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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
establish i izati i i i i v =C
technical fommittees 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 infermation
technology, ISO and IEC have established a joint technical committee, ISO/IEC JTC 1.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives)-Part 2.
The main| task of the joint technical committee is to prepare International Standards.,Draft Internatiopal
Standardd adopted by the joint technical committee are circulated to national bodies fér yoting. Publication fas
an International Standard requires approval by at least 75 % of the national bodies easting a vote.

Attention [s drawn to the possibility that some of the elements of this document'may be the subject of patent
rights. ISQ and IEC shall not be held responsible for identifying any or all such_patent rights.

ISO/IEC 28360 was prepared by Ecma International (as ECMA-328) ahd“was adopted, under a special “fast-
track prodedure”, by Joint Technical Committee ISO/IEC JTC 1, formation technology, in parallel with |its
approval by national bodies of ISO and IEC.
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Introduction

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

qu

nfifnfi\/nly

Fg

Re
e
In

In

m

search and Testing (BAM) and Ecma have collaborated to harmonise methods to determine the
ission rates from information and communication technology and consumer electronics” equipm
rnational Standard (second edition of ECMA-328).

basured in Emission Test Chambers.

llowing the publications of the first edition of ECMA-328 and the “Test method for the deternLination of
emissions from Hard Copy Devices” (RAL-UZ 122), experts from the German Federal Insijtute for

Materials
chemical
ent in this

addition to stricter test procedures, this International Standard uses generalised” emission fornjulae, and
their derivations developed in Annex B, to calculate emission rates from conéentrations of analytg

s that are

©l
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IN

TERNATIONAL STANDARD ISO/IEC 28360:2007(E)

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

1

Th
inf
an

TH
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TH
eq
pr

EX

En

identified by “RALUZ 122 Option”.

Ca

TH

Scope
is International Standard specifies methods to determine chemical emission rates)of ana
ormation and communication technology and consumer electronics equipment during-intended o
Emission Test Chamber (ETC).

e methods comprise preparation, sampling (or monitoring) in a controlled’ ETC, storage and
culation and reporting of emission rates.

is International Standard includes specific methods for equipment using consumables, such as pr
nt patterns for use in the operating phase of EUT using paper consumables.
amples of equipment under test (EUT) that do not use consumables are:

monitors and TV sets (CRT, plasma, LCD, rear projéctor, beamer);

video (VCR, DVD player/recorder, camcorder);

SAT receiver (set-top box);

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

portable audio (CD player;-MP 3 player, radio recorder, clock radio, etc.);
computer (desktop, tower, server), portable computers (notebooks).

hission rates fromM-EUT using consumables may also be determined according to additional red

Iculations use the generalised model and approximations thereof as developed in Annex B.

e emission rates determined with this method may be used to compare equipment in the same clz

ytes from
beration in

analysis,

nters, and

uipment not using consumables, such as monitors and PCs. Annex A specifies monochrome @nd colour

i-systems,

uirements

SS.

P

edIClionsS Or Treal Inaoor concenitrations trom the determined ernission rateS are outside tne sC

International Standard.

2

Conformance

Determinations of emission rates conform to this International Standard when:

©l

pe of this

1) executed using a Quality Assurance Project Plan, Quality Assurance and Quality Control as specified

in 1ISO 16000-9;

2) tested in a controlled ETC as specified in Clause 7 and in 8.1;

SO/IEC 2007 — Al rights reserved
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3) sampled/monitored and calculated as specified in Clause 8;

4) reported as specified in Clause 9.

For EUT wusing consumables, determinations according to additional requirements identified
“RAL-UZ 122 Option” herein conform to the RAL-UZ 122 Option.

3 Normative references

by

The folloying referenced documents are indispensable for the application of this document. For dated

reference
document

CIE 15:20

ECMA-74
Equipmen

ISO 554:1

ISO 1365
images

5, only the edition cited applies. For undated references, the latest edition of the refetenc
(including any amendments) applies.

