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Foreword

ISO

(the International Organization for Standardization) and

-1:2021(E)

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.

The procedures used to develop this document and those intended for its further maintenance are described

in the
docur

Attention is drawn to the possibility that some of the elements of this document may be.'the sub

rights
paten
list of
(see |

ASQ/EC Directives_Part 1 _In particular _the different approval criteria needed for the different types of

hent should be noted (see www.iso.org/directives or www.iec.ch/members_experts/refdocs].

ISO and IEC shall not be held responsible for identifying any or all such patent-rights. [
t rights identified during the development of the document will be in the Introduction and/
patent declarations received (see www.iso.org/patents) or the IEC list of patent declarat
atents.iec.ch).

Any t
const

For a
relate

Organization (WTO) principles in the Technical Barriers t¢ Trade (TBT), see www.iso.org/iso/f

In the

This
“fast-
its ap

This 1
revise

The main change compared tothe previous edition is as follows:

o =

A list

Any f
comp
comnj

tute an endorsement.

n explanation of the voluntary nature of standards, the meganing of ISO specific terms ang
d to conformity assessment, as well as information, about 1SO's adherence to the

ject of patent
Details of any
br on the 1ISO
ons received

rade name used in this document is information given for the:convenience of users and does not

| expressions
World Trade
breword.html.

IEC, see www.iec.ch/understanding-standards.

Jjocument was prepared by ECMA International (as ECMA-328-1) and was adopted, un
rack procedure”, by Joint Technical Committee ISO/IEC JTC 1, Information technology, in
broval by national bodies of ISO and IEC}

econd edition cancels and replaces-the first edition (ISO/IEC 28360-1:2018), which has be
d.

borganization to ineorporate RAL-UZ Options into the main text as one of the two
etermining emission)rates of VOC and carbonyl compounds.

Df all parts inithe ISO/IEC 28360 series can be found on the ISO and IEC websites.

cedback.or questions on this document should be directed to the user’s national stand
ete (listing of these bodies can be found at www.iso.org/members.html and www.ig

der a special
parallel with

en technically

methods for

ards body. A
ic.ch/national-

ittees.
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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 BAM and Ecma have collaborated to

harmonise methods to determine the chemical emission rates from ICT & CE equipment in the 2nd edition.

In addition t
derivations d
measured in

The 3rd editi
fast track pro

In addition, th

Following the

b stricter test procedures, the 2nd edition used generalised emission formulae, an
eveloped in Annex C, to calculate emission rates from concentrations of analytes)th
Emission Test Chambers.

bn was fully aligned with the 1st edition of ISO/IEC 28360:2007 adopted under1SO/IEC
cedure and published in September 2007.

e 4th edition fixed a number of errata on ISO/IEC 28360:2007 that JTC 1/SC 28 identified.

publications of the 4th edition of ECMA-328 and the “Test method for the determinat

emissions from Hard Copy Devices” (RAL-UZ 122), experts from BAM; .WKI, JBMIA and Ecma

collaborated
from hard coj

The 6th editid
method. “Teg
replaced by “
in January 2(Q
The 7th editig

The 8th editid

o0 harmonise methods to determine the Fine Particle (FP) and Ultrafine Particle (UFP) emis
y devices in the 5th edition.

n was aligned with the 2nd edition of ISO/IEC 28360:2012, and it added a new ozone calcy
t method for the determination of emission from\Hard Copy Devices” (RAL-UZ 122) has
lest method for the determination of emission from Hard Copy Devices” (RAL-UZ 171) pub
13. Therefore, “RAL-UZ 122 option” is replaced with “RAL-UZ 171 option” in the 6th edition
n of ECMA-328 is fully aligned with ISOAEC 28360:2015.

n was divided into two parts, a part*for electronic equipment using consumables and a p

electronic equipment not using consumables:

e Determin

e Determin

The purpose
differences by

htion of Chemical Emission Rates from Electronic Equipment — Part 1 (using consumables)

htion of Chemical Emission Rates from Electronic Equipment — Part 2 (not using consumab

btween the twe.equipment categories) and to facilitate users’ understanding.

d their

l

t are

TC 1

on of

have
sions

lation
been
ished

art for

es)

of the split was‘to make the description of test procedures simpler (they included consid¢rable

This 8th editipn is fully-aligned with “Test method for the determination of emission from Hard Copy Deyices”
(RAL-UZ 205).
The 9th editiontsfulty-atigned-with-the-third-editionof tSECAEC 283662618

The 10th edition has been re-organised to incorporate RAL-UZ Options into the main text as one of the two
methods for determining emission rates of VOC and carbonyl compounds.

One method (QEM), which is in harmony with DE-UZ 2057, Test Method for the Determination of Emissions
from Hardcopy Devices (Appendix S-M), originates from the former RAL-UZ 205 Options. The other method
(CEM) employs the generalised constant emission model in the former editions. The two methods may yield
slightly different emission rates, so the user is encouraged to select the one that satisfies their technical
application.

Vi © ISO/IEC 2021 - All rights reserved
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Different elements of the two methods are described alongside each other in the main text. The

models used

to calculate emission rates in each method are explained in the informative Annexes C and D. Some

requirements in the former RAL-UZ Options which appear too detailed and stringent as an

international

standard are now listed in the informative Annex E so that users can fully meet the requirements of DE-

UZ 205" (Appendix S-M).

In this edition, it is deduced in the CEM that emission rates of VOC and carbonyl compounds during the
operating phase (SERope) originate from the pre-operating phase (SERpre) and printing (SERprp) operations as

well as in the QEM and the former RAL-UZ Options.

This part of the Standard is Part 1.

This Ecma Standard was developed by Technical Committee 38 and wascadopted by
Assembly of December 2020.

T The| German Blue Angel Environmental Label changed the naming) convention of its award
RAL-UZ 205 to DE-UZ 205 in 2019.

© ISO/IEC 2021 - All rights reserved
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Information technology — Determination of chemical

em

ission rates from electronic equipment —

Part 1:

Usi

v

1

This
equip|

This
equip
Part

partic
consy

The methods comprise preparation, sampling (or ¢monitoring) in a controlled ETC, storage

calcu

Part 1
The t
emisg
the pr

The d
mind
calcu
show

The €
testp

The ¢
have

ng consumables

Bcope

btandard (all parts) specifies methods to determine chemical emission rates of analytes fr
ment during intended operation in an Emission Test Chamber (ETC).

btandard (all parts) includes specific methods for equipment using*consumables, such as
ment not using consumables, such as monitors and PC'’s.

specifies the methods to determine the emission rates)of VOC and carbonyl compo
ulate matter, fine particles (FP) and ultra-fine particles (UFP) from electronic equ
mables.

ation and reporting of emission rates.

has two different methods for the determination of emission rates of VOC and carbony|
wo methods use two different emissioh models, the quasi-equilibrium model (QEM) and
ion model (CEM) respectively, to,determine the emission rates of VOC and carbonyl comg
e-operating phase.

uasi-equilibrium model method has been developed with hard copy devices for office or
whose energy-saving modes automatically activate during most intervals between op
ation of emission rates-during the pre-operating phase is based on the quasi-equilibrium a
N in Annex C.

mission rates-determined with this method can be used to compare equipment in the san
Ffocedures-are specified more narrowly than the other method (CEM).

onstant-emission model (CEM) has been developed for hard copy devices whose energy-s
such a negligible effect on the determination of emission rates of VOC and carbonyl compdg

bm ICT & CE

printers, and

unds, ozone,
pment using

and analysis,

compounds.
the constant
ounds during

home use in
prations. The
ssumption as

e class since

saving modes
unds that the

L Al + 4 H H dal | H A I mY [ aA_F, o dat H 41 £ 4
dioTU LUTIowdllt TITHOoOIUIT TTTUUTT STTUWIT 1ITT ATITTCTA L Ldll VT UoSTU TUT TS UTITTITIMIauurt Ul U

eir emission

gener

rates during the pre-operating phase. This method presents more flexible test procedures than the QEM. Due
to such features of this method, it may be used for hard copy devices whose idling mode usually lasts
throughout intervals between operations, such as large hard copy devices used professionally. It may also be
used for various equipment having different functions and structure for its intended use and the determination

of car

bonyl compounds requiring longer sampling duration due to a lack of sensitivity.

Annex A specifies monochrome and colour print patterns for use in the operating phase of EUT using
consumables.

The operational readiness of AMS is confirmed according to Annex B.

