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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and

non-govern
Internationg
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rights. ISO
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— Part1:
— Part 2:
— Part 3:
— Part4:
— Part 5:

— Part 6:
Tenax

— Part7:
— Part 8:

— Part 9:
Emissi

mental, in_fiaison with 150, also take part in the work. 1SO collaborates closely with
| Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

| Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Rart2.
hsk of technical committees is to prepare International Standards. Draft International Stand
the technical committees are circulated to the member bodies for voting--Publication as

| Standard requires approval by at least 75 % of the member bodies casting'a.vote.

drawn to the possibility that some of the elements of this document miay be the subject of p3
shall not be held responsible for identifying any or all such patent rights.

consists of the following parts, under the general title Indoor air :

General aspects of sampling strategy

Sampling strategy for formaldehyde

Determination of formaldehyde and other‘carbonyl compounds — Active sampling method
Determination of formaldehyde —(Diffusive sampling method

Sampling strategy for volatilezerganic compounds (VOCs)

Determination of volatile ‘organic compounds in indoor and test chamber air by active samplin
TA® sorbent, thermat.desorption and gas chromatography using MS/FID

Sampling stratégy for determination of airborne asbestos fibre concentrations
Determination of local mean ages of air in buildings for characterizing ventilation conditions

Determination of the emission of volatile organic compounds from building products and furnishin,
bri_test chamber method

8 was prepared by Technical Committee ISO/TC 146, Air quality) Subcommittee SC 6, Indoor i

the

ards
an

tent

h on

g_

— Part 10: Determination of the emission of volatile organic compounds from building products and
furnishing — Emission test cell method

— Part 11: Determination of the emission of volatile organic compounds from building products and
furnishing — Sampling, storage of samples and preparation of test specimens

— Part 12: Sampling strategy for polychlorinated biphenyls (PCBs), polychlorinated dibenzo-p-dioxins
(PCDDs), polychlorinated dibenzofurans (PCDFs) and polycyclic aromatic hydrocarbons (PAHs)

— Part 13: Determination of total (gas and particle-phase) polychlorinated dioxin-like biphenyls (PCBs) and
polychlorinated dibenzo-p-dioxins/dibenzofurans (PCDDs/PCDFs) — Collection on sorbent-backed filters
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Part 14: Determination of total (gas and particle-phase) polychlorinated dioxin-like biphenyls

-8:2007(E)

(PCBs) and

polychlorinated dibenzo-p-dioxins/dibenzofurans (PCDDs/PCDFs) — Extraction, clean-up and analysis by

high-resolution gas chromatography/mass spectrometry

Part 15: Sampling strategy for nitrogen dioxide (NO,)

Part 16: Detection and enumeration of moulds — Sampling by filtration

Part 17: Detection and enumeration of moulds — Culture-based method

Doyt 200
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building materials
following parts are under preparation:
Part 18: Detection and enumeration of moulds — Sampling of moulds by impaction

Part 24: Performance test for evaluating the reduction of the concehtrations of vola
compounds and carbonyl compounds (except formaldehyde) by sorptive.building materials

Part 25: Determination of the emission of semi-volatile organic~compounds by building
Micro-chamber method

hermore, the two International Standards, 1ISO 16017-1 on pumped sampling and 1SO
sive sampling, focus on volatile organic compound (VOC)\neasurements.

corrected version of ISO 16000-8:2007 incorporates the following corrections:

Equation (D.2) (and the line of text immédiately preceding this equation), Equation
Equation (D.11) have been corrected.

In Clause 2, the reference to the ISO/IEE Guide 98 was changed and footnote 1) was added.
In7.1.5,7.2.5,7.3.4, C.1.1 and D.1; the reference to ISO/IEC Guide 98:1995 was changed to

In B.3, footnote 1) was renUmbered as footnote 2).

by sorptive

lile organic

products —

6017-2 on

(D.5) and

GUM:1995.
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Introduction

An adequate air change is of fundamental importance for indoor air quality. Proper ventilation of all buildings is
necessary for the health and comfort of the occupants as well as to protect against damage (e.g. due to
excessive atmospheric humidity). However, the present-day use of tightly sealed windows, for example in
residential and office buildings, can lead to insufficient ventilation. This situation in turn may lead to an

increase in
mechanical
increased ¢

Building reg
the ventilati
the ventilat
quality. Thy
measuremse

This part of
is naturally
ventilation.

he concentration of substances emittied INJoors. Manual ventiation by the occupants or the U3
ventilation systems is thus required. However, excessive ventilation can lead to discomfort
nergy consumption.

ulations make provision for ventilation to control moisture and other pollutants. Measuremen
pn conditions allow confirmation of whether these requirements are met in practice: Knowledg
on conditions is important in order to be able to analyse the possible causes-of poor indoo
s, ideally, sampling and analysis of contaminants indoors should be accompanied by ventilz
nt, making it possible to estimate the strengths of contaminant sources,

ISO 16000 describes the use of single tracer gas for determining the\age of air in a building w
or mechanically ventilated. The age of air is an important faefor in assessing the adequac
The concept local mean age of air (and its inverse the local effective air change rate) is useq

assessing the ventilation conditions in the building. The mean age.of{air in a building zone indicates

average tim
the time it
continuous
in a space
building en
specific rog

e the air in a zone has spent in the building accumulating.contaminants. It is closely connecte
takes to exchange the air within a zone. The concentration of a contaminant released f
ndoor sources increases with the length of time the.air’has spent indoors. The lower the age @

the lower the concentration. Normally, the ventilation air is supplied at selected parts of
elope, and seeks its way to the different building, spaces. Thus, before the ventilation air reach
M, a significant portion of the air may have spent time in other rooms, accumulating contaming

Therefore, the local mean age of air, which describes how long the air in a particular space has spent indd

needs to bsg

The purpos|
for air qual

considered in relation to air quality.

e of this part of ISO 16000 is to describe the use of ventilation measurement techniques suit
ty studies. For this purpose, the-ventilation rate and the air distribution patterns in the buil

should be npeasured for representative,conditions of interest.

ISO 12569
procedures
ISO 12569

In the case
building), th
ventilation

describes the use of tracer gas dilution for determining the air change rate in a single zone.
for tracer gas dilutiemjinclude concentration decay, constant injection and constant concentra
should be used wheh studying the thermal performance of buildings.

where a zoné&.exchanges air only with the outside (i.e. has no inflow of air from other parts of
e tracer¢gas concentration within the zone can be characterized with a single value, and

should, in t
used beyo
other, and i

Vi

conditions “are constant over the measurement period; this part of ISO 16000 and 1SO 12
eory,\provide identical results. The methods described in this part of ISO 16000 can, howevel
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and
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ddhese conditions, for example in spaces with several zones, which may exchange air with ¢
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Indoor air —
Part 8:
Determination of local mean ages of air in buildings
fo charactarizina vantilatinn conditionc

WilTUdlI ALV T&lT ls VOWLITUIUIULNTIVIT VWVITUIWMTIVITY
1 |Scope
Thig part of ISO 16000 describes the use of single tracer gas for determining-the local mean age [of air as an
indicator of ventilation conditions in a building. The procedures _ificlude concentration |decay and
homogeneous constant emission.
The| described methods are intended for air quality studies and cap-be used for
a) |checking whether the building ventilation requirements are:met,
b) |estimating the adequacy of ventilation in buildings withvindoor air quality problems, and
c) |characterizing the strength and distribution of indoor emission sources.
In pfinciple, the methods can be applied to all indoor spaces, regardless of the type of ventilation used and the
state of mixing of air between zones. The_ prevailing ventilation conditions need not be distutbed by the
megsurement.
Thig part of ISO 16000 does not address the details of the analytical methods for tracer gases. The¢ availability
of spich analysis services should-be' checked before planning actual field measurements.
2 |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
docpment (inClyding any amendments) applies.
ISO[ 12569, Thermal performance of buildings — Determination of air change in buildings — |Tracer gas
dilutiommethod
Guide to the expression of uncertainty in measurement (GUM), BIPM, IEC, IFCC, ISO, IUPAC, IUPAP, OIML,
1993 1)
3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 12569 and the following apply.

1)

Corrected and reprinted in 1995. To be republished as ISO/IEC Guide 98-3.
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3.1

homogeneous emission
strategy to inject tracer gas in such a way that the injection rate per unit volume is equal in all parts of
ventilated system

3.2
local mean

age of air

ventilation parameter, which describes the length of time the air at a specific location has on average spent
within the building

NOTE

See A.1 for a further explanation of this term.

3.3

ventilated system

the building

NOTE A
3.4

zone
space withi
tracer gas r

NOTE1 T

NOTE 2 A
3.5
zone mean
ventilation
building

NOTE
zone.

4 Princ

4.1

Tracer gas
already with
mark the 3

alternatively,

space.

