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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
establlshed by the respective organlzatlon to deal W|th particular f|elds of technical act|V|ty ISO and IEC
techni go ernmental

Infernational Standards are drafted in accordance with the rules given in the ISO/IEC Diregtives, Par 2.

THe main task of the joint technical committee is to prepare International Standards. Draft Infernational
Standards adopted by the joint technical committee are circulated to national bodies‘for voting. Pubfication as
an International Standard requires approval by at least 75 % of the national bodiescasting a vote.

Attention is drawn to the possibility that some of the elements of this document may be the subjec} of patent
hts. ISO and IEC shall not be held responsible for identifying any or all'stch patent rights.

=,
«Q

ISP/IEC 28360 was prepared by Ecma International (as ECMA-328) and was adopted, under a spg¢cial “fast-
trdck procedure”, by Joint Technical Committee ISO/IEC JT@)1 Information technology, in parallel with its
approval by national bodies of ISO and IEC.

THis second edition cancels and replaces the first edition (ISO/IEC 28360:2007), which has been technically
reyised. It also incorporates the Technical Corrigendum- ISO/IEC 28360:2007/Cor.1:2008.
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Introduction

Globally, governmental agencies, academic institutions, environmental organizations and manufacturers have
developed methods to determine chemical emissions from electronic equipment. These attempts, however,
resulted in a range of tests, the results of which are not necessarily comparable, either qualitatively or
quantitatively.
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the publications of the first edition of ECMA-328 and the “Test method for the determination
from Hard Copy Devices” (RAL-UZ 122), experts from the German Federal Institute for Materi
and Testing (BAM) and Ecma have collaborated to harmonise methods to determine the chemi
rates from information and communication technology (ICT) and consumer electronics (Q
in this second edition.
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TERNATIONAL STANDARD ISO/IEC 28360:2012(E)

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

1

Scope

Th
inf
op

TH
ca

TH
€q
pr

Th

En

prmation and communication technology (ICT) and consumer electronics (CE) equipment) durin
eration in an 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 consumables (e:g. paper).
e following are examples of EUT that do not use consumables;

monitors and TV sets (CRT, plasma, LCD, rear projector; béamer);

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 from EUT using consumables may also be determined according to additional red

identified by “RAL-UZ 122.Option”.

C4

Th

Pr

Iculations use the-generalised model and approximations thereof as developed in Annex C.
e emission rates determined with this method may be used to compare equipment in the same cla

dictions:of “real indoor” concentrations from the determined emission rates are outside the scq

International Standard.

intended

is International Standard specifies methods to determine chemical emission rates of anilyte from

analysis,

nters, and

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

-systems,

uirements

SS.

pe of this

2

Conformance

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

1.

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

ISO 16000-9;
tested in a controlled ETC as specified in Clause 7;

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

reported as specified in Clause 9.

© ISO/IEC 2012 — All rights reserved
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For EUT using consumables, determinations according to additional requirements identified by “RAL-UZ 122
Option” herein conform to the RAL-UZ 122 Option [1].

3 Normative references

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced

document

ISO 7779

(including any amendments) applies.

Acoustics — Measurement of airborne naoise emitted h,‘/ information h:r‘hnnlngy

d

telecomm
ISO 554,

ISO 13654
images

nications equipment (ECMA-74)
Standard atmospheres for conditioning and/or testing — Specifications

b, Graphic technology — Spectral measurement and colorimetric computation for,-graphic aj

ISO 16000-3, Indoor air — Part 3: Determination of formaldehyde and other carbonyl ¢ompounds in indoor

and test ci

hamber air — Active sampling method

ISO 16000-6, Indoor air — Part 6: Determination of volatile organic compounds in“indoor and test chamber

by active i

sampling on TENAX TA sorbent, thermal desorption and gas chromatography using MS or MS-FIL

ISO 16000-9, Indoor air — Part 9: Determination of the emission of vglatile organic compounds from build,

products 4

1ISO 1601]
sorbent tul

EN 55013
characteri

CIE 15:20

4 Tern
For the pJ
4.1
aerosol
system of

[1SO 1590

4.2

nd furnishing — Emission test chamber method

/-1, Indoor, ambient and workplace air — Sampling and analysis of volatile organic compounds
be/thermal desorption/capillary gas chromatography.— Part 1: Pumped sampling

2001, Sound and television broadcast receivérs and associated equipment — Radio disturban
Ktics — Limits and methods of measurement

P4, Colorimetry, 3 edition, Commission Internationale de I'Eclairage, ISBN: 9783901906336

ns and definitions

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

solid or liquid-particles suspended in gas

0:2009]

yis

air

air

Aerosol Nleasuring System

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

frequency

4.3

air exchange rate

n

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

4.4

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

© ISO/IEC 2012 — All rights reserved
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4.5

analyte

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

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

ingtrument that measures the particle number concentration of an aerosol

NOTE 1 An Aerosol Measuring System consists of a flow meter, a particle counting device, a;computer gnd suitable
software. An Aerosol Measuring System may also be equipped with a particle size classifier.

NOQTE 2  For the purposes of this International Standard, a CPC is used as a standalonhe instrument whiclh measures
thg total particle number concentration within a device-dependent broad size range.

