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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-govermmental, in liaison with 1SO, also take part in the work. ISO collaborates closely with

Internation
Internation
The main

adopted b

Internation

Attention id
rights. ISO

ISO 16000
ISO 16000
— Part1
— Part2
— Part3
— Part4
— Partd

— Part 6
Tenax|

— Part7
— Part8

— Part9
furnish

bl Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.
bl Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

fask of technical committees is to prepare International Standards. Draft International Standa
y the technical committees are circulated to the member bodies for voting. Publication as
bl Standard requires approval by at least 75 % of the member bodies casting.a-vote.

shall not be held responsible for identifying any or all such patent rights.

12 was prepared by Technical Committee ISO/TC 146, Air quality, Subcommittee SC 6, Indoor
consists of the following parts, under the general title Indagr 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 volatile organic compounds (VOCs)

Determination of volatile.organic compounds in indoor and test chamber air by active sampling|
TA® sorbent, thermal desorption and gas-chromatography using MS/FID

Sampling strategy/for determination of airborne asbestos fibre concentrations

Determination of local mean ages of air in buildings for characterizing ventilation conditions

ing > Emission test chamber method

the

rds
an

drawn to the possibility that some of the elements of this document.fmay be the subject of patent

air.

on

Determination of the emission of volatile organic compounds from building products and

— 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 (PAHSs)

— 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 (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

Part 23: Performance test for evaluating the reduction of formaldehyde concentrations, 4
building materials

b following parts are under preparation:

Part 18: Detection and enumeration of moulds — Sampling by impaction

Part 19: Sampling strategy for moulds

Part 24: Performance test for evaluating the reduction of the.‘concentrations of volat
compounds and carbonyl compounds (except formaldehyde) by sorptive building materials
Micro-chamber method

Part 27: Standard method for the quantitative analysis of asbestos fibres in settled dust
Part 28: Sensory evaluation of emissions from building materials and products

p following parts are planned:

Part 20: Detection and enumeration ofimoulds — Sampling from house dust

Part 21: Detection and enumeratioh of moulds — Sampling from materials

Part 22: Detection and enumeération of moulds — Molecular methods

thermore, VOC measurements by pumped and diffusive sampling are specified in:

16017-1, Indoer,_ambient and workplace air — Sampling and analysis of volatile organic com
bent tube/thermal desorption/capillary gas chromatography — Part 1: Pumped sampling

16017-2,_Indoor, ambient and workplace air — Sampling and analysis of volatile organic com
bent tube/thermal desorption/capillary gas chromatography — Part 2: Diffusive sampling

y sorptive

e organic

Part 25: Determination of the emission of semi-volatile ofganic compounds for building products —

pounds by

pounds by
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Introduction

ISO 16000 (all parts) specifies general requirements relating to the measurement of indoor air pollutants and
the necessary conditions to be observed before or during the sampling of individual pollutants or groups of
pollutants as well as the measurement procedures themselves (see Foreword).

Sampling pf polychlorinated biphenyls (PCBs), polychlorinated dibenzo-p-dioxins (PCDDs) also known| as
polychloringted oxanthrenes, and polychlorinated dibenzofurans (PCDFs) in indoor air is described| in
ISO 1600013 whereas the corresponding extraction, clean-up and analysis by high-resolution g@as
chromatogfraphy/mass spectrometry is specified in 1SO 16000-14. For sampling and analysis,-of PAHSs,
ISO 12884 may be employed.

Several PCBs, PCDDs/PCDFs, and PAHs are considered to be potential human carcinegens. There are 209
individual PCBs (congeners), 75 PCDDs and 135 PCDFs. The most toxic PCBs are those that are coplahar
and structyrally similar to PCDDs. The most toxic PCDD is 2,3,7,8-tetrachlorodibenzosp-dioxin (2,3,7,8-TCIDD).
The toxicity of PCBs and PCDDs/PCDFs are calculated according to an internationally accepted system ($ee
Annex A ahd Reference [1]). In 1997 (updated in 2005), a group of experts of‘the World Health Organizaiion
(WHO) fix¢d toxic equivalent factors (TEFs) for PCDDs/PCDFs and 12 PCBs, known as dioxin-like P(Bs
(Referenceg [1]) (see Annex A). These 12 dioxin-like PCBs consist of\"four non-ortho PCBs and eight
mono-orthg PCBs (no or only one chlorine atom in 2-, 2'-, 6- and 6'-position), having a planar or mostly plapar
structure, g§ee Table A.2.