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

© ISO/IEC 2021 - All rights reserved
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2 Conformance

Determinations of emission rates and total number of emitted particles conform to this Standard (Part 1) 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. ReportedrasspecifecHnmCtause$:

3 Normative references

The following
references, d
document (in
ISO 554:197¢

ISO 16000-3
Active sampl

ISO 16000-6
by active san

ISO 16000-9
building prod

ISO 16017-1
by sorbent tu

CIE 15:2004,

4 Terms

For the purpd

41
averaged co
simple movin

) referenced documents are indispensable for the application of this decument. For
nly the edition cited applies. For undated references, the latest edifion” of the refer
cluding any amendments) applies.

, Standard atmospheres for conditioning and/or testing — Specifications

2011, Indoor air — Part 3: Determination of formaldehydesand other carbonyl compou
ng method

2011, Indoor air — Part 6: Determination of volatile organic compounds in indoor and chamt
pling on TENAX TA sorbent, thermal desorption and gas chromatography using MS/FID

2006, Indoor air — Part 9: Determination of>the emission of volatile organic compounds
cts and furnishing — Emission test chamber, method

2000, Indoor ambient and workplace@ir - Sampling and analysis of volatile organic comp
be / thermal desorption / capillary gas chromatography — Part 1: Pumped sampling

Commission Internationale del'Eclairage — Colorimetry, 3™ edition

and definitions

ses of this doeument, the following terms and definitions apply.

hcentration time series
j average of total particle number concentration (Cp) over 31 + 3 seconds

dated

pnced

nds —

ber air

from

bunds

4.2

averaged ozone concentration time series
simple moving average of ozone concentration (Cos) over 80 + 5 seconds

4.3
aerosol

suspension of solid particles and/or liquid droplets in a gas

4.4

aerosol measuring system

AMS

device category for measuring the total particle number concentration of an aerosol within a size range at a
certain frequency

© IS0 2021 - All rights re

served
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NOTE CPC (4.8) and fast AMS (4.14) belong to AMS.

4.5

air exchange rate

n

ratio (n) of the volume of clean air brought into the ETC per hour [m®/h] to the unloaded ETC volume [m?]

4.6
air velocity
air speed [m/s] measured in the unloaded ETC

4.7

analylte
volatile organic compounds (VOC), carbonyl compounds, ozone, particulate matter, fine-parti¢gles (FP) and
ultrafine particles (UFP)

4.8
condensation particle counter
CPC
instrument that measures the particle number concentration of an aerosol

NOTE] For the purpose of this standard a CPC is used as a standalone instrument which measures the total particle
number concentration within a device dependent size range.

49
constant emission model method
CEM
methgd to determine emission rates of VOC and carbonyl compounds using the constant emjssion model,
assurhing that an emission rate is constant throughout'the pre-operating phase

NOTE This method can apply to the pre-operating: phase which consists of the warming-up and following idling and
energy saving modes as far as constant emission during that phase can be assumed.

410
consumables
toner/|ink, paper and ribbon

4.1
emissgion test chamber
ETC
enclogure with controlled operational parameters for testing analyte mass emitted from EUT

412
energy saving mode
modelin adower power state than that of the idling mode which hard copy devices enter after a pgriod of
inactiyity

413

equipment under test

EUT

electronic equipment from which chemical emission rates are determined

414
fast AMS
instrument with rapid time resolution and particle size classification

415

fine particles

FP

particles with particle size / diameter range between 0.1 ym and 2.5 ym

© ISO/IEC 2021 - All rights reserved 3
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416
hard copy devices
class of EUT using Consumables that includes printers, (photo)copiers and Multi-Functional Devices (MFD)

417

idling mode

mode where hard copy devices are kept ready to perform its intended functions lasting from the end of
warming-up mode or its operation to the start of an energy saving mode

418

loading factor
ratio of the EUT_volume to the volume of the unloaded ETC

4.19
operating phase
phase in whigh the EUT is performing its intended functions

4.20
particle
solid or liquid[matter with defined physical boundaries suspended in a gas

4.21
particle emigsion rate
PER
averaged timg dependent particle emission rate between the points in time of the start (tstart) and end (tdop) Of
particle emisgion

4.22
time dependent particle emission rate
PER(t)
time dependé¢nt emission rate of particles in a specified particle size range after the start of the operating
phase

4.23
particle loss|coefficient

B

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

4.24
particle size|/ particle diameter
measurement category to describe the physical dimension of a particle

NOTE ThE term papticle size is often used as a synonym for particle diameter. The particle diameter is used to pssign
a particle to a particle size-class (e.g. UFP).

4.25
particulate matter
PM

quantity of particles measured by gravimetric methods

4.26

pre-operating phase

phase between the points in time at which the EUT is powered-on and the signal to start the operating phase
is sent to the EUT

NOTE The pre-operating phase can include warming-up and energy saving modes.
4.27

post-operating phase
phase following the operating phase

4 © IS0 2021 - All rights reserved
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4.28
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The post-operating phase can include energy saving modes.

quasi-equilibrium model method

QEM

-1:2021(E)

method to determine emission rates of VOC and carbonyl compounds using the quasi-equilibrium model
characterized by the assumption that the concentration of an analyte in the ETC reaches a quasi-equilibrium

much

4.29
speci
SER

earlier than expected in theory due to the activation of energy saving modes

fic emission rate

mass

4.30

in micrograms, of a specific analyte emitted per hour

stabilizing period

ts

Suspegnsion time between the pre-operating and operating phases, which starts when the air exa

chang

opergdting phases differ

NOTE|
stabili

ration of the air exchange rate and the concentrations of VOC and earbonyl compounds before f

operaling phase.

4.31

stand
PER1
calcu

4.32
total
TP
calcu
(tstart)

4.33
total
Cop
partic|

4.34
total
TUT
ratio |

ard particle emission rate
D
ated number of particles emitted during a 10-minute operating phase in a specified particle
humber of emitted particles

ated total number of particles in a“specified particle size range between the points in tim
and end (tstop) Of particle emission

particle number concentration

e number concentrafion in a specified particle size range

Lsage time before testing

etween the total number of prints carried out by the EUT and the printing speed of the EUT]

NOTE

hange rate is

ed and ends when the operating-phase begins if the air exchange ratestduring the pre-¢perating and

A certain length of suspension time may exist for preparation for sampling, conditioning of humidlity in the ETC,

he start of the

size range

e of the start

Total usage time is equal to or shorter than 120 minutes to be tested as newly manufactured EL

T.

4.35

total volatile organic compounds
TVOC

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

NOTE

4.36
ultraf
UFP

This definition of “total volatile organic compounds” differs from the definition in ISO 16000-6:2011.

ine particles

particles with particle diameter less or equal to 0.1 ym
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4.37
volatile organic compounds
vOC

compounds that elute between n-hexane and n-hexadecane (including these compounds) on a nonpolar GC-

column
5 Symbols and Abbreviated terms

5.1 Abbreviated terms

AMS Aerosol Measuring System

CEM Constant Emission Model Method

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(t) Time-dependent Particle Emission Rate
PER10 Standard Particle Emission Rate

PTFE Polytetrafluoroethene (Polytetrafluoroethylene)
PVC Polyvinylchleride

QEM Quasi-equilibrium Model Method

RH Relative Humidity

SER Unit Specific Emission Rate

TUT Total Usage Time Before Testing

TVOC Total Volatile Organic Compounds

UFP Ultrafine Particles

VOC Volatile Organic Compounds
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=)

_3]

a Factor in the exponential particle decay function [cm™]

B Particle loss coefficient [h™"]

Cog Background mass concentration [ug m=]

Cmax Maximum mass concentration in the operating phase [ug m=]

Cope ,rAvera%e mass concentration during sampling in the operating and post-operating phase
HgT]

Cos Ozone concentration [mg/m3]

Co Total particle number concentration [cm]

Cpbg Background particle number concentration [cm™]

Cpre Average mass concentration during sampling in the pre{operating phase [ug 1

Cs Average mass concentration [ug m=]

Co Initial mass concentration [ug m]

d Equivalent Particle Diameter [nm]

Mafter Sample filter mass [ug] after sampling

Mbefor Sample filter mass [ug] before~sampling

Mbg Sampled mass for chamber background [ug]

Mope Sampled mass [ug]‘during operating and optionally post-operating phase

Mpre Sampled mass\[jg] during pre-operating phase

Mpm Mass ofiparticulate matter [ug] deposited on the filter

Mref-affer Reference filter mass [ug] after sampling

M ref-before Reference filter mass [ug] before sampling

ms Sampled mass [ug]

n Air exchange rate during operating and post-operating phase [h']

Npre Air exchange rate during pre-operating phase

p Atmospheric pressure [Pa]

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

SERbyg Background SER [ug h™]

SERo3 SER for ozone [ug min']

SERope SER during operating phase [ug h™']
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SERpm
SERpre

SERprp

te
TP
tope
tore
ts
tstart

tstop

At

ng
Vpre
Vope

Vs

6 Methot

The flowchart

SER for particulate matter [ug h™']

SER during pre-operating phase [ug h™']

SER stemming from printing during the operating phase excluding emission at the rate of
SERpre Which is lasting from the pre-operating phase [ug h™']

SERprp = SERope - SERpre

Ambient temperature [K]

Sampling time during operating and optionally post-operating phase [h]

Total Number of Emitted Particles

Operating phase duration [h]

Pre-operating phase duration [h]

Stabilizing period duration [h]

Point in time marking the start of particle emission
Point in time marking the end of particle emission
Time-resolution of the UFP measurement [s]

ETC volume [m?]