4.
cansumables
tomer, ink, paper and ribbon

4,
Emission Test Chamber
ETC

enclosure with controlled operational parameters for testing analyte mass emitted from Equipment Under Test
(EMT)

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

4.11
F3st Aerosol Measuring System
Agrosol Measuring System ‘with integrated particle size classifier

412

fine particles
FR
particles with particle size/diameter range between 0,1 um and 2,5 ym

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

414

Hard Copy Devices

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

415

maximum usage time before testing

MUT

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

© ISO/IEC 2012 — All rights reserved 3
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NOTE
as newly m

4.16

Maximum usage time is the maximum permitted time of operation before testing in order to consider the EUT

anufactured equipment for testing purposes.

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

417
particle
tiny piece

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

4.18
Particle E
PER

averaged
operating

4.19
Particle E
PER(t)
time-depe
phase

4.20
particle Iq

B

coefficient
(ETC)

4.21
particle s
particle d
measure

NOTE
a particle tq

4.22

particulate matter

PM
quantity o

4.23
pre-opera
phase in v

the operafing phase

NOTE

mission Rate
emission rate, i.e. total number of particles in a specified particle size range emitted_during 1
phase

mission Rate

ndent emission rate of particles in a specified particle size range after-the start of the operati

pss-rate coefficient

that describes the loss of particles in a specified partiéle-size range in an Emission Test Chamt

ze
ameter
ent category to describe the physical dimension of a particle

The term particle size is often used as a'synonym for particle diameter. The particle diameter is used to ass
a particle size class (e.g. ultrafine particles, UFP).

particles measured by gravimetric methods

ting phase
vhich the*Equipment Under Test (EUT) is connected to an electrical supply before it is able to en

=)

g

er

gn

fer

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

4.24

post-operating phase
phase following the operating phase

NOTE

4.25

total num
TP
calculated

The post-operating phase can include energy saving modes.

ber of emitted particles

total number of particles emitted in a specified particle size range

© ISO/IEC 2012 — All rights reserved
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4.26

total particle number concentration
Co

particle number concentration in a specified particle size range

4.27
total volatile organic compounds
TVOC

sum of the concentrations of identified VOC and the concentrations of the converted areas of unidentified

peaks using the toluene response factor

Mmined SER

4.28

ultrafine particles

UEKP

particles with particle diameter less than or equal 0,1 pym

4.29

unit specific emission rate

SER

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

NQTE If more than one Equipment Under Test (EUT) is placed in the Emission Test Chamber, the deter
is flivided by the number of EUTs to obtain the unit specific emission rate SERU.
4.30

Vqlatile Organic Compounds

vOQC

compounds that elute between n-hexane and n-hexadecane on an unpolar GC-column
5| Symbols and abbreviated terms

5.1 Abbreviated terms

Ck Consumer Electronics

CpC CondensationParticle Counter

DNPH 2,4-Dinitrophenylhydrazine

ETC Emission Test Chamber

EUT Equipment Under Test

FH Fine Particles

FID Flame lonisation Detector

GCIMS Gas chromatograpny/Mass specirometry

ICT Information and Communication Technology

MFD Multi Functional Device

PTFE Polytetrafluoroethene

PVC Polyvinylchloride

rH Relative humidity

© ISO/IEC 2012 — All rights reserved
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SER
PER

PER(t)
TVOC

UFP

Unit Specific Emission Rate

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

Ultrafine Particles

VOC

5.2 Syrn

k1

Mafter

nbols

Mpefore

Yotatite Organic Compounds

factor in the exponential particle decay function [cm_3]

particle loss-rate coefficient [h_1]

average mass concentration [ug m‘3]

background mass concentration [ug m‘3]

maximum ozone mass concentration [ug m‘3]

initial mass concentration [ug m's]

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

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

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

ozone half-life [min]: the period of time for the ozone concentration to drop from C,.x
Cmax 12

ozone deCay constant, without ventilation [min‘1]
ozone decay constant with ventilation (k’ = k + n/60) [min‘1]

sample filter mass [ug] after sampling

—

sample filter mass [ug] before sampling

mbg

Mpm
Myet-after
Mief-before
ms

Mpre

sampled mass for chamber background [ug]

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

reference filter mass [ug] before sampling

sampled mass [ug]

sampled mass [ug] during pre-operating phase

(0}
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Mope sampled mass [ug] during operating and optionally post-operating phase
n air exchange rate h]

P atmospheric pressure [Pa]

PER Particle Emission Rate [h_1]

SER, background SER [ug h™"]

SER>e SERdurng operatingand optionatty postoperatng phase fpg ]
SERo3 SER for ozone [ug min™"]

SERm SER for particulate matter [ug h™']

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

SER, SER per unit [ug h™" u™]

T ambient temperature [K]

TH total number of emitted particles

fopk operating phase duration [h]

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

fstdp point in time marking the end\of particle emission

fore pre-operating phase duration [h]

At time-resolution of the UFP measurement [s]

u number of(EUT units

% ETC golume [m?]

Vs Samipled air volume [m?]