The principal sources of PCDDs/PCDFs in indoor air are.impurities in wood preservatives contairling
pentachlorpphenol (PCP) and emissions from fires involving chlorinated products. PCBs are emitted into [the
indoor air| primarily from concrete sealers, certain paints, or electrical capacitors; their use for thgse
applications has been banned in many countries in\recent years. Emissions from nearby landfills @&nd
abandoneq industrial sites may also contribute PCBs and PCDDs/PCDFs to the indoor environment. The
major origin of PAHs indoors is from combustion processes (mostly tobacco smoke and smoke from open
fires).

Except for|the case where there are direct indoor sources, PCBs and PCDDs/PCDFs enter indoor air flom
ambient air by ventilation. However, .intambient air these compounds are usually found at extremely |ow
concentratjons; e.g. several femtograms per cubic meter for PCDDs/PCDFs and about 10 pg/m3 to sevéral
hundred picograms per cubic meter for total PCBs. The compounds addressed in this part of ISO 16000 jare
usually digtributed between the-gas and particle phases in ambient or indoor air, depending on [the
temperatune, humidity, degree\of chlorination, their concentration and capacity to associate with suspended
particulate| matter. Separate-analyses of the filter and vapour trap will not reflect the original atmosphegric
phase distfibutions at nérmal ambient temperatures because of volatilization of compounds from the filter and
should not|be attempted:

Shipping of PCDDB/PCDF standard reference materials shall comply with national legal regulations. They shall
be transpofted in' special containers that are commercially available. Handling should only be done by trained
operators.

The sampling strategy specified in this part of ISO 16000 presupposes familiarity with ISO 16000-1.

This part of ISO 16000 uses the definition of indoor environments given by the Expert Council on
Environmental Matters (see ISO 16000-1 and Reference [2]): dwellings — having living rooms, bedrooms, DIY
(do-it-yourself) rooms, sports rooms and cellars, kitchens and bathrooms; workrooms or work places — in
buildings that are not subject to health and safety inspections in regard to air pollutants (e.g. offices, sales
premises); public buildings — e.g. hospitals, schools, kindergartens, sport halls, libraries, restaurants and bars,
theaters, cinemas or other function rooms); and the interiors of private and public transport vehicles.

This part of ISO 16000 is based on VDI 4300-2[3l.

Vi © 1SO 2008 — All rights reserved
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Scope

s part of 1ISO 16000 specifies the planning of measurements for polychlorinated bipheny
ychlorinated dibenzo-p-dioxins (PCDDs) also known as polychlorinated oxanthrenes, poly|
enzofurans (PCDFs) and polycyclic aromatic hydrocarbons (PAHSs) in indoor air. In the case o
asurements, the careful planning of sampling and the .entire measurement strategy are o
hificance since the result of the measurement may haye-«far-reaching consequences, e.g. with
need for remedial action or the success of such an action.

h the measurement procedure itself.

Normative references

p following referenced documents™are indispensable for the application of this document.
prences, only the edition citeds applies. For undated references, the latest edition of the
ument (including any amendments) applies.

12884, Ambient _air>— Determination of ftotal (gas- and particle-phase) polycyclic
rocarbons — Collection on sorbent-backed filters with gas chromatographic/mass spectrometric|

D 16000-1, Indoor air— Part 1: General aspects of sampling strategy
16000-33, Indoor air — Part 13: Determination of total (gas and particle-phase) polychlorinateq

henyls, (PCBs) and polychlorinated dibenzo-p-dioxins/dibenzofurans (PCDDs/PCDFs) — Co
berit-backed filters

DONS

s (PCBs),
chlorinated
[ indoor air
particular
respect to

inappropriate measurement strategy may contribute more overall uncertainty to the measurement result

For dated
referenced

aromatic
analyses

dioxin-like
lection on

ISO 16362, Ambient air— Determination of particle-phase polycyclic aromatic hydrocarbons by high
performance liquid chromatography

3

3.1

Sources and incidence of PCBs, PCDDs/PCDFs and PAHs

General

PCBs, PCDDs/PCDFs and PAHSs get into indoor air from a variety of sources as explained in 3.2, 3.3, and 3.4.
Owing to sorption effects, the compounds originating from primary sources can be sorbed by various surfaces
that may then act as secondary sources.