Sampled air volume [m?] for determinationof Cog
Sampled air volume [m3] in pre-operating phase
Sampled air volume [m?] in opérating and optionally post-operating phase

Sampled air volume [m3]

il overview

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

© IS0 2021 - All rights reserved


https://iecnorm.com/api/?name=fbffe7a942f6cd88446494e2ca452af6

Start (8)

Y

Ensure Testc

onditions (8.1)

ISO/IEC 28360-1:2021(E)

y

y

Purge Emission Chamber (8.2.3)

Selectand unpack EUT (8.2.1+8.2.5)

v

—DBeterminate EmissiontestShamibet
Background concentration (8.2.4)

Y

Preparation (8.2.6)

Y

C EUT Preparedand ETC ok )

Y

Install EUT (8.2.7)

VO( and carbonyl compounds

Analysis
type

ozZone I

Determine Determine
Emissionrate Emissionrate
(8.3+8.4) (8.3+ 8.5)

v

h 4

Finish report (9) <

Particulate Matter FPIJFP
4
Determine Determine|Emission
Emissionrate Rate and Tgtal number
(8.3+ 8.6) of particles((8.3 + 8.7)

End

Figure 1 — Determination method overview

7 ETC requirements

71 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.
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7.3

Air mixing efficiency

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

8 Determination method

8.1 Test

8.1.1

conditions

General

To meet thg
humidity and
with ISO 160

8.1.2

Tests shall b
climatic cong
ISO 554.

NOTE To
RH of at most
have to be inc
ETC volume. C

8.1.3

For unloaded
unloaded ET

8.1.4

A
The air veloc
8.1.5

The sum of s

8.2 Hanc

8.2.1

Air exchange rate (n)

operational requirements specified herein, ETC parameters such as temperature, g
supply airflow shall be controlled and measured at regular intervals and recorded in @ccor
D0-9 and shall be reported as specified in Clause 9.

Dperating temperature and relative humidity (RH)

b executed at (23 £ 2) °C and (50 + 5) %RH according to 1ISO 554. For EUT used in alter
itions, higher operating temperature and humidity conditions may. be used as specif

avoid condensation due to vaporisation of water from paper during the operating phase, incoming g
10% may be inserted in the ETC before the operating phase. Iniaddition, the air exchange rate (i
feased to avoid such condensation. Increase of humidity during‘the operating phase also depends
ondensation of water vapour (i.e. RH > 85%) on the ETC walls. invalidates the test.

ETCs with a volume larger than 5 m3, “n~shall be in the range from between 1,0 to 2,
C’s with a volume of 5 m® or smaller, “n” shall be in the range from between 1,0 to 5,0.

Air velocity

ty in the unloaded ETC should:be in the range from 0,1 to 0,3 m/s.

Bampled air flow

bmpled airflow shallLbe less than 80% of the inlet airflow into the ETC.
lling of EUT-and ETC

Belection and storage of EUT

EUT shall b

lative
Hance

hative
ed in

ir with
) may
bn the

). For

selected from normal manufactured batches or shall be g prnfnfypn that is rnprnennfnﬁ

/e for

EUT from such batches. EUT shall be stored before the test in a room where EUT is not likely to be
contaminated.

The amount of VOC emitted from electronic equipment generally changes with usage. Newly manufactured
equipment usually emits the highest amount of VOC in its life. EUT belongs to the following two categories in

this standard.

Newly manufactured EUT: The EUT of which the TUT is equal to or shorter than 120 minutes.

Used EUT: The EUT of which he TUT is longer than 120 minutes. TUT shall be reported in the test report, if
known, otherwise “not known” shall be reported.

10
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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 1:400. For the ETC where the loading

factor

8.2.3

is in the range of 1:100 to 1:400, the air volume flow of the ETC shall be <5 m¥h.

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

To dsg
0,2m

Therg

8.24

Follov

Omimutes,whenrm=—1:

termine the ozone half-life, the ETC should be deactivated by exposure to an ozohg 'Co
g/m3to 0,4 mg/m? for at least ten minutes or until a stable concentration is reached.

after, the ETC shall be purged with 4 ETC volumes of clean air.
Background concentrations (Chg and Cpng)

ving purging, the background concentrations of analytes in the untoaded ETC shall be de

recordled. The background concentration values at n = 1, shall be below/the limits shown in Tablg

hcentration of

termined and
1.

and sorbents

NOTE] Cug of VOC and carbonyl compounds may stem from the-ETC itself, supplied air to the ET(
used fpr sampling.
For HTC materials, with SER = SER.g, the backgrourd concentration has reached an equilibrium after
purging:
_ SERpg
Cbg T onv
For supplied air, the background ecanhcentration is influenced by supplied air qua

perfo

For s
durat

rmance of filters for the analyte

brbents, the background cangentration is influenced by blank values of the sorbents 3
on.

The background concentration should be determined in conditions with equivalent air ex

samp
be m

The
backg

ling duration andssampling date to the following tests so that influences of the sourcq
nimized.

sampling-date, sampling duration and air exchange rate for the ETC shall be recor
round concentration.

ity and the

nd sampling

change rate,
s above can

ded with the

1= bal ] 4

Th C ] 4 =1 (TN +l L H S =S H T ok
e bg vadiuco atir = T, ofidil VG UTIUW UITC TS STTuwiT it 1avic 1.
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Table 1 — Background concentrations

Item Limit

VOC and carbonyl compounds 2 [ug/m?] for any analysed substance

TVOC 20 [ug/m?3]
Ozone 4 [ug/m3]
PM 10 [ug/m?3]
FP and UFP Cpbg = 2000 [cm™?]

8.2.5

Emissions fr(
VOCs that an
from the shig
other shippin

NOTE Aft

8.2.6

Printing the p
The maximur

One or two
measuremen
the newly ma

The one or t|
influence on
the EUT.

Treatment co

8.2.7

Before install
consumables|
water condern

To avoid con
and all opera

EUT unpacking

m packaging may influence measurements considerably, because packaging litself may
e not representative for EUTs in typical use. Therefore, the EUT to be tested(shall be ren
ping containers and all protective shipping packaging such as spacers, filmiwrapping an
h/packaging elements before preparation (as specified in 8.2.6).

er unpacking, installation (step 8.2.7) may precede the preparation step (8.2.6)-

Preparation of the EUT before testing

atterns as specified in A.1 and A.2 are appropriate for thefollowing preparatory operation |
h duration of the operating phase shall be determined.

0-minute operating cycles should be performed.for the purpose of EUT function testin
of print speed. The TUT of the EUT shall not'exceed 120 minutes when the EUT is test

hufactured EUT.

vo 10-minute operating cycles shall be.performed at least one day before the UFP test to

bmissions due to unstable UFP emissien which may occur in operation after long-term dis

hditions shall be recorded in the test report.

EUT installation

ption, the EUT shall have sufficient consumables to complete the operations. In case of
60 g/m?to 80.g/m? A4 paper with normal water content (preferably from 3,8% to 5,6%) to
sation shalhbe*used.

famination, the powered-off EUT shall be installed in the middle of the ETC as fast as p9
ors shall leave the ETC immediately thereafter.

emit
hoved
d any

elow.

j and
ed as

avoid
ise of

paper
avoid

ssible

The EUT shall remain powered-off until the emission tests require the EUT to be powered-on as speci

8.3.1.

ied in

For the determination of FP and UFP specified in 8.7 the EUT shall be installed on the day before the

emission tes
The ETC sha

t.

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

The installation date and time shall be recorded.

Emission testing, as specified in 8.3, shall not begin within at least 3 air exchanges following installation.