Vil sampled air volume [m3] for determination of Cyq

Vole sampled air volume [m’] in pre-operating phase

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

6 Method overview

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

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

k

Purge Emi

EeieR-Charbar{E 1
L

v

Determins
Backgrounj

Ermission Test Chamber
[ concentration {3.2.2)

Selactand-unpaeeElH-8-1 2
K

.

Optionally install EUT (8.2.5) for
preparation

Preparation (8.2.4.2)

3 Y
Mo preparation, sample o i preparation for at most 3 days Record operation timg, if
moniter within 24 H (8.2 4. \y (8.2.4.1b) known (8.2.4)
R\
Y
L
()@ ﬁ( EUT Prepared and ETC ok
\% Install EUT (8.2.5)
% if mot already done
< )v Particulate Matter
WO and carbonyl compounds SOEL D FRIUFP
\8 >
o) -
¥ ) ] h 4 h
Determine Detarmine Determine Determing Emission
Emission rate Emission rate Emission rate rate and Total number
(826 +B.3) (B.2.6+8.4) [8.2.6 +8.5) of particles (8.2.6 + 8.6)
k i

:I Finish regaort (9) I:

Figure 1 — Determination method overview
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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.

7.8 Air mixing efficiency

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

8| Determination method

Fdr the RAL-UZ 122 Option, tests should be executed within 10 working days, after delivery of the EJT.

8.1 Test conditions

Td meet the operational requirements specified herein, ETC parameters such as temperaturg, relative
humidity and supply airflow shall be controlled and measured atsregular intervals and recorded in agcordance
with ISO 16000-9 and shall be reported as specified in Clause 9!

8.1.1 Operating temperature and relative humidity (rH)

Tgsts shall be executed at (23 £ 2) °C and (50 + 5)%-rH according to ISO 554. For EUT used in plternative
climatic conditions, higher operating temperaturevand humidity conditions may be used as specified in
ISP 554.

Consult 8.2.6.2 for special requirements en_rH for EUT using consumables.

8.1.2 Air exchange rate (n)

Fgr unloaded ETCs with a velume larger than 5 m?, n shall be in the range from 0,5 to 2,0. For] unloaded
ETC's with a volume of 5 m>ar-smaller, n shall be in the range from 0,5 to 5,0.

8.1.3 Air velocity

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

8.1.4 Sampléd air flow

THe sum/of sampled airflow shall be less than 80% of the inlet airflow into the ETC.

8.2—Handiingof EUTandETEC

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-

co

nditioned room (23 °C, 50% rH) in its original packaging.

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

8.21 ETC purging

The selected ETC shall be unloaded and its interior walls shall be cleaned as described in ISO 16000-9.
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k' shall be less than 0,0693 [min™"], which corresponds to an ozone half-life of greater than 10 minutes, when
n=1.

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

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

Following [

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

Table 1 — Background concentrations

Analyte Limit
VOC and carbonyl compounds 2 [ug/m°] for any analysed substance
TVOC 20 [pg/m’]
Ozone 4 [ugin’]
PM 10 Jpg/m®]
FP and UFP C, 2000 [cm™]

8.2.3 EUT unpacking
Emissiong from packaging may influence measurements considerably; in addition packaging itself may emmit
VOCs tha} are not representative for EUTs in typicaluse. Therefore, the EUT to be tested shall be removed
from the ghipping containers and all protective shipping packaging such as spacers, film wrapping and gny
other shipping/packaging elements before preparation (as specified in 8.2.4).

NOTE After unpacking, installation (step\8.2.5) may precede the preparation step (8.2.4).
8.2.4 Pregparation of the EUT before testing

8.2.4.1 |[EUT not using consumables

Newly manufactured equipment is known to emit higher levels in the first days of use, which is fot
representative for theqnormal emissions over the intended lifetime.

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

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

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

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

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

For EUT using paper consumables, a 60 g/m2 to 80 g/m2 A4 paper with water content between

3,8% and

5,6%, and printing the patterns as specified in Annex A.1 and A.2 are appropriate for the following preparatory
operation. The maximum duration of the operating phase shall be determined. Thereafter, lightness (L*) and
colour values (L*, a*, b*), as appropriate shall be determined from the printouts according to CIE 15:2004 and

ISO 13655.

Before testing the EUT may be used up to the duration of the MUT. The MUT (as duration of the total

operating cycles) is 120 minutes.

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

th¢ UFP test in order to determine the print speed, to ensure the proper operation and to avoid in
issions due to unstable UFP emission which sometimes may occur in operation after long-term

.2.5 EUT installation
.5.1 EUT not using consumables

e EUT shall be installed while executing its intended function(s) as specified in ISO 7779, usin
t signals as specified in chapter 5.2 of EN 55013:2003“or another appropriate standard or specifig

avoid contamination, the EUT shall be installed in the middle of the ETC as fast as possih
rators shall leave the ETC immediately thereatter.

.5.2 EUT using consumables

fore installation, the EUT shall have sufficient consumables to complete the operations. In cas
sumables, 60 g/m2 to 80 g/m2 A4-paper with water 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 a
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
ered-on.

T -

r the determination of FP and UFP specified in 8.6 and/or for the RAL-UZ 122 option the
installed'6n the day before the emission test.

— T T

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

luence on
disuse of

hages are
reparation

g suitable
ation.

le and all

e of paper

S possible

UT to be

EUT shall

The installation date and time shall be recorded.