© 1SO 2008 — All rights reserved
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Not all sources and processes that could result in elevated concentrations of these substances in indoor air
are known as yet. Table 1 gives an overview of the highest yielding sources that can all be designated as
primary. Depending on the strength and period of action of the individual primary sources, vaporization,
diffusion, sorption or sedimentation processes lead to contamination of the surfaces in the room. Even after
removal of the primary sources, these contaminated surfaces themselves can act as secondary sources.

Table 1 — Possible sources of PCBs, PCDDs/PCDFs and PAHSs in indoor air

Class of Sources
substance

PCB-containing jointing materials

Defective capacitors, e.g. in lamps

Defective transformers

PCB: Paints and varnishes containing flame retardants

Plasticizers used in plastics, e.g. in sealing material for expansion joints in prefabricated concrete
construction

Forming oil employed in concrete construction

Soil tracked in from emissions and polluted sites

Pentachlorophenol-containing materials, e.g. wood preservativepaints, leather
PCDDs/PCDFs |Fires in the presence of halogenated materials

Soil tracked in from emissions and polluted sites

Tobacco smoke

Smoke from open fires

PAHg Dyes or products containing tar oil or pitch (e;g* as glue for parquet flooring)
Soil tracked in from emissions and polluted*sites

Cooking

When therp are no obligatory criteria of assessment for evaluating the indoor air, an initial evaluation of fthe
results of the indoor air investigation ¢an“be carried out by comparison with the concentrations of the relevant
substance$ in the ambient air. Tablé 2 shows some typical ambient air concentrations for benzo[a]pyrene (the
guide component for PAHs), PCDDs/PCDFs [as toxic equivalents (TEQ) according to WHO, see Annex A.3]
and PCBs [as the sum of the concentrations of six congeners; see footnote a) to Table 2].

Table 2 + Concentration'ranges of PCBs, PCDDs/PCDFs and PAHs in the ambient air of urban areas

Ambient air, mean concentration range
Class of substance
urban level high concentration site
PCBs @ 5 ng/m3 to 10 ng/m? —b
PCDDs/PCDFs © 0,05 pg/m3 to 0,15 pg/m?3 0,15 pg/m3 to 0,5 pg/m3
PAHSs (only benzo[a]pyrene) 0,5 ng/m3to 1 ng/m3 1 ng/m3 to 21 ng/m3(Reference [7])

@8  Sum of the six PCB congeners (28, 52, 101, 138, 153, 180 according to the Ballschmiter System), multiplied by 5 to calculate the
total PCB content.

b PCBsare ubiquitous, increased concentrations are encountered only in the immediate vicinity of contaminated buildings.

¢ Toxic equivalents, see Annex A.

2 © 1SO 2008 — All rights reserved
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3.2 PCBs

In the past, PCBs have been deliberately and openly employed indoors in a number of materials so as to
achieve certain material properties. Thus, polymer-based sealing materials containing PCBs as plasticizers
have been employed especially in buildings using the open concrete slab method of construction. In addition,
lightweight boards treated with PCB-containing emulsion paints have been used for suspended ceilings, and
wooden surfaces painted with PCB-containing flame retardants have also been found.

Closed systems are, for example, small PCB-containing capacitors which have found widespread use, among

other things, in lamps. Due to government mandates and voluntary restrictions applied by manufacturers,

ovation, evaluation, disposal, and procedures in the case of rooms contaminated in this way
pared by the German Federal Health Office (Referencges [5] and [6]).

PAHs

PA
Ho
me
cof

Hs are formed in all incomplete-combustion processes. The best known example is cigarett
vever, chimneys that do not draw properly or candles burning with a sooty flame can g
asurable amounts of PAHs. They can also be released by pitch-containing materials used
struction work.

Measurement procedure

4.1 General

Mo
the

st PCBs, PCDDs/PCDFs and PAHs belong to the semi-volatile group of organic compounds. In
y are encountered both bound to particles (suspended and settled dust) and in the gas phase.

Sampling ‘and analytical procedures for pollution measurement are subject to standardization (see T

nt air shall

the indoor
to a small
so contain

deposit on
ons for the
have been

e smoking.
ve rise to
in interior

indoor air,

able 3).