12
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8.3 EUT Operation during Test

8.3.1 General

EUT operation during test consists of the pre-operating phase, operating phase and post-operating phase.
QEM and CEM have slightly different operation as shown in the clauses for each phase.

Emission rates of VOC and carbonyl compounds as specified in 8.4, ozone as specified in 8.5, particulate
matter as specified in 8.6 and FP and UFP as specified in 8.7 shall be determined while the EUT is being

controlled from outside the ETC.

NOTE
discre

Users can determine emission rates of VOC and carbonyl compounds according to QEM._o
ion after comparing their individual purposes of the test and the features of the two determin

CEM at their
ation methods

descriped in Clause 1.

8.3.2 Pre-operating phase

QEM

To enjter the pre-operating phase, the EUT shall be powered-on in the ETE and remain on for[an hour. npre
shall be 1,0/h during this phase.

CEM

To erfter the pre-operating phase, the EUT shall be powered<on in the ETC and remain on duriphg this phase

from petween 1 to 4 air exchanges. For unloaded ETCs-Wwith a volume larger than 5 m3, npre shall be in the
range from between 1,0 to 2,0. For unloaded ETC’s with & volume of 5 m® or smaller, nyre shall bg in the range
from between 1,0 to 5,0.

NOTE| For the determination of FP and UFP as specified in 8.7, particle counting shall be started from [the start of the
pre-ogerating phase because particle emission is opserved for some EUTs soon after they are powered-on.

8.3.3 Operating phase

The gperating phase follows the (pre-operating phase. Enter the operating phase by beginning copying or
printing. The output of the first(printed page marks the start of the operating phase. It ends with|the output of
the lapt printed page.

The BUT shall operate at’/nominal speed. Operating may include monochrome, colour, single-sided (simplex)
and/or double-sided, (duplex) printing. The monochrome and colour print patterns specified in Ahnex A.1 and
A.2, respectively,~-Shall be used for EUT using paper consumables.

QEM

The duration of the operating phase shall be planned as follows:

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

Second priority: If a 10-minute duration is technically not feasible the operational phase shall be as long as
possible. The duration shall not be below five minutes.

CEM

In conjunction with other parameters such as “n”,

ETC volume and the use of the post-operating phase, the

duration of the operating and post-operating phase shall be such that quantitative analysis is ensured.

NOTE

There may be a certain length of suspension time between the pre-operating and operating pha

reasons. The suspension time is defined as the stabilizing period (ts) in this standard (See 4.30).

© ISO/IEC 2021 - All rights reserved
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8.34 Post-operating phase

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

8.3.5 Recording of EUT operation

The start and

84 VOC

duration of the pre-operating, operating and post-operating phases shall be recorded.

and carbonyl compounds

The flow chart in Figure 2 illustrates the determination method for VOC and carbonyl compounds.

Prepare Sorbents (8.4.1)

A 4

Start operating EUT (83),

collect, store and analyze
samples (8.4(2)

Emission Model Chamber
(Annex C or D) cancentrations

8.4.1 Sol

VOC samplin
exception of
analysed acc

Y
>l Calculate (8.4.3) |

Emission
Rates

Figure 2 — Determination method for VOC and carbonyl compounds

bents

g and analysis shall be performed using the sorbents as specified in ISO 16017-1, wi
Chromasorb and PoraPak due to their high blank values. Tenax TA™ shall be conditione
prding 10 1SO 16000-6 to minimise the production of artefacts, especially benzene.

h the
d and

For carbonyl

compounds DNPH cartridges shall be used as sarbhent material

8.4.2 Sample collection

8.4.2.1 General

For VOC, duplicate samples shall be taken.

Individual VO

C and carbonyl compounds with a concentration = 1,0 ug/m? shall be detected.

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

14
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8.4.2.2 Sampling

Sampling shall be performed during the following periods:

QEM

e The last twenty minutes of the pre-operating phase -- from 40 minutes after the start until the end of the
pre-operating phase.

e The complete operating phase and the first one air exchange of the post-operating phase — from the
beginning until the end of the operating phase and sampling shall continue for one air exchange in the

p
CEM
o T
o T

(0]
8.4.2.

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

Identi
VOC
equiv.

When
carbo

When
Carbq

NOTE]
absoly

8.4.3

8.4.3.

Sub-d
emisg

Conc

4 aaratiaa—-iahb
PoTopPCTatiTy PITasSTy

he complete pre-operating phase — from the beginning until the end of this phase

he operating phase, starting at the beginning of this phase, samplinghbmay continue i
perating phase.

3 Requirements after sampling

fied VOC shall be quantified using absolute responsé factors, determined by calibration
blents using the toluene response factor.

benzene is detected, this shall be verified and quantified by analysing a sample
haceous sorbent such as Carbotrap/Carbgpack type materials.

in doubt, positive findings of benzené’are to be verified via a second independent sampli
trap/Carbopack™ or activated carbon-type materials).

te response factors to eliminatewariation in response factors.
Emission rate calculation

1 General

lause 843 specifies formulae to calculate emission rates in practical situations deri
ion medels as shown in Annexes C and D.

bntrations shall be determined, using the following equations:

hto the post-

Unidentified

and those identified, response factors of which cafinot be determined, shall be quantifigd as toluene

on alternate

g (e.g. using

Relative response factors determined by calibration compared to an internal standard may be lised instead of

ed from the

A

ms c _ mope C _ m pre
ope — ; pre —

ope

mbg
v o=,
pre bg
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8.4.3.2 Emissions in the pre-operating phase
QEM

Assuming that a quasi-equilibrium in concentration is reached during the pre-operating phase, emission rates
shall be calculated as follows:

SER e = Cpre yre * V (2)

CEM

Assuming constant emission rates during the pre-operating phase, emission rates shall be calculated as
follows:

Cpre Nepe V-t
— pre pPre pre
SER e =|—— =l 3)
Mpre tpr'e"'exp( Npre I:p*.r'e) 1
8.4.3.3 Emissions in the operating and post-operating phase
QEM

The following|general formula shall be used for the calculation of SERprp«

Copen?V-tg —S‘ERpre-[n-t(;—(l—n n )exp (-n-ts)-(1 —exp(—n-tG))}
SER = pre 4)

prp exp(—n-tG)—exp(—n(r(_;—rope))+n-tope

If npre and “n”{are almost the same or ts is relatively long{n*ts = 3), the general formula is reduced to:

CopeN?-V-tg—SERpre'tg

SER = (5)

r
prp exp(—n-tG)—exp(—n(tG—topg))+n-tope
SERpe is obtained as follows:
SER,pe =|SER,,» + SERp (6)
NOTE Formula (5) may be used instead of formula (4) when n*ts is equal to or larger than one air exchange (DE-UZ

205). Smaller n*ts than three"may cause a small overestimation of SERope.
CEM

The following|general formula shall be used for the calculation of SERprp.

CopeN?V-tG=SERp e | NtG— (1 —n;re-(l —exp (—npre-tpre]))-exp (-n-ts)-(1—exp(-n-tg))

SER -y, = (7)

prp exp(—n-tG)—exp(—n(rc;—tope))+n-tope

If ts is relatively long (n*ts = 3), the general formula is reduced to:

CopeN?-V-tg—SERpre'tg

SER -, =

= (5) reshown
prp exp(—n-tG)—exp(—n(tG—topg))+n-tope

16 © IS0 2021 - All rights reserved


https://iecnorm.com/api/?name=fbffe7a942f6cd88446494e2ca452af6

ISO/IEC 28360-

1:2021(E)

If npre @and n are almost the same and there is no stabilizing period of time (ts) between the two phases, the
general formula is reduced to:

SER

. Copen?V-tg —S'ERpre-[n-tG —exp(—n-tpre)-(l —exp (—n-tG))]

pTPR exp(—n-tG)—exp(—n(t(_;—tope))+n-tope

If tore in formula (8) is relatively long (n*tpre = 3),

SER

prp

Copen?V-tg—SERprentg

~ exp(-n-tg)—exp(—n(ta—tope) )+ tope

SERGo}pe is obtained as follows:

(8)

(5) reshown

SER},. = SER,,. + SER,,, (6) reshown
NOTE| Theoretically, SERprp, may be a negative value. Even though SERprp is a negative value, SERqpe Which is the
sum of SERprp and SERpre Will be a positive value or zero.
NOTE| Inserting formula (8) in formula (6) yields:
SER,pe

This is the general case fomulawhere Cpog = 0 shown in the main text of the former editions.

