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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 technology, ISO and IEC have established a joint technical committee,

ISO/IEC JTC 1.

The procedures used to develop this document and those intended for its further m@iy
descijibed in the ISO/IEC Directives, Part 1. In particular, the different approval criteri
the djifferent types of document should be noted. This document was drafted in accorda
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Atterltion is drawn to the possibility that some of the elements of this doument may be
of patent rights. ISO and IEC shall not be held responsible for identifying any or all
rightf. Details of any patent rights identified during the development of the document v
Introduction and/or on the ISO list of patent declarations received (see-www.iso.org/pater

itenance are
h needed for
hce with the

e the subject
such patent
yill be in the
ts).

Any trade name used in this document is information given for.the convenience of users
consflitute an endorsement.

For gn explanation of the voluntary nature of standdrds, the meaning of ISO specifi
exprgssions related to conformity assessment, as well/as information about ISO's adhe
World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT) {
.org/lso/foreword.html.

ISO/IEC 28360-1 was prepared by Ecma International (as ECMA-328 Part 1) and was adoy
specipl “fast-track procedure”, by Joint Technical Committee ISO/IEC JTC 1, Information t¢
paralllel with its approval by national bodies of ISO and IEC.

This
IEC 2
1SO/I1

first edition of ISO/IEC 28360<1, together with ISO/IEC 28360-2, cancels and r
8360: 2015, which has beentechnically revised. It also incorporates the Technical (
EC 28360: 2015/Cor.1:2016. The main changes compared to the previous edition are :

—

(0]

lectronic equipmént not using consumables as follows:

Determindation of Chemical Emission Rates from Electronic Equipment — P4
consumables)

Determination of Chemical Emission Rates from Electronic Equipment — Part !
censumables)

hind does not

c terms and
rence to the
ee www.iso

ted, under a
rchnology, in

bplaces 1SO/
Lorrigendum
s follows:

his edition was divided into a part for electronic equipment using consumables and a part for

rt 1 (using-

P (not using-

he purpose of the split was to make the description of test procedures simpler (t

hey included

considerable differences between the two equipment categories) and to facilitate users’

understanding.

Devices” (RAL-UZ 205).

Alist of all parts in the ISO 28360 series can be found on the ISO website.

This edition is fully aligned with “Test method for the determination of emission from Hard Copy

Any feedback or questions on this document should be directed to the user’s national standards body. A

complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

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

Following the publications of the 1st edition of ECMA-328 in 2001 and the “Test method for the
determination of emissions from Hard Copy Devices” (RAL-UZ 122), experts from the BAM and Ecma
have collaborated to harmonise methods to determine the chemical emission rates from ICT & CE
equipment inthe 2nd edition

In addition t|o stricter test procedures, the 2nd edition used generalised emission formulae, and|their

derivations
measured in

The 3rd edi
IEC]TC 1 fag

In addition, {

Following th
of emissions
have collabd
(UFP) emiss

The 6th edit

UZ 122) has
(RAL-UZ 171
option” in th|

The 7th edit

The 8th edi
electronic ed

leveloped in Annex C, to calculate emission rates from concentrations of analytes th
Emission Test Chambers.

fion was fully aligned with the 1st edition of ISO/IEC 28360:2007 adepted under
t track procedure and published in September 2007.

he 4th edition fixed a number of errata on ISO/IEC 28360:2007,that JTC 1/SC 28 ident

e publications of the 4th edition of ECMA-328 and the “Test method for the determin
from Hard Copy Devices” (RAL-UZ 122), experts fromthe BAM, WKI, JBMIA and

ons from hard copy devices in the 5th edition.

been replaced by “Test method for the determination of emission from Hard Copy Dey
) published in January 2013. Therefore, {RAL-UZ 122 option” is replaced with “RAL-U|
e 6th edition.

on of ECMA-328 is fully aligned with ISO/IEC 28360:2015.

ion was divided into a part for electronic equipment using consumables and a pa
uipment not using consuimables as follows:

Determ

Determ
consum

The purpos
considerable

This 8th edi

i

ation of Chemical Emission Rates from Electronic Equipment — Part 1 (using-consumj

ation of Chemical Emission Rates from Electronic Equipment — Part 2 (not U
hbles)

e of the -Split was to make the description of test procedures simpler (they inc
differenees between the two equipment categories) and to facilitate users’ understar

Lion is fully aligned with “Test method for the determination of emission from Hard

ht are
ISO/
ified.

ation
Ecma

rated to harmonise methods to determine the Fine Particle (FP) and Ultrafine Pafrticle

ion was aligned with the 2nd edition of ISO/IEC 28360:2012, and it added a new ¢zone
calculation method. “Test method for the determination 0f emission from Hard Copy Devices”

RAL-
rices”
7171

rt for
hbles)
sing-

uded
ding.

Copy

Devices” (R

LUz 205).

This part of the Standard is Part 1.
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Information technology — Office equipment —
Determination of chemical emission rates from electronic
equipment —

Part 1:
Using-rnn sumables

1 S§cope

This [document (all parts) specifies methods to determine chemical emissioh-rates of gnalyte from
ICT & CE equipment during intended operation in an Emission Test Chamber (ETC).

This flocument (all parts) includes specific methods for equipment usiig,consumables, such as printers,
and gquipment not using consumables, such as monitors and PC’s.

Part ] specifies the methods to determine chemical emission rates-of analyte from electronjc equipment
using consumables.

The methods comprise preparation, sampling (or monitoring) in a controlled ETC, storage and analysis,
calcufation and reporting of emission rates.

Emisgion rates from EUT may also be determinedyaccording to additional requirements |dentified by
“RALFUZ 205 Option”.

Annef A specifies monochrome and colour\print patterns for use in the operating phase ¢f EUT using
consimables.

The dperational readiness of AMS isconfirmed according to Annex B.

Calcylations use the generalisedimodel and approximations thereof as developed in Annex|C.
The gmission rates determined with this method may be used to compare equipment in the same class.

Predictions of “real indoor” concentrations from the determined emission rates are outside| the scope of
this document.

ormative references

The follewing documents are referred to in the text in such a way that some or all of heir content
constitttes—regiirements—of-this—document—Fordatedreferencesoenly—the—editien—ited! applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.
[SO 554:1976, Standard atmospheres for conditioning and/or testing — Specifications

ISO 16000-3:2011, Indoor air — Part 3: Determination of formaldehyde and other carbonyl compounds in
indoor air and test chamber air — Active sampling method

[SO 16000-6:2011, Indoor air — Part 6: Determination of volatile organic compounds in indoor and test
chamber air by active sampling on Tenax TA sorbent, thermal desorption and gas chromatography using
MS or MS-FID

ISO 16000-9:2006, Indoor air — Part 9: Determination of the emission of volatile organic compounds from
building products and furnishing — Emission test chamber method

© ISO/IEC 2018 - All rights reserved 1
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ISO 16017-1:2000, Indoor, ambient and workplace air — Sampling and analysis of volatile organic
compounds by sorbent tube/thermal desorption/capillary gas chromatography — Part 1: Pumped sampling

CIE 15:2004, Commission Internationale de I'Eclairage — Colorimetry, 3rd edition

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.
ISO and IEC maintain terminological databases for use in standardization at the following addresses:

— IECElec

— ISO Onlipe browsing platform: available at https://www.iso.org/obp

31
averaged cqncentration time series
simple movipg average of total particle number concentration (Cp) over 31 + 3 seconds

3.2
averaged ozone concentration time series
simple movihg average of ozone concentration (Co3) over 80 + 5 seconds

3.3
aerosol
suspension pf fine solid particles and/or liquid droplets in a gas

34
aerosol megsuring system
AMS
device categpry for measuring the total particle number concentration of an aerosol within a size range
at a certain frequency

Note 1 to entify: CPC (4.8) and fast AMS (4.12) belong to AMS.

