater than 1 cm™ is counted within an observation period of 1 minute after any
leaks are eliminated.

8. Connect the CPC to the sampling port of the emission test chamber with conductive tubing of device
specific diameter.

9. Measure the particle background concentration in the ETC. The background concentration level should
correspond to the value given in 8.2.2, Table 1.
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Annex C
(informative)

Emission rate model for EUT using consumables

C.1 Objective

This Annex develops a generalised formula to calculate emission rates from VOC, carbonyl compounds and

particu

NOTE
operatin

C.2 A

4 e ] bl =T
di TTiatcl CUTICCTIU AalUrns sdaltipicu nrdarr .

This Annex has been developed with Hard Copy Devices in mind therefore “printingypha
g phase.

\pproach

By sanpling over a period of time averaged concentrations are acquired.

Emissi
printing
m1 for
m3 re
concer
The fol
e Th
e Th
e No

Cases,
C.3 C
The fol

dc
at

bn rates must be calculated from these average concentratiofis) The average concen
can be described by 4 different regions as shown in Figure CZ. During printing, there a
printing, and m2 for the decay of the initial concentration (Co) built up during the pre-og
bresents the concentration decay from C,., during, the post-operating phase, a
tration build-up during the post-operating phase from{pre-operating and background emi
owing is assumed:

e emission rates are constant;

b emission rates during pre- and post-@perating phases are equal;

energy saving modes apply during the pre- and post-operating phase.

where the above assumptions do not apply, are outside the scope of this International S
seneral mass balance and concentration equations
owing mass balance is valid for an ETC containing an emission source with a SER:

:Sﬂ_nc
v

Integra

5e” denotes the

trations during
Fe two regions:
erating phase.

te\(B.1) to obtain C:

C:

%[‘I —exp(-n-t)]+Coexp(-n-t)
n-

C.4 Background SER

With SER = SER,g and Co = 0 in (C.2), the background concentration is:

Chg

For

© ISO/IE

SERp,
=——=[1-exp(-n-t)]
n-v

n-t>3, (C.3) reduces to (equilibrium): SER,, =C,,-n-V
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