8.44

The tptal VOC emission’rate should be calculated as the sum of all identified and unidentified sulj

NOTHE

carbonyl compounds, not only one substance emission rate but also the total VOC emission rate i
charagterize” chemical emissions from hard copy devices. The determination of emission rates of qu

accorq

| SERp,e - [exp(—n “tg) —exp (—n(t(; = Lope )) +n- tope]

Cope "M% -V - tg —SERpe - [n-t6 — exp(—n -ty ) - (1 — exp(zn - t5))]

exp(—n-tg) —exp (—n(t(; — tope )) + 1 tope

exp(—m-tg) —exp (—n(ta - tope)) + 1 Epe

Cope e Vtg — SERye - [exp (—n(tG — tope )) +n- (t(; - tope) -1+ (1 - exp(—n “tyre )) . (1 —exp

-n- tc))]

exp(—n<ts) —exp (—n(tG — tope )) + 1 tope

Total VOC emission rate

While this part of ECMA-328 Part 1 (Sub-clause 8.4) specifies the determination method for ind

stances.

vidual VOC or
5 important to
antifiable VOC
determined, to

ing/to this standard allows the total VOC emission rate, which is the sum of the emission rates

compl

8.5

aasith thic Standard
vtHtHHo—ota oo

Ozone

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

© ISO/IEC 2021 - All rights reserved
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Analyzer and lines
meet (8.5.1)
requirements

Start operating EUT (8.3),
Monitoring and analysis (8.5.2)

/Emlsswn Model / / Ozone /
Fﬂnanvﬂat‘ﬂn

“ v
Calculate
> (8.5.3)
Emission
Rate
Figure 3 — Determination method for ozone
8.5.1 Analyser and sampling line requirements

Ozone analygers shall at least fulfil the following requirermients:

e The capdbility to detect concentrations betweern’4 ug/m? and 1mg /m3;
e A precision of 2 ug/m?3;

e A sampling rate (may be importantfor'small ETCs) of < 2 I/min.
Ozone concgntrations of the data.peints used to determine the maximum ACos shall not be rounded fo the
nearest whole ppb (1 ppb = 1.968 ug/m?®) by data processing of the analyser because rounding may tause

errors in the determination of the ACos.

To prevent lops of ozonedin the sampling line, it shall be of minimum length, not exceeding 4 m, and made of a
flexible inert materialksuch as PTFE.

8.5.2 Mohitering

Since ozone is an unstable molecule, it shall be monitored and analysed instantaneously at least every 30
seconds, preferably every 15 seconds during the operating phase to determine the maximum ACos as
specified in 8.5.3. In addition, some data points before and/or after the operating phase shall be recorded so
that the averaged ozone concentration time series can be calculated as specified in 8.5.3.

8.5.3 Emission rate calculation

The ozone emission rate is derived from the increase in ozone concentration during the early part 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 (9) in the operating phase

Am  Acy *V

At

At

Am: emitted ozone mass [mg]

ACos

: change of ozone concentration [mg/m?]

At: time interval [min]

the erission rate of ozone shall be calculated by formula (10):

Sk

A tim
when
(Cos(
movir]

NOTE]
corres|
curve
electri
emiss
conce
condu

For 4
(SAT
ETC
(R=1
NOTE
8.6

The f

EUT dising consumables.

-1:2021(E)

9)

R _Acy; ¥V * p*60
T At*T*R

e interval At of two minutes and the maximum ACos shall be applied indormula (10). Th

+2) — Cos(t) = maximum). The averaged ozone concentration time.series is created wi
g average over 80 + 5 seconds.

Theoretically, a time interval of the data points at the start of\the operating phase gives the m
ponding to the true emission rate. However, deviations of measure€d ozone concentration curves from
occur due to fluctuations of ozone data caused by incompleteness of air mixing in the chamber
C noises of ozone analysers, especially in larger chambers=Fhe deviations make it difficult to deter|
on rate according to the theory. Effects of electric noises’¢an be reduced significantly by using the a
htration time series. In addition, At of 2 minutes isiselected and the determination of the max
Cted to minimize the effects of remaining fluctuations:

P) of (273 + 25 = 298) K and 101 325 Pa\(i.e. 1 atmosphere), SERos3 shall be calculated us
pressure (p in Pa), the actual ETC temperature (T in K) and the gas converg
39,8 Pa/K), otherwise p/TR = 1 shall'be used.

If the temperature and pressure in the ETC equal the SATP, p/TR is 1.
Particulate matter

owchart in Figure'4/illustrates the gravimetric determination method for particulate matter]

(10)

s is the case

the averaged ozone concentration time series exhibits the greatest slope [for the two-minut¢ time interval

th the simple

aximum Am/At
the theoretical
and effects of
Mmine an ozone
veraged ozone
mum ACos is

nalysers indicating values that are converted for the Standard Ambient Temperature and Pressure

ng the actual
ion constant

emitted from
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Condition and weight reference
and sample filters (8.6.1)

A 4
Start operating EUT (8.3) and
sampling (8.6.2)

v

Condition and weight reference
and sampled filters (8.6.1)

Y

Emission Model Particulate
matter Weight

v
R Calculate
> (8.6.3)

v

/ Emission
Rate

Figure 4 — Determination method for{particulate matter

8.6.1 Wejghing and Filter conditioning

The analytical balance, with a weighing precision<of 1ug or better, shall be located in a temperaturg and
humidity-confrolled room (weighing room) as specified in 8.1.2.

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

The filters shall be conditioned (remain in the weighing room) for at least 48 hours or to constant mass fin the
weighing roon. Since even the smallest inevitable fluctuations in the relative humidity in the weighing|room
affect the welght of the glass fibre filter, at least one unloaded reference filter is weighed at the same time as
the sampling ffilter before andafter particulate matter sampling to minimise the influence of climate on the filter
material by a|climate corréction. The unloaded reference filter and the sampling filters shall be weighed before
sampling giving Mret-before@Nd Miefore.

During partictilate’ matter sampling, air is drawn through the test filter. As the relative humidity of this air may
differ from thpattin the weighing room, the sampling filter must be conditioned again after particulate matter
sampling for atteast48-hours-or-toaconstantweightinthecontroftedroom

c OU O O—a O cl WAiL® O OonmctT100

The reference filter is left in the weighing room constantly.

8.6.2 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.

8.6.3 Emission rate calculation

The unused reference filter and the sampling filters shall be weighted after sampling giving Mref.after and Mafter.
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The particulate matter mass shall be corrected with the reference filter mass difference:
Mpm = (mafter - mbefore) - (m ref-after = mref—before). (1 1)
With Cope = Mpm / Vope, the SERpm shall be calculated using the following formula:

B C,-m-V-t,
~exp(=n-t;)—expl-n-(t, = £, )]+ n-1,,

ope

SER

pm

(12)

The following approximate formula may be used when the operating and post-operating phase is relatively
long (n*tc=3):

C,o-n-V-i,
t

ope

SER,, = (13)

8.7 Fine and Ultrafine Particles (FP and UFP)

The flow chart in Figure 5 illustrates the determination method for FP and"UFP. FP and UFP fdetermination
does [not substitute for the gravimetric determination of particulate mattéer (8.6). It is an additiopal test to be
performed in parallel.
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AMS meets (8.7.1) and passed
operational readiness test
(Annex B.2 or B.3)

Start operating
EUT (8.3)

8.7.1 Ge

8.7.1.1 General

An AMS shal
range as spe

/Emission Model / /FP and UFP /
mEgsurerent
/ / (8.7.2) /

v

N Calculation of results
(8 7.3)

Diagram of total particle
number concentration
Calculation of partlcle loss
coefficient (B
ParticlecEmission
Rate (PER)
and
Total Number of
Particles (TP)

Figure 5 — Determination method for FP and UFP emissions

heral Requirements for Aerosol Measuring Systems (AMS)

be capable to measure the time dependent total particle number concentration with particl
cified in 8.7.1.2, particle number concentration range as specified in 8.7.1.3 and time resd

e size
lution

as specified i

o.l.1.4.

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

8.71.2 Pa

rticle size range

The following instrument settings should be regarded as minimum requirements: The AMS shall be capable to

count particle

s within a size range from at least 7 nm to at least 300 nm.

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

NOTE Co

22

nsult the AMS instruction manual for specific details.
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3  Particle number concentration range

-1:2021(E)

The below instrument criteria should be fulfilled without the application of an aerosol dilution system between
the ETC sampling port and the inlet of the AMS.