3.5
air exchange rate
n
ratio (n) of te volume of clean airbrought into the ETC per hour [m3/h] to the unloaded ETC volumg¢ [m3]

3.6
air velocity
air speed [m)/s] measuted in the unloaded ETC

3.7
analyte
volatile organic‘compounds (VOC), carbonyl compounds, ozone, particulate matter, fine particles (FP)
and ultrafine particles (UFP)

3.8

condensation particle counter

CPC

instrument that measures the particle number concentration of an aerosol

Note 1 to entry: For the purpose of this document a CPC is used as a standalone instrument which measures the
total particle number concentration within a device dependent size range.

3.9
consumables
toner, ink, paper and ribbon

2 © ISO/IEC 2018 - All rights reserved
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3.10

emission test chamber

ETC

enclosure with controlled operational parameters for testing analyte mass emitted from EUT
3.11

equipment under test

EUT

electronic equipment from which chemical emission rates are determined

3.12

fast AMS

instriiment with rapid time resolution and particle size classification

3.13

fine particles
FP
partifles with particle size / diameter range between 0,1 pm and 2,5 um

3.14
hard|copy devices
class pf EUT using Consumables that includes printers, (Photo)copiers.and Multi Functional Dgvices (MFD)

3.15
loading factor
ratiofof the EUT volume to the volume of the unloaded ET€

3.16
maximum usage time before testing
MUT

ratio [between the total number of prints carried out by the EUT and the printing speed of the EUT

Note [l to entry: Maximum usage time is th€imaximum permitted time of operation before testing in order to
considler the EUT as newly manufactured equipment for testing purposes.

3.17
operating phase
phas¢ in which the EUT is performing its intended functions

3.18
particle
solid jor liquid matter with defined physical boundaries suspended in a gas

3.19
particle emission rate
PER
averdged’emission rate, i.e. total number of particles in a specified particle size range enjitted during
the operating phase

3.20

particle emission rate

PER(t)

time dependent emission rate of particles in a specified particle size range after the start of the
operating phase

3.21
particle loss coefficient

B

coefficient describes the loss of particles in a specified particle size range in an ETC

© ISO/IEC 2018 - All rights reserved 3
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particle size/particle diameter
measurement category to describe the physical dimension of a particle

Note 1 to entry: The term particle size is often used as a synonym for particle diameter. The particle diameter is
used to assign a particle to a particle size class (e.g. UFP).

3.23
particulate
PM

matter

quantity of particles measured by gravimetric methods

3.24
post-opera
phase follow

Note 1 to enty

3.25

pre-operating phase

phase in w}
operating pH

Note 1 to entr

3.26
standard ps
PER1g calcul
size range

3.27

total numbyé
TP
calculated tg

3.28

total partic
Cp

particle numn

3.29

total volatile organic compounds

TVOC
the sum of
unidentified|

Note 1 to €

tling phase

ing the operating phase

y: The post-operating can include energy saving modes.

ich the EUT is connected to an electrical supply before the EUT is able to ents
ase

y: The pre-operating phase can include warming-up and energysaving modes.

Irticle emission rate

1 of emitted particles

tal number of particles emitted in\a specified particle size range

e number concentration

ber concentration in.a specified particle size range

the concentrations of identified VOC and the concentrations of the converted are
peaks:using the toluene response factor

r the

pted number of particles emitted during a 10-mintite operating phase in a specified pafrticle

as of

on in

ntryr This definition of “total volatile organic compounds” differs from the definiti

ISO 16000-6:201T:

3.30

ultrafine particles

UFP

particles with particle diameter less or equal 0,1 pm

3.31

unit specific emission rate

SER

mass, in micrograms, of a specific analyte emitted per hour

© ISO/IEC 2018 - All rights re

served


https://iecnorm.com/api/?name=dd39faa48c97d0ebcb04fbbff4dc7a1b

ISO/IEC 28360-1:2018(E)

3.32

volatile organic compounds

voc

compounds that elute between n-hexane and n-hexadecane on a nonpolar GC-column

4 Symbols and abbreviated terms

4.1 Abbreviated terms

AMS Aerosol Measuring System

CPC Condensation Particle Counter

DNPH 2,4-Dinitrophenylhydrazine

ETC Emission Test Chamber

EUT Equipment Under Test

FID Flame lonisation Detector

FP Fine Particles

GC/MS Gas Chromatography/Mass Spectrometry
MFD Multi Functional Device

PER Averaged Particle Emission Rate

PER(}) Time-dependent Particle Emission Rate
PER1) Standard Particle Emission/Rate

PTFH Polytetrafluoroethene(Polytetrafluoroethylene)
PVC Polyvinylchloyide

RH Relative Humidity

SER Unit Specific Emission Rate

TVO( Total Volatile Organic Compounds

UFP Ultrafine Particles

VOC Volatile Organic Compounds

4.2 Symbols

a Factor in the exponential particle decay function [cm-3]
B Particle loss coefficient [h-1]

Cs Average mass concentration [ug m-3]

Cbg Background mass concentration [pug m-3]
Co Initial mass concentration [pg m-3]

© ISO/IEC 2018 - All rights reserved 5
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Cpre Average mass concentration during pre-operating phase [ug m-3]

Cope Average mass concentration during operating phase and optionally during post-
operating phase [ug m-3]

Cp Total particle number concentration [cm=3]

Cpbg Background particle number concentration [cm~3]

Co3 Ozone concentration [mg/m3]

d Equivalent Particle Diameter fnm]

Mafter Sample filter mass [pug] after sampling

Mpefore Sample filter mass [ug] before sampling

Mpg Sampled mass for chamber background [pg]

Mpm Mass of particulate matter [pg] deposited on the filter

Myref-after Reference filter mass [pg] after sampling

Myref-before Reference filter mass [pg] before sampling

mg Sampled mass [ug]

Mpre Sampled mass [ug] during pre-operating phase

Mope Sampled mass [ug] during operating and optionally post-operating phase
n Air exchange rate [h-1]

p Atmospheric pressure [Pa]

R Gas constant [PaK-1], (for.gzone: 339.8 [PaK-1])

SERyg Background SER [ug =1}

SERope SER during operating and optionally post-operating phase [ug h-1]
SERo3 SER for ozone Jjug min-1]

SERpm SER forjparticulate matter [pg h-1]

SERpre SER during pre-operating [ug h-1]

T Afmhient temperature [K]