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

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

The start and duration of the operating phases shall be recorded.
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8.2.6.1 EUT not using consumables

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

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

To avoid ¢
rH of at m g
(n) may hive to be increased to avoid such condensation. Increase of hum|d|ty durlng the operatingyphgse
also depepds on the ETC volume. Condensation of water vapour (i.e. rH > 85%) on the ETC walls_ invalidafes
the test.

For this class of EUT, VOC and carbonyl compounds as specified in 8.3; ozone as specified)in’8.4; particulate
matter as|specified in 8.5 and FP and UFP as specified in 8.6 shall be determined while the EUT being
controlled|from outside the ETC.

8.2.6.2.1 | Pre-operating phase

To enter the pre-operating phase, the EUT shall be powered-on and remain in‘this phase between 1 and 4 pir
exchangesg. For the determination of FP and UFP as specified in 8.6, particle counting shall be started from
the start of the pre-operating phase because particle emission is obsetved for some EUTs soon after they gre
powered-¢n.

8.2.6.2.2 | Operating phase
The Hard|Copy Device class of EUT shall operate at nofinal speed. Operating may include colour-, andfor

dual sideg printing. The monochrome and colour print\patterns specified in Annex A.1 and A.2 respectivgly
shall be uged for EUT using paper consumables.

Enter the pperating phase by starting copying-ot-printing. The output of the first printed page marks the starf of
the operating phase. It ends with the output of the last printed page.

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

The duratjon of the operating phase shall be planned as follows:
First priority: The duration.shall be at least 10 minutes.
Second pfiority: If 40,'minutes duration is technically not feasible the operational phase shall be as long |as

possible. The number of printed pages should not fall below 150. The maximum duration possible and the
number of printed-pages have to be checked prior to testing and have to be documented in the test protocol

8.2.6.2.3 “—Post-operatingphase

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

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

v

Start operating EUT (8.2.6),
collect, store and analyse
samples (8.3.2)
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8.1

Fa

.3.1 Sorbents
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Emission Model (Annex C) concentrations

4
Calculate (8.3.3)

A
Emission
Rates

Figure 2 — Determination method for VOC, ¢arbonyl compounds

DC sampling and analysis shall be performed .using the sorbents as specified in ISO 16017-1
alysed according to ISO 16000-6 to minimise the production of artefacts, especially benzene.

r the RAL-UZ 122 Option, Tenax tubes shall be spiked with an internal standard such as cyclo
uterated toluene.

r carbonyl compounds, DNPH.cartridges shall be used as sorbent material.
8.2 Sample collection

r VOC, duplicate samples shall be taken, and for carbonyl compounds at least one sample shall bj

Ing
b

In

lividual VOCscarbonyl compounds with a concentration = 1,0 |.Jg/m3 and, under the RAL-UZ 1
nzene with @’concentration = 0,25 ug/m3, shall be detected.

.2.1 ~-Sample collection from EUT not using consumables

, with the

ception of Chromosorb and Porapack due to their high blank values: Tenax TA™ shall be condifioned and

decane or

e taken.

P2 Option,

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

8.3.2.2 Sample collection from EUT using consumables

Sampling shall be performed during:

The pre-operating phase, starting at the beginning of this phase, or, under the RAL-UZ-122 Opt

ion, with a

sample flow of 100 to 200 ml/min, from 20 minutes before the end until the end of the one-hour pre-

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

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

Identified VOCs shall be quantified using absolute response factors, determined by calibration. Unidentified
VOCs shall be quantified using the toluene equivalents as a relative response factor.

When benzene is detected, this shall be verified and quantified by analysing a sample on alternate
carbonacgous-sorbentsuchas—Car 'uutlap/'Cal bopack-typemateriats:

When in doubt, positive findings of benzene are to be verified via a second independent sampling (e(g; using
CarbotrapfCarbopack™ or activated carbon type materials).

8.3.3 Emission rate calculation

This Clauge specifies formulae that apply to practical situations that are special cases of the general case (as
developed in Annex C).

Concentrgtions shall be determined, using the following equations:

m m
C, :%_ Cope = Vope Cpre = e c,, = T 1)

bg
ope Vpre Visg

2

8.3.3.1 |EUT not using consumables

The SER for EUT not using consumables is:

(C—Cpy)-n-V
B u

SER, 2)

8.3.3.2 [EUT using consumables
The Background emission rates are:

SER

bg

-C,,-n-V 3)

a) Emissions in the pre<operating phase

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

1. If a sample.is.taken from the beginning of this phase:

SER,,|= 0, ~Cy) 1V 1y 4)
exp(-n-t,,)-1+n-1,,
2. RAL-UZ 122 Option
SER,,=C,,-n-V (5)

b) Emissions in the operating and post-operating phase
1. General case

Emission rates in these phases shall be determined using the following general formula:
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C —Cbg)-n2 V-t,-SER,, [expn-(t, ~t,)+n-(t,—t,.)-1+(1-exptn-t,.))-(1-exptn-t,

)]

SER, e=(
” exp(-n-t,)-expEn-(f, ~t, 1L,

ope

Special cases

Consult Annex C for more detail on special cases.
If there is no post-operating phase (tc=t), then:

(C,.~C,,)-n*-V-t,—SER, [(1-exp(-n-t,.))-(1-exp(-n-t,))]

exp(—n-t\V_1+n.{
LY G7 G

ope

SER,,, =

(6)

)

Fa
ap

TH
su
va

Th

If the post-operating phase is relatively long (-2, = 3):

B (C,.~C,)-n*-V-t,—SER, [n-t, —expin-t,.))]
SER,, =

nt,,

.| RAL-UZ 122 Option

r the RAL-UZ 122 Option the post-operating phase shall last onejyair exchange and the
proximate formula shall be used for the calculation of SER. (i.€. (B{28) as derived in Annex C.9)

_ C,.-n*-V-t;-SER,  -n-t,
exp(-n-t,)—exp[-n-(t, -t

SER,

> ope )] +n- tope

.3.3.3 TVOC (RAL-UZ 122 Option)

e TVOC value shall be calculated as the sum®of the concentrations of all identified and u
ues:
For measurements in ETCs < 5 m®: SERpe 2 0,005 mg/h and SER,,r 2 0,05 mg/h;

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

.4 Ozone

e flowchart in Figure'3 illustrates the determination method for ozone.

following

(9)

hidentified

pstances, eluting between n-hexane and n-hexadecane and resulting in emission rates above the following
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Analyser and lines

meet (8.4.1)
requirements

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

4

Emission Ozone
Model Concentration

Calculate
(8.4.3)

4

Emission
Rate

Figure 3 — Determination method-for ozone

8.4.1 Analyser and sampling line requirements

Ozone anglysers shall at least have:

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

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

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

8.4.2 Mg¢nitoring

Since ozgnessYan unstable molecule, it shall be monitored and analysed instantaneously at least edch
30 secondstduring continuous operation either for at least 10 minutes, or for as long as it takes to determine

the build-upand stabifisationof ozone IMthe ETC-

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

8.4.3 Emission rate calculation

For analysers indicating values that are converted for the Standard Ambient Temperature and Pressure
(SATP) of (273 + 25 =298) K and 101 325 Pa (i.e. 1 atmosphere), SERo; shall be calculated using the actual
ETC pressure (P in Pa), the actual ETC temperature (T in K) and the gas conversion constant
(R = 339,8 Pa/K), otherwise P/TR = 1 shall be used:
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with k' =k +(n/60) = M2 (10)

k'VP
SER; = Cma;—R
H

NOTE If the temperature and pressure in the ETC equal the SATP, P/TR is 1.

8.5 Particulate matter

The flowchart in Figure 4 illustrates the gravimetric determination method for particulate matter 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

A

Emission Particulate
Model matter Weight

A

Calculate
(8.5.3)

A
Emission
Rate

Figure 4 — Determination method for particulate matter

8.5.1 Weighing and Filter conditioning

ThetCanalytical balance, with a weighing precision of 1ug or better, shall be located in a tempefature and
humidity controlled rToom as Specitied In 8- 1-1.

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

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

8.5.2 Sampling

Particulate matter shall be sampled during the operating and post-operating phases of the EUT. Sampling
duration shall ensure the detection of at least 5 pg/m3 of particulate matter.
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For the RAL-UZ 122 Option sampling shall start at the beginning of the operating phase and continue during
the full post-operating phase that lasts 4 air exchanges.

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

mpm = (maﬂer - mbefore) = (mref—aﬂer' mref—before)- (1 1)

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

C_.-n*-V-t
SER|, = : 12
exp(-n-t,)-exp[-n-(t, -t )+n-t,,
For the RAL-UZ 122 Option the following approximate formula shall be used:
.n-V-
SER]| - Ct”—t 13)

ope

8.6 Fing and Ultrafine Particles (FP and UFP)

The flow ¢hart in Figure 5 illustrates the determination method for<EP*and UFP. FP and UFP determination
does not [substitute the gravimetric determination of particulatematter (8.5). It is an additional test to pe
performed in parallel.
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Aerosol Measuring System
meets (8.6.1)
and passed operational
readiness test

Start operating
EUT (8.2.6)

FP and UFP
measurement
(8.6.2)

/Emission Model /
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results
(8.6.3)

Diagram of total particle
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particle loss rate
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Particle Emission
Rate (PER)

and

Total Number of
Particles (TP)

Figure 5 — Determination method for FP and UFP emissions

8.6.1 GeneralRequirements for Aerosol Measuring Systems

Anl Aerosok*Measuring System shall be capable to measure the time dependent total particle number
concentration with particle size range as specified in 8.6.1.1, particle number concentration range a$ specified
in B46.1:2 and time resolution as specified in 8.6.1.3.

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

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

8.6.1.1  Particle size range

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

NOTE

8.6.1.2

Consult the Aerosol Measuring System instruction manual for specific details.

Particle number concentration range

The below instrument criteria should be fulfilled. The application of an aerosol dilution system between the
ETC sampling port and the inlet of the aerosol measurement system may be necessary.

CPC:

Required

Required
10" cm®.

Fast Aero

The requited lower concentration level in the size channel nearest to the lower particle size limit of 7 nm sh

be equal ¢

The requi
shall be e

NOTE 1
1s.