Table 3 — Samoli | analytical I

sﬁLasst:::e Procedure Brief description

: Sampling using either a low volume sampler or a high volume sampler with a
PCBs SO 16000-13 polyurethane foam or other suitable adsorbent material preceded by a particle filter.
] Sampling using either a low volume sampler or a high volume sampler with a
PCDDs/PCDFs | 1SO 16000-13 polyurethane foam or other suitable adsorbent material preceded by a particle filter.

ISO 12884 ISO 12884 and ISO 16362 apply to ambient air and indoor air measurements.
PAHs ISO 16362: In the latter case, the user shall take into consideration that, due to noise, only a low
national standards | volume sampler should be used (see ISO 16000-13). In this case, some adaptation

is necessary.
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42 PCBs

Sampling should be conducted with a quiet, low-volume sampler (flow rate between 1,2 m3/h and 2,8 m3/h), if
possible. If required to detect lower concentration levels, a high-volume sampler (flow rate between 6 m3/h
and 16 m3/h) may be employed with certain limitations. In either case, no more than 10 % of the room air
volume shall be sampled per hour. High-volume samplers are typically very noisy and cannot be used in
occupied areas. Appropriate samplers and analytical procedures are described in ISO 16000-13.

The PCBs are extracted from the filter and the solid sorbent, and subjected to multistage chromatography to
remove the impurities and analysed by gas chromatography/mass spectrometry (GC/MS).

4.3 PCDDs/PCDFs

Sampling ghould be conducted with a quiet, low-volume sampler (flow rate between 1,2 m3/h and 2/8 m3/h) if
possible. If required to detect lower concentration levels, a high-volume sampler (flow rate bétween 6 m3/h
and 16 m3fh) may be employed with certain limitations. In either case, no more than 10 % “6f the room| air
volume shpll be sampled per hour. High-volume samplers are typically very noisy and~cannot be used in
occupied greas. Appropriate samplers and analytical procedures are described in ISO 16000-13.

The PCDDs/PCDFs are extracted from the filter and the solid sorbent, and-subjected to multistage
chromatogfaphy to remove the impurities and analysed by GC/MS.

44 PARHs

For total PAH measurements, the same sampling protocol described:in 4.1 and 4.2 shall be employed (see
ISO 16000r13, 1ISO 12884 and ISO 16362 for appropriate samplers):”A low volume sampler is the first chojce.
However, [f only semi-volatile PAH (with 5 or more rings; vapour pressures less than 10-8 kPa or boiling
points higter than 475 °C) are of interest, a sampler equipped with a particle filter only (not backed up by a
may be employed (see ISO 16362).

~

For the analysis, the PAHs are extracted, the extracts filtered, and most of the solvent removed. In some
cases, it may be necessary to separate off the polar nonaromatic components by means of column
chromatogfaphy. The concentrates are separated’by GC, high performance liquid chromatography or MS and
the PAHs are determined using suitable detectors.

5 Measurement planning

5.1 General

Since PCBs, PCDDs/PEDFs and PAHs determinations require complicated and costly analyses| a
measuremgnt strategy/shall be prepared for the representative determination of these substances. The
purchaser [and the\laboratory shall agree on the sampling strategy which shall be based on this par{ of
ISO 16000

Before the indoor air measurements are started, carry out general studies relevant to the particular case.
Investigate the background to any complaints and determine details of the nature of the building, room
furnishings etc. (as specified in ISO 16000-1).

The preliminary work shall also include a status review of possible sources and processes of emission.
In many cases it is useful, by analysing samples of material to be considered as sources and in individual
cases wipe samples, to obtain a rough guide as to the extent to which the substances in question actually play

a role in the indoor environment being examined. A procedure based on the particular case or on the type of
source, as presented briefly in the following examples, has proven appropriate.

4 © 1SO 2008 — All rights reserved
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The settled house dust and tracked-in soil may be analysed to obtain an indication of the potential exposures
of room occupants to PCBs, PCDDs/PCDFs and PAHs. Sampling and boundary conditions to be taken into
account for this method are described in Reference [8].

5.2.

1 PCBs

As mentioned in Clause 4, PCBs in interior spaces may be attributed to various sources. To obtain a rough
estimate of possible PCB pollution in buildings with non-uniform levels of contamination, it is useful to conduct
a status review of possible sources.