TP Total Number of Emitted Particles

tope Operating phase duration [h]

tg Sampling time during operating and optionally post-operating phase [h]
tstart Point in time marking the start of particle emission

tstop Point in time marking the end of particle emission

tore Pre-operating phase duration [h]

At Time-resolution of the UFP measurement [s]

6 © ISO/IEC 2018 - All rights reserved
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%4 ETC volume [m3]

Vs Sampled air volume [m3]

Vbg Sampled air volume [m3] for determination of Cpg

Vpre Sampled air volume [m3] in pre-operating phase

Vope Sampled air volume [m3] in operating and optionally post-operating phase

5 Conformance

Detefminations of emission rates and total number of emitted particles conform £o0“thjis document
(Part{1) when:

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

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

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

4. HReported as specified in Clause 9.

For BUT using consumables, determinations according to additional requirements identifled by “RAL-
UZ 2(5 Option” herein conform to the RAL-UZ 205 Optioil

6 Method overview

The flowchart in Figure 1 illustrates the methed; clause numbers are indicated in brackets}

© ISO/IEC 2018 - All rights reserved 7


https://iecnorm.com/api/?name=dd39faa48c97d0ebcb04fbbff4dc7a1b

ISO/IEC 28360-1:2018(E)

( Start (8) )

\4
Ensure Test conditions (8.1)

|
. |

Purge Emission Chamber (8.2.3) Select and unpack EUT (8.2.1+8.2.5)

Dgtermimate Emission 1 est Charmber
Background concentration (8.2.4)

\ 4
Preparation (8.2.6)

\ 4

< EUT Prepared and ETC ok >

Install EUT (8.2.7) (‘\\\

Particulate Matter FP/UFP

Analysis %0
type &

izone

Determine Determin@ Determine Determine Emissipn
Emispion rate Emissi te Emission rate Rate and Total nuniber
(8.2|8+ 8.3) (8;3&\ 8.4) (8.2.8 + 8.5) of particles (8.2.8 +[8.6)

v

m@ﬂiéh report (9)

End

VOC and carbonyl compound

4

A

Figure 1 — Determination method overview

7 ETCrequirements

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.

8 © ISO/IEC 2018 - All rights reserved
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Air mixing efficiency

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

8 Determination method

8.1

8.1.1

Test conditions

General

-1:2018(E)

To m
humi
accor

8.1.2

Tests

climatic conditions, higher operating temperature and humidity conditions may be used af

ISO 5

Cons

8.1.3

For u
ETC’S

8.1.4
The 9

8.1.5
The s

8.2

8.2.1

EUT
for EI

pet the operational requirements specified herein, ETC parameters such as tempepat
dity and supply airflow shall be controlled and measured at regular intervals_and
dance with [SO 16000-9 and shall be reported as specified in Clause 9.

Operating temperature and relative humidity (RH)
shall be executed at (23 + 2) °Cand (50 + 5) % RH according to ISO 55#4.-For EUT used i
4.

h1t 8.2.8.3.2 for special requirements on RH for EUT usingconsumables.

Air exchange rate (n)

hloaded ETCs with a volume larger than 5 m3, nhall be in the range from 1,0 to 2,0.
with a volume of 5 m3 or smaller, n shall be inthe range from 1,0 to 5,0.

Air velocity

ir velocity in the unloaded ETC shalbbe in the range from 0,1 to 0,3 m/s.

Sampled air flow

um of sampled airflow shall'be less than 80 % of the inlet airflow into the ETC.
Handling of EUF.and ETC

Selection and storage of EUT

hall be selected from normal manufactured batches or shall be a prototype that is re

origi

within“10 working days after delivery of the EUT.

JT fromssuch batches. For determinations using the RAL-UZ 205 Option, EUT shall be
alpackaging in a standard normal climate (23 = 2 °C, 50 £ 5 % RH) and tests should

ure, relative
recorded in

n alternative
specified in

‘or unloaded

presentative
stored in its
be executed

8.2.2

Loading Factor

To ensure detection of a minimum emission within a practicable time, the ETC with capabilities as
specified in Clause 7 shall be selected such that the loading factor is in the range of 1:4 to 1:400. For the
ETC where the loading factor is in the range of 1:100 to 1:400, the air volume flow of the ETC shall be
<5 m3/h.

8.2.3

ETC purging

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

The ozone half-life, the period of time for the ozone concentration (C) to drop from C to C/2, shall be
greater than 10 minutes, when n = 1.

© ISO/IEC 2018 - All rights reserved


https://iecnorm.com/api/?name=dd39faa48c97d0ebcb04fbbff4dc7a1b

ISO/IEC 28360-1:2018(E)

To determine the ozone half-life, the ETC should be deactivated by exposure to an ozone concentration
of 0,2 mg/m3 to 0,4 mg/m3 for at least ten minutes or until a stable concentration is reached.

Thereafter, the ETC shall be purged with 4 ETC volumes of clean air.

8.2.4 Background concentrations (Cpg)
Following purging, the Cpg of analyte in the unloaded ETC shall be determined and recorded.

NOTE Cbg may stem from e.g. emissions from the ETC itself and sampling tubes or filters.

The Cpg values at n = 1, shall be below the limits in Table 1.

Table 1 — Background concentrations

Analyte Limit
VOC and carbonyl compounds 2 [pug/m3] for any analysed substance
TVOC 20 [pug/m3]
Ozone 4 [pug/m3]
PM 10 [pg/m3]
FP and UFP Cpbg= 2 000 [cm~3]

8.2.5 EUT|unpacking

Emissions from packaging may influence measurements consjdérably; in addition packaging itself may
emit VOCs that are not representative for EUTs in typical use. Therefore, the EUT to be tested|shall
be removed |[from the shipping containers and all protective shipping packaging such as spacersg, film
wrapping anld any other shipping/packaging elementsbefore preparation (as specified in 8.2.6).

NOTE Affer unpacking, installation (step 8.2.7) may precede the preparation step (8.2.6).

8.2.6 Preparation of the EUT before testing

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

Before testipg the EUT may.be used up to the duration of the MUT. The MUT (as duration of the]total
operating cylcles) is 120.minhutes.

One to two 10-minutes operating cycles outside or inside the ETC shall be performed at least one day
before the UFP testin order to determine the print speed, to ensure the proper operation and to pvoid
influence onf efnissions due to unstable UFP emission which sometimes may occur in operation|after
long—term disuseofthe FUT

For the RAL-UZ 205 option one or two 10-minute operating cycles or at most 1 200 printed pages
are acceptable for the purpose of EUT function testing and measuring of print speed and no further
preparation and/or usage shall be executed unless required due to malfunction of the EUT.

Treatment conditions shall be recorded in the test report.

8.2.7 EUT installation

Before installation, the EUT shall have sufficient consumables to complete the operations. In case of
paper consumables, 60 g/m?2 to 80 g/m2 A4 paper with water content from 3,8 % to 5,6 % shall be used.

To avoid contamination, the powered-off EUT shall be installed in the middle of the ETC as fast as
possible and all operators shall leave the ETC immediately thereafter.

10 © ISO/IEC 2018 - All rights reserved
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The EUT shall remain powered-off until the emission test as specified in 8.2.8, requires the EUT to be
powered-on.