NOTE 2

8.6.1.3

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

8.6.1.4

The tubin
consist of
Sharp ber
8.6.1.5

Aerosol M

e calibration of air flux

e Proce

Repoft and display of malfunctions during measurements automatically

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

upper particle number concentration level within the above specified size range shallCexce

50l Measuring System:

r lower than 5000 cm™.

hual or higher than 10% cm™.

These requirements refer to concentration values normalized to size_¢hannels widths and a time resolution

Refer to Annex B.1 for further information.

Time resolution

Connection of Aerosol Measuring System to ETC
j between the ETC sampling port*and the aerosol inlet of the Aerosol Measuring System sh
electrically conductive material (e'g? conductive silicon rubber) and shall not exceed 3 m in leng
ds in the tubing shall be avoidéd.

Quality Assurance

easuring System shalbhave the following capabilities:

Hures for cleaning and maintenance

all

ed upper concentration level in the size channel nearest to the upper-particle size limit of 300 mm

of

all
th.

o Export of ASCII data

e report

of settings

e Time and date setting/synchronization

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

20
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8.6.2 Measurement

FP and UFP shall be measured during the pre-operating, operating and post-operating phases of the EUT.
The result of FP and UFP measurement are presented as a diagram of C, versus time comprising the period
from 5 min before start of the operating phase to at least 30 min after its end.

8.6.3 Calculation

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

Tg
Cq
(P
be

TH
Cco

if aerosol dilution was applied.

TH
ca
P4

8.6.3.1  Calculation of Particle loss.rate coefficient

Iti

The particle number concentration time series should not reveal sudden discontinuities or_Steps
after the operating phase. Occurring steps should not exceed a maximum acceptabte-step
approximately 15.000 cm™.

If this criterion cannot be met even after repeated measurement dilution of the déerosol betwee
sampling port and the inlet of the Aerosol Measuring System is acceptable in order to operate
single counting mode.

chnical note on steps in measured data from CPC: At low concentrations CPCs operate in
unting Mode (SCM). With increasing particle number concentration the-€PC switches to Photom
M). Refer to the manufacturer's manual for the respective concentration range. For many CPCs it
tween 10.000 and 50.000 1/cm™. In this range steps or discontiruities may occur.’

e Aerosol Measuring System manufacturer’s software should be used to export the total partic
ncentration time series from the measuring file to an editable file. The data should be corrected 4

e averaged concentration time series, i.e. the Simple Moving Average over 31£3 seconds, shall
culate the Particle loss-rate coefficient B, the\Particle Emission Rate PER and the Total number
rticles TP.

during or
height of

h the ETC
a CPCin

he Single
ptric Mode
s typically

e number
ccordingly

be used to
of emitted

5 recommended to use consistent-data formats and unit for time data points throughout the calculations.

1

GILHAM R.J.J., QUINCEY P.G., Measurement and mitigation of response discontinuities of a widely used
condensation particle counter, J Aerosol Sci, Volume 40, Issue 7, July 2009, p. 633-637.
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Figure 6 — Diagram of a total particle number, concentration time series (example)

1. Plot the averaged concentration time series as:shown in Figure 6 (optionally the concentration time serfes
may ble added to the diagram).
2. Read|the values c4, t; and c,, t, as.-indicated in Figure 6 with high accuracy from the averaged
conceptration time series. Make sure thatthe values c;, t; are read at least 5 minutes after the maximdim
of the| particle number concentration:, It is essential that no particle release occurs after t; (see Fig.|7)
Make [sure that the values c,, t, areyead at some distance — at least 25 min — after t,.
3. Calculate B using the following formula:

o
B=|%412j (14

NOTE Alternatively B may be determined by fitting the total particle number concentration decay after the end| of
particle em|ssion to'asingle-exponential decay function:

C, =4 “exp(-p-1) (15)

The correlation coefficient shall be larger than 0,98 to ensure the quality of the following calculations.
8.6.3.2 Calculation of PER and TP
Distinction of cases for the calculation:

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

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

1.

Read the values ty.n and Cy(tswr) as indicated in Figure 6 with high accuracy from the averaged

concentration time series.

2. Read the values ty, and Cy(tsop) as indicated in Figure 6 with high accuracy from the
concentration time series.
3. Proceed with final steps in 8.6.3.2.3.
8.6-3:2:2—Case by (Calculatiomof PER(t))
1.| Read the values ty,+ and C(isr) as indicated in Figure 6 with high accuracy from jthe
concentration time series.
2.| Calculate the time difference between two consecutive time data points, At in seconds,
3.| PER(t) in particles/second shall be calculated using At
C (t)-C (t—At —B- At
PER(t)=Z P() p( )exp( B )
u At exp(—B ~At)
4. Plot PER(t) as shown in Figure 7.

operating phase

averaged

averaged

(16)

-
4x10" < 1x10°
| C.(t,,)
T «
- e
— (@]
¥ 2x10° 5x10° =
L =
: ] \\ :
: —— PER(t)
averaged Cp(t)
N
| PER(t) < 0.1 PER(Y), .
0 ./ v AL S S AR I 0
0 10 20 30 40
—— PER() time / minutes

Figure 7 — Diagram of PER(t) and C(t)

5. The values tyq, and Cy(tsiop) Shall be read with high accuracy from the averaged concentration time series
curve in Figure 7 as indicated. tso, marks the point on the time axis, from which on PER(t) remains below

10% of its maximum.
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NOTE In some cases the particle emission rate curve may partially fall below the zero baselines due to particle
concentration reduction effects in the ETC, not considered in the calculations. Before and after the particle emission the
PER(t) values shall be near to the zero baseline, i.e. they shall deviate by less than + 5% of the PER(t)-maximum from
zero.