Th

5.2
PC
pre

des
Eq

wh

is

In the case of fires, PCDD/PCDF measurements are not generally required (Reference [6]). The oc

PC

ol £ H 4 " HI DR o ¥ o TR H I, H H A\ n
P PITULCUUTT TUTTTTVESLIYdAlllly PUSOIVIT TTUD PUNTULIUTT T ITIICTIUT TUUTTTS TS YIVTTT ITT ATITITA 'D.

2 PCDDs/PCDFs

servatives containing pentachlorophenol (PCP). If information about PCDD/RCDF concer
ired, measurements should only be carried out if the quotient, O, in reciprocal metres, ag
hation (1) (Reference [9]):

A
o=y

A is the treated wood area, in metres squared;

V' is the room volume, in metres cubed

0,2 m~! and the PCP mass fraction is more than 50 mg per kilogram of wood.

DDs/PCDFs in the case of fire and the procedure to be observed are discussed in detail in Anne
3 PAHs
composition containingtar/oil (e.g. as wood preservative) has been employed in the past

umed on the basis of the product-specific composition that a potential source of PAHSs is presen
cations of possible indeor air pollution by PAHs can be obtained by analysing the benzo[a]pyre
ide component) of-the"sample of the suspected source material.

Measurement objective (and indoor climatic conditions)

ore indoor air measurements are carried out, the measurement objective shall be clear|
hceivable objectives are:

DD/PCDF measurements are generally not necessary in a room containingnwood tr¢ated with

trations is
cording to

(1)

currence of
X C.

it can be
t. Valuable
ne content

y defined.

Aformation about the average concentration under usuarl conditions,
information about the peak concentration (special conditions);
checking compliance to a guide value;

information about the ratio of indoor and ambient air concentrations.
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5.3.1 Information about the average concentration under usual conditions

Sampling shall be performed taking into consideration the users' behaviour (habits and activities) during
normal use of the room or at least under conditions that correspond to those of normal use of the room. This
means that, inter alia, temperature and ventilation conditions in the room during the measurement are within
the usual range for the room.

In order to rule out influences of discontinuous emissions (open flames, open chimney, smoking), the initial
conditions shall be defined as far as possible beforehand. To achieve this, ventilate the room well, then keep
the doors and windows closed for about 8 h (preferably overnight). Start the measurement after such

conditionin

g of the room

When exa
system to

Similarly, i
complete

For the mq

mining rooms ventilated with a heating, ventilation and air conditioning (HVAC) system, allow
pperate under usual conditions for at least 3 h before sampling.

h the case of rooms for which there are ventilation instructions (e.g. schools, kindergartens
se cycle (time between two ventilations) should be allowed to elapse before the fieasurement.

asurement to be reliable, the room examined shall be utilized as usual. This\is due to the fact

many of the targeted compounds are associated with particulate matter that cah be resuspended by

activities o

However, f
imposed b
room. The
usual. This

room occupants, thereby influencing indoor air concentrations.

or various reasons, e.g. because of the noise produced by the sampling apparatus or a ban on
the authorities, it may not be possible to carry out the sampling)in the presence of the users of
suspended particulate matter concentrations can then be Iower than when the room is used
can lead to underestimation of the PCB, PCDD/PCDF and\PAH concentrations in the indoor air

5.3.2 Information about the peak concentration (special .conditions)

Peak cond
carrying oy

entrations can contribute to a better estimate’of the overall situation and can be obtained
t measurements under low air replacement.and high room temperature conditions.

However, linrealistically extreme situations should'be avoided for such monitoring. Only in exceptional ca

should pe
replaceme
the HVAC
volume an

bk pollution levels be measuredat\room temperatures above 26 °C (see Reference [10]).

system switched off for artificially conditioned rooms). Particular care shall be taken to meet the
J sampling time requiremenits)specified in Table 4. The conditions shall be established by mean

a sufficienfly long preliminary running_time (at least 8 h, preferably overnight).

Table 4 — Sample.volumes and duration of sampling for measurement of indoor air

the

) a

hat
the

ise
the
as

by

bes
Air

nt should be restricted to infiltration”(closed windows and doors for naturally ventilated rooms and

air
5 of

Measurement time for low volume [ Measurement time for high volume
Sample volume 3
Class of slibstance sampler (16 m3/h) sampler

m3 h h

PCBs 5to 102 2to4 ¢
PCDDs/PCDFs 400 50 25
60° 22 4

PAHs 5to0 10 2t04 —c

b

@ |f coplanar PCBs are to be determined the same sampling volumes as for PCDDs/PCDFs may be required.
Analysis by means of a gas chromatograph coupled with a high resolution mass spectrometer.