It should bg¢

General principles

space, which can exchange air directly or indirectly with the space of interest

t the border of the ventilated system, there is no other inflow of air than outdoor air.

h the building where air mixing is sufficient to create an essentially,Gniform concentration
bleased anywhere within that space

D be considered a zone, the space should not exhibit concentration differences larger than 20 % of the m
zone can be part of a room, an entire room or even include several rooms.

age of air
parameter, which describes the length of time the air in a zone has on average spent within

of a

ean.

the

h the case of complete mixing within a zong, this is equal to the local mean age of air at any point within the

ples of tracer gas measurements for determining of ventilation conditions

techniques for measuring ventilation rely on the possibility of differentiating between air that is

in a space of interest and new air coming into that space. This means that it shall be able eithg
ir already in“{he space and follow how the marked air is replaced by new ventilation ai
to markthe incoming air and measure how this marked ventilation air is distributed through

br to
or,
the

b observed that air rowmg into a spec:lfled zone from other zones that have a lower or h|

the prescribed boundary condltlons that are dlfferent for dlfferent tracer gas methods

If the ventilation condition is to be determined in a zone, which has no inflow of air from other parts of the
building (single isolated zone), it is not necessary to inject tracer gas or mark the air in other parts of the
building in order to obtain correct results. However, if the zone can exchange air with other parts of the
building, which is usually the case, special strategies for tracer gas injection in those connected zones shall be
followed in order to avoid ambiguous results. It should also be noted that the closing of doors to a room does
not necessarily lead to zero inflow of air from other parts of the building. Such means of restricting a normally

occurring ai

rflow will also change the ventilation of a room from that which would otherwise prevail.
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4.2 Selected tracer gas methods

4.21 General

This part of 1ISO 16000 describes the strategies for tracer gas injection and measurement in spaces that
cannot be regarded as single isolated zones. ISO 12569 presents the tracer gas dilution methods for spaces
that can be characterized as a single zone. If the ventilation conditions are constant over the measurement
period, and the space of interest can be regarded as a single isolated zone, the methods presented in this part
of ISO 16000 and ISO 12569 are, in theory, identical. Under these conditions, the local mean age of air would

be the same as the inverse of the air change rate determined using ISO 12569.

4.2.

The]
ratel

The
dire
pre

extq

2 Decay method

principle of the decay method is to mark the air in the ventilated system with tracer gas and d¢g
at which the marked air is replaced with unmarked air.

zone to be measured and all other zones in the building with which the zone_o6f\interest can e
ctly or indirectly shall be marked with a common initial tracer gas concentration. Such a §
ent air coming from other parts of the building from being regarded as ’clean ventilation air”
nt than its actual delivered ventilation power.

termine the

xchange air
strategy will
o a greater

The| concentration history is recorded as a function of time. The local.mean age of air is obtainged from the
quotient of the integral of the concentration versus time and the injtiakconcentration.

Theldecay method can generally be used without problems up-to air change rate n = 10 h-".

4.2.83 Active homogeneous emission method

In the active homogeneous emission method, tracergas is fed at measured constant rates into thel zones by a
suitgble adjustable flow injection device. The injection rates shall be proportional to the zone vdlumes. The

sted
age

The)
dire

4.2.

In the passive homogeneous emission method, tracer gas is emitted at known constant rates int

usirn
gas
an

esp
con

The

# Passive homogeneous emission method

dy state tracer gas concentration of room(air is measured using a suitable gas analyser. The
of air is obtained from the quotient of the.steady state concentration and the injection rate per

zone to be measured and all other’zones in the building with which the pertinent zone can e
Ctly or indirectly shall be equipped-with constant homogenous emission of tracer gas.

g diffusion sources) The emission rates shall be proportional to the zone volumes. The steady
concentration-of.foom air is measured by collecting an integrating sample in a sorbent tube (a
bir samplingspump or passively using diffusion sampling) and analysing this sample aftery
bcially equipped laboratory. The local mean age of air is obtained from the quotient of the {
centration*and the emission rate per unit volume.

zone to be measured and all other zones in the building with which the zone of interest can e

local mean
init volume.

xchange air

b the zones
state tracer
tively using
vards in an
teady state

xchange air

direcily or indirectly shall be equipped with constant homogenous emission of fracer gas.

The use of this method requires a special analysis service able to analyse the sample from the sorbent tube in
order to determine the amount of the tracer gas in the sample.

5

5.1

Measurement planning

General

Before measurement of the local mean ages of air in a building space, the purpose of the measurement shall
be clearly defined. Also, knowledge of the type of building and the particular characteristics of that part of the
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building that is to be investigated are essential for the choice of tracer gas technique and the detailed planning
of the test.

The ventilation rate and the air distribution patterns in the building should be measured at representative
conditions of interest. These conditions should not be disturbed by the measurement, unless it is the purpose
of experiment to test the effect of different conditions, of for example door opening, window opening, etc.

The homogenous emission method using sampling on adsorbent tubes is especially suitable for determining
the ventilation conditions in the context of air quality studies. Depending on the requirement, short-term
(pumped sampling of a few litres of air) or long-term measurements (passive sampling during days to several
weeks) can be carried out. In the investigation of indoor air quality (IAQ) problems, the ventilation

measuremg
method is
concentrati

In determin
in 1ISO 125
therefore rg
shall theref
during the n

5.2 Ideni
In planning
because al
defined as
border of th
building shd
building (fo
also be tak]
means, for

for a g
include

for a f
stairca

5.3 Iden{

A zone is g

nts usually accompany the actual measurement of pollutant. An advantage of this measuren
the possibility to simultaneously determine the local mean ages of air and the_pollu
DN,

btion of “air change” (“airflow rate” or “air change rate”), for example using the methods descr
b9, only the total airflow rate to the ventilated system is of concern. Such imeasurements
stricted to buildings or other enclosures that can be treated as a single zone{(n"those method
bre be ensured that there is complete mixing of air between all spaces within the ventilated syg
neasurement.

lification of the ventilated system
the test, the “ventilated system” to which the space of interest belongs shall first be identi

he building space, which can exchange air directly or indirectly with the space of interest. At
e ventilated system, there shall not be any inflow of(air other than outdoor air. Thus, a part
uld only be considered a ventilated system if it has’negligible inflow of air from other parts of
example via doorways, air leakage or return airducts). The location of pollutant sources sh
en into account to ensure that polluted air issxnot misinterpreted as outdoor air. In practice,
example that

ingle family house, all rooms including the cellar (unless there is an airtight door) shoulg
d in the ventilated system, and

at in an apartment building,~all rooms in the studied apartment (and in some cases also
5e) should be included in the-ventilated system.

lification of zones

ensure a u
that can be

hent
tant

bed
are
s, it
tem

fied,

spaces within the ventilated system shall be tagged with tracer gas. The ventilated system is

the
of a
the
buld
this

be

the

space within~the ventilated system where it can be assumed that the air mixing is sufficient to
iform concentration of air tracer gas. Within the ventilated system, there may be several spa
regarded as zones. All such zones should be identified and their volumes measured. The z

ces
bne-
mall

not
side

into two or more zones.

5.4 Choi

5.41

ce of measurement method

General

ded

The choice of the measurement method depends on the type and size of the building, the intended
measurement time, the purpose of the measurement, and the availability of equipment and analysis service.
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5.4.2 Type of building

54.21

to four zones)

-8:2007(E)

Simple buildings (e.g. small to moderate-sized dwellings that can be characterized with one

When the number of zones is small, it is relatively easy to achieve an initial homogeneous tracer gas
concentration within the whole ventilated system. For short-term measurements, the decay method is
therefore best suited.

5.4.2.2
comprises-several-zones)

Complex buildings (e.g. office buildings and other structures in which the ventilated system

In this case, it may be very difficult to achieve the necessary condition for the decay method-of

trac
the

5.4.

5.4.

The
whil

5.4.

Tho
for |
be t
effe
san
eva
med
san

5.4.

The
buil
and
The
usir

5.5

The)

er gas concentration in all zones. The homogeneous emission method may therefore be|better
Hecay method in this case.

3 Measurement period

3.1 Short-term conditions of interest
decay method is the most practical method to monitor short-term ventilation conditions in simg
e the passive homogeneous emission method with pumped sampling is better suited for compl

B.2 Long-term time variation of interest

Lgh repeated use of the decay method is feasible in buildings with few zones, the most approp
ong-term measurement in all types of buildings is the homogeneous emission method. The p
P monitor the change of ventilation conditions as-a function of time, for example in order to invi
ct of weather conditions or to test the effectvof different ventilation strategies. This require
pling using continuous monitoring of tracergas concentration or repeated sampling using syri
cuated gas tubes or pumped collection tubes. The active homogeneous emission method is
suring time-varying conditions in simple buildings, while passive homogeneous emission
pling is better suited for complex buildings.

B.3 Long-term average conditions of interest

purpose may be to investigate only the time average of the mean ages of air in differen
jing. Advantages of’this monitoring strategy are that short-term variations in ventilation are
that the result iscdirectly coupled to the average exposure to contaminants (or dose) genera
most appropriate) choice for monitoring average conditions is the passive homogeneous emisg
g passive sampling or integrating sampling using pumps.

Determination of measurement points

equal initial
suited than

le buildings,
ex buildings.

riate choice
Lirpose may
estigate the
s active air
hges, bags,
suitable for
with active

parts of a
evelled out
ed indoors.
ion method

ose of the

sUitable number and distribution of measurement points are determined from the purg

measurement. Air sampling is necessary only in those zones where it is of interest to determine the local
mean age of air. If the purpose is to map the distribution patterns of ventilation air within the building,
measurements should be performed in several zones, while sampling in only one or a few zones is necessary
to get information on local ventilation conditions. Sampling shall be performed at places which are thought to
be representative of the zones. It shall not be attempted close to the tracer gas sources (minimum 1m
distance) or close to an air supply terminal. Irrespective of the purpose of the measurement, at minimum of
three measurement points should be used in order to gain information of the range of variation. When
performing a manual sampling, the sample can advantageously be taken at different positions in the zone. If
the purpose is to gain information on the total ventilation flow rate or air exchange efficiency in the building
(see E.2), sampling should also be performed close to identifiable air exhaust points.
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6 Tracer gases and equipment for determining ventilation conditions

6.1 Choice of tracer gas

Apart from being able to analyse at low concentration with available measurement equipment, tracer gases
shall be harmless to health and should fulfil other requirements.

Annex B (informative) provides information on choosing tracer gases based on accepted practice.

6.2 Tracer gas concentration standard

The tracer gas should be used within safe limits for concentration. If the source is pure tracer gas, avoid|gas
volumes thpt could create inadvertent hazards. An extremely large pressurized cylinder of pure-gas] for
example, could momentarily create unsafe concentrations in a small room. Avoid conditions where, the ampunt
of tracer gap that may be absorbed onto surfaces and into subordinate enclosures is significant:
Avoid the uge of radioactive tracer gases.