CPC:

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

The required upper particle number concentration level within the above specified size range shall be at least
107cm. It may be necessary to use a calibrated aerosol dilution stage with a specified dilution factor.

Fast A

The r
be eq

The r
shall

NOTE]
1s.

NOTE

AMS:

bquired lower concentration level in the size channel nearest to the lower particle size Timit
ual or lower than 5,000 cm3.

be equal or higher than 108 cm3.

1 These requirements refer to concentration values normalized to size channels widths and a tin

2 Refer to Annex B.1 for further information.

8.7.14 Time resolution

Partid

8.71
CPCq

NOTE
CPCs

8.7.1
The #{

condy
tubing

8.71

AMS

le number concentration values shall be recorded.at\a rate of at least 0.5 Hz.

$H  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 Cp’s from those determined with
for the purpose of this Standard.

B  Connection of AMS to ETC

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

7 Quality Assurance

shall\have the following capabilities:

of 7 nm shall

equired upper concentration level in the size channel nearest to the upper-particle size liit of 300 nm

e resolution of

ther compliant

of electrically
bends in the

e device-side controlled flow rates

e automatic display of malfunctions during measurement

e export of measurement data for evaluation

o di

splay of the individual device settings to be selected by the user

e ability to adjust or synchronise time and date

e measurement of electrometer noise levels for fast AMS

L a

detailed description of cleaning and maintenance procedures must be available.

© ISO/IEC 2021 - All rights reserved
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8.7.2 Me

asurement

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

8.7.3 Calculation
8.7.3.1  General
The AMS manufacturer’'ssoftware data Hicplny foature should be used in order to check the qua

measured da

e The parti
after the

approxim
If this crit
sampling
Mode.

Technical no

a as described below.

Cle number concentration time series should not reveal sudden discontinuities or steps dur
operating phase. Occurring steps should not exceed a maximum acceptablejstep hei
ately 15,000 cm™.

erion cannot be met even after repeated measurement, dilution of the aefosol between the
port and the inlet of the AMS is acceptable in order to operate a CPClin the Single Co

le on steps in measured data from CPC: At low concentrations' CPCs operate in the

Counting Modgle (SCM). With increasing particle number concentration, thesCPC switches to Photometric

(PM). Refer t
between 10,0

The AMS ma
from the med
applied.

b the manufacturer’'s manual for the respective concentratiof.range. For many CPCs it is tyj
00 and 50,000 cm?. In this range steps or discontinuiti€s may occur. ?

nufacturer’s software should be used to export the total particle number concentration time
suring file to an editable file. The data should be corrected accordingly if aerosol dilutio

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

to calculate t
Particles TP.

8.7.3.2

It is recomme

he Particle loss coefficient B, the Particle Emission Rate PER and the Total number of e

Calculation of Particle loss coefficient 8

nded to use consistent data formats and unit for time data points throughout the calculation

ity of

ing or
ght of

ETC
Linting

Single
Mode
bically

series
N was

used
mitted

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

condensation

24

particle counter, J Aerosol Sci, Volume 40, Issue 7, July 2009, p 633-637)
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operating phase
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1x10° 4 |
] Cp(tstop)
: ]
E ] /
O -
< / ™
O 1x10* 4 '
] Cp(tstart) “‘ 4‘ by
1x10° — measured
E start tstop 1 averaged
UL L L L L L UL L L L L L L ] L L L L L l UL L L L L)
0 10 20 30 40 50

time / minutes

Figure 6 — Diagram of a total particlechumber concentration time series (examp

e)

s before the
bptionally the

oothed time-
y means of a
ast 5 minutes

(14)

a) Rlot the averaged concentration time series as shown in Figure 6 for about 5 minute
gperating phase, during the .operating phase and at least for 30 minutes thereafter (
goncentration time series may.be added to the diagram).

b) As indicated in Figure 6; the value pairs c1, t1 and c2, t2 should be read from the sm
dependent curve of-particle number concentration as accurately as possible or determined k&
gursor. On a logarithmic scale, t1 should be chosen within the linear descending range at I
after the end ofithe operating phase and t2 at least 25 minutes after t1.

c) Calculate 3 using the following formula:

c
)
a tz _1‘1
NOTE Time difference t2 — t1 must be calculated in the unit [s].

Alternatively, B may be determined by fitting the total particle number concentration decay after the end of
particle emission to a single-exponential decay function:

C, =o-exp(-B-1)

(15)

The correlation coefficient shall be larger than 0.98 to ensure the quality of the following calculations.

© ISO/IEC 2021 - All rights reserved
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8.7.3.3 Calculation of PER and TP

a) The values tstat 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(t) 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) [s™"] will be calculated using At, B and the data set of the smoothed particle number concentration.

PER (t

”’L Cy(t)-Co(£-A £) exp(-B a\.r)J
At exp(-BAf)

Co(t): smoothed curve of particle number concentration [cm3]

V: ETC volume [cm?]
At time difference between two successive data points [s]
B: particle loss coefficient [s7]

NOTE Co(t) is usually in the unit [cm3]. The chamber volume V¢ must be.accordingly converted into the unit [cm?q].

At must bg substituted in the unit [s].

PER(t) apd the smoothed Cp(t) curve will be plotted accarding to the example in Figure 7. The abscissa

(time-axig) should be given in units of [min] or [s].

d) Plot PER(t) as shown in Figure 7.
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D e
4x10" 1x10°
- p(tstop)
T_c ?
= | A N :
é;\: 2x10" 5x10! _::
D. Etg \ (JQ_
] —— PER()
averaged Cp(t)
A | PER() < 0.1|PER(),_,
0 L) L} T T L) IL: L} L} L} L} T T L) L} T L} L) T "I’:“':‘l ? "l I";“I L) .l" l' T ’I“\ L) 0
0 20 30 40

e)

D% of its maximum.
NOTE

PER(t
Zero.

f) Proceed with final steps in 8.7.3.4.

8.7.3.|4

Calculation of PER and TP, final steps

time / minutes

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

ne values tstop and Cp(tstop) shall e read with high accuracy from the averaged concentratic

T
clirve in Figure 7 as indicated.tstsp marks the point on the time axis, from which on PER(t) r
1

In some cases-the particle emission rate curve may partially fall below the zero baselines
conceptration reduction effects in the ETC, not considered in the calculations. Before and after the particl
values shall be near to the zero baseline, i.e. they shall deviate by less than + 5% of the PER(t)-

n time series

emains below

due to particle
e emission the
maximum from

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

ACp = Cp (tstap )_ Cp (tstart ) (17)
b) The arithmetic mean of measured concentration values between tstar and tsiop shall be calculated:
i C,,
= p’/
C,, —— (18)
with n: number of measured concentration values between tstar and tstop.
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c)

9

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

Test laboratory

EUT description

28

PER shall be calculated using the following formula:

AC,
PER =V|———2— 4 g.C,,
Ii‘sfo,ca -t start

Assume 25% as relative error of PER [h]

(19)

NOTE ACyp and Cav have the unit [cm™]. R is defined in the unit [s™"]. For the correct application of the formula, the
chamber volume V must be substituted in the unit [cm®] and the emission time tstop — tstart in the unit [s].

TP shall pecatcutatedusing-thefottowingformuta:
TA=PER(t0, — L) 20)

tstop

Asslime 25% as relative error of TP.

The calculation of PER and TP is not reliable if:

AC} <1000 cm™

In this cage, the numeric results (B, PER, TP) shall be specified in the pretocol as “non-quantifiable”.

Test report

Referenge to ISO/IEC 28360.
Name arld address of test laboratory.
Name of|the responsible person.

Unique identification number of.the test report.

Manufacturer.

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

Print or (npying Qpnpd :mr‘nrding tomanufacturer’'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
and time of unpacking, storage time, environmental storing conditions before test).

Newly manufactured EUT or used EUT (Refer to 8.2.1).
Type of packaging.
External dimensions.

Number of prints which has been made with the equipment before the test.
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Test conditions and methods
e Date of test.
e Method used to determine emission rates of VOC and carbonyl compounds, QEM or CEM.

e Description of the test apparatus and methods used (ETC, clean air system, environmental control
system, sample collection, analytical instrumentation, standard generation and calibration).

e Description of AMS:

- __Manufacturer. model. type and serial number of AMS

-| Name and version of the AMS software

- | Date of last calibration and /or maintenance
-| AMS settings used for measurement

- | Particle size range (or Fast AMS: Particle size range and number of channels within this fange)

- | Result of the mandatory operational readiness test (see Annex B).
e Statement on the compliance to Quality Assurance items.

e Name and storage location of the raw data measurement files:

¢ Name and storage location of the ASCll-export data files;

e HTC test conditions (T, RH, n).

e  Hackground concentrations (Coyg).

e Ljoading factor.