6. Proceed with final steps in 8.6.3.2.3.
8.6.3.2.3 Calculation of PER and TP, final steps

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

Ale = Cp (tSmp )_ Cp (tslart ) (, 7)

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

>, C .
Chy =—— (18

with n : number of measured concentration values between tg,: and tgp.

3. PER ghall be calculated using the following formula:

pER:K(—ACP +B .Cavl (19)
u tstop - tstan‘

Agsume 25% as relative error of PER [h]
4. TP shall be calculated using the following formula:

TP =PER:(ty, = tyan) (30)

Agsume 25% as relative error of TP.

The dalculation of PER and TP ishot reliable if:
AC, <1000 cm ™2

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

9 Testreport

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

Test laboratory

e Reference to ISO/IEC 28360.

e Name and address of test laboratory.
e Name of the responsible person.

e Unique identification number of the test report.
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EUT description

Test conditions and methods

Manufacturer.

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

Print or copying time according to manufacturer’s information.

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

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

Types of packaging.
External dimensions.

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

Date of test.

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

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

- Name and version of the Aerosol Measuring System software

- Date of last calibration and /or maintenance

- Aerosol Measuring System settings used for measurement

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

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

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

ETC test conditions (T, rH, n).

Background concentrations (Cyg).
Loading factor.

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

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

Start and duration of pre-operating, operating and post-operating phases.
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e Test specification for intended functions.

e Printing speed during test and number of printed pages.

e Print

mode used for testing (monochrome or colour)

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

e  Ozone half-life of the unloaded ETC.

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

o Distutbances of - and deviations from test methods.

Emission|rate determination and total number of particles determination

e |dentification of the formulae used to determine specific emission rates from “measured E]
concentrations.

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

Results

e Nameg, CAS-number and concentration of identified VOCs, formaldehyde and other carbonyl compoun
in prg-operating phase and operating phase and calculated emission rates.

e Concentration of unidentified VOCs in pre-operating phase(@nd operating phase and calculated emissi
rates

e TVOQ value calculated based on the response factorof toluene as specified in ISO 16000-6, for the RA
UZ 122 Option.

e Maximum ozone concentration and calculated ozone emission rate.

e  Ozong half-life following the operating phase.

e Mass|of sampled particulate matter (mpn) and calculated emission rate (SERr).

e Diagrpm of particle numbérconcentration time series as specified.

¢ Dilutipn factor if aeresol dilution was applied.

e Calcd

e Partig

lated Particle loss rate coefficient 3.

le eémission rate PER.

[C

L-

e Total

26

number of emitted particles TP.
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Annex A
(normative)

Print Patterns

A.1 Monochrome print pattern 5% coverage

copsumables as specified in this International Standard shall be executed using ¢he' pattern at

A;FexAﬂ illustrates the monochrome pattern with 5% black coverage; tests of EUT ds|ng paper
htp://www.ecma-international.org/publications/standards/Ecma-328.htm.
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A.2 Colour print pattern, 20% coverage

ISO/IEC 28360:2012(E)

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

Preparatory Aerosol Measuring System Test Procedures

B.1 Procedures for operational readiness of Aerosol Measuring System

This Anng
steps are

B.1.1 Particle size range measurements

The lower
Measuring

The uppe
Measuring

CPCs sha

B.1.2 Particle number concentration range measurements

The lower
certainty ¢
The false

For Fast A

concentration level decrease with increasing particle size while the upper particle number concentration le

decreased
System, s

The size

concentra'rion C,, or as concentration aormalized to the width of the respective size class DC/ D log d;, whg

index i co

x specifies procedures for testing the operational readiness of Aerosol Measuring System. The
pdditional requirements to periodical instrument maintenance.

particle size limit is the smallest diameter at which the counting efficiency of(a 'specific Aero
System is 50%.

r particle size limit is the largest diameter at which the counting efficiency of a specific Aero
System is 50%.

Il be operated with the working liquids butanol or isopropanol.

particle number concentration level is the concentration.that can be distinguished with a statisti
count rate is the reported count rate which is not caused by particles.
erosol Measuring System based on the measurement of electric currents the lower particle numk

with increasing particle size. Both limits “are much higher compared to other Aerosol Measuri
Lich as CPCs.

responds to the size class:

50l

50l

cal

f 95% from the reported concentration background~value due to the instrument's false count rafe.

er
el

ng

ependent number concentration of Fast Aerosol Measuring System may be presented as absol{te

re
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B.2 Procedures for Operational readiness test of Fast Aerosol Measuring System

A

Set up the instrument (B.2.1)

A
Zero Check (B.2.2)

e Check offsets (B.2.2 No 4)

e Check noise level (B.2.2 No 6)

Requirements Requirements
fulfilled not fulfilled

A 4
Preparation (B.2.3)

. Check status (B.2.3 No 1)

. Check offsets (B.2.3 No 2)

Requirements
notfulfiled | Troubleshooting

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

. Check noise level (B.2.3 No 4)

. Check flow rate (B.2.3 No 6)

Requirements
fulfilled

y

Continue with clause 8.6

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

B.2.1 Set up of instrument

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

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

of 3 m.