The required amount of tracer gas depends on the sensitivity of the detection method,/the ventilation rate|and
the size of the rooms.

6.3 Equipment for feeding the tracer gas

6.3.1 Decpy technique

The purposg of tracer gas feeding for the decay technique is tocachieve a uniform concentration of tracer|gas
throughout the ventilated system.

Choose ong of the following apparatus for injecting tracer\gas.
— Graduated syringe, or other container of known volume with a means for controlled release of its content.
— Compiressed tracer gas supply, with a flew rate measurement and control device.

Choose a technique for creating a unifosm initial concentration in the ventilated system from one or more of
the following.

a) Fans that permit good mixingwithin and between zones.

b) Injection lines that dispense tracer gas via manifolds or switches. All parts of the injection lines shall be
clearly |abelled “Tracer Gas Only” and shall be keyed to the location that receives the tracer gas.

c) Swinglng doors. After tracer gas injection in all zones, the doors between zones may be swung Back
and forth t6.increase interzonal mixing.

Injection lines should be purged to ensure delivery of known tracer gas volume to a given zone.

All artificial mixing shall be turned off and doors reset to their desired state (open/closed) at the moment of the
start of the decay measurement.

NOTE Leaks in injection lines can release tracer gas at unwanted locations and in uncontrolled unwanted
concentrations.

6.3.2 Active homogeneous emission technique

The purpose of feeding the tracer gas is to achieve a homogeneous emission rate of the tracer gas within the
ventilated system. This means that the constant tracer gas injection rate in each zone of the ventilated system
shall be proportional to the zone volume. The following steps are necessary for this:

6 © 1SO 2007 — All rights reserved


https://standardsiso.com/api/?name=9b2b1b6b8f979b506946f62ca217de8c

ISO 16000-8:2007(E)

a) metering the tracer gas emission rate in each zone (This can be performed directly using a pressurized
cylinder that is brought into the zone and controlling the gas emission rate via pressure regulator and flow
meter, or by using injection lines connecting a remotely located tracer gas source to the zone.);

b) ensuring complete mixing within zones may be necessary in large zones. (This can be achieved by
operating one or more fans or by distributing the injection to several points throughout the zone.)

6.3.3 Passive homogeneous emission technique

The purpose of feeding the tracer gas is to achieve a homogeneous emission rate of the tracer gas within the

ventilated system. This means that the constant tracer gas injection rate in each zone of the ventilated system

|S hiaonaltaotha zon albmma Tha fo AMina-cltapna - ora S for thic
p \.IP\JI toRartotheZehRe~vorthe—rne |u||uvv|||3 StCpPSarc lluuuoouly TOT TS

a) |emitting the tracer gas in each zone using diffusion sources with known emission rates;

b) |ensuring complete mixing within zones may be necessary in large zones. (This can®e-achievied by using
one or more fans. Multiple diffusion vials with known emission rates may be required for larger zones.)

Thel fact that the tracer gas emission rate from diffusion sources is strongly temperature dependant, shall be
takgn into consideration when distributing passive tracer gas sources. The temperature should alsp be logged
at r¢presentative locations throughout the measurement period.

6.4| Sampling the tracer gas

6.4.1 Sampling methods

The| sampling methods described below are suitable for both-'decay and homogeneous emissign methods,
depending on the analytical method used for the tracer gas.

Sar];pling should be carried out at representative points;-and should never be located close to air Supplies and
winglows.

6.4.2 Continuous automatic sampling

The] gas analyser is usually connected-t¢ the measurement points by one or more inert gas sgmple tubes
through which air is drawn with a pump to the gas analyser. When sampling from several logations, the
sanpling locations can be chosen via automatically or manually operated multi-port valves. It is important that
a sgmpling tube is flushed with new'sample just before introduction into the analysing instrument.

6.4.3 Manual sample collection

With manual sample celléction methods, a sample is first collected using a suitable container (syringe, bag or
evaguated gas containér). The sample is then analysed in the laboratory.

Materials used<inimanual sample collectors shall be non-absorbent, non-reactive and impermegable for the
tracer gas induse. Depending on the tracer gas, the list of suitable materials may include, for example, glass,
copper, stainless steel, polypropylene, polyethylene and polyamide.

Dpening the
gen the two
connected zones. An easy and often used practlce is to mstall a tube from the room to the adjacent room
through the keyhole, draw one or two syringe samples for purging the tube and take the next sample for
analysis.

6.4.4 Solid sorbent samplers

In the active solid sorbent sampling method, room air is drawn (continuously or intermittently) through a solid
sorbent suited to the tracer gas in use for the sampling period. After sampling, which shall be performed using
a calibrated sampling pump, the loaded samplers are desorbed (using thermal desorption or solvent
extraction) to determine the sorbed amount of tracer gas and hence the tracer gas concentration in the
sampled air. Pumped sampling using solid sorbent tubes is appropriate for continuous sampling periods of up
to a few hours and for intermittent sampling for several days. When using intermittent pumped sampling,
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measures should be taken to minimize diffusion of air into the sorbent in between pump periods, e.g. using a
capillary restriction.

For long-term sampling, which can extend over one to several weeks, passive sampling using diffusive solid
sorption samplers can advantageously be used. The sampling rate of passive samplers shall be carefully

calibrated for the type of tracer gas use.

When using the homogeneous emission technique, sample collection points should always be at least 1 m
from the nearest tracer gas injection point.

6.5 Determination of tracer gas concentration
From the continuous sample collection system, the tracer gas/air mixture under test is passed directly;'or via
sample tubgs, into a gas analyser to determine its tracer gas content. Manually taken air samplescand solid
sorbent tubes are usually analysed afterwards in a laboratory. If solid sorbent sample collectors|are uged,
thermal degorption or solvent extraction is necessary in order to introduce the tracer gas sample’into the|gas
analyser.
The gas analyser shall be suitable for the measuring task (sample gas volume, analytical period, crpss-
sensitivities|), the tracer gas used and the tracer gas concentration. The gas analyser® accuracy should be
known.
For the trager gases listed in Table B.1, infrared (IR) gas analysers or gas chromatography (GC) are suitable
for determipation of concentration. GC with an appropriate detector, e.g. EED (electron capture detectof) or
MS (mass gpectrometry), enables particularly sensitive tracer gas analysis.
7 Measprement methods
7.1 Decay method
7.1.1 Principles of the measurement technique
In the decaly method, the tracer gas is injected into:the zones and uniformly distributed throughout the whole
ventilated system. The local mean age of air, 7 is calculated from the decay of tracer gas concentration.
o0
I bd ¢
F-lo] (1)
(pt :to
where
t s the time, in~hours (h);
Pi=ty S the ifitial tracer gas concentration (e.g. in cm3/m3) at time ¢ = 1o (start of decay). This should be
equal in all zones.
The initial tracergas concentratior, Pi=, » SHourd be choser to be at teast 100 times the detection fimitof the
analysis system.
The volume v, of (pure) tracer gas to be injected into a zone (zone volume V) is given by Equation (2):
Vp = Pr= Vo (2)

7.1.2 Preparations and planning of the test

The planning steps described in Clause 5 are advantageously performed in advance using a plan or sketch of

the building

space to be investigated.
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7.1.3 Measurement procedure

After tracer gas is injected in all zones and mixed to ensure a uniform tracer gas concentration in the
ventilated system, sample collection is started using one of the methods mentioned in 6.4. Sample collection
is advantageously performed at equal time intervals in each zone of interest. Sample collection should
proceed for at least twice the assumed mean age of air (e.g. for a period of 4 h for a normally ventilated
dwelling). In order to get satisfactory data for analysis of the decay course, at least seven samples should be
collected in each zone of interest during that time. When performing manual sample collection, care should be
taken to minimize unnecessary disturbance of air distribution when entering rooms through a normally closed
door.

d syste

g tracer gas
mounts are
es. Refer to

m.Ilnab

ment of the

ncentration

, a uniform initial concentration should be verified by determining.the concentration at vario
room. In such rooms, where incomplete mixing may be suspected, decay measurements
tions may also be appropriate.

7.1.4 Evaluation and calculation of the results

The)
hist
air

How
perf
logz

integral in Equation (1) is usually evaluated numerically from the measured tracer gas cq
Dry using a suitable numerical integration technidque (e.g. the trapezoid method). When a zone
ith another connected zone, the first part:\0f concentration decay is usually not purely ¢
ever, after some time the decay will always approach an exponential decay. It is therefore
orm the numerical integration to the time 'z, when an exponential decay has been ascertd
rithmic plot) and add the area under.the "tail” of the decay assuming exponential behaviour.

Pi=t
/\tail

sDte

2

whe
in th

re A, is the absolute value of the slope from a plot of the logarithm of concentration as a fung
e last exponential-part of the decay according to Equation (4).

Ing, =INg,_f =7t — t¢)
Firs

line
the

, the legarithm of the tracer gas concentration versus time should be plotted and inspected.
ar fromy' = 1, the local mean age of air can be directly evaluated from the inverse of the absol
Slope:

reater than
paths in the
Us points in
at different

ncentration
exchanges
pxponential.
sufficient to
ined (linear

N

@)

tion of time

(4)

f the plot is
ute value of

1

ZT:

Alinear

(5)

If the logarithmic plot shows curvature, the plot should be inspected for the beginning of the linear segment of
the plot. The slope of the linear segment is evaluated and 4,; is set equal to the absolute value of the slope.

Next, choose one of the measurements within the linear part of the plot as the endpoint for the numerical
integration (concentration = ¢, at time 7). Perform the numerical integration from ¢ = 15 to ¢ = t, and add ¢/,
according to Equation (3) to get an approximation of the concentration integral from ¢ = #; to ¢ = co.

