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Foreword

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

ISO/IEC[TC 1.

The profcedures used to develop this document and those intended for its further maintenance are
describgd in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed fdr
the diffdrent types of document should be noted. This document was drafted in accordance with thie
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document mdy be the subjeqt
of patenjt rights. ISO and IEC shall not be held responsible for identifying a@ny“or all such paterit
rights. Details of any patent rights identified during the development of the.decument will be in the
Introdu¢tion and/or on the ISO list of patent declarations received (see www:iso.org/patents).

Any trade name used in this document is information given for the convenience of users and does nqt
constitute an endorsement.

For an pxplanation of the voluntary nature of standards, the{meaning of ISO specific terms anfd
expressions related to conformity assessment, as well as information about ISO's adherence to the
World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see www.isp
.org/isofforeword.html.

s¥)

ISO/IEC|28360-2 was prepared by Ecma International'(as ECMA-328 Part 2) and was adopted, under
special {fast-track procedure”, by Joint Technical €ommittee ISO/IEC JTC 1, Information technology, i
parallel with its approval by national bodies of{SO and IEC.

—

This firpt edition of ISO/IEC 28360-2, together with ISO/IEC 28360-1, cancels and replaces ISO
[EC 283p0: 2015, which has been technically revised. It also incorporates the Technical Corrigenduy
ISO/IEC[28360: 2015/Cor.1:2016. Théumain changes compared to the previous edition are as follows:

=}

— Thig edition was divided into-a part for electronic equipment using consumables and a part fo
eledtronic equipment notusing consumables as follows:

—

— |Determination ofChemical Emission Rates from Electronic Equipment — Part 1 (using
consumables)s

— [Determination of Chemical Emission Rates from Electronic Equipment — Part 2 (not using
consumables).

The| purpose of the split was to make the description of test procedures simpler (they include
congiderable differences between the two equipment categories) and to facilitate users
understanding.

- =

— This edition is fully aligned with “Test method for the determination of emission from Hard Copy
Devices” (RAL-UZ 205).

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

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

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

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

Ih addition to stricter test procedures, the 2nd edition used uses generalised emission. formylae, and
their derivations developed in Annex C, to calculate emission rates from concentrations of analytes that
are measured in Emission Test Chambers.

The 3rd edition was fully aligned with the 1st edition of ISO/IEC 28360:2007 adopted ungler ISO/
IECJTC 1 fast track procedure and published in September 2007.

p—

h addition, the 4th edition fixed a number of errata on ISO/IEC 2836Q:2007 that JTC 1/SC 28 identified.

ollowing the publications of the 4th edition of ECMA-328 and the “Test method for the deterthination
f emissions from Hard Copy Devices” (RAL-UZ 122), experts from the BAM, WKI, JBMIA and Ecma
ave collaborated to harmonise methods to determine the\Fine Particle (FP) and Ultrafine|Particle
UFP) emissions from hard copy devices in the 5th editiony

he 6th edition was aligned with the 2nd edition of }SO/IEC 28360:2012, and it added a new ozone
alculation method. “Test method for the determifation of emission from Hard Copy Device$” (RAL-
Z 122) has been replaced by “Test method for the'determination of emission from Hard Copy Pevices”
RAL-UZ 171) published in January 2013. Therefore, “RAL-UZ 122 option” is replaced with “RAI.-UZ 171
ption” in the 6th edition.

O o = anNeulols |

—

he 7th edition of ECMA-328 is fully aligned with ISO/IEC 28360:2015.

—]

he 8th edition was divided int6 a part for electronic equipment using consumables and a|part for
lectronic equipment not using consumables as follows:

(0}

— Determination of Chemical Emission Ratesfrom Electronic Equipment —Part1 (using-consumables);

- Determination of Chemical Emission Rates from Electronic Equipment — Part 2 (ngt using-
consumables).

—

he purpose of the split was to make the description of test procedures simpler (they |ncluded
onsiderable.differences between the two equipment categories) and to facilitate users’ undersftanding.

Q

This 8th-edition is fully aligned with “Test method for the determination of emission from H4rd Copy
Devices™ (RAL-UZ 205).

I8 ot AL+l Cron d s o
Irrs—parcorttntotantara

-

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

Part 2;
ot using-consumables

Scope

his Standard (all parts) specifies methods to determine chemical emission rates of analyte fram ICT &
E equipment during intended operation in an Emission Test Chamber (ETC),

his Standard (all parts) includes specific methods for equipment using consumables, such as printers,
nd equipment not using consumables, such as monitors and PC’s.

—

art 2 specifies the methods to determine chemical emission rates'of analyte from electronic equipment
ot using consumables.