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

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

1.

B.2.3 Preparation for measurement

These steps shall be executed consecutively.

1.

32

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

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

Ensurg al all operatng paramelte a emperature, voltages, ernal pressare ana alere OW 0
as sample, sheath, extraction and charger flow) are correct.

Perfoim a zeroing procedure according to the manufacturer's manual and ensure correct glectrome
offset$ and RMS values.

Start {he measurement with the HEPA filter attached in the particle number concentration mode with
time rgsolution. Leave the measurement running for at least 2 hours. Check the recorded spectra for g
malfupction records and artefacts.

The opserved particle concentrations [dN] in each size channel should not-€xceed the respective low
concentration values — as specified by the manufacturer — by more than:600 cm™. The spectra shall
free of sudden changes of the concentrations (i.e. increasing/decreasing of concentration values by mg
than g factor two within less than 10 seconds).

Ensure that all operating parameters (air temperature;,voltages, internal pressure and different flows sy
as sample, sheath, extraction and charger flow) are'correct.

ch

fer

er
be
e

=

ch

Perfofm a zeroing procedure according to the-manufacturer's manual and ensure correct electric currgnt

offset$ and RMS values of electrometers.

Leavg the instrument running for 30 ‘minutes, repeat step 2 and ensure that the electric current offsets
not dgviate more than +/- 10 fA.

The opserved particle concéntrations [dN] in each size channel should not exceed the respective low
concentration values — as ‘specified by the manufacturer — by more than 500 cm™.

Remolve the HEPA:-filter from the aerosol inlet of the Fast Aerosol Measuring System.
Meastire the sample flow rate. If an internal flow meter allows the determination of the flow rate, refer|

this value. Otherwise use a flow meter traceable to a calibration certificate. The measured flow of f
Aerospl Medsuring System shall be within * 10% of the value recorded in its calibration certificate.

do

er

to
he

Connectine Aeroso vieasuring system 10 the . Avold sharp bends of the tubing.

Measure the particle background concentration in the ETC. The background concentration level should

correspond to the value given in 8.2.2, Table 1.
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B.3 Procedures for Operational readiness test of CPC

Set up the instrument <

ISO/IEC 28360:2012(E)

A 4

Preparation (B.3.1)

Check Level of

WorKing fiuid
(B.3.1 No 1)

Drain Reservoir
(B 3.1 No 3)

Check Status
(B 3.1 No 6)

Check Flow Rate
(B 3.1 No. 5)

Requirements
fulfilled

Requiréments
not fulfilled

A 4

Continue with
clause 8.6

B.3.1 Preparation

1.] Switch on the CPC and/fill reservoir with working fluid to the specified level (observe man
precautions regarding.moving the unit when reservoir is full).

2.| If the CPC hasbeen dried for shipment or storage follow the manual provided by the manufactu
to set the instriment in operating condition. After successful priming of the wick proceed wit

point.

A 4

Troubleshooting

3.| Drain-the CPC before testing if necessary.

Figure B.2— Preparation scheme for CPC

ifacturer’s

er on how
N the next

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

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

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

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

9. Measure the particle background concentration in the ETC. The background concentration level should

A DTN 1 ; e QN0 Tl 4
corregponttome-vartegivenro ==z, raoe—T:
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Annex C
(informative)

Emission rate model for EUT using consumables

1 Objective

Th
pa

NG
op

C
By
En
pri
m
m
CO|

TH

C4
C

Th

is Annex develops a generalised formula to calculate emission rates from VOC, carbonyl comp
rticulate matter concentrations sampled in an ETC.

TE This Annex has been developed with Hard Copy Devices in mind therefore “printing_phase” d
prating phase.

2 Approach
sampling over a period of time averaged concentrations are acquired.
nission rates must be calculated from these average concentratiofis."The average concentratig
nting can be described by 4 different regions as shown in Figure.C.4" During printing, there are tw
for printing, and m2 for the decay of the initial concentration/(€o) built up during the pre-operat
B represents the concentration decay from C,., during/the post-operating phase, and n
e following is assumed:
The emission rates are constant;
The emission rates during pre- and post-Operating phases are equal;

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

ses, where the above assumptions do not apply, are outside the scope of this International Stand

3 General mass balance and concentration equations
e following mass balance is valid for an ETC containing an emission source with a SER:

dC SER
v _=>=R She
dat Vv

Integrate»(B.1) to obtain C:

hcentration build-up during the post-operating phase from:pre-operating and background emission).

punds and

enotes the

ns during
0 regions:
ng phase.
N4 is the

ard.

(C.1)

([aY =i »)

ILT\

n-vV

C-= [1-exp(—n-t)]+ Coexp(-n-t)

C.4 Background SER

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

Cp

SEReg [1—exp(-n-t)]
=——=[1-exp(-n-
9 n-v P

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