Finally, the local mean age of air is calculated from the integral through division by the concentration at the
beginning of the decay ((pt:to ) according to Equation (1).
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ertainty

Any calculated value of the local mean age of air determined using the decay technique shall be accompanied
by an estimate of its uncertainty. Uncertainty shall be estimated and expressed in harmony with the

GUM:1995.

Information on how to estimate the uncertainty of measured local mean ages of air according to this part of
ISO 16000 can be found in Annexes C and D.

7.2 Active homogeneous emission method

7.21 Prin

In the hom
ventilated s
gas concen

Like the tra
a zone as

T
(gy

where

4

ay 1V

The desired
volume Vi

qy =k

where kj is
(ACH in h~1

7.2.2 Pre

The plannir]
the building
each zone
so that goo

ciples of the measuring technique

pgeneous emission method, a tracer gas stream is continuously injected into the-zones in
ystem at constant rates that are proportional to the volume of each zone. This establishes a tr
fration in each zone that is dependent on the local mean age of air in each zone.

is the measured tracer gas concentration (cm3.m=3) if“a zone at steady state, in cm3-m=3;

is the constant injection rate (cm3-h—1) of pure tfacer gas per cubic metre (m3) of space — e
in all zones of the ventilated system (in for example, cm3.h-1.m=3).

proportionality constant between the injection rate of pure tracer gas ¢, (cm3-h=1) in a zone
given by Equation (7).

-V

a constant (cm3-h~1-m=3).which can be estimated by the product of the anticipated air change
) and the desired tracér gas concentration (cm3-m~3) at steady state suitable for analysis.

barations and planning of the test

g steps described in Clause 5 are advantageously performed in advance using a plan or sketd
space.to.be investigated. The zone volumes shall be determined and tracer gas emission rate
bhall be-calculated. The tracer gas shall be injected uniformly into the zones at a constant flow
(d mixing of the tracer gas is established (see 6.3.2). The locations of the injection points sha

cer decay technique, the homogeneous emission technique yields the local'meéan age of air, 7

the
hcer

(6)

nual

with

@)

rate

h of
5 for
rate
| be

planned an

d necessary nnlllilnmpnt (n g injprtinn and Qnmpln Iinnq) shall he prnpqrpd

7.2.3 Measurement procedure

Sample collection using one of the methods described in 6.4 is started when approaching the equilibrium (or
steady state) tracer gas concentration, which requires approximately three to four times the mean age of air.

7.24 Eva

luation and calculation of the results

The local mean age of air, 7, in a zone is determined from the measured tracer gas content at steady state
and the tracer gas emission rate per volume unit using Equation (6).
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7.2.5 Uncertainty

Any calculated value of the local mean age of air determined using the active homogeneous emission
technique shall be accompanied by an estimate of its uncertainty. Uncertainty shall be estimated and
expressed in harmony with the GUM:1995.

Information on how to estimate the uncertainty of measured local mean ages of air according to this part of

ISO

7.3

16000 can be found in Annexes C and D.

Passive homogeneous emission method

7.3.

The
emi
whi

trac
sen

7.3.

trac
pro

con
sanj

1 Principles of the measuring technique

principle of the passive homogeneous emission technique is similar to that of the active ho

5sion technique (see 7.2.1). However, the tracer gas is emitted from miniature passive’tracer ¢
h can be easily distributed within the ventilated system to yield a homogenegus-emission.
er gas concentrations, perfluorocarbon tracers (PFT) are used; these can be gnhalysed with extf
Sitivity.

P Measurement procedure

r gas are distributed in the ventilated system in such a way that the tracer gas emissio
ortional to the zone volumes as described in 6.3.3. After‘the equilibrium state is reached
centration of the tracer gas at the selected locations is.determined by air sampling using s
plers as described in 6.4.4 and subsequent laboratory-analysis using gas chromatography.

Diff;Fsion sources utilizing capillary diffusion or permeation membfanes to control the emission

mogeneous
as sources,
Due to low
remely high

rate of the
n rates are
, the mass
blid sorbent

In the case of short-term measurements, sampling is‘performed using a pump. For long-term measurements,

diffu
san

7.3.
The

(as
unit

whe

sive sampling is advantageously used in ordéf to obtain the local mean ages of air averag
pling period.

3 Evaluation and calculation of result

local mean age of air, 7, in a zone is determined from the measured average tracer gas cq
pvaluated from the tracer gasteontents in the sampling tubes) and the tracer gas emission rate

using Equation (8).
L
(4m V)
re
T is the local mean age of air, in hours (h);

ed over the

ncentration
per volume

(8)

(q;, V) is the constant emission rate of tracer per cubic metre (m3) of space — equal to the

constant &,

in all zones of the ventilated system (in for example, pg-h -m °); a suitable value of k,, can be

estimated from the desired collected amount of tracer;

Py is the time average of the tracer gas concentration in the room air, in microgram
metre (ug-m=3).
© 1SO 2007 — All rights reserved
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7.3.4 Uncertainty

Any calculated value of the local mean age of air determined using the passive homogeneous emission
technique shall be accompanied by an estimate of its uncertainty. Uncertainty shall be estimated and
expressed in harmony with the GUM:1995.

Information on how to estimate the uncertainty of measured local mean ages of air according to this part of
ISO 16000 can be found in Annexes C and D.

8

The methods described in this part of ISO 16000 can be used for the following purposes.

a)

b)

Application of results

Checking whether the ventilation requirements are met, both in individual |(buildi
(comnijissioning) and in broad surveys

The advantage of these methods is that they can be used while the building is in normal use. The dé
method is suitable for short-term measurements of individual buildings. The passive homogens
emissipns method with its simple field equipment is suitable for long-term/measurements in b
surveys$ with hundreds of measurement objects. It takes into account, for exanple, occupant behay
and changes in weather conditions. The same method can also be used in @ssessing the correlatio
ventilation with health and comfort outcomes in epidemiological studies.

ngs

pcay
ous
oad
jour
n of

In builgling regulations and the plans of the ventilation system, ¢he/ventilation conditions are usdally

expresged in ventilation flow rates or specific ventilation flow rates."The interpretation of the local m
age of pir into other ventilation parameters requires fulfiiment of\Certain assumptions. This is discusse
more deetail in informative Annex E.

Estimgdting the adequacy of ventilation in buildings with IAQ problems

Ventilafion controls moisture and concentrations of other pollutants and it may have significant role in
problems. This role should be assessed in AQ problem investigations. Sampling and analysi

ean
din

I1AQ
5 of

contaninants indoors should be accompanied by ventilation measurement, making it possiblg¢ to

determjne correct remedial actions. Both short-term and long-term measurements can be used here,
all methods in this part of ISO 16000 are“suitable for this. Local mean age of air is the best indicatq
ventilafion conditions in this case.

Charagterizing the strengths and-distribution of indoor emission sources

and
r of

and
nes.
e of

all details necessary to identify the building tested, and fully characterize the ventilated system, zone

divisions and description of the tested zones;

a reference to this part of ISO 16000;

a summary of test technique, test conditions and apparatus used;

a summary of collected data and results including an estimation of the accuracy;

the date of the test.

Details for each item can be reported taking into consideration the information in Annexes A to D.
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(informative)

Explanation of some terms and definitions

For terms and definitions, see Clause 3.

-8:2007(E)

Local mean age of air

local mean age of air is a ventilation parameter, which describes the length of time-the air i
ing space has on average spent within the building.

concept “local mean age of air” (and its inverse “the local air change rate?)is used for as
ilation condition in the building. The local mean age of air indicates the average time the air
ce has spent in the building accumulating contaminants. It is closely-connected to the timg
nange the air in that space. The concentration of a contaminant released from continuous ind

centration. Normally, the ventilation air is supplied at selected parts of the building envelope, a

of air, which describes the length of time the air in a_.particular space has spent indoors 1
sidered in relation to air quality.

Purging flow rate

bllutant (or a tracer gas) that is injected ‘within one zone (and not any other) will attain a g
centration in that zone equal to thé€;,'quotient of the injection rate and the purging flo
aminants which are emitted in several zones, or outdoors, the purging flow rate is not a good
uality. The purging flow rate is a:measure of how much outside air is transferred (directly or in

e is complete mixing betweeh zones. In most cases, however, some of the air supplied to §
hcted before it has a possibility to enter a certain zone, a fact that diminishes the purging flow
e from the maximum,paossible.

n a specific

sessing the
n a specific

it takes to
bor sources

pases with the length of time the air has spent indoors. The lower theage of air in a space is, the lower the

nd seeks its

to the different building spaces. Thus, before the ventilation_air reaches a specific room, a significant
portion of the air may have spent time in other rooms, accumulating contaminants. Therefore, the

local mean
eeds to be

teady state
v rate. For
indicator of
directly) per

r to the zone in question. Its maximum value is equal to the total airflow rate, this occurs for example when

building is
rate in that
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Annex B
(informative)

General requirements of tracer gases, background contents
and methods of detection of the most important ones

B.1 Geng¢ral requirements

Apart from peing able to be analysed at low concentrations with the available measurement equipment, tracer
gases should have the following properties:

a) be nonftoxic and non-hazardous to health in the concentration range used;
b) be chemically inert, stable, odourless and tasteless;

c) as far gs possible, not be adsorbable by walls, furniture or other surfaces;
d) be nontflammable and non-explosive;

e) not be prdinarily present in the indoor air or outdoor ambient air;

f)  if presgnt in ambient air, have concentrations which are significantly lower than those used for tracer|gas
analysifs;

g) be eas|ly transported and handled;
h) be readily miscible with air;
i) have np disadvantageous environmental effects;

i) be ineXpensive and readily available from commercial sources.
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B.2 Background content and methods of detection
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Table B.1 — Background content and methods of detection of the most important tracer gases

Tracer gas Background volume Method of detection Measuring range
fraction in air volume fraction in air
Sulfur hexafluoride, SFg (0,85 to 1,5):10°12 Gas chromatograph with 5102 to 200-10~°
electron capture detector or
mass spectrometerd
Perfluorocarbons <1:10-12 Gas chromatograph with 50-10-'2t0 10-10°
e.g{ Hexafluorobenzene (CgF¢) electron capture detector or
mass spectrometer 9
Nitrous oxide (laughing gas), 315-10° Infrared gas analyser 1-10-%|to 200{10-6
N, 2
Carpon dioxide, CO,P 360-106 11076 to 5-1Q—3
Suljur hexafluoride, SFg (0,85 to 1,5)-10°12 1-10~7 to 100}10~°
Nitrpus oxide (laughing gas), 315109 Photoacoustic detector 50-10-9¢
N, 2
Carpon dioxide, CO, ° 360-106 310°6¢
Sulfur hexafluoride, SFg (0,85 to 1,5):10°12 5-10-9¢

a
b
air;
as 3

Use of N,O requires that water solubility and adsorption effects be takemninto account.