For the determination of FP and UFP specified in 8.6 and/or for the RAL-UZ 205 Option the EUT shall be

installed on the day before the emission test.

The
The

ETC shall remain closed until all sampling and/or monitoring is completed.

installation date and time shall be recorded.

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

8.2.8

8.2.8

VOC

EUT operation during test

1 General

and carbonyl compounds as specified in 8.3; ozone as specified in'84; particula

specified in 8.5 and FP and UFP as specified in 8.6 shall be determined while the EUT beif

from

8.2.8

To av
air w
excha
operd

ETC

8.2.8

To en

and

start
soon

outside the ETC.

2 Special requirements on relative humidity

oid condensation due to vaporisation of water from paper during the operating pha
ith RH of at most 10 % may be inserted in the ETC before the operating phase. In add
nge rate (n) may have to be increased to avoid su¢h condensation. Increase of humidif
ting phase also depends on the ETC volume. Condensation of water vapour (i.e. RH >

Wwalls invalidates the test.

3 Pre-operating phase

ter the pre-operating phase, the EUT shall be powered-on and remain in this phas
air exchanges. For the determination of FP and UFP as specified in 8.6, particle coun
bd from the start of the pre-gperating phase because particle emission is observed fo
pfter they are powered-on.

4

For tlhe RAL-UZ 205 Option.amair exchange rate of n = 1/h should be adjusted in the chamb

opers

8.2.8

The
colo
patt

Ente :
the start of the operating phase. It ends with the output of the last printed page.

ting phase continues*or a period of one air exchange.

4 Operating phase

Hard Copy-Device class of EUT shall operate at nominal speed. Operating may include n
I, single.sided (simplex) and/or double sided (duplex) printing. The monochrome and

ns specified in Annex A.1 and A.2 respectively shall be used for EUT using paper con|

e matter as
1g controlled

Se, incoming
ition, the air
y during the
B5 %) on the

e between 1
ting shall be
r some EUTs

ers. The pre-

nonochrome,
colour print
sumables.

page marks

In conjunction with other parameters such as n, ETC volume and the use of a post-operating phase, the
duration shall be such that quantitative analysis is ensured.

The

duration of the operating phase shall be planned as follows:

First priority: The duration shall be at least 10 minutes.

Second priority: If 10 minutes duration is technically not feasible the operational phase shall be as
long as possible. The number of printed pages should not fall below 150. The maximum duration
possible and the number of printed pages have to be checked prior to testing and have to be

documented in the test protocol.

© ISO/IEC 2018 - All rights reserved
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For the RAL-UZ 205 Option a device shall be tested with a configuration that allows a 10-minute
printing time in simplex mode (single sided pages). For devices which cannot achieve a printing time
of at least 5 minutes and cannot be equipped with large paper output trays due to design, the test shall
be carried out in duplex mode (double sided printing). The devices shall be tested with default setting
(standard print quality).

8.2.8.5 Post-operating phase

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

8.2.8.6 Recording of EUT operation

The start anfl duration of the pre-operating, operating and post-operating phases shall be recordgd.

8.3 VOC, ¢arbonyl compounds

The flow chqrtin Figure 2 illustrates the determination method for VOC, carbonyl ¢émpounds.

Prepare Sorbents (8.3/1)
1)

N

y
Start ope%@ﬁUT (8.2.8),
collectgstore and analyse
ples (8.3.2)

v

Emission Model (Annex C) Chamber
concentrations

v
;! Calculate (8.3.3)

Z

A 4

Emission
Rates

Figure 2 - Determination method for VOC, carbonyl compounds

8.3.1 Sorbents

VOC samplinlg dnd‘analysis shall be performed using the sorbents as specified in ISO 16017-1, with the
exception oflChfomosorb and PoraPak due to their high blank values: Tenax TA™ shall be conditioned
and analysed according to ISO 16000-6 to minimise the production of artefacts, especially benzene.

For the RAL-UZ 205 Option Tenax tubes shall be spiked with an internal standard such as cyclodecane
or deuterated toluene.

For carbonyl compounds, DNPH cartridges shall be used as sorbent material.

8.3.2 Sample collection
For VOC, duplicate samples shall be taken, and for carbonyl compounds at least one sample shall be taken.

Individual VOCs, carbonyl compounds with a concentration 21,0 pg/m3 and, under the RAL-UZ 205
Option, benzene with a concentration 20,25 ug/m3, shall be detected.
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In addition, Carbonyl compounds sampling shall be conducted as specified in ISO 16000-3.

Sampling shall be performed during:

-1:2018(E)

— The pre-operating phase, starting at the beginning of this phase, or, under the RAL-UZ 205 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

— The operating phase, starting at beginning of this phase, and may continue into the post-operating
phase. Under the RAL-UZ 205 Option, sampling shall continue for one air exchange in the post-

0

perating phase, with a sample flow of 100 to 200 ml/min.

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

Identjified VOCs shall be quantified using absolute response factors, determinéd) by|
Unidéntified VOCs shall be quantified using the toluene equivalents as a relative response

When benzene is detected, this shall be verified and quantified by analysifig-a sample

carbg

naceous sorbent such as Carbotrap/Carbopack type materials.

When in doubt, positive findings of benzene are to be verified via a s€cond independent s

using
8.3.3

8.3.3

This
case

Conc

The H

8.3.3

Assu

Carbotrap/Carbopack™ or activated carbon type materials).
Emission rate calculation

1 General

Clause specifies formulae that apply to practical situations that are special cases o
[as developed in Annex C).

entrations shall be determined, using the€ following equations:

v, Py R & W
s ope pre bg
ackground emission rates are:
ERbg :Cbg -n-vV
2 Emissions-in the pre-operating phase

ming constant emission rates during the pre-operating phase, emission rates shall be

calibration.
factor.

on alternate

hmpling (e.g.

F the general

(D

(2)

ralculated as

follows.
a) Ifalsample is taken from the beginning of this phase:
(Cpre —Chg )1V L pre
SERpre =

exp(—n-tpe)—1+n-tpy.,

b) RAL-UZ 205 Option:

SERpre =Cpre 1V

pre

© ISO/IEC 2018 - All rights reserved
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8.3.3.3 Emissions in the operating and post-operating phase

8.3.3.3.1 General case

Emission rates in these phases shall be determined using the following general formula:

SER

ope

(Cope ~Cog ) 1% V-t ~SERpre[exp(—n-(£ ~tope )+

ope
n-(tg —tope ))-1+(1 _exp(_n'tpre ))-(1—exp(-n-tg))]
exp(—n-tg)—exp[—n-(tg —tope )]+ -tope

(5)

q

J

8.3.3.3.2
Consult Ann|

If there is no

SER

ope ]

If the post-o]

SER

ope 7]

8.3.3.3.3

For the RAL
approximate
Formula (C.9

pecial cases
bx C for more detail on special cases.

post-operating phase (tg = tope), then:

) (Cope _Cbg)'nz ‘V'tG _SERpre [[1—exp(—n-tpre ))-(1—exp(_n.tG ))]

exp(—n-tg)-1+n-tg
perating phase is relatively long (n - tg = 3):
(c

2
ope ~Cpg)n™ -V tg—SER,[n-tg —exp(—n-t,.e)]

N-tope

RAL-UZ 205 Option

-UZ 205 Option the post-operating phase’shall last one air exchange and the follg
formula shall be used for the calculation of SER,pe (i.e. Formula (C.28) as deriv

):

SER

ope |

8.3.3.4 TV

C

exp(—n- tg )_exp[_n'(tG _tope )]n'tope

ope NVt —SER, . Wt

0C (RAL-UZ 205 Qption)

The total VOIC emission raté€ shall be calculated as the sum of all identified and unidentified subst

with calcula
For mea

For mea

fed emission rates equal to or larger than the following values:
surements in ETCs < 5 m3: SERpre 2 0,005 mg/h and SERqpe 2 0,05 mg/h;
surements in ETCs > 5 m3: SERpre 2 0,010 mg/h and SERype 2 0,10 mg/h.