=

|

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

Q

wul

xamples of EUT that do not use consumables are:

—+ Monitors and TV sets (CRT, Plasma, LCD, Rear projector, Beamer).
—+ Video (VCR, DVD Player/Recorder, Camcorder).

1+ SAT Receiver (Set-Top Box).

—+ Audio units (CD Player/Recorder, Home theatre Systems, Audio Home Systems, Micro-/Mijini, Midi
Systems, Amplifier, Receiver).

—+ Portable Audio (CD Rlayer, MP 3 Player, Radio recorder, Clock radio, etc.).
1 Computer (desKtop, tower, server), portable computers (Notebooks).

The emission rates determined with this method may be used to compare equipment in the saine class.

law]

redictions,of “real indoor” concentrations from the determined emission rates are outside the[scope of
his Standatd.

—

Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

[SO 554:1976, Standard atmospheres for conditioning and/or testing — Specifications

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

© ISO/IEC 2018 - All rights reserved 1
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ISO 16000-6:2011, Indoor air — Part 6: Determination of volatile organic compounds in indoor and test
chamber air by active sampling on Tenax TA sorbent, thermal desorption and gas chromatography using
MS or MS-FID

IS0 16000-9:2006, Indoor air — Part 9: Determination of the emission of volatile organic compounds from

building

products and furnishing — Emission test chamber method

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

ECMA-7
Equipme

EN 5501
characte

3 Ter

For the purposes of this document, the following terms and definitions apply.

ISO and
— [EC
— 1ISO

31
average
simple n

3.2

air exch
n

ratio (n)

3.3
air velo
air spee

34
analyte|
volatile

3.5

emission test chamber

ETC
enclosui

, Measurement of Airborne Noise emitted Dy Information lechnology and Telecommunicatiorls
nt

3:2013, Sound and Television Broadcast Receivers and associated equipment — Radio disturband
ristics — Limits and methods for measurement

Q

ms and definitions

[EC maintain terminological databases for use in standardization atthe following addresses:

Electropedia: available at http://www.electropedia.org/

Online browsing platform: available at https://www.iso.of'g Jobp

d ozone concentration time series
noving average of ozone concentration (Coz) over80 * 5 seconds

ange rate

of the volume of clean air brought infe-the ETC per hour [m3/h] to the unloaded ETC volume [m{]
city

 [m/s] measured in the unloaded ETC

prganic compounds (VOC), carbonyl compounds and ozone

e withicontrolled operational parameters for testing analyte mass emitted from EUT

3.6

equipment under test

EUT

functional and complete ICT or CE equipment from which chemical emission rates are determined

3.7
loading

factor

ratio of the EUT volume to the volume of the unloaded ETC

3.8

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

© ISO/IEC 2018 - All rights reserved
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3.9

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

3.10
nit specific emission rate
ER
ass, in microgrames, of a specific analyte emitted per hour

ote 1 to entry: If more than one EUT is placed in the ETC, the determined SER is divided by.the numbejr of EUTs
tp obtain the unit specific emission rate SERy;.

;)11:1tile organic compounds
vocC
dompounds that elute between n-hexane and n-hexadecane on a nongolar GC-column
4 Symbols and abbreviated terms
4.1 Abbreviated terms
dE Consumer Electronics
JNPH 2,4-Dinitrophenylhydrazine
HTC Emission Test Chamber
HUT Equipment Under Test
HID Flame lonisation Detector
C/MS Gas chromatagraphy/Mass spectrometry
ICT Informationand Communication Technology
HTFE Polytefrafluoroethene
HVC Polyvinylchloride
HH Relative humidity
SIER Unit Specific Emission Rate
TVOC Total Volatile Organic Compounds
VOC Volatile Organic Compounds
4.2 Symbols
Cbg Background mass concentration [ug m-3]
Cs Average mass concentration [pug m-3]
Cope Average mass concentration during operating phase [pug m-3]

© ISO/IEC 2018 - All rights reserved 3
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Coz Ozone concentration [mg/m3]

mg Sampled mass [ug]

Mpg Sampled mass for chamber background [pg]
Mope Sampled mass [pg] during operating phase

n Air exchange rate [h-1]

p Atmospheric pressure [Pa]

R gas constant [PaK-1], (for ozone: 339,8 [PaK-1])
SERo3 SER for ozone [pg min-1]

SERy, SER per unit [pg h-1 u-1]

T Ambient temperature [K]

u Number of EUTs units

%4 ETC volume [m3]

Vs Sampled air volume [m3]

Vbg Sampled air volume [m3] for determination of Cpg
Vope Sampled air volume [m3] in operating phase

5 CorlLformance

Determinations of emission rates conform to this'Standard (Part 2) when:

[72)