CO, is suitable only with qualification. The following factors shall be taken into account: the varying content in feed a
and, under some circumstances, the uncertainty of human-related CO, release and other possible internal sources. |
tracer gas, the CO, content of the surrounding air shall be subtracted from the measured CO, content.

The upper measuring range is dependent on the calibration:

The instructions of the manufacturers of electron capture,detectors shall be considered with respect to radioactivity.

r and exhaust
f CO, is used

Alth
pre

The
buil
How
suit

B.3

The)
and

iously employed tracer gases is now no longer advisable because of radiation-protection reasg

tracer gas most frequently used to determine the air change rate is sulfur hexafluoride. W
jings, this tracer gas bestmeets the properties of an ideal tracer gas of the gases listed ir
ever, for sampling on_solid sorbents (e.g. for passive tracer gas methods), perfluorocarbon
bd.

Health-criteria in the use of tracer gases

use Gfdracer gases can have adverse effects on the health of the room occupants, depending
chosen concentration of the tracer gas. Health guide values for the indoor air concentration

fre

pugh radioactive noble gases comply.with many of the desired properties of tracer gases, the yse of these

ns.

nen used in
Table B.1.
5 are better

on the type
of the most

lpn’rly used tracer gases sulfur hexafluoride and nitrous oxide have not yet bheen establishe

d. Since, in

the

detection range, nitrous oxide is close to the MAK value (maximum permissible

workplace

concentration 2); see Tables B.1 and B.2), when air change rate has been determined, all persons not directly

part

icipating in the measurements shall leave the room.

2)

MAK values are published by the “Senatorial commission for the examination of hazardous worki

ng materials

(Senatskommission zur Prifung gesundheitsschadlicher Arbeitsstoffe)” of the German Science Foundation (DFG). The list

of M

AK values is checked annually and enlarged.
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The MAK values tolerated at the workplace apply to the personnel carrying out the measurement. These are
intended as 8-h mean values.

16

Table B.2 — Permissible tracer gas concentrations for the test personnel

MAK value
Tracer gas
mg-m-3
Co, 9100
N,O 180
SFg 6 100
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Estimation of uncertainty of measured local mean ages of air

General

CA

The
The
use
con
(typ
can

The)
tagd

L1 Criteria

determined values of local mean ages of air shall be given together with estimates_of their
uncertainty in a measured quantity is made up of contributions from uncertainties:and errors in
 to evaluate the quantity. As described in this annex and in the GUM:1995;-the uncertai
ributing factors can either be obtained from the measurement (type A) or from other exist
e B). In Annex D, it is demonstrated how the uncertainty of the determination of the local mear
be evaluated for some given examples.

local mean ages of air cannot be measured directly. The determinhation of the mean age of
ing the air with tracer gas and measuring the rate of which tagged air is replaced with unmarke

uncertainty.
the factors
nties in the
ng sources
ages of air

pir relies on
d air.

In the decay technique, the volume fraction (¢(7)/ ) of the initially tagged air (¢), which is left after different

tim¢g
locq

In the homogeneous emission technique, the tracer-gas concentration is measured when the rem

trac
proqg
gas

The)
trac
emi

Thig
unc

The)
use

It is
the

s t, is measured. It can be shown theoretically that the integral of this fraction from t=0to =
| mean age of air.

br gas is equal to the injection rate. It can be_shown theoretically that this steady state concen
uct of the local mean age of air and the tracer gas injection rate per volume unit, provided th
emission is homogeneously distributed throughout the space.

uncertainty of the determination (ofjlocal mean ages of air is therefore connected to the ur
er gas concentration, the uncertainty of the calculation of the integral and the uncertainty o
5sion rates and its distributions

annex describes how-the’uncertainty of a measurement can be estimated from individual ¢
prtainties in the different'contributing factors.

se contributingfactors can be divided into two groups: one group with the characteristics of the
; and the other-Which is specific to the measurement situation and its evaluation.

here assumed that the characteristics of the used equipment are fully known and documente
barticular application.

C.1

C.A.

a)
b)

c)

bo yields the

oval rate of
ation is the
t the tracer

certainty of
[ tracer gas

stimates of

equipment

d for use in

-2~ Examptesof mecessary knowledgeabout theequipment performance——
2.1 Analysis instruments
Calibrated for the concentrations of concern

Standard deviation of analysis investigated at the concentrations of concern

Long- and short-term stability documented
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C.1.2.2 Tracer gas injection equipment (active)
a) Calibrated flow control devices (e.g. rotameters, mass flow controllers, critical orifices)
b) Standard deviation of flow rate adjustment documented (including precision of pressure regulation)

¢) Long- and short-term stability documented

C.1.2.3 Sampling devices (manual)
a)
b) Calibrated air sampling pump for solid sorbent tubes

c) Standard deviation of air sampling rate (volume) documented

d) Documented sorption capacity, suitable sampling flow rate and break-through volume

C.1.2.4 Spmpling devices (passive)

a) Calibrated diffusive samplers

b) Standard deviation of equivalent air sampling rate for diffusive samplérs

c) Documented performance of diffusive samplers as a function of concentration and exposure time

d) Documented desorption (extraction) efficiency of sorbent sampler
C.1.2.5 Tracer gas injection equipment (passive diffusion devices)

a) Calibrated tracer gas sources

b) Standard deviation of sources documented

c) Temperature dependence of emission\rate investigated and documented within temperatures of concgrn

d) Long-te¢rm, short-term and transient behaviour of emission rates known

C.1.3 Examples of factors specific for the measurement situation

The factors|influencing.th€ measurement uncertainty that are specific for the measurement occasion sha

evaluated ffom the circumstances during the measurement and the recorded data.

Such factorp are, \for example,

H bl; & Lo 4 HEGTLI Y Fy ) 1 o} Joryork: TR N |
a) Inabl ||._‘ W autlicve a urmurirririniarl trall yas CUTILTTINAllUTT UITOUUyIriout dit ZUTNcs UClulrc siart ur ucidy,

b) inability to record the initial concentration in all zones,

c) temporal and spatial variation of concentration due to bad mixing within zones, and

| be

d) inability to achieve a homogeneous emission rate throughout all zones in the homogeneous emission

technique.
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The normal (relative) uncertainty s of a measurement of a local mean age using the decay technique is made
up of contributions from the (relative) standard deviations of determination of the integrated area and the initial

con

centration

2

2
5% =Sarea + S, (C.1)
where
saea IS the variance in calculating the true integral from t= 1y to r=1¢,;
Séo is the variance in estimating the initial concentration.
Theyrelative uncertainty s,.¢, Of the integrated area can be estimated from the absoluté uncertainties s,
and S drest which belong to the numerically integrated part and the extrapolated partyrespectively.
2 2
A + s
4 4
Sarea = num rest (C2)
Anum + Arest

id
Spl
alsd
con

C.3

In the homogeneous emission technique, the local mean age of air is computed from the steady

con
mead

Sme

In {
unc

Sdist
the

b the relative uncertainty in the initial concentration. It dependsyhot only on the analysis unc
on possible spatial variations within and between zones due’to inability to achieve a homoge
centration in the whole ventilated system.

Homogeneous emission technique

centration divided by the emission rate *per volume unit. The standard relative uncertainty
n age of air is therefore made up of-contributions from uncertainties in measurement of cg
s and uncertainties in the emission-rate per volume s;g,-

2 _ 2
Sz = Smeas T Sdistr

he estimate of the umcertainty in concentration s,c,s, both random errors of the analysi
prtainty in the concentration of the calibration mixture s, should be taken into account.