(6)

(7)

wing

ed in

(8)

pnces

Emissio

1 rates snould - according to DIN 1555:1992-UZ — De rounded to 5 or Z decimal plac

the pre-operating phase and the operating phase respectively.

es for

The concentrations to be used in the subsequent calculations should be determined by subtracting
the corresponding blank values from the measured values.

8.4 Ozone

The flowchart in Figure 3 illustrates the determination method for ozone.

14
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Analyser and lines
meet (8.4.1)
requirements

Start operating EUT (8.2.8),
Monitoring and analysis (8.4.2)

v

Emission Model Ozone

o i
CUTTUTTIUN atiurt

v

Calculate
(8.4.3)

v

v
Emission q/

Rate \\Q/C)

Figure 3 — Determination method for ozone

A 4

8.4.1] Analyser and sampling line requirements

OzonE analysers shall at least fulfil the following‘tequirements:

— The capability to detect concentrations between 4 pg/m3 and 1 mg/ms3;
— A precision of 2 pg/ms3;

— Asampling rate (may be important for small ETCs) of <2 1/min.

Ozong concentrations of the data-points used to determine the maximum ACo3 shall not bg rounded to
the nparest whole ppb (1 ppb.= 1,963 pug/m3) by data processing of the analyser because r¢unding may
causq errors in the determination of the ACos.

To prjevent loss of ozone in the sampling line, it shall be of minimum length, not exceeding 4 m, and
madd of a flexible inert material such as PTFE.

8.4.2] Monitoring

Since| oZone is an unstable molecule, it shall be monitored and analysed instantaneously pt least each
20 seconds for at least the first 6 minutes of the operating phase to determine the maximum ACo3 as
specified in 8.4.3. In addition, data points before and/or after the first 6 minutes of the operating phase
shall be recorded so that the averaged ozone concentration time series can be calculated as specified
in 8.4.3.

For the RAL-UZ 205 Option, the ozone determination is performed from the beginning of the operating
phase to the end of the operating phase. The concentration should be recorded at least every 30 seconds,
preferably every 15 seconds.

8.4.3 Emission rate calculation

The ozone emission rate is derived from the increase in ozone concentration during the firstin 6 minutes
of the operating phase. In this part of the operating phase ozone loss by chemical reactions with air
constituents and by discharge due to air exchange is comparatively small. Therefore, the increase of
ozone concentration with time is approximated as linear.
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By taking formula (10) in this part of the operating phase

Am _ACozxV
At At
where
Am  is the emitted ozone mass [mg];

ACoz is

the change of ozone concentration [mg/m3];

(9)

At is

The emissiof rate of ozone shall be calculated by formula (10):

SER03 =

] P e h I I |
LIIC LIITIC HTILCT V al TITIIT].

ACo3 XV xpx60

A time inter
points recor
maximum
greatest slo
concentratid

NOTE Th
Am/At leadin
the theoretic
chamber and
difficult to dd
significantly
and the deteq
fluctuations.

For analyser
(SATP) of (2

actual ETC pressure (p in Pa), the actual’'ETC temperature (T in K) and the gas conversion con

(R=339,8P

NOTE If 1

8.5 Partid

The flowch4d
emitted fron

Co3. This is the case when the averaged ozone concentratiofi‘time series exhibit
e for the two minute time interval (Co3(t + 2) — Co3(t) = nlaXimum). The averaged ¢zone

AtXTXR

val At of two minutes and the maximum ACo3 shall be applied in formula (11). The
ded in 6 minutes from the start of the operating phase shall, bejused to determin

n time series is created with the simple moving average ever 80 + 5 seconds.

eoretically, a time interval of the data points at the startof the operating phase gives the max
b to the true emission rate. However, deviations of measured ozone concentration curves
hl curve occur due to fluctuations of ozone data causéd by incompleteness of air mixing
effects of electric noises of ozone analysers, espegially in larger chambers. The deviations m
termine an ozone emission rate according to the-theory. Effects of electric noises can be re
by using the averaged ozone concentration fime series. In addition, At of 2 minutes is se
mination of the maximum ACo3 for 6 minutes is conducted to minimize the effects of rem

s indicating values that are converted for the Standard Ambient Temperature and Pre
73 + 25 = 298) K and 101 325.Pa (i.e. 1 atmosphere), SERp3 shall be calculated usin

h/K), otherwise p/TR = shall be used:

he temperature and.pressure in the ETC equal the SATP, p/TR is 1.

ulate matter

rt in Figute 4 illustrates the gravimetric determination method for particulate n
1 EUT.sing consumables.
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e the
s the

imum
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Condition and weight reference
and sample filters (8.5.1)

v
Start operating EUT (8.2.8) and
sampling (8.5.2)

v

Weight reference
and sampled filters

Emission Model Particulate
matter Weight
v
R Calculate q;c
e 8.5.3
©s3) O

* N

Figure 4 — Determination method for particulate matter

8.5.1f Weighing and Filter conditioning

The gnalytical balance, with a weighing precision of 1 pg or better, shall be located in a femperature
and Humidity controlled room (weighing#¥pom) 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, shalll be used.

The fjlters shall be conditioned.(femain in the weighing room) for at least 48 hours or to cgnstant mass
in the weighing room. Since(eyen the smallest inevitable fluctuations in the relative hurphidity in the
weighing room affect the weight of the glass fibre filter, at least one unloaded reference filt¢r is weighed
at the same time as thesampling filter before and after particulate matter sampling to hinimise the
influ¢nce of climate onthe filter material by a climate correction. The unloaded reference filter and the

During partigulate matter sampling, air is drawn through the test filter. As the relative| humidity of
this dir may-differ from that in the weighing room, the sampling filter must be conditionefl again after
partifulate)matter sampling for at least 48 hours or to a constant weight in the controlled foom.

The

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 ug/m3 of particulate matter.

For the RAL-UZ 205 Option particulate matter sampling can be finalized after two air exchange periods
of the post-operating phase.