¢ Not recommended.
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5.3.3 Checking compliance with a guide value

If there are guide values for individual substances, the objective of measurement is frequently to check
adherence to such values. Here, the conditions set down in the definition of the value shall be observed when
carrying out the measurement. If appropriate specifications have not been defined, the usual concentration
should be measured as in 5.3.1 under the usual use conditions.

In measurements of PCBs, it has been found that concentrations have a significant temperature dependence.
Owing to higher temperatures in summer, values measured in winter under otherwise comparable conditions
are as a rule significantly below indoor air concentration in summer (Reference [11]).

I, since the
sufficiently

If if is not possible to wait for summer measurement, a rough guide can be obtained by carfying out a
mefasurement in winter at an increased room temperature. This circumstance (shall be recorgled in the
measurement report.

5.314 Information about the ratio of indoor and ambient air concentrations

In some cases, especially when no guide values or information aboutithe concentrations or sour¢es usually
prgsent in rooms are available, the measurement objective can_be to obtain information about the ratio of
indpor and ambient air concentrations (see 5.6). The indoor and ambient air are then|measured
simultaneously.

Th¢ ambient air samples should be taken in the vicinity>of the building, ensuring that the sampling point is
sufficiently far from the building (from about >10 m to 400'm).

In the case of HVAC systems, the ambient air:h@s to be measured in the vicinity of the air intake. When
comparing the values obtained for ambient and indoor air, it may be necessary to remember that,|depending

oints.

on the time of year, there can be a considerable temperature difference between the two sampling

have been

Clauses A

limit of the
ed for the

f the room
pling to a
because of
an air-purifying action resulting from sampling and displaced equilibria between materials and the air of the
room. A high volume sampler with a flow rate of >16 m3/h can only be used in sufficiently large rooms.

Since many of indoor rooms studied have a room volume <140 m3, an apparatus having a flow rate of less
than 10 m3/h shall be used to keep the requirement specified in the preceding paragraph. This condition is
met by a low volume sampler which has an air throughput of <3 m3/h.

In view of the often high renovation costs, it is in any case necessary to verify an indoor air analysis by means

of a repeat measurement. It is possible to depart from this principle only if the analytical costs and the effort
required are in a severe disproportion to the possible renovation costs.
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5.5 Sampling location

The choice of the sampling location is largely determined by the considerations in 5.2. However, further
general aspects require consideration in the selection of the sampling location; these are specified in

ISO 16000

-1.

The sampling location within the room to be examined tends to be of subordinate importance for the
substances under consideration here. The intake point should be between 1 m and 1,5 m above the floor and
be at least

jointing m4
depending

1 m from the wall.

terials is the same, it is possible that different PCB concentrations in the indoor air can-og
on which product has been used.

5.6 Conmparative measurements

In many cases, assessment of measurement results obtained in indoor air investigations present difficul

because o

Here, a co

the lack of evaluation criteria.

mparison by means of parallel measurements either with the situation'in"another room of the sa

building that can be regarded as unpolluted or with the ambient air concentration can be helpful. The figure

Table 2 ca

N serve as initial information about possible ambient air concentrations.

ies

The general local pollution or the concentration caused by a source inthe vicinity of the building is determined

by a meas

If it is poss
exterior to
been empl
vicinity of t

If appropri
precaution

Irement made at about 10 m to about 100 m from the building.

ble that the indoor pollution originates from the building proper and is transported from the build
the interior by diffusion of air (an example is thetemission of PCBs from sealing material that

pyed on the external wall), the ambient air measurement should be carried out in the immed
he building (about 1 m) to clarify the pollution path.

bte, comparative samples, which canClater be analysed only if necessary, should be taken a

5.7 Quadlity assurance

The measuyirement plan shall specify the measures to be taken to meet the quality requirements specified

the client.

It is advisa
if desired.

Important
measurem

ble to carry oufireplicate sampling. One or more of the samples may be archived for later analy|
I'he recovery rates shall be documented.

riteria to:be taken into account and those for selection of a contractor or laboratory to perform
ents shiould address the following questions.

ing
has
ate

7

Does

the—measurng—taboratory hrave = documented—quatity assurance systenT (.9 —according