2 _ 2
Smeas = Scal/HSanal

has two‘main contributions which have to be accounted for, the uncertainty in the injection ra
Lincertainty due to any known inability to achieve a true homogenous emission rate sj,nom-

2

brtainty, but
heous initial

state tracer
of the local
ncentration

(C.3)

S Syng and

(C4)

€ Sinject and

Y

(C.5)

o " L
TrsStr meTt oY

Examples are given in Annex D of the way in which the different contributions can be estimated for the active

and

passive homogeneous techniques.
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Annex D
(informative)

Examples of measurement procedure, calculation
and estimation of uncertainty

D.1 General

In this anngx, examples are given of the measurement procedure, calculation and estimation of‘uncertg
using four different techniques covered in this part of ISO 16000. The input data for the examples{are obta

from simul

Examples gre given for the following techniques:

a) decay
b)

c) homog
d) homog
The determ

The uncertg
used to evs
the contribd
(type B). Th
ages of air

First, it shoj
distribution

temperaturg distribution, people's activity, etc., all of which are factors that vary with time. The local m

ages detern
in the estim
which itis p

In order to Yise a short-tetm-measurement for predictive purposes, all factors that may influence the ventila

rate and air
describes h
of this part

decay fechnique using manual tracer gas injection and sampling;

ions and measurements.

echnique using automatic tracer gas injection, sampling and analysis;

Eneous emission technique using automatic tracer gas injectionvand analysis;
Eneous emission technique using passive injection and sampling.

ined values of local mean ages of air shall be given together with estimates of their uncerta
inty in a measured quantity is made up of contributions from uncertainties and errors in the fag
luate the quantity. As described in informative’Annex C and in the GUM:1995, the uncertaintig
ting factors can either be obtained from the measurement (type A) or from other existing sou
e examples demonstrate the way in which the uncertainty of the determination of the local m
Can be evaluated.

uld be noted that the ventilation condition in a building is not a static matter. Ventilation anc
patterns change with wind pressure, outside temperature, window opening, door opening, in

hined at one instant may be different if measured a second time. Such fluctuations are not incly
ated uncertainty of the-measurement. The estimate of uncertainty only indicates the limits w
lausible that the true.ventilation conditions lie at the time of measurement.

distribution'shall be known at the instant of measurement. Additionally, a model is required, w|
ow the ventilation rate and the air distribution is influenced by those factors. It is beyond the sq
bf 1ISO 46000 to discuss ventilation measurements for predictive use.

inty
ned

Inty.

tors
s in
rces
ean

| air
side
ean
ded
thin

tion
hich
ope

D.2 Decay technique

D.2.1 Tracer gas injection

D.2.11

Automatic injection

For automatic tracer gas injection, there is commercially available doser/analyser equipment that can be
programmed to inject tracer gas to a common concentration in up to 12 zones. In order to achieve a uniform

distribution

20

in all zones, the injection points should be behind mixing fans.
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For manual injection, the injection is usually made while walking from zone to zone and injecting tracer gas
from a gas cylinder or a syringe. The injected amounts should be proportional to the zone volumes and well
distributed into the zone volumes by some mixing devices. After proper injection into all zones, a common
initial concentration in all zones shall be secured, preferably using mixing fans that mix the air between zones.

It should be noted that it may be difficult to achieve the necessary equal initial tracer gas concentration in all
zones, especially when the number of zones is larger than four to five. Tracer gas distribution should be made
quickly enough to avoid decay by ventilation, which may result in significant deviation from the equal
concentration distribution.

D.2

D.2

Aut
diffe
tubd
perf

The)
sub
equ

Wit

bas
use

D.2

Mar

anaTysing instrument connected to the sampling device;The most common instruments for online
d on infrared absorption (IR). However, gas chromatography (GC) or mass spectrometry (MS) for field

L2 Tracer gas sampling and analysis

2.1 Automatic sampling

bmatic sampling is usually performed using a network of tubes through which air is draw
rent sampling points using a pump. In order to get the correct timing of analysis, it is important
s, just before performing the analysis. Sampler equipment is commercially available, which a
orms flushing of the next sampling tube, while sampling from the preceding one.

first sample(s) shall be taken at time =0, just after the mixing fans have been switch
sequent samples should be taken as fast as the sampling and analyser equipment allows, pre
bl time intervals between sampling at the same position.

automatic sampling, the tracer gas analysis is usually performed on-line in real time,

can also be used.

2.2 Manual sampling

ual sampling is usually performed/using a syringe, a bag or an evacuated gas container (canis

As

easy to handle, seal tightly for months, are inexpensive and can be sent for analysis. Because of t
low [sample volume, sampling.with a syringe is especially suitable if SFg is used as the tracer gas 2
is performed by a gas chromatograph (GC) with an electron capture detector (ECD).

In ofder to be able to€valuate the local mean age of air in buildings where the air is not complete

typical example, medical syringes (e.g. 50 ml plastic syringes) are used for sampling, becay

n from the
to flush the
Litomatically

ed off. The
ferably with

.. with an
bnalysis are

ter).
se they are

he relatively
nd analysis

ly mixed, at

leagt seven samplesshould be taken during the decay in each zone. The first sample(s) shall be taken at time

=

withl equal time intervals during a period that is at least equal to the expected mean age of air i
(2 hlto 3 h.fer a dwelling).

Aftdr 'sampling, the syringes are capped and sent to a laboratory for analysis using GC/ECD

, just after the mixing fans have been switched off. The subsequent samples should be take

h preferably
h the object

equipment.

Tightness, inertness and non-permeation characteristics of the sampling syringes shall be certified before use.

D.2

D.2.

.3 Example of decay technique using on-line sampling and analysis

3.1 Simulated data

When performing automatic sampling with on-line analysis, the tracer gas concentration as a function of time
is usually obtained in the form of a data file. An example is given below of how to evaluate such a file.
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In the simulated example below (see Table D.1), samples were automatically taken and analysed during 3 h
at 2-min intervals in the bedroom and the kitchen of a dwelling. The sampling in the bedroom began at time
t=0. The dwelling was ventilated with mechanical exhaust in the bathroom and kitchen, while the air inlets
were situated in the living room and the bedroom. The bedroom door was closed at the start of the decay.

From the logarithmic plot (see Figure D.2) , it can be seen that the curve for the kitchen is non-linear at the
beginning and approaches a linear trend at 100 min. For the bedroom, the curve is linear from the beginning.

The sampling could therefore have been interrupted after 100 min.

Table D.1 — Measured tracer gas concentration (cm3-m=3) during decay

Bedroom Kitchen
minute cm3.m—3 Ina minute cm3m3 Ina
0 50,9 3,93 2 49,5 3,90
4 48,5 3,88 6 49,4 3,90
8 442 3,79 10 48,4 3,88
12 43,9 3,78 14 47,5 3,86
16 40,7 3,71 18 47,9 3,87
20 39,3 3,67 22 45,9 3,83
24 36,5 3,60 26 43,6 3,78
28 35,2 3,56 30 43,0 3,76
32 33,7 3,52 34 41,3 3,72
36 32,0 3,47 38 41,5 3,72
40 30,8 3,43 42 38,9 3,66
44 29,0 3,37 46 38,4 3,65
48 26,3 3,27 50 37,7 3,63
52 24,9 3,22 54 35,7 3,57
56 251 3,22 58 35,0 3,55
60 23,7 3,16 62 33,2 3,50
64 21,4 3,06 66 32,5 3,48
68 20,4 3,02 70 30,9 3,43
72 19,2 2,95 74 30,6 3,42
76 18,8 2,94 78 29,4 3,38
80 18,4 2,91 82 28,1 3,34
84 17,7 2,88 86 26,9 3,29
88 15,4 2,74 90 26,5 3,28
92 16,3 2,79 94 25,6 3,24
96 14,7 2,69 98 25,2 3,23
@ In denotes the natural logarithm.
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Figure D.1 — Plot of tracer'gas concentration versus time
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Figure D.2 — Plot of log of concentration versus time
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D.2.3.2 Steps for calculating local mean ages of air

The calculation of the local mean age of air involves the following steps.

a)

b)

d)

e)

f)

24

Plot the natural logarithm (In) of tracer gas concentration as a function of time.

It is advantageous if a logarithmic plot can be made in real time, because the sampling can be interrupted
when a linear plot is ascertained at all sampling points.

Identify the beginning and end of the linear part in the logarithmic plot.

Obser\e that low concentrations will show large scattering, due to measurement uncertainty and unst

air mo

Someti

ements. Do not include the range of excessive scattering.

mes, a logarithmic plot is linear from the beginning of decay. This means that the deecay is pu

expongdntial, as in the case of complete mixing between zones. In this case, no numerical integratig
needed. The local mean age of air can be calculated from the inverted value of the abseolute value of
slope df the logarithmic plot.

Calculate the slope (—4) of the linear part of the logarithmic plot.

A spre

hdsheet calculation programme can be advantageously used to calculate the equation of the t

line. Use the absolute value of the correlation coefficient to obtain A.

Make g numerical integration of tracer gas concentration ¢ (¢) (e.g:»using the trapezoid method) from
t =ty td a time ¢ = ¢, within the linear part of the logarithmic plot.

Usually, sampling at different positions cannot be performed simultaneously. Therefore, only one pos

can be
Care s

analysed at ¢ = #;. Samples from the other positions are then analysed with successive time de
nould therefore be taken when calculating the\area of the first trapezoid from 7= 1y to 7= 7,4,

Io1 is the time for the first measurement at a position p.

Best p
initial t
whole
t= to

actice is to add an area equal to (t = 1) - [¢7(t 1)+ ¢(t5))/2 to the calculated integral. ¢(t;) is
acer gas concentration at the beglnnlng of decay This initial concentration should be equal in
ventilated system and can betaken as the measured concentration at the location measure

The tinje ¢, can be chosen freely-within the linear part of the logarithmic decay.

Estima
numeri

e the total time-integral by adding the extrapolated mtegral e from ¢ = te to infinity to
cally calculatéd-integral. tai

The value of ¢, “can be taken as the measured concentration at 7 = 7,. However, a better practice
use thd trend tine’ equation calculated for the logarithmic decay.

The e
correla

able

rely
nis
the

end

me

tion
lays.

wnere

the
the
d at

the

I=lg ' ' t=ty — e
tion equation with ¢ =z,.

the

Finally, divide the estimated total integral(s) by the common initial tracer gas concentration ¢,_ ~to at time
t = t, to get an estimate of the local mean age of air.