8.5.3 Emission rate calculation

The unused reference filter and the sampling filters shall be weighted after sampling giving mret-after
and Mafter-
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The particulate matter mass shall be corrected with the reference filter mass difference:

Mpm = (mafter —Myefore )~ (Mref-after —Mref-before )
With Cope = Mpm/Vope, the SERpm shall be calculated using the following formula:

2
C....n”-V-t
SERp _ ope G

" exp(—n-tg)—exp[-n-(tg _tope )]+n- tope

For the RAL-UZ 205 Option the following approximate formula shall be used:

Cope MV tg

tope

SER 5

8.6 Fine 3nd Ultrafine Particles (FP and UFP)

The flow cIart in Figure 5 illustrates the determination method for FP and UFP. FP and
n does not substitute the gravimetric determination of particutate’matter (8.5). It

determinati
additional tdst to be performed in parallel.

AMS meets (8.6.1) and passed
operational readinessttest
(Annex B.2.1 op B.2:2)

Starf:operating
EUT (8.2.8)

\4

Emission Model FP and UFP
measurement

(8.6.2)

v

Calculation of results
(8.6.3)

A\ 4

Diagram of total particle
number concentration

Calculation of particle loss
coefficient (B)

Particle Emission
Rate (PER)
and
Total Number of
Particles (TP)

Figure 5 — Determination method for FP and UFP emissions

(11

(12)

(13)

UFP
is an
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General Requirements for Aerosol Measuring Systems (AMS)

.1 General

-1:2018(E)

An AMS shall be capable to measure the time dependent total particle number concentration with
particle size range as specified in 8.6.1.2, particle number concentration range as specified in 8.6.1.3
and time resolution as specified in 8.6.1.4.

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

For the RAL-UZ 205 Option each individual AMS used must be qualified and approved as specified

therein-

8.6.1]12 Particle size range

The flollowing instrument settings should be regarded as minimum requirements: The AMS shall be
capable to count particles within a size range from at least 7 nm to at least 3005hm.

The detection efficiency at the lower size limit (7 nm) must be equal or higher than 50 %.

NOTE Consult the AMS instruction manual for specific details.

8.6.1{3 Particle number concentration range

The helow instrument criteria should be fulfilled without the application of an aerosol dilfition system
betwpen the ETC sampling port and the inlet of the AMS:

CPC:

The fequired lower particle number concentration level shall be 1 cm-3 within the abdve specified
size 1jange.

The fequired upper particle number cencentration level within the above specified siz¢ range shall
be at|least 107cm-3. It may be necessary to use a calibrated aerosol dilution stage with a specified
dilution factor.

Fast AMS:

The fequired lower concéntration level in the size channel nearest to the lower particle[size limit of
7 nm(shall be equal ordower than 5 000 cm-3.

The equired uppér. concentration level in the size channel nearest to the upper particle|size limit of
300 rjm shall b€ equal or higher than 106 cm-3.

NOTH1 _These requirements refer to concentration values normalized to size channels widtls and a time
resolytion‘of 1 s.

NOTEZ Refer to Annex B.L T0T further Iiormation.

8.6.1.4 Time resolution

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

8.6.1
CPCs

NOTE

.5 Working fluids for CPC

shall be operated with the working fluids butanol or isopropanol.

CPCs which use water as a working fluid give much different Cy’s from those determin

compliant CPCs for the purpose of this document.

© ISO/IEC 2018 - All rights reserved
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8.6.1.6 Connection of AMS to ETC

The tubing between the ETC sampling port and the aerosol inlet of the AMS shall consist of electrically
conductive material (e.g. conductive silicon rubber) and shall not exceed 3 m in length. Sharp bends in
the tubing shall be avoided. The connecting hose should protrude at least 10 cm deep into the ETC.

8.6.1.7 Quality Assurance
AMS shall have the following capabilities:

— device-side controlled flow rates;

—  automatjic display of malfunctions during measurement;

— export df measurement data for evaluation;

— display ¢f the individual device settings to be selected by the user;
— ability tp adjust or synchronise time and date;

— measurgment of electrometer noise levels for fast AMS;

— adetailgd description of cleaning and maintenance procedures musthe‘available.

8.6.2 Measurement

FP and UFP [shall be measured during the pre-operating, operating and post-operating phases ¢f the
EUT. The regult of FP and UFP measurement are presented @S a diagram of Cp, versus time comprising
the period fiflom 5 min before start of the operating phase te‘at least 30 min after its end.

8.6.3 Calculation

8.6.3.1 General

The AMS mgnufacturer’s software data.display feature should be used in order to check the quality of
measured d3ta as described below.

— The particle number concentration time series should not reveal sudden discontinuities or [steps
during dr after the operating\phase. Occurring steps should not exceed a maximum acceptabl¢ step
height of approximately-15,000 cm-3.

— If this criterion cannat be met even after repeated measurement dilution of the aerosol betjween
the ETC|sampling port and the inlet of the AMS is acceptable in order to operate a CPC in gingle
counting mode:

Technical nqtelensteps in measured data from CPC: At low concentrations CPCs operate in the §ingle
Counting MddeSCMIWith increasing particle number concentration the CPC switches to Photonhetric
Mode (PM). Refer to the manufacturer’s manual for the respective concentration range. For many CPCs
it is typically between 10,000 and 50,000 cm-3. In this range steps or discontinuities may occurl),

The AMS manufacturer’s software should be used to export the total particle number concentration
time series from the measuring file to an editable file. The data should be corrected accordingly if
aerosol dilution was applied.

The averaged concentration time series, i.e. the Simple Moving Average over 31 * 3 seconds, shall be
used to calculate the Particle loss coefficient 3, the Particle Emission Rate PER and the Total number of
emitted Particles TP.

1) GILHAMRJ.J., QUINCEY P.G., Measurement and mitigation of response discontinuities of a widely used condensation
particle counter, ] Aerosol Sci, Volume 40, [ssue 7, July 2009, p 633-637).
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8.6.3.2 Calculation of Particle loss coefficient §

It is recommended to use consistent data formats and unit for time data points throughout the
calculations.

operating phase
-

1x10°

p stop )

C (t)/cm®

1x10*

measured
averaged

1x10°

timed minutes

Figure 6 — Diagram of a total particlenumber concentration time series (exainple)

s before the
ptionally the

bothed time-
termined by
ling range at

a) Hlot the averaged concentration time" series as shown in Figure 6 about 5 minute
dperating phase, during the operating phase and at least for 30 minutes thereafter (o
doncentration time series may he’added to the diagram).

b) As indicated in Figure 6, the‘value pairs cq, t1 and ¢y, t2 should be read from the sm
dependent curve of parti¢le number concentration as accurately as possible or de
means of a cursor. Omva logarithmic scale, t1 should be chosen within the linear descen
lgast 5 minutes afterthe end of the operating phase and t; at least 25 minutes after ¢1.

c) (alculate § usingthe following formula:

c
ln(—lw
Co
—_—_C =7
t -ty
NOTE Time difference tp - t1 must be calculated in the unit [s].