04, Colorimetry, 3rd edition, Commission Internationale de I'Eclairage

Measurement of Airborne Noise Emitted by Information Technology and ,Telecommunicatio
t (2005)

976, Standard atmospheres for conditioning and/or testing — Specifications

b:1996, Graphic technology — Spectral measurement and colorimetfic computation for graphic 4

ISO 16000-3:2001, Indoor air— Part 3: Determination of formaldehyde and other carbonyl compounds

Active sar

hpling method

ISO 16000-6:2004, Indoor air— Part 6: Determination of walatile organic compounds in indoor and t

chamber
MS/FID

hir by active sampling on Tenax TA sorbent, thermal desorption and gas chromatography us

ISO 16000-9:2006, Indoor air— Part 9: Determination of the emission of volatile organic compounds frq

building p

ISO 16017
compound

EN 55013]
characteri

RAL-UZ 1

4 Tern

For the pu

foducts and furnishing — Emission test'chamber method

-1:2000, Indoor, ambient and workplace air— Sampling and analysis of volatile orga
s by sorbent tube/thermal desorption/capillary gas chromatography — Part 1: Pumped sampling

2001, Sound and television broadcast receivers and associated equipment — Radio disturbary
stics — Limits and methods of measurement

P2, Test method-far the determination of emissions from Hard Copy Devices

ns and-definitions

rposes of this document, the following terms and definitions apply.

ed

NS

rts

bSt
ng

pm

=.

iC

41

air exchange rate, n
ratio of the volume of clean air brought into the ETC per hour [m3/h] to the unloaded ETC volume [m3]

4.2

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

4.3
analyte

Volatile Organic Compounds, carbonyl compounds, ozone and particulate matter

© ISO/IEC 2007 — All rights reserved
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4.4
consumables
toner, ink, paper and ribbon

4.5

Emission Test Chamber

ETC

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

fupctional and complete, including consumables and accessories if applicable, ICT or CE_equipment, from
which chemical emission rates are determined as specified herein

loading factor
rafio of the EUT volume to the volume of the unloaded ETC

4,
Hard Copy Devices
class of EUT using consumables that includes printers, (photo)copiers @nd Multi Functional Devices [(MFD)

4.9
operating phase
phase in which the EUT is performing its intended functions

410
pdrticulate matter
ailborne particles

1

-operating phase
se in which the EUT is connected.to' an electrical supply, which may include warming-up apd energy
ing modes; before the EUT is able to enter the operating phase

© T T A

»

2
st-operating phase
se following the operating’phase,which may include energy saving modes

T T

converted

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

415

Volatile Organic Compounds

vVOC

compounds that elute between n-hexane and n-hexadecane on an unpolar GC-column

© ISO/IEC 2007 — All rights reserved 3
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5 Acronyms, abbreviations and symbols

5.1 Acronyms and abbreviations

CE

DNPH

ETC

Consumer Electronics
2,4-dinitrophenylhydrazine

Emission Test Chamber

EUT

FID

GC/MS

ICT

MFD

PTFE

PVC

rH

SER

TVOC

VOC

hbols

Equipment Under Test

Flame lonisation Detector

Gas Chromatography/Mass Spectrometry
Information and Communication Technology
Multi Functional Device
polytetrafluoroethene

polyvinylchloride

relative Humidity

unit Specific Emission Rate

Total Volatile Organic Compounds

Volatile Organic Compounds

Average concentratioh.Juig/m3]
Background conceéntration [ug/m3]
Maximum.oZone concentration [ug/m3]

Initial concentration [ug/m?3]

Average concentration during pre-operating phase [ug/m?3]

Averaqge concentration durina operatina nhase and ontionally duringa nost-oneratina ph
J 7 L D Ld J D Ll ~ T

[ug/m?3]

Ozone half-life [min]: the period of time for the ozone concentration to drop from C

Crhax/2

max

Ozone decay constant, without ventilation [min=1]

Ozone decay constant with ventilation (k' = k + n/60) [min~1]

Sample filter mass [ug] after sampling

se

to

© ISO/IEC 2007 — All rights reserved
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Mpefore Sample filter mass [ug] before sampling

Mpg Sampled mass for chamber background [ug]

Mpm Mass of particulate matter [ug] deposited on the filter
M ef-after Reference filter mass [ug] after sampling

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

m Sampled mass [ug]

mbe Sampled mass [ug] during pre-operating phase

Mépe Sampled mass [ug] during operating and optionally post-operating-pfiase
n Air exchange rate [h~1]

P Atmospheric pressure [Pa]

SE:'Rbg Background SER [ug/h]