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

[ ]
[ds)

tart and duration of pre-operating, operating and post-operating phases.
e Tlest specification for intended functions.

e Rrint speed during-test and number of printed sides.

e Rrint mode used for testing (monochrome or colour; simplex or duplex).

e  (Pzonehalf-life of the unloaded ETC.

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

e Disturbances of - and deviations from test methods.
Emission rate determination and total number of particles determination

e Identification of the formulae used to determine specific emission rates from measured ETC
concentrations.

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

30

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

Concentration of unidentified VOCs in pre-operating phase and operating phase and calculated emission

rates.

Total VOC emission rate as the sum of the identified and unidentified compounds during pre-operating
phase and operating phase as well as calculated emission rates of individual compounds.

Maximur
Mass of
Diagram

Dilution f

Calculated Particle loss coefficient 3.
Particle ¢mission rate PER.

Total number of emitted particles TP.

rchange of ozome concentration for 2 mimutes and catcutatedozomeentission rate:
sampled particulate matter (mpm) and calculated emission rate (SERpm).
of particle number concentration time series as specified.

actor if aerosol dilution was applied.
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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

consymables as specified in this Standard shall be executed using the 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 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 AMS Test Procedures

B.1 Procedures for operational readiness of AMS

This Annex {
requirements

B.1.1 Partig
The lower pa

The upper pa

B.1.2 Partic

The lower pa
certainty of 9
The false coJ

For Fast AM
decrease wit
increasing p4

The size dep
as concentra

the size clasd.

ticle size limit is the smallest diameter at which the counting efficiency of ayspecific AMS is

rticle size limit is the largest diameter at which the counting efficiency ‘ofia specific AMS is 5

b
b

5 based on the measurement of electric currents‘the lower particle number concentration
N increasing particle size while the upper particle number concentration level decrease
rticle size. Both limits are much higher compared to other AMS, such as CPCs.

endent number concentration of FastiAMS may be presented as absolute concentration

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

le size concentration range measurements

le number concentration range measurements

nt rate is the reported count rate which is not caused by particles.

ion normalized to the width of the respective size class dci/dlogdi, where index i correspo

5

tional

0%.

0%.

rticle number concentration level is the concentration that'can be distinguished with a stafistical
5% from the reported concentration background valug.due to the instrument's false coun

rate.

level
5 with

Cp, O
nds to

34
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B.2 Procedures for operational readiness test of Fast AMS

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 OITSElS CNetk (B.£2.2NO 9)
Check sample flow (B.2.2 No 5)
Check ETC particle background (B.2.2 No 7)

Requirements Requirements
fulfilled not fulfilled
\ 4 \ 4
Continue with clause 8.7 Troubleshooting

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

B.2.1 Set up of instrument
1. Check for proper cleanliness of thecinstrument and tubing.

2. Spgt up the Fast AMS for the purpose of enabling a straight connection between the sampling port of the
E[TC and the aerosol inlet of the AMS with a maximum length of 3 m.

3. Check date and time-Settings of AMS and/or AMS software and laboratory clock and synchrdnize if date is
different and/or if time’differs by more than 1 s.

B.2.2 Preparation for measurement

The following steps should be executed in sequence:

1. All'eperating parameters (air temperature, voltage, internal pressure and flow rates) are checked.

2. Areset (zeroing) is performed according to the manufacturer's instructions after instrument warmup (first
check). Electrometer current offsets and RMS values will be recorded and checked for compliance with
manufacturer’s specifications.

3. 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.

4. The HEPA filter is removed from the aerosol inlet of the AMS.
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5. 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.

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

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

Set up the instrument (B.3.1)

A

v

Preparation for measurement (B.3.2)

Check Level of Working fluid (B.3.2 No 1)
Synchronize date and time (B.3.2 No 3)
Check Flow Rate (B.3.2 No. 4)

Check Zero Level (B.3.2 No. 5)
Malfunction Check (B.3.2 N6. 7)

ETC Background Check\(B:3.2 No. 10)

Requirements
fulfilled

A 4

Continue with clause'8.7

B.3.1 Set ur the instrument

Requirements
not fulfilled

A 4

Troubleshooting

Figure B.2 — Preparation scheme for CPC

For the measurement of total particle number concentration, only those CPCs are used which use isopropanol
or 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 aerosol inlet of the CPC with a maximum length of 3 m.

36
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B.3.2 Preparation for measurement

The following steps should be executed in sequence:

1.

10.

-1:2021(E)

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
preferably be used for this. Otherwise, an externally calibrated flow meter must be used/ T
flow rate of the CPC must not deviate by more than + 10% of the set point specified in t
dertificate.

he inlet of the CPC will be connected to a HEPA filter (filter efficiency 2 99.99%). If pa

1
dgoncentrations > 1 cm-3 are indicated over a period of 1 min - after any)leaks between th
gnd aerosol inlet were eliminated - there is a malfunction in the CPC.

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

=

he particle number concentration in ambient air outside thé ETC is measured. Readings s
cm-3. Aerosol sources with sufficiently high output may be’used for this test. A zero readg
halfunction of the CPC.

h SN

—

he correct function of the CPC will be reported.

—

LIbe, stainless steel) with a maximum length-'of 3 m.

The measured particle background.\concentration in the ETC must not exceed the spsg
pecified in 8.2.4, Table 1.

7))

meter should
he measured
he calibration

rticle number

e HEPA filter

hould exceed
ut indicates a

The CPC is connected to the sampling port efthe ETC via a conductive material (e.g. conductive silicone

cified values
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Annex C
(informative)

Model for QEM

C.1 Objectives

This Annex d
mass concer
energy-savin
rates are not

C.2 Appro
The following

Emission
in reachir

The quas

e The emis
Average con(
from those cd

Figure C.1 sk
saving mode;
the last 20 m

equilibrium, the emission rate (SERpre ), i8-determined.

The areas of
(c) must be ¢

Three concel
Figure C.1 (

1
continued pre-

concentration

evelops a generalised formula to calculate emission rates from VOC and carbonyl com
trations determined by sampling in an ETC. This model can apply in general cases
) modes are enacted within an hour in the pre-operating phase, and as a result,‘the’ em
constant during this phase.

ach
is assumed:

rates decrease after the activation of energy-saving modes in‘the pre-operating phase, reg
g a quasi-equilibrium in concentration earlier than expectediin theory;

i-equilibrium continues during the operating and postéoperating phases;
sion rates which originate from EUT are constantduring the operating phase.
entrations are acquired by sampling over.a period of time and emission rates must be calc

ncentrations.

b during the pre-operating phases:-As a result, the concentration changes are very gradual
nutes of the pre-operating phases. By assuming that these gradual changes represent a

concentration regions during the operating and post-operating phases in Figure C.1 (a), (k
blculated to determiine the emission rate during the operating-phase (SERope).
htration regions.from m1 to m3 during the operating and post-operating phases are shag

operating phase emission, and the time period of the operating phase. m2 is shaped }

decay.curve from Cmax, excluding the continued pre-operating phase emission, and thg

period of the

operating phase

post operatlng phase m3 is shaped by the equmbrlum concentratlon I|ne reached befo

bound
where
ssion

ulting

lated

ows in (a), (b) and (c) that the concentration increase lessens after the activation of epergy-

juring
uasi-

) and

wn in

and (b). mA-is shaped by the concentration build-up curve resulting from printing, excluding the

y the
b time
e the

egions,

m1, m2, m4 and m5 shaped between the concentratlon curves (dashed Ilnes) and tlme periods overlap one
another since it is difficult to depict them separately. m3 in Figure C.1 (a) and (b) is divided into m4 and m5
overlapping each other as an equilibrium is not reached during the stabilizing phase. m4 is shaped between
the concentration build-up curve resulting from the continued pre-operating phase emission and the time
period of the operating and post-operating phases. m5 is shaped between the decay curve from the initial
concentration (Co) and the time period of the operating and post-operating phases. m1 and m2 respectively,
overlapping m4 and m5, are the same as those in Figure C.1 (a) and (b).
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(a) without stabilizing period (“n” = npre)

Npre (= 1) ACH

¥ 3

N = Npe ACH

Pre-operating phase

L A 4

Post-operating phase

Operating phése

&
Quasi-

o)
equilibrium m2 \Q?D\
@
Co

m1

Energy-saving \é

modes

m3
. S
te (1) Yope QQ\

O
(b) with stabilizing period (“n”

n” > Npre, N*ts %8?’
\,

Npre (= 1) ACH 1

AR

A AJ
X
4
»