(14)

Alternatively f may be determined by fitting the total particle number concentration decay after

the end of particle emission to a single-exponential decay function:

Cp=0a-exp(-f-t)

(15)

The correlation coefficient shall be larger than 0,98 to ensure the quality of the following

calculations.
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8.6.3.3 Calculation of PER and TP

a) The values tstart and Cp (tstart) should be read from the smoothed time-dependent curve of particle
number concentration (cf. Figure 6) as accurately as possible or determined by means of a cursor.
b) The time difference At between two successive data points of the particle number concentration
Cp(£) is given in the manufacturer’s manual.
NOTE At must be given in the unit [s] and is generally setto 1 s.
c) PER(t) [s1] will be calculated using At, B and the data set of the smoothed particle number
concentration.
C,(t)-C,(t—At) exp(—-At)
PER(t)=lv| £ P (16)
At exp(—f-At)
where
Cp(®) is the smoothed curve of particle number concentration [cm&3};
%4 is the ETC volume [cm3];
At | isthe time difference between two successive data points [s];
B is the particle loss coefficient [s~1].
NOTE Cp[t) is usually in the unit [cm-3]. The chamber voluihe V¢ must be accordingly converted into the unit

[cm3]. At mus| be substituted in the unit [s].

d)

22

PER(t) gnd the smoothed Cp(t) curve will be\plotted according to the example in Figure 7. The
abscissa (time-axis) should be given in units/of [min] or [s].

Plot PER(t) as shown in Figure 7.

operating phase

————
4x10"3 : : 1x10°
O\
1O
“ Coltsop)
=
@
= £
fa o
© 13 4 ~
0 2x10 5100 &
a =
(@)

— PER(t)
averaged C (t)

3 | N
PER() <0.1 PER() .,
0-—v—v—v—v—v—g.. St MR WAL SRV 5. W SO UL ¥: 08U NS 0

0 10 20 30 40
time / minutes

Figure 7 — Diagram of PER(t) and Cp(t)
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f)

8.6.

b)

d)
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The values tstop and Cp(tstop) shall be read with high accuracy from the averaged concentration
time series curve in Figure 7 as indicated. tstop marks the point on the time axis, from which on
PER(t) remains below 10 % of its maximum.

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.

Proceed with final steps in 8.6.3.3.4.

3.4 Calculation of PER and TP, final steps

The difference of total particle number concentrations (ACp) shall be calculated as follpws:

ACp :Cp (tstop)_Cp(tstart) (17)

The arithmetic mean of measured concentration values between tstarand tstop shall be calculated:

X4C,;
= —2 (18)
n
Wwith n: number of measured concentration values betweemntseart and tstop.
HER shall be calculated using the following formula:
AC p
HER=V| ———+B-C,, (19)

tstop —Ustart

Assume 25 % as relative error of PER [h-1]

OTE ACp and Cyy have the unit [¢i—3]. 8 is defined in the unit [s~1]. For the correct application of the
rmula, the chamber volume V muyst be substituted in the unit [cm3] and the emission time {stop — tstart in
he unit [s].

=h =z

ot

TP shall be calculated usingthe following formula:

TP =PER - (£5r0p —t sgart) (20)

Assume 25 % as.relative error of TP.
The calculation of PER and TP is not reliable if:

AL 1 D00 cm-3

In this case, the numeric results (5, PER, TP) shall be specified in the protocol as “not quantifiable”.

For the RAL-UZ 205 Option the standard particle emission rate PER1g for an operating phase of
10 minutes (i.e. 600 seconds) shall be calculated using the following formula.

(21)

ope

The length of the operating phase tope must be substituted in the unit [s].

© ISO/IEC 2018 - All rights reserved 23


https://iecnorm.com/api/?name=dd39faa48c97d0ebcb04fbbff4dc7a1b

ISO/IEC 28360-1:2018(E)

9 Testreport

The test report shall include the following, if applicable and available:

Test laboratory

EUT descri

Test condit

24

Reference to ISO/IEC 28360.

Name and address of test laboratory.

Name of

Unique :[ientification number of the test report.

Manufad

Type, brand name and serial number of EUT, and if tabletop or floor-mountéd.
Print or|copying speed according to manufacturer’s information.
Identifidation number (model number) and lot number of consufables used.

History pfthe EUT and of the consumables (date of production, date of arrival to the test labor

date and
Types of
Externa

Number

Date of ]est.

Descript

system, sample collection,-analytical instrumentation, standard generation and calibration).

Descript

— Man

— NarIe andversion of the AMS software;

— Datg¢ oflast calibration and /or maintenance;

the responsible person.

tion

turer.

time of unpacking, storage time, environmental storing conditions before test).
packaging.

dimensions.

of hours the equipment has been used while energised during manufacture and testi

ons and methods

ion of the test appagatus and methods used (ETC, clean air system, environmental cd

ion of AMS:

ufacturerpanodel, type and serial number of AMS;

htory,

ntrol

— AMS settings used for measurement;

— Particle size range (or Fast AMS: Particle size range and number of channels within this range);

— Result of the mandatory operational readiness test (see Annex B).

Statement on the compliance to Quality Assurance items.

Name and storage location of the raw data measurement files.

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

ETC test

conditions (T, RH, n).
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— Background concentrations (Cpg).

— L

oading factor.

-1:2018(E)

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

— S

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

— Test specification for intended functions.

— Print speed during test and number of printed pages.

— B

rintmade ucaed for fncfing (mnhr\l‘]’\rnmn orcolour: cimp]nv or r‘llp]nv)
TrrreTrrocre—cr o tITT TTroTrocr ot oot pr e Ot pr e

— 1

Resullts

Q

|
[Nl en)

o}

ightness and/or colour values (L*, a* b*) from printout.

zone half-life of the unloaded ETC.

etection limits of VOC, carbonyl compounds, ozone and particulate matter.
isturbances of - and deviations from test methods.

sion rate determination and total number of particles determmination

entification of the formulae used to determine specificyemission rates from me
oncentrations.

Hentification of the calculation method used to determine PER and TP.

ame, CAS-number and concentration of identified VOCs, formaldehyde and oth
ompounds in pre-operating phase and gperating phase and calculated emission rates

oncentration of unidentified VOCsgint pre-operating phase and operating phase an
mission rates.

hase and operating phaseas well as calculated emission rates for the RAL-UZ 205 Op

|
=

— [
—

aximum change of @zone concentration for 2 minutes and calculated ozone emission
ass of sampled-particulate matter (mpm) and calculated emission rate (SERpm).
iagram of panticle number concentration time series as specified.

ilution\factor if aerosol dilution was applied.

alculated Particle loss coefficient S.

asured ETC

er carbonyl

d calculated

otal VOC value as the sum of the quantified and unidentified compounds during pr;e-operating

ion.

rate.

— Particle emission rate PER.

— Total number of emitted particles TP.

— S

tandard particle emission rate PER1g, for the RAL-UZ 205 Option.
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Annex A
(normative)

Print Patterns

A.1 Monochrome print pattern, 5 % coverage

This Annex [illustrates the monochrome pattern with 5 % black coverage; tests of EUT using)paper

consumable
-internationgl.org/publications/standards/Ecma-328.htm.

as specified in this document shall be executed using the pattern at http://wwwlecma

Figure A.1

26
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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 document shall be

executed using the pattern at http://www.ecma-international.org/publications/standards/Ecma
-328.htm.

Figure A.2
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Annex B
(normative)

Preparatory AMS Test Procedures

B.1 Procedures for operational readiness of AMS

This Annex 3
requirement

B.1.1 Part

The lower p3
is 50 %.

The upper p
is 50 %.