Here, it is very important to get the correct initial concentration. Usually, the concentration measured at
the beginning of decay can be used.
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D.2.3.3 Evaluation of local mean ages of air in the given example
Below, the actions associated with steps a) to f) in D.2.3.2 are illustrated for the example in Table D.1.

a) The plot of the natural logarithm (In) of tracer gas concentration as a function of time is shown in
Figure D.2.

b) The beginning of the linear part in the logarithmic part plot is identified by inspection to be 40 min for the
kitchen. For the bedroom, the curve is linear from the beginning. The end of the linear region is chosen as
100 min, where the scatter around the trend-line is still moderate.

c) |With the help of a spreadsheet calculation programme, the least squares trend-line for the¢ kitchen is
calculated as In(p)=-0,0083 ¢+4,03 (using data between 42 min and 98 min)\which vyields
A =0,008 3 min~1 or 0,498 h-1. For the bedroom, the whole interval between 0 min @nd 96|min can be
used, which yields the correlation equation, In(¢) =-0,0129 ¢ + 3,92. The A-parameter, for the|bedroom is
thus 0,012 9 min=1 (0,774 h-1).

d) |Since the decay in the bedroom is exponential from the beginning of the decay, there is nd need for a
numerical integration. The local mean age of air is directly obtained. from the inverted |value of A
[Equation (5)],i.e. 7=1/4=1/0,774=1,29 h.

In the kitchen, a numerical integration from ¢ = 2 min to = 78 min (arbitrarily chosen within the |inear part
of the decay) yields

t=74

P P, -
t 2+Z¢(t)+ t=78
t=6 2

; = 4(24,8+721,4414,7)=4 x 760,8=3043 cm®.m~{-min.

Apggy= 4

14

Because the analysis did not start at = 0, the missing area from ¢ = 0 to 7 = 2 min shall be add¢d.

Pi=0 n Pi=2

50,9 " 49,5
2 2

> > y=100 cm?>-m~3-min

A2y = 2 =2(

e) |As the last contribution to the area under the decay curve, the extrapolated area from ¢t =78 to 1 = = is
computed,

Pr=te _ 29,3

- = =3531cm®-m~3.min,
rest A 0,0083

A

where Pi=ig =¢!NPle) and Ing(z,) are obtained by inserting =78 min in the correlation equation [see
step c)].

The totalintegrated area, Ao = 4(.2) + 4(2.78) + 4rest = 6 675 cm3m=3min.

f) |The local mean age of air in the kitchen is calculated from the total integrated area divided by the initial
concentration [Equation (1)].

Ay 6674

——=131min=2,19 h
P =10 50,9

F=

D.2.3.4 Estimates of uncertainty

D.2.3.4.1 General

The uncertainty of a local mean age of air obtained using the decay technique with automatic sampling is
composed of contributions from uncertainties in the influencing factors.
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2

s 2

2
=S +s
area ?0

where

sgrea is the (relative) variance in calculating the true integral from t =ty to t = ¢,;

2

S 00 is the (relative) variance in estimating the initial concentration.

It is assumed here that the analysing instrument yields a linear response as a function of concentration from
¢ =0 to the highest measured concentration. Due to the fact that the integral is divided by the measured

concentratipn at ¢ = #,, the instrument does not need to be calibrated in absolute terms.
D.2.3.4.2 | Uncertainty of the integral
The integral from ¢ = 1 to ¢ = ¢, is approximately (n — 1)/n times the sum of the n concentration.measuremgnts
during that ftime, multiplied by the time interval A ¢ between measurements. The uncertainty of measurement
probably dgpends to a certain extent on the concentration range. If it is assumed here ithat all measuremgnts
have equal|absolute uncertainties, the absolute uncertainty of the numerical integration will be equal to| the
uncertainty \/;Smeas in the estimated sum, multiplied by A #(n—1)/n . Therefore,

S Anum F VN8 meas - At (R —1N)/ 1= § pens - At(n—1) /I (P-2)
where

S 4num | 18 the absolute standard deviation of the numerical integration;

Smeas | is the absolute standard deviation of a single measurement;

n is the number of points used in the calculation.
It should be noted that there is an additional errar,involved when using the trapezoid integration. Due tq the
fact that thg decay curve is concave upwards; the numerical integration will yield an overestimate of the |true

integral. Depending on the extent of decay between measurements, the overestimate can range from
negligible to several tens of percent. If assubstantial decay has taken place between measurements, a b¢tter
approximation of the area between two) adjacent measurement points is to assume an exponential dgcay
between theém and approximate the aréa between points i and j according to Equation (D.3) below instegd of
using the trapezoid rule:

” l(%—%) D.3)
n(g;) - In(e;)

The uncertainty in“the rest area 4,.5; depends on the accuracy of determining ¢, and the exponential dg

parameter f. The'l value is best estimated using a linear least squares fit of In(¢) as a function of time. [The

relative stapdard deviation s, of the correlation coefficient (—4) and of the estimate s can be computed uking

a spreadsheet programme. The absolute standard deviation of the estimate of the tail-area, 4., can be

written

2 2
Srest = Arest[52 S e

Observe, that the estimate has its smallest standard deviation S
the time values used in the linear correlation. e

cay

(D.4)

at the time corresponding to the mean of

Lastly, in the computation of the uncertainty of the local mean age of air, one has to consider the uncertainty
in the initial concentration. This uncertainty is not only due to uncertainty in analysis, but also due to possible
spatial variations of tracer gas distribution at the start of decay. The latter uncertainty has to be based on an
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informed guess using information based on the concentration recordings. The injection of tracer gas and
mixing before the start of the decay should be performed so that the spatial concentration differences do not
exceed 5 %.

D.2.3.4.3 Evaluation of uncertainty in the given example

The uncertainty of the computed area is

Sty = M1 =N/ n5meas (D.5)
Smeas IS the uncertainty of measuring a concentration. It can be obtained from known performaneeg |of sampling

and| analysis or be calculated from repeated measurement of the same tracer gas congentrgtion. In the
pregent example, sp,qqs IS €stimated to be 1 cm3:m=3. Az is equal to 4 min and the number|of mepsurements
n =P0. Therefore, S Aoum is estimated to approximately 17 cm3-m=3-min or 0,5 %, which)is quitg¢ negligible.
The| underestimate due to using the trapezoid method can also be shown to yieldya negligiblg error by a
simple comparison between the two methods of calculation of areas. The smallcuncertainty in the computed
area is, due to the fact that errors cancel each other when calculating the sum.

Thejuncertainty in the interpolated area 4 is

52 452 (D.6)

S =
rest Pe

where the relative standard deviation s, is computed as 2,2 % using a least squares technique in the range
from 42 min to 98 min. s, is only 0,6 %. Therefore, sest i8:2,3 % Of Ayeg OF 80 cm3m-3:min.

Thejrelative uncertainty of the area under the curve js:‘computed as

[ [ 2 2
Anum Arest 177 +80 129 (D.7)

Sarea =
num + Arest 6674

Thel dominating component contributing to the uncertainty in determination of the local mean age pf air in this
cas¢ may be the uncertainty ,ifthe initial concentration Spo - Assuming this to be 3 %, it i§ calculated
accprding to Equation D.8.

Stotal = 0,0122 +0,08% =3,2% (D.8)

D.2l4 Exampléeof decay technique using manual injection and manual sampling

D.2}J4.1 _Experimental

In this-example, tracer gas is distributed to the different zones of the ventilated system using a graduated
syringe fiied With SF ¢ (SUITUr hexafiuoride) gas or St g/Ineft gas mixtare. In each zone, a portion of the tracer
gas that is proportional to the volume of the zone is injected. The injections are made while walking around in
the zone in order to distribute the tracer gas evenly. In order to avoid unequal tracer gas concentrations
between the zones due to decay during injection, the injections shall be performed as quickly as possible.

After injection in all zones, the air is mixed within and between the zones as described above to secure a
homogeneous tracer gas distribution. Immediately after mixing, all internal doors are set to their desired
positions and the first sample is taken, using a 50 ml plastic syringe, at a representative location or while
walking around between zones. Six subsequent samples are thereafter taken in each zone of interest, with
equal time intervals using clean and labelled 50 ml syringes, which are capped after filling. The preferred
sampling interval is determined so that the samplings are distributed evenly within a time period, which is
equal to the anticipated mean age of air, which in the present case is 2 h.
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The capped syringes are delivered to a laboratory, which can perform GC/ECD analysis of the SFgq
concentration in the samples.

D

.2.4.2 Simulated data

The result in this simulated experiment is shown in Table D.2 together with area calculations as in the
example of automatic sampling. The result is plotted in Figures D.3 and D.4.

Table D.2 — Analysed concentration of tracer gas in manually taken air samples

Bedroom Kitchen
Time i In(e) Atrap Aeyo | Atrap — Aexp | Time Q In(e) Airap Aeyo | Ao M lexp
. 3l 3l . 3 alecmdm3|ecm3m3| cm3m3 . 3. 3|l .3 _alemdm=3|ecm3m=3|"emdm3
min | cm®im™ | cm°-m . . . min | cm®m™ |cm°-m . . .
min min min min min min
0 1,27 0,24 0 (1,27)2 | (0,24)
20 0,98 -0,02 22,6 22,4 0,6 % 22 1,15 0,14 26,6 26,6 0,19
40 0,77 -0,26 17,5 17,4 0,5% 42 0,97 -0,03 21,2 211 0,29
60 0,%9 -0,52 13,6 13,5 0,6 % 62 0,83 -0,19 18,0 18,0 0,29
80 0,46 -0,78 10,5 10,5 0,5 % 82 0,70 -0:35 15,3 15,3 0,29
100 0,36 -1,01 8,2 8,2 0,5 % 102 0,59 ~0,52 13,0 12,9 0,29
120 0,25 -1,37 6,2 6,1 1,0 % 122 0,49 -0,71 10,9 10,8 0,39
NOTE 4trap is the interval area calculated using linear interpolation; Aexp is the interval area calculated using expongntial
interpolation.
@  The pargdntheses indicate the assumed initial concentration (that should be the same in all rooms).
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Figure D.3 — Logarithmic plot during decay Figure D.4 — Linear plot during decay
28 © 1SO 2007 — All rights reserved


https://standardsiso.com/api/?name=9b2b1b6b8f979b506946f62ca217de8c

D.2

ISO 16000

.4.3 Calculation of local mean ages of air

-8:2007(E)

From an inspection of the logarithmic plot (Figure D.3), it is decided to use the samples taken between 40 min
and 120 min as the range of exponential decay for the kitchen. For the bedroom, the decay is assumed to be
exponential from the beginning.