Pre-operating ef? Stabilizing Post-operating
phase C)\\ period / phase
C N\ ‘. }"/
L max O$\

Operating

phase
&

v

‘\\\IL
v

Quasi-
equilibrium

L -

/

» \
Equilibrium
c T R m
0 Energy-saving
_modes R m3 |
—>
t t
tore (1) ) x
G
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(c) with stabilizing period (“n” > Npre, N*ts < 3)

Nye (= 1) ACH n ACH
Pre-operating Stabilizing Post-operat(ng
phase period phase

Operating
phase
Cm X \
\
\
\
Quasi- \
equilibrium N\
1 N\ _ \
l_l_\ i b
o S m2 N—
b Energyﬂsz;F\
/ modes - === T v |
- . 4 <) m4
< = Tl ~
, < £ > N L IO
tpre(1 h) tS <ope > >
tG

C.3 Gener

The following

dc

Figure C.1(& Model for QEM

al mass balance and concentration equations

mass balance is validifor an ETC containing an emission source with an SER:

'ER
e Y 4

dt

Integrating (C

.19.toobtain C:

(€1

SER

c==
nv

[1 —exp(—n-t)] + Coexp(—n-t)

C.4 Background Concentration

(C.2)

To simplify, assuming that Cyng is constant throughout the whole measurement process, subtract the Ceg
determined in (8.2.4) from the concentrations acquired in this annex so that the effect of background
concentration can be removed.
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C.5 Emission rate calculation

C.5.1 Emission during pre-operating phase

As shown in the emission model in Figure C.1, a quasi-equilibrium is reached during the last twenty minutes of
the one-hour pre-operating phase,

Inserting SERpre for SER and npre for n in (C.2) yields:

c = SERj,r [1 _ exp(—npre . r)] +C, exp(_-n,pre : t) (C.3)

11
y=a]

As background concentrations are subtracted from concentrations acquired, Co is considered zefo. Assuming
a quaii-equilibrium is reached during sampling (t — «). (C.3) becomes:

SER
_ pre
Core =5 v (C4)
Rearfange (C.4) for SERpre:
SERpre = Cpre  Npre "V (C.5)

C.5.2 Emission during operating phase

During the operating phase the concentration build-up originates from EUT operation. Inserting SERope for
SER |n (C.2) yields:

C = % [1—exp(—n-t)] + C, expl—n-t) (C.6)

Two g¢mission sources are considered during-the operating phase. One source continues to emit the same
mass|of VOC and/or carbonyl compounds\as emitted during the pre-operating phase and the othger source
emerges due to printing. Therefore, SERope consists of the following two emission rates:

SER,,pe = SER,,. + SER),,, (C.7)
Inserting SERope in (C.7) in"(C.6) yields:
C = ngffp [l=—exp(—n - t)] + % [1—exp(—n-t)]+ C,exp(—n - t) (C.8)

When the~operating phase ends, SERpp becomes zero. As a result, the concentration btild-up which
originptes from this source stops and the concentration (Cmax) starts to decay with air exchangg in the ETC.

inatha nost-oneratina nhace (C 8\ hacomeas:
urin
g—tHe-poOSt-OperatitgpPhHaSEo-6)Pe6o0MmesS:

SERpre
C = Crax€XP (—n- (t — tope)) + n_s [1—exp(—n-t)]+ C,exp(—n-t) (C.9)

In (C.8) and (C.9) Co is the initial concentration in the operating phase.

In (C.9) Cmax is equal to the concentration at the end of the operating phase determined by substituting tope for
tin the first term of (C.8):

Conar = SERR;’"" [1—exp(—n-tope)] (C.10)
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In Figure C.1 (a) and (b), the terms m1 and m2 denote the regions and their areas shaped between the build-
up and decaying concentration curves which stem from printing and the time period of the operating and post-
operating phases. The term m3 denotes the region and its area shaped between a concentration line which
stems from the pre-operating phase emission after a quasi-equilibrium is reached and the time period of the

operating and post-operating phases. In Figure C.1 (a),

o

n” is equal to npre and the operating phase

starts

soon after the end of the pre-operating phase. In Figure C.1 (b), npre and "n” differ and there is a stabilizing
period between the pre-operating and operating phases which is equal to three air exchanges or more.

f the

m1: Area between the build-up concentration curve which originates from printing and the time period of the
operating phase

m2: Area between the concentration curve dnr‘aying from Ca.with air pyr‘h:mgn and the time pprind
post-operating phase

m3: Area between the straight concentration line which reached a quasi-equilibrium and the time pefiod of

the op4

Integrating th

brating and post-operating phases.

b first term of (C.8) over time from 0 to tope yields:

ml = f;"pe SER"”" (1 —exp(—n - t)) dt = p”" (n ope T exp( n- ape) ) 1) (C.11)
m2 is obtained by integrating the first term of (C.9) over time from tope to tc:
m2 = ftope( maxexp( n(t Opg)) dt _$(1 — exp (—n(tG — topg))) (C.12)
Inserting Cmax in (C.10) in (C.12) yields:

SER
m2 = nz_"; (1 —exp(—n- tope)) - (1 — exp (—n(tG - tope))) (C.13)
m3 can be fqund by the calculation of the rectangular area.
m3 = CO . t; (C14)
A quasi-equilibrium concentration is reached in the ETC with the pre-operating phase emission ar

air exchangg

rate of “n”. Co is:

d the

SER
Co = —2F C.15
0 nv ( )
Insert (C.15) |n (C.14):
SER
m3 = pres/y (C186)
n-v v Ay 7
The average concentration (Cope) during sampling in the operating and post-operating phase is:
ml+m2+m3 mope
Cope = = C.17
ope tg Vope ( )
Inserting m1, m2 and m3 in (C.11), (C.13) and (C.16) in (C.17) and rearrange:
SE
Cope " te = ‘m’ - [exp(—n - tg) — exp(—n(tc — tope) + 1" tope)] + 2 pm “te (C.18)
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Rearrange (C.18) for SERprp:

Cope-nz V-ig —SERpre-n- tg

SER

= (C.19)
prp exp(—n-tG)—exp(—n(t(;—tope))+n-tope

In the case of Figure C.1 (c). “n” and npre differ and the stabilizing period ts, which is shorter than three air
exchanges, exists. In Figure C.1(c), the terms m1, m2, m4 and m5 denote the regions and their areas shaped
between build-up and decaying concentration curves which stem from each source, and the time periods of
the phases under consideration.

m1: _Area between the building up concentration curve which originates from printing and the time period of

the operating phase

m2: |Area between the concentration curve decaying from Cmax with air exchange and the time] period of the
post-operating phase

m4: | Area between the building up concentration curve which originates from _the-source emitfing the same
mass as emitted during the pre-operating phase and the time period of thé-operating and gost-operating
phases

mb5: | Area between the concentration curve decaying from Co with aif exchange and the time|period of the
operating and post-operating phases

ml = t"pe ‘m’ (1—exp(-n-t))de= p p(n oo+ exp(—n - t,,,) — 1) (C.11) reshown
m2 =+ Sif-p;p (1 _ exp(—ﬂ : tope)) : (1 — exp (—n(tG — topg))) (C.13) reshown

Integnating the second term of (C.8) and (C.9) over time from 0 to tc yields:
tG SERpre _ pre

m4 4 (1—exp(—n-t))dt = (n-tg +exp(—n-tz) — 1) (C.20)

mb5 is|obtained by integrating the third term of (C.8) and (C.9) over time from 0 to tc:
tg C

m5 fo Coexp(—n : t)dt = f(l —exp(—n- tG)) (C.21)

The gverage concentration (Cope) during sampling in the operating and post-operating phase is:

mlaémZ + mé+md  mgp,
tg Y

opg —
pe (C.22)

Insertmg rt, M2, M and ms i (C- 1), (C13), (C20)and (C-2 T im(C-22)and rearrange:

Cope * te = m‘ [exp(—n tg) — exp( n,(t,g ope) +n -tape)]

+ 2 m [exp( n-tg)+n-tg—1] +5 [1 —exp(—n-tg)] (C.23)

Rearrange (C.23) for SERprp:

_ Copen® V-tg=SERprolexp(—ntg)+ntg—1]-ConV[1—exp(-n-tg)]

pTPR exp(—n-tG)—exp(—n(t(_;—tope))+n-tope

SER

(C.24)
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