B.1.2 Part

The lower p
statistical cd
false count 1

For Fast AM
level decreagq
with increas

pecifies procedures for testing the operational readiness of AMS. These steps are addi
s to periodical instrument maintenance.

icle size concentration range measurements

irticle size limit is the smallest diameter at which the counting efficiency of a specific

hrticle size limit is the largest diameter at which the counting.gfficiency of a specific

icle number concentration range measurements

hrticle number concentration level is the concenfration that can be distinguished v

ate. The false count rate is the reported countiate which is not caused by particles.

5 based on the measurement of electric.elitrents the lower particle number concenty
e with increasing particle size while the upper particle number concentration level dect]
ng particle size. Both limits are much higher compared to other AMS, such as CPCs.

The size dependent number concentration(of Fast AMS may be presented as absolute concent

Cp, or as cor
correspondg

centration normalized to the. width of the respective size class dc;j/dlogd;, where iy
to the size class.

ional

AMS

AMS

ith a

rtainty of 95 % from the reported concentrationdackground value due to the instrument's

ation
eases

ation
1dex i
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B.2 Procedures for operational readiness test of Fast AMS

B.2.1
1. (
2. S
t
3. (
d
B.2.2
The f
1. A
2. A
V
f
3.
4,
5.
6.

-1:2018(E)

A

Set up the instrument (B.2.1)

A 4

Preparation for measurement (B.2.2)
. 1. Offsets check (B.2.2 No 2)
. 2. Offsets check (B.2.2 No 3)
. Check sample flow (B.2.2 No 5)
. Check ETC particle background (B.2.2 No 7)
Requirements Requirements
fulfilled not fulfilled
v \ 4
Continue with clause 8.6 Troubleshooting

Figure B.1 — Scheme for the operational réadiness test for Fast AMS

Set up of instrument
heck for proper cleanliness of the instrument and tubing.

et up the Fast AMS for the purpose of€nabling a straight connection between the sam
he ETC and the aerosol inlet of the\AMS with a maximum length of 3 m.

heck date and time settings of AMS and/or AMS software and laboratory clock and sy
ate is different and/or if tithe differs by more than 1 s.

Preparation for measurement
pllowing steps should be executed in sequence:
1l operatingiparameters (air temperature, voltage, internal pressure and flow rates) ¢

reset\(zeroing) is performed according to the manufacturer's instructions after
yarmup (first check). Electrometer current offsets and RMS values will be recorded

pling port of

rnchronize if

re checked.

instrument
and checked

br‘’compliance with manufacturer’s specifications.

After another period of 30 minutes, step 2 is repeated (second check). Electrometer offsets from
first and second check may not differ by more than 10 fA. Compliance with this requirement is
mandatory and must be stated in the test protocol. Instruments which do not pass this test need
maintenance and may not be used for test purposes.

The HEPA filter is removed from the aerosol inlet of the AMS.

The sampling flow rate of the AMS is checked. An internal flow meter should preferably be used for
this. Otherwise, an externally calibrated flow meter must be used. The measured flow rate of the
AMS must not deviate by more than +10 % of the specified set point in the calibration certificate.

The AMS is connected to the sampling port of the ETC.

© ISO/IEC 2018 - All rights reserved
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7.

The particle background concentration is measured in the ETC. The background concentration
level should correspond to the value given in 8.2.4, Table 1.

B.3 Procedures for operational readiness test of CPC

B.3.1 Setup the instrument

Set up the instrument (B 3.1) <
v

Preparation for measurement (B.3.2)
. Check Level of Working fluid (B.3.1 No 1)
° Synchronize date and time (B 3.1 No 3)
. Check Flow Rate (B 3.1 No. 4)
. Check Zero Level (B 3.1 No. 5)
. Malfunction Check (B 3.1 No. 6)
. ETC Background Check (B 3.1 No. 9)

Requirements Requirements
fulfilled not fulfilled
v v
Continue with clause 8.6 Troubleshooting

Figure B.2 — Preparation scheme for CPC

For the megsurement of total particle number concentration, only those CPCs are used which use
isopropanol jor butanol as a working fluid. Check for proper cleanliness of the instrument and tubing.

Set up the CPC for the purpose-of enabling a straight connection between the sampling port of the ETC

and the aerofsol inlet of the. CPC with a maximum length of 3 m.

B.3.2 Preparation for measurement

The following steps should be executed in sequence:

1.

30

The work fluid reservoir of the CPC will be filled. If there is one — the excess reservoir of the CPC
should be checked and emptied in order to avoid malfunctions during the measurements.

The CPC will be switched on and runs through warm-up according to the manufacturer's
instructions.

Time and date of the CPC will be synchronized with a maximum deviation of 1 second to the
laboratory timer.

CPC function test: The sampling flow rate of the CPC is checked. An internal flow meter should
preferably be used for this. Otherwise, an externally calibrated flow meter must be used. The
measured flow rate of the CPC must not deviate by more than +10 % of the set point specified in the
calibration certificate.
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5. Theinlet of the CPC will be connected to a HEPA filter (filter efficiency 299,99 %). If particle number
concentrations >1 cm-3 are indicated over a period of 1 min — after any leaks between the HEPA
filter and aerosol inlet were eliminated — there is a malfunction in the CPC.

6. The HEPA filter is removed from the aerosol inlet of the CPC.

7. The particle number concentration in ambient air outside the ETC is measured. Readings should
exceed 1 cm-3. Aerosol sources with sufficiently high output may be used for this test. A zero
readout indicates a malfunction of the CPC.

8. The correct function of the CPC will be reported.

0. he CPC is connected to the sampling port of the ETC via a conductive material (e.d. conductive
sfllicone tube, stainless steel) with a maximum length of 3 m.

10. The measured particle background concentration in the ETC must not exceed the spefified values
pecified in 8.2.4, Table 1.

%)
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Annex C
(informative)

Emission rate model

C.1 Objective

This Annex (Iievelops a generalised formula to calculate emission rates from VOC, carbonyl compgunds
and particulpte matter concentrations sampled in an ETC.
NOTE THis Annex has been developed with Hard Copy Devices in mind therefore “printing, phase” d¢notes
the operating|phase.
C.2 Apprpach
By sampling|over a period of time averaged concentrations are acquired,
Emission rafes must be calculated from these average concentratiens. The average concentrdtions
during printfng can be described by four different regions as shown(in Figure C.1. During printing, there
are two regipns: m1 for printing, and m2 for the decay of the jditial concentration (C,) built up during
the pre-opetating phase. m3 represents the concentration decay from Cpax during the post-operating
phase, and m4 is the concentration build-up during the post:operating phase from pre-operating and
background jemission.
The followinyg is assumed:
— The emipsion rates are constant;
— The emifsion rates during pre- and post-operating phases are equal;
— No energy saving modes apply duting the pre- and post-operating phase.
Cases, wher¢ the above assumptions do not apply, are outside the scope of this document.
C.3 General mass balance and concentration equations
The following mass balafice is valid for an ETC containing an emission source with a SER:

dC SER

—=""F_ic (C.1)

dt 'V
Integrate Formula (C.1) to obtain C:

SER

C:T[l—exp(—n-t)]+CO exp(—n-t) (C.2)
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