The calculation is performed similarly to the one in the preceding example with automatic sampling.

a) The plot of the natural logarithm (In) of tracer gas concentration as a function of time is shown in
Figure D.3.

b) | The beginning of the linear part in the logarithmic plot is identified by inspection to be 60 |min for the
kitchen. For the bedroom, the curve is linear from the beginning. The end of the linear redion' is chosen to
120 min.

c) |With the help of a spreadsheet programme, the least squares trend-line for the (kiftchen is calculated as
In(p) = —0,0087 ¢+ 0,35 (using data between 62 min and 122 min) which yields A = 0,008 7 min~! or
0,52 h~1. For the bedroom, the whole interval between 0 min and 120 min can be used, which yields the
correlation equation In(¢) = 0,013 1 ¢+ 0,25. The A-parameter for the bedroom is thus 0,0(13 min~' or
0,79 h-1.

d) |Since the decay in the bedroom is exponential from the beginning of the measurement, there
is no need for a numerical integration. The local mean dge of air is directly obtained from the
inverted value of A, i.e. the 7 =1/42=1/0,79=1,27 h. Inythe kitchen, a numerical integration from
t=0min to ¢=102min (arbitrarily chosen _withins the linear part of the degay) yields
Ap-102) = 26,6 +21,2+18,0+15,3+13,0 =94,17cm® - miZymin

e) |As the last contribution to the area, the extrapolatediarea from 1= 102 to ¢ = « is computed.

(09 0,58 3 _3 .
Arest =—= = =67,2 cm”-m " -min D.9
't T2 00,0087 (B-9)
where gpe:e'”‘/’(’e) and Ing(1,) are~ebtained by inserting + = 102 min in the correlation equation [see
step c)].
The total integrated area Aygi=4(0.102) * 4rest = 161,3 cm3m~3min

f) | The local mean age of\air in the kitchen is calculated from the total integrated area divided by the initial
concentration [Equation (1)].

7o Aot ABV3 o7 min=212h (D.10)
Pz 1,27
D.2)4.4. ‘Evaluation of uncertainty in the given example
Th Cbt;llldtc Uf wlbcfta;llﬁca ;D bd:bu:dtcd b;lll;:dl:y tU t: 1T Ldo’T Uf dutUllldt;b Ddlllp:;lly.
S aeum = A =1)/n5meas (D.11)
yields
_ 0,02 3 3 .
S dnum _20><5W_0,82cm -m~7-min

where it is assumed that the absolute uncertainty of concentration determination is 0,02 cm3/m3 and the six
first samples are used for the numerical integration.
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2 2
Srest = Arest[52 S hgpe (D.12)

yields

Srest = 67,2%1/0,0282 +0,0122 = 67,2 x 0,030 = 2,03 cm? -m ™~ -min

where the relative uncertainty of the slope s; and the relative uncertainty of the expectation value of
concentration at 1 = 102 min are calculated using conventional least squares technique.

The relativg uncertainty of the area under the curve Is computed as

2 2
JS%um T5hest 0,827 42,032
Anum " Arest _ + —1.4% (0.13)

Anum +Arest 161’3

area |

54, Shall b¢ estimated using an informed guess based on recorded data. In the present case, it car} be
estimated Using the uncertainty of the least squares equation for the bedroom, where the decay seems tp be
purely exponential from the outset. Using conventional least squares calculation ‘of the uncertainty of| the

intercept at|¢ = 0 yields Spp = 2,2 %.

Adding togégther the contribution of uncertainties [Equation (D.1)], the followifig is obtained

s_=+0,0142 +0,022%2 =2,6 %

D.3 Homogeneous emission method

D.3.1 Trager gas injection
The purposg of tracer gas injection in the homogengous emission technique is to establish constant and efual

injection rafes per volume unit in all parts of-the ventilated system. The tracer gas injection can eithef be
active or passive.

D.3.2 Trag¢er gas sampling
The samplipg can either be passive’ (diffusive) or active. The passive sampling yields an average value of the
local mean|ages of air during~an extended time, while active sampling yields instantaneous values. Agtive

sampling can be automatic;\yielding information on ventilation conditions as a function of time, or manual,
yielding infqrmation on se€lected instants.

D.3.3 Example of-homogeneous emission using active injection and active sampling

D.3.3.1 Sjmulated experiment

In this example, tracer gas SFg is injected into the three zones of the dwelling using a commercially available
doser. This equipment can be programmed to inject the tracer gas at up to six different ports. Programming
the fraction of time that the different ports are open regulates the amount injected. The tracer gas is mixed
with air before dispensing to the different ports in order to avoid excessive concentration and density.
Polyethylene tubes (4 mm inner diameters) are used to distribute the tracer gas to the three different zones.
The tracer gas/air mixture is released behind a low-capacity fan in each room, in order to improve the tracer
gas distribution in the rooms. Other equipment for controlled release and distribution of tracer gas can also be
used, but in all cases, the release rate shall be carefully calibrated to match the zone volumes.

Sampling is performed during 80 h at 15 min intervals in the bedroom and in the kitchen. Analysis is

performed with multi-gas monitor, which uses infrared absorption with a photoacoustic detector to analyse the
tracer gas concentration.
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Tracer gas SF; is injected at a rate of 1 cm3m=3-h-1. Altogether, 122,4 ml per hour is distributed in the
dwelling. In order to illustrate the effect of changing the air distribution pattern, the door between the bedroom
and the living room is simulated to be open from 40 h to 60 h after beginning the injection. The simulated

result is shown in the diagram in Figure D.5.

Y &
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v, f’.‘"t)"f’ SR
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I

\

0 12 24 36 48 60 72

Key|
X |hours from the start of injection
tracer gas SFg, cm3:m=3

<

O |bedroom
O kitchen

ission

Figure D.5 — Result of tracer gas concentration measurement using homogeneous em
n is open

technique with active injection and sampling — From 40 h to 60 h, the door to the bedroon
(simulated data)

D.3{3.2 Calculation of local mean ages of air

Thel local mean age of air is computed from the quotient of the steady state concentration and th¢ tracer gas

emigsion rate per volume gnit:

- 4
= (D.14)
(av17)

Aftdr 10 h of.injection, a steady state is approached. Table D.3 below shows the result of the average value of
the roncentration measurements and the averages of the calculated local mean ages during differgnt periods.
T 3= —

From 40 min to 60 min, the bedroom door is open

Bedroom Kitchen
7 7
cm3/m3 h cm3/m3 h
10hto40h 1,33 £ 0,01 1,33 2,13 +£0,01 2,13
40 hto 60 h 1,65+0,15 1,65 2,12+ 0,01 2,12
60 hto 80 h 1,34 £ 0,01 1,34 2,12 + 0,01 2,12
31
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D.3.3.3 Estimates of uncertainty:

The relative uncertainty of the local mean ages of air using the homogeneous emission technique is
determined from the standard deviation of the contributing factors:

57

2 2
= Smeas 1 Sdistr (D.15)
The relative standard deviation of the measured concentration is made up of the uncertainty of the analysis
instrument, which depends on the calibration of the instrument, its drift and instability. It is assumed here that

the instrument is calibrated against a standard SFg/air mixture which is known within limits + s, and that the

instrument pyields—a—standard—deviation—areund—the—mean—of—sg—FHhe—total—eoneentration—measureqent
variance is therefore
2 2 2

Smeas T Scal T Sanal (0.16)
It is assumed that any deviation between the nominal concentration of the calibration standard and the mean
of measurefl values on this standard (systematic error), is accounted for using a correctiomconstant.
The uncertginty in the homogeneous emission rate depends on how well the emission rates into the diffgrent
zones can [be measured and kept constant. The relative uncertainty in the regulation of the injection |rate
should be khown from calibration and is designated sjyjet-
There is a further factor in the homogeneous emission rate that shall besaccounted for when computing the
uncertainty| This error is due to any known inability to achieve a homogeneous distribution. This uncertainty is
different in different zones and should be calculated the following way:
Set (¢,/V) as the average injection rate of tracer per volumein.the ventilated system and (¢,,” /V?) as| the
injection rate in a specific zone p divided by the volume of this\zone.

qp 1V —qy"1V?
Sinhom = (D.17)
mhom qV/V+qu/Vp

The total vgriance is therefore computed by

S7-2: gal+sgnal+si%ject+si%hom (D.18)
There is an|additional uncertainty/in the measurement due to incomplete mixing of tracer gas within the zpne.
This uncertpinty in determining the zone average of the local mean age can only be evaluated by measyring
at different positions within_a’zone.
Variations que to changes in the ventilation rate and air distribution with time can be evaluated by analyging
the time vdriations of the concentration measurement. It should be noted that such variation can be njuch
larger than the‘method uncertainty calculated by the technique mentioned above.
D.3.3.4 Evaluation of uncertainty in the given example

2 2 2
St :\/Smeas * Sinject T Sinhom (D.19)

The uncertainty in analysis 5,55 Can be estimated from the standard deviation of the sampling and analysis
system as determined from repeated analysis of a calibration gas with similar concentration. Such standard

deviation is

The relative uncertainty in the regulation of the injection rate s

typically sp,gas = 3 %.

injec

value is sipject = 3 %.

32

+ should be known from calibration. A typical
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