1. Exefuted using a Quality Assuranee Project Plan, Quality Assurance and Quality Control a
spe¢ified in ISO 16000-9;

2. Tested in a controlled ETC as gpecified in Clause 7;
3. Sanipled/monitored and,calculated as specified in Clause 8;

4. Repprted as specified inrClause 9.

6 Method overview

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

4 © ISO/IEC 2018 - All rights reserved
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Start (8)

L

| Ensure Test conditions (8.1) |
[

v v

Purge Emission Chamber (8.2.3) Select and unpack EUT (8.2.1+8.2.5)
v v
Determinate Emission Test Chamber Optionally install ETU (8.2.7) for
Background concentration (8.2.4) preparation

-

EUT »Other

Newly |manufactured

a b
v v v
No preparation sample or Preparation for at m@'({ays Record operation|time,
monitor within 24H (8.2.6.a) (8.2.6.% if known (8.2.p)

L(EUT Prepared and ETC OD <X

Install EUT (8.2. \4
If not already\

VOGC and carbonylcompounds

V

Determine Determine
Emission @)p Emission rate
(8.2.8 +8 (8.2.8+ 8.3)

v

_>| Finish report (9)

Figure 1 — Determination method overview

7 ETCrequirements

7.1 Construction materials

ETC construction materials shall comply with ISO 16000-9.

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

© ISO/IEC 2018 - All rights reserved 5
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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 conditions

8.1.1 eneral

To meet|the operational requirements specified herein, ETC parameters such as temperature, relativ
humidity and supply airflow shall be controlled and measured at regular intervals and recorded ip
accordance with ISO 16000-9 and shall be reported as specified in Clause 9.

[

8.1.2 Pperating temperature and relative humidity (RH)

Tests shiall be executed at (23 + 2) °Cand (50 + 5) % RH according to ISO 554. For EUT used in alternativ
climatic|conditions, higher operating temperature and humidity conditions may-be used as specified i
[SO 554

>

8.1.3 Air exchange rate (n)

For unldaded ETCs with a volume larger than 5 m3, n shall be in thesrange from 0,5 to 2,0. For unloadefd
ETC’s wlth a volume of 5 m3 or smaller, n shall be in the range from 0,5 to 5,0.

8.1.4 Air velocity

The air yelocity in the unloaded ETC shall be in the range from 0,1 to 0,3 m/s.

8.1.5 Bampled air flow

The sunj of sampled airflow shall be less than 80 % of the inlet airflow into the ETC.
8.2 Handling of EUT and ETC

8.2.1 Belection and storage of EUT

EUT shalll be selected fromormal manufactured batches or shall be a prototype that is representativj
for EUT [from such batches.

D

8.2.2 oadingfFactor

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

[72)

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

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

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

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

6 © ISO/IEC 2018 - All rights reserved
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8.2.4 Background concentrations (Chg)
Following purging, the Cpg of analyte in the unloaded ETC shall be determined and recorded.
NOTE Cpg may stem from e.g. emissions from the ETC itself and sampling tubes or filters.

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

Table 1 — Background concentrations

Analyte Limit
VOC and carbonyl compounds 2 [ug/m3] for any analysed substance
TVOC 20 [pg/m3]
Ozone 4 [ug/m3]

§8.2.5 EUT unpacking

Hmissions from packaging may influence measurements considerably; invaddition packaging if
gmit VOCs that are not representative for EUTs in typical use. Thereforé, the EUT to be tesf
He removed from the shipping containers and all protective shipping-packaging such as spac
\

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

§8.2.6 Preparation of the EUT before testing

o~

ewly manufactured equipment is known to emitchigher levels in the first days of use, whi
epresentative for the normal emissions over thedntended lifetime.

—

d) The EUT shall not be operated before-testing; testing shall start within 24 hours after unp

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

v wl

or other equipment, that-may have been operated longer than three days, no preparation
xecuted; in this case, the-number of days that the EUT has been in operation shall be rec
Known, otherwise “notknown” shall be reported.

D

NOTE Typical greatment conditions for types of EUT are:

v

Cs and ICT & CE-equipment: 8 hours operation in idle mode for three days at 8 hours per day which is e
b 24 hours.of'continuous operation.

[

8.2.7 \EUT installation

brapping and any other shipping/packaging elements before preparation (as specified in 8.2.6|).

018(E)

self may
ed shall
ers, film

'h is not

Hor newly manufactured equipment, one of the following preparatory operations shall be execiited:

hcking.

start of

shall be
brded, if

quivalent

The<EUT shall be installed while mmrnfing its intended anr‘finn(c) as cppriﬁ'pd in ECMA-7

4, using

suitable test signals as specified in chapter 5.2 of EN 55013:2013 or another appropriate standard or

specification.

To avoid contamination, the EUT shall be installed in the middle of the ETC as fast as possible and all

operators shall leave the ETC immediately thereafter.