SE:'ROpe SER during operating and optionally post-operating phase [ug/h]

SERp3 SER for ozone [ug/min]

SE:'R,om SER for particulate matter [ug/h]

SERP,e SER during pre-operating{ug/h]

T Ambient temperature [K]

t(_.,l[e Operating phase ‘duration [h]

i Sampling time during operating and optionally post-operating phase [h]
tp 5 Pre-operating phase duration [h]

u Number of EUT units

% ETC volume [m3]

VS] Sampled air volume [m3]

ng Sampled air volume [m3] for determination of Cbg

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

Vt_.,,oe Sampled air volume [m3] in operating and optionally post-operating phase

© ISO/IEC 2007 — All rights reserved 5
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6 Method overview

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

Start (8)

Ensure Test conditions (8.1)

A4 A

Purge Emission Chamber (8.2.1)

v '

Determine Emission Test Chamber Optionally install EUT (8.2.5) for
Background concentration (8.2.2) preparation

Select and unpack EUT (8.2.3)

EUT Other

Newly manufactured

Preparation type

! ‘

preparation for at most 3 days Record operation time, if
(8.2.4.b) known (8.2.4)

A

No preparation, sample or
monitor within 24 H (8.2.4.a)

*< EUT Prepared and ETC ok

A

Install EUT (8.2.5)
if not already done

VOC andcarbonyl compounds A?;’lite Particulate Matter

A

~
/

Ozone
¥
Determine Determine Determine
Emission rate Emission rate Emission rate
(8.26 + 8.3) (8.2.6 +8.4) (8.2.6 + 8.5)

:

} Finish report (9

Figure 1 — Determination method overview

© ISO/IEC 2007 — All rights reserved
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ETC requirements

7.1 Construction materials

ETC construction materials shall comply with ISO 16000-9.

7.2 Air tightness

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

7.

TH

Fg

B Air mixing efficiency

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

Determination method

r the RAL-UZ 122 Option, tests shall be executed within 10 working days after delivery of the EUT|.

8.1 Test conditions

Td
hu
Wi
8.
Te
cli
IS

Cq

8.

Fg
E1

TH

8.

meet the operational requirements specified herein, ETC parameters such as temperatur
midity and supply airflow shall be controlled and measured ‘at regular intervals and recorded in a
h 1ISO 16000-9 and shall be reported as specified in Clause 9.

.1 Operating temperature and relative Humidity(rH)

sts shall be executed at (23 + 2) °C and (50.£’5)% rH according to ISO 554. For EUT used in
matic conditions, higher operating temperature and humidity conditions may be used as sj
D 554.

nsult 8.2.6.2 for special requirements on rH for EUT using consumables.

.2 Air exchange rate (n)

r unloaded ETCs with_a‘volume larger than 5 m3, n shall be in the range from 0,5 to 2,0. For
C’s with a volume of-5.m3 or smaller, n shall be in the range from 0,5 to 5,0.

.1.3 Air velocity

e air velacity shall be in the range from 0,1 to 0,3 m/s.

.4 £ Sampled air flow

B, relative
ccordance

alternative
ecified in

unloaded

T

e sum oTf sampled alrfiow shall be Iess than cU% Of the Inlet airflow Iinto the E1TC.

8.2 Handling of EUT and ETC

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

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

© ISO/IEC 2007 — All rights reserved
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8.2.1 ETC purging

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

k’ shall be less than 0,0693 [min~"], which corresponds to an ozone half-life of greater than 10 minutes, when

n=1.

To determine k’, the ETC should be deactivated by exposure to an ozone concentration of 0,2 mg/m3 to
0,4 mg/m3 until a stable concentration is reached.

Thereaftel

8.2.2 B4dckground concentrations (Cbg)

Following
NOTE

The Cpg v

8.23 EL

Emissions

VOCs thal are not representative for EUTs in typical use. Therefore, the EUT to be tested shall be remov
hipping containers and all\protective shipping packaging such as spacers, film wrapping and a
bing/packaging elements before preparation (as specified in 8.2.4).

from the s
other ship

NOTE

Blues at n = 1, shall be below the limits in Table 1.

. A } P .
’ tl 15} E I C S |a” bE pU ged with 4 E I's VOIUITICS Of Liedll dil.

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

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

Table 1 — Background concentrations

Analyte Limitd{pg/m?]
VOC and carbonyl compounds 2 for any analysed substance
TVOC 20
Ozone 4
Particulate matter 10

T unpacking

8.2.4 Prpparation of‘the EUT before testing

For EUT (
while prin
be determ

= a-.0004 4000

After unpacking, installation (step 8.2.5) may precede the preparation step (8.2.4).

sing paper consumables, using 60 g/m2to 80 g/m?2 A4 paper with water content from 3,8% to 5,6
ing«he patterns specified in Annex A.1 and A.2 as appropriate, the maximum operating time sh
imed." Thereafter, lightness (L*) and colour values (L*, a*, b*), as appropriate, shall be determin

from packaging may influence measurements considerably; in addition packaging itself may emmit

ed
ny

%1
all

ed

from the

HIS n 'H g (I Ta¥al
MTIUULS allUNUNTY U UL TO.2UUS dlITU ToU TOUJUJ.

For the RAL-UZ 122 Option no further preparation shall be executed.

Newly manufactured equipment is known to emit higher levels in the first days of use, which is not
representative for the normal emissions over the intended lifetime. For newly manufactured equipment, one of

the followi

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

ng preparatory operations shall be executed:

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

© ISO/IEC 2007 — All rights reserved
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For other equipment, that may have been operated longer than three days, no preparation shall be executed;
in this case, the number of days that the EUT has been in operation shall be recorded, if known, otherwise
“not known” shall be reported.

Treatment conditions shall be recorded in the test report.

NOTE Typical treatment conditions for types of EUT are:

PCs and ICT & CE equipment: 8 hours operation in idle mode for three days at 8 hours per day which is equivalent to

24

hours of continuous operation.

~

Hgrdcopy Devices: 1 to 2 hours of printing, 6 to 7 hours of pre-operation per day for three days, which is equiv

[«

6 H

8.}

8.

TH
te

Td
op

8.

Be
co

Td
an

TH
pg

Fg

TH

TH

En

8.

TH

ours of printing and 18 to 21 hours in pre-operation.
p.5 EUT installation

p.5.1 EUT not using consumables

e EUT shall be installed while executing its intended function(s) as specified’in ECMA-74, usin
5t signals as specified in chapter 5.2 of EN 55013:2001 or another appropriate standard or specifig

avoid contamination, the EUT shall be installed in the middle of\the ETC as fast as possih
erators shall leave the ETC immediately thereafter.

p.5.2 EUT using consumables

fore installation, the EUT shall have sufficient consumables to complete the operations. In cas
nsumables, 60 g/m2to 80 g/m2 A4 paper with wateg'Content from 3,8% to 5,6% shall be used.

avoid contamination, the powered-off EUT shall be installed in the middle of the ETC as fast 4
d all operators shall leave the ETC immediately thereafter.

e EUT shall remain powered-off until\the emission test, as specified in 8.2.6, requires the E
wered-on.

r the RAL-UZ 122 Option, the.EUT shall be installed on the day before the emission test.
e ETC shall remain closed.until all sampling and or monitoring is completed.
e installation date and’time shall be recorded.

hission testing,as specified in 8.2.6, shall not begin within at least 3 air exchanges following instal

p.6 EUT operation during test

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

hlent to 3 to

g suitable
ation.

le and all

p of paper

S possible

UT to be

ation.

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

8.2.6.1 EUT not using consumables

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

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

©l
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8.2.6.2

EUT using consumables

To avoid condensation due to vaporisation of water from paper during the operating phase, incoming air with
rH of at most 10% may be inserted in the ETC before the operating phase. In addition, the air exchange rate
(n) may have to be increased to avoid such condensation. Increase of humidity during the operating phase
also depends on the ETC volume. Condensation of water vapour (i.e. rH > 85%) on the ETC walls invalidates

the test.

For this class of EUT, VOC and carbonyl compounds as specified in 8.3; ozone as specified in 8.4; and
particulate matter as specified in 8.5 shall be determined while being controlled from outside the ETC.

8.2.6.2.1

To enter t
exchange

8.2.6.2.2

The Hard
dual sides
shall be u

Enter the

Pre-operating phase

ne pre-operating phase, the EUT shall be powered-on and remain in this phase between~l.and 4

h

D.

Operating phase
Copy Device class of EUT shall operate at nominal speed. Operating may include colour-, and
printing. The monochrome and colour print patterns specified in Anpex-A.1 and A.2 respectiv
sed for EUT using paper consumables.

bperating phase by starting copying or printing. The output of thé{irst printed page marks the start

the operafing phase. It ends with the output of the last printed page.

The durat

on of this phase shall be at least 10 minutes and, in conjunction with other parameters such as

ETC volufne and the use of a post-operating phase, the duratipn shall be such that quantitative analysis

ensured.

8.2.6.2.3

The post-

Post-operating phase

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

air

or

bly

of

n7
is

10
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8.3 VOC and carbonyl compounds

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

Prepare Sorbents (8.3.1)

:

Start operating EUT (8.2.6),

colleet—<ctora-and-analica
COnTCoH—StorcTortTrary ot

samples (8.3.2)

A

Chamber.
concentrations

Emission Model (Annex B)

.
Calculate (8.3.3)

A
Emission
Rates

Figure 2 — Determination method for VOC and carbonyl compounds

8.3.1 Sorbents
VOC sampling and analysis shall be performed using the sorbents as specified in 1SO 16017-1, with the
exception of Chromosorbs and Porapacks due to their high blank values: Tenax TA™ shall be cpnditioned
and analysed according to ISO 16000-6.to minimise the production of artefacts, especially benzene.

Fgr the RAL-UZ 122 Option, Tenax-tubes shall be spiked with an internal standard such as cyclodecane or
dguterated toluene.

FQgr carbonyl compounds;-DNPH cartridges shall be used as sorbent material.

8.3.2 Sample collection

Fgr VOC, duplicate samples shall be taken, and for carbonyl compounds one sample shall be taken

behzene/with a concentration > 0,25 ug/m3, shall be detected.

In{ividual VOCs, carbonyl compounds with a concentration > 1,0 ug/m3 and, under the RAL-UZ 122 Option,

8.3.21  Sample collection from EUT not using consumables

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

In addition, Carbonyl compounds sampling shall be conducted as specified in ISO 16000-3.
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8.3.2.2 Sample collection from EUT using consumables

Sampling shall be performed during:

a)

b)

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

The pre-operating phase, starting at the beginning of this phase, or, under the RAL-UZ-122 Option, with a
sample flow of 100 to 200 ml/min, from 20 minutes before the end until the end of the one-hour
pre-operating phase; and

The operating phase, starting at beginning of this phase, and may continue into the post-operating phase.
Under the RAL-UZ 122 Option, sampling shall continue for one air exchange in the post-operating phase,
W|th [« bdlllpic ﬂUVV Uf 100 tU ZGG IIIiI’IIIiII.

Identified WOCs shall be quantified using absolute response factors, determined by calibration~tnidentified

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

When bephzene is detected, this shall be verified and quantified by analysing a (sample on alternate

carbonacgous sorbent such as Carbotrap/Carbopack™ type materials.

8.3.3 Enmission rate calculation

This Clause specifies formulae that apply to practical situations that are special cases of the general case (as

developed in Annex B).

Concentrdtions shall be determined, using the following equations:

m m
C Ul Cope = Cpre =2 Cbg = me (1

Vs Vope Vore Viby
8.3.31 EUT not using consumables
The SER for EUT not using consumables is:
SER =(C|-Cpg)-n-V (2)
8.3.3.2 |EUT using consumables
The Background emission rates-are:
SERbg = jbgnV (3)
a) Emigsions inthe pre-operating phase

Assumingconstant emission rates during the pre-operating phase, emission rates shall pe

calculated as follows.

1. IW:

2
SER. - (Cpre _Cbg)'n 'V'tpre (4)
re
P exp(—n-tye) =1+ n -ty

2. RAL-UZ 122 Option

SERpre =Cpre "NV —SERp, (5)
12 ® ISO/IEC 2007 — Al rights reserved


https://standardsiso.com/api/?name=6ec76cdf073a0f98be6dbdaeb9d07be6

ISO/IEC 28360:2007(E)

b) Emissions in the operating and post-operating phase
1. General case
Emission rates in these phases shall be determined using the following general formula:
SEI% _ (Cope_cbg)'n2 'V'tG _SE"%re[eXpen'(tG _tope))"'n'(tG_tope)_1+(1_expen'tpre))'(']_expen'tG))] (6)
Pe expen'tG)_eXp{_n'(tG_tope)]+n'tope
2. Special cases
Consult Annex B for more detail on special cases. If there is no post-operating phase (tc=tope),
then:
SERO _ (Cope B Cbg)' f72 V- tG B SERpre[(1 - exp(—n : tpre)) : (1 - exp(—n ’ tG ))] (7)
pe exp(-n-tg)—1+n-tg
If the post-operating phase is relatively long (n-t5 >3 ):
(Cope _Cbg)'nz 'V'tG _SERpre[n'tG _eXp(_n'tpre ))]
SERype = (8)
n-tope
3. RAL-UZ 122 Option
For the RAL-UZ 122 Option the post-operating phase shall last one air exchange and the] following
approximate formula shall be used.for the calculation of SER,,, (i.e. (B.28) as derived in
Annex B.9):
Cope -N? -V -tg —SER,,, -nt
SERope - ope G pre G (9)
exp(—ntg)—exp[=ftg —tope )]+ Ntope
8.3.3.3 TVOC (RAL-UZ 122 Option)
THe TVOC value-shall be calculated as the sum of the concentrations of all identified and upidentified
substances,-eldting between n-hexane and n-hexadecane and resulting in emission rates above th¢ following
values:
e | for'measurements in ETCs < 5 m3: SERpre > 0,005 mg/h and SER ¢ > 0,05 mg/h;
o for measurements in ETCs > 5 m3: SERre = 0,02 mg/h and SER ;e > 0,2 mg/h.
8.4 Ozone

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

© ISO/IEC 2007 — All rights reserved
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Analyser and lines
meet (8.4.1)

requirements

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

y

Emission Ozone
Model Concentration

4

Calculate
g (8.4.3)

y

Emission
Rate

Figure 3 — Determination method for ozone

8.4.1 Arnalyser and sampling line requirements

Ozone anglysers shall at least have:

o the cgpability to detect concentrations between 4 ug/m3 and 1 mg/m3.
e apredision of 2 pg/m3;

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

To prevent loss of ozonedn\the sampling line, it shall be of minimum length, not exceeding 4 m, and made of a
flexible ingrt material sdeh-as PTFE.

8.4.2 Monitoring

Since ozgné~is an unstable molecule, it shall be monitored and analysed instantaneously at least each
30 secondsduringcontinuous operation eittrer for at teastt0mminutes; or for asfongas it takestodetermine
the build-up and stabilisation of ozone in the ETC.

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

For analysers indicating values that are converted for the Standard Ambient Temperature and Pressure
(SATP) of (273 + 25 = 298) K and 101 325 Pa (i.e. 1 atmosphere), SER; shall be calculated using the actual
ETC pressure (P in Pa), the actual ETC temperature (T in K) and the gas conversion constant
(R =339,8 Pa/K), otherwise P/TR = 1 shall be used:

Craxk VP .
SERqp3 =—Ma&X~_"__ with k :k+(n/60)=E (10)
TR H
NQTE If the temperature and pressure in the ETC equal the SATP, P/TR is 1.

8.p Particulate matter

THe flowchart in Figure 4 illustrates the determination method for particulate mattér emitted from EUT using
consumables.

Condition and
weigh/reference
and sample filters
(8.5.1)

A

Start operating
EUT (8.2.6) and
sampling (8.5.2)

}

Weigh reference
and sampled filters

y

Emission Particulate
Model matter Weight

4

Calculate
g (8.5.3)

A
Emission
Rate

Figure 4 — Determination method for particulate matter

8.5.1 Weighing and Filter conditioning

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

Glass fibre filters with 0,7 um pore size, or equivalent e.g. 0,8 um pore size PVC filters, shall be used.
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The filters shall remain in the controlled room for 48 hours. The unused reference filter and the sampling filters

shall be weighed before sampling giving M ¢ pefore @Nd Mpgfore.

8.5.2 Sampling

Particulate matter shall be sampled during the operating and post-operating phases of the EUT. Sampling

duration shall ensure the detection of at least 5 pg/m3 of particulate matter.

For the RAL-UZ 122 Option sampling shall start at the beginning of the operating phase and continue during

the full post-operating phase that lasts 4 air exchanges.

8.5.3 Emission rate calculation

The unusgd reference filter and the sampling filters shall be weighted after sampling giving m ¢ atepand my

The particulate matter mass shall be corrected with the reference filter mass difference:

Mpm = (mafter - mbefore) - (mref-after' mref—before)'

With Cgpe|= Mpm/ Vope, the SER,,,, shall be calculated using the following formula:

Cope 1%V - 1g

SER,, =
eXp(_ntG ) - eXp[_n(tG - tope )] + m‘o

For the RAL-UZ 122 Option the following approximate formula shall be used:

Cope thG

SERpm =~

ope

9 Testreport

The test r¢port shall include the followingjf applicable and available:
Test labofatory

e Refergénce to ISO/IEC 28360.
e Name and address of\test laboratory.
e Name of the responsible person.

¢ Uniqug identification number of the test report.

EUT desdription

fter-

2)

e Manufacturer.

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

mounted.
e Print or copying time according to manufacturer’s information.

e Identification number (model number) and lot number of consumables used.

e 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).
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Types of packaging.
External dimensions.

Number of hours the equipment has been used while energised during manufacture and testing.

Test conditions and methods

Date of test.

Description of the test apparatus and methods used (ETC, clean air system, environmental control system,

En

Results

nission rate determination

sample collection, analytical instrumentation, standard generation and calibration).
ETC test conditions (T, rH, n).

Background concentrations (Cbg).

Equipment loading factor.

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

Sampling methods used (sorbent(s) used, volume sampled, samplingstart time and duration).
Start and duration of pre-operating, operating and post-operating phases.

Test specification for intended functions.

Printing speed during test and number of printed pages.

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

Ozone half-life of the unloaded ETC.

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

Disturbances of - and deviations from-\test methods.

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

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.

TN/OC vyalia ecaleulatad hacad an tha racnanca fantar ~Af tallianna Ao onanifind 1n 16O 168000 6 for the
Voo voroC—Sohrourotc oot o o O e T e o p oS o o Ortoroe e o opeomec oo oo oo 0,

RAL-UZ 122 Option.
Maximum ozone concentration and calculated ozone emission rate.
Ozone half-life following the operating phase.

Mass of sampled particulate matter and calculated emission rate.
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A.1 Mo

Annex A.
using pap
http://www

28360:2007(E)

Annex A
(normative)

Print patterns

nochrome printpattern 5% -coverage
sv

illustrates the monochrome pattern, that it is not to scale, with 5% black coverage; tests ef EUT
er consumables as specified in this International Standard shall be executed using the. pattern|at
.ecma-international.org/publications/standards/Ecma-328.htm.

18
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A.2 Colour print pattern, 20% coverage
Annex A.2 illustrates the colour pattern, that it is not to scale, with 20% colour coverage (5% for black,

magenta, cyan and yellow); tests of EUT using paper consumables as specified in this International Standard
shall be executed using the pattern at http://www.ecma-international.org/publications/standards/Ecma-

328.htm.
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Annex B
(informative)

Emission rate model for EUT using consumables

TH

particulate matter concentrations sampled in an ETC.

N(

opprating phase.

B

By

Enission rates must be calculated from these average concenfrations. The average concentratic
printing can be described by 4 different regions as shown in Figure B.1. During printing, there are tw

m

during the pre-operating phase. m3 represents the concentration decay from C,,,, during the post

1_Obioctiva
—oRjeGtve

is Annex develops a generalised formula to calculate emission rates from VOC, carbonyl Comp

TE This Annex has been developed with Hard Copy Devices in mind therefore “printing phase” @

2 Approach

sampling over a period of time averaged concentrations are acquired.

for printing, and m2 for the decay of the initial concentration (C,) and background concentratig

bunds and

enotes the

ns during
0 regions:
n built up

-operating

phase, and m4 is the concentration build-up during“the post-operating phase from pre-openating and

background emission.

TH

e following is assumed:
The emission rates are constant.
The emission rates during the post-operating and operating phases are equal.

No energy saving modes @pply during the pre- and post-operating phase.

Cases, where the above(assumptions do not apply, are outside the scope of this International Standard.
B|3 General’mass balance and concentration equations
THe following/mass balance is valid for an ETC containing an emission source with a SER:
P SER e (B.1)
Integrate (B.1) to obtain C:
C= SLC)H —exp(-n-t)]+Cyexp(-n-t) (B.2)
n .
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B.4 Background SER

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

Co

- %[1 —exp(-n-t)] (B.3)
9 n.v '

For n-t >3, (B.3) reduces to (equilibrium): SERpg =Cpg -n-V (B.4)

To simplify, SERbg may be substituted by Cbg -n-V (from B.4) in derived formulae below, as has been
applied fof the formulae in Clause 8.

B.5 Emjssion during pre-operating phase

Assume tihe emission model as shown in Figure B.1. During the pre-operating phase;\there are two constant
emission sources; one originates from the background of the ETC, and the otherriginates from the EUT]in

the pre-ogerating phase.

SER = SERbg + SER,O,e in (B.1) yields:

dC  SER,q +SER,,

- v _nC (B.5)
SER,, + SER
Cpre = bgn ~ P [1—exp(-n-t)]+C, exp(-n - t)] (B.6)

Because fthe concentration at the beginning of thel\pre-operating phase ( C,) equals the background
concentrafion Cbg, (B.6) becomes:

R pre

SERpg
Core i v 1-exp(-n-t)] + —— (B.7)

n-v

The total [measure for mass of sampled VOCs is equal to the product of the averaged concentration and
sampling {ime (Cp,e. tp,e), and cambe obtained by integrating (B.7) from t=0 to =tre:

toe [ SER SER, SER SER,
Core tpre I pre{¢[1_exp(_n'tpre):|+ g}dt= i [N-tpre +XP(=N-t50) =]+ J t

0 n-V n-v n2.v n.v Pre
(B.8
Rearrangef (B.8) for SERp,e:
2 2
SERpre _ Cpre n 'V'tpre _SERbg 'n'tpre _ (Cpre _Cbg)'n 'V'tpre (B.9)

n-tpe +exp(—n-t,,)-1 - n-tpe +exp(-n-t,,)—1
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B.6 Emission during operating phase

:2007(E)

During the operating phase the concentration build-up originates from EUT operation and the background
concentration only. C, . Integration of (B.1) with SER = SER,; + SER,, yields:

NGFE

SER pe + SER)g i

ope —

Y exp(-n-t)]+ Cq exp(-n - t)]

ot th nd-aof-thanr ratino nlbo o taroainad o
Tt e O T

In[Figure B.1, the terms from m1 to m4 denote the product of average concentration, stemming from
and the time period of the phase under consideration. Integrating equation (B.10) over time [ffom Z
end of printing (tope), yields m1 and m2.

ol

3

tops SERope + SERpg

0

t
m} = joope[CO exp(-n-t)]dt =

(R 40\ Ca i aral-ta-th tH
Tt

= Q. 4 0 LC. \
oS CqTaTtOtr e CoOmCCTtaton I Pro-optratmygpPraot Vprel et eaTt

(SERope +SERpg)-[Nn-tope +€XP(=N-tope )]
n?.v

Y [1-exp(-n-t)]dt =

Con-V[1—exp(-n-type)l
n?.v

Concentration area over time during printing

Concentration area over time which decays from C,-due to air exchange

(B.10)

(B.7).

a source,
ero to the

(B.11)

(B.12)

Concentration area over time which decays” from C,. to the equilibrium concerftration of

pre-operating and background concentration

Concentration area over time during pre=operating phase.
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Equivalent of four of more

Pre-operating Operating Post-operating
Cmax e Bk B e b L LT ELL LR L LR, i Rl
Combined congentration area
Co (= Cpre) of m2 and m4
m3
Cpre llllllllllllllllllllllllllllllllllllll
m2 -
T S T A | . -asefYare
I
]
Cmax ....... O fassdsssfassnsnansnssn
Gray: Emission

Yellow area: Emission congentration over time

concentration over time nat.stemming from

from operating phase operating phase
Cprg ------- L L T A ket e a— o LEEL LT T R
Chg aivafus B T T T L L T L L L L L L L L L L L L L L L L L L L L L L LTI T I T I I I

Print start  Printend
° > air exchanges
Sampling start Sampling end*
e C Rt A - -0

24

L
Sampling start

-

* Sampling can be stopped at any time during the each phase

**<Error can be minimized if pre ope- and post-operating sampling time is equal.

Sampling end*
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