© ISO/IEC 2018 - All rights reserved
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8.2.8 EUT operation during test

8.2.8.1 General

VOC and carbonyl compounds shall be determined as specified in 8.3 and ozone should be determined
as specified in 8.4 while continuing to execute its intended functions as initiated during installation
(see 8.2.7).

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

8.2.8.2 | Recording of EUT operation
The stait of the operating phase shall be recorded as the time ¢y

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

8.3 VOC, carbonyl compounds

The flow chart in Figure 2 illustrates the determination method for VOC, carbanyl'compounds.

Prepare Sorbe‘n@ff.. 1)

) 4
Start op€rating EUT (8.2.8),
collect{ store and analyse

c\\\\samples (8.3.2)

v

Chamber
concentrations

Emission Model

A
. Calculate (8.3.3)

A 4

Emission
Rates

Figure.2.— Determination method for VOC, carbonyl compounds

8.3.1 BSorbents

VOC sanmppling'and analysis shall be performed using the sorbents as specified in ISO 16017-1, with t
exceptidn of Chromosorb and PoraPak due to their high blank values: Tenax TA™ shall be conditione
and analysed according to ISO 16000-6 to minimise the production of artefacts, especially benzene.

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

8.3.2 Sample collection

For VOC, duplicate samples shall be taken, and for carbonyl compounds at least one sample shall be taken.
Individual VOCs, carbonyl compounds with a concentration 21,0 pg/m3 shall be detected.

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

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

8 © ISO/IEC 2018 - All rights reserved
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8.3.3 Emission rate calculation
This Clause specifies formulae that apply to practical situations that are special cases of the general case

Concentrations shall be determined, using the following equations:

m ope g
Cs =—= Co e™ bg =7, e8]
1% P Vope ¢ Vg
(Cope=Cro)-n-V
SER, =—= - g (2)
8.4 Ozone

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

Analyser and li
meet (8.4 &/

reqwre

v
@‘drt operating
EUT (8.2.8),
monitoring and
analysis (8.4.2)

A\ 4

Emissio O Ozone
Mod Concentration
AN
v
N Calculate
v (8.4.3)

v
Emission
Rate

Figure 3— Determination method for ozone

8.4.1 Analyser and sampling line requirements

Ozone analysers shall at least fulfil the following requirements:

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

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

© ISO/IEC 2018 - All rights reserved 9
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Ozone concentrations of the data points used to determine the maximum ACp3 shall not be rounded to
the nearest whole ppb (1,963 ug/m3) by data processing of the analyser because rounding may cause
errors in the determination of the ACos3.

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

8.4.2 Monitoring

Since ozone i 3 antaneq at least each
20 seconds for at least the first 6 minutes of the operating phase to determine the maximum ACog-als
specifiefl in 8.4.3. In addition, data points before and/or after the first 6 minutes of the operatingphase
shall be|sampled so that the averaged ozone concentration time series can be calculated as specified
in 8.4.3.
8.4.3 Emission rate calculation
The ozohe emission rate is derived from the increase in ozone concentration durihgthe first 6 minutes
after to.|In this period of the operating phase ozone loss by chemical reactions with air constituents anfd
by dischiarge due to air exchange is comparatively small. Therefore, the increase of ozone concentratiop
with tinje is approximated as linear.
By taking formula (3) in this period

Am| ACozxV

aml 220377 €))

At At
where

Am| isthe emitted ozone mass [mg];

ACo} is the change of ozone concentration«mg/m3];

At | isthe time interval [min];
the emigsion rate of ozone shall be calculated by formula (11):

ACo3z XV xpx60
SER}, = 20377 7P )
AtXTXR
A

points recorded in 6-minutes from the start of the operating phase shall be used to determine t
maxim ACo3 This\is the case when the averaged ozone concentration time series exhibits t
greatest slope fot the two minute time interval (Co3(t + 2) - Co3(t) = maximum). The Averaged ozo
concentfation time series is created with the Simple Moving Average over 80 * 5 seconds.

A timeSE;cerval At of two-inutes and the maximum ACo3 shall be applied in formula (11). The dat

Theoretically, a time interval of the data points at the start of the operating phase gives the maximu
the theoretical curve occur due to fluctuations of ozone data caused by incompleteness of air mixing in the
chamber and effects of electric noises of ozone analysers, especially in larger chambers. The deviations make it
difficult to determine an ozone emission rate according to the theory. Effects of electric noises can be reduced
significantly by using the averaged ozone concentration time series. In addition, At of 2 minutes is selected
and the determination of the maximum ACo3 for 6 minutes is conducted to minimize the effects of remaining
fluctuations.

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), SERp3 shall be calculated using the

10 © ISO/IEC 2018 - All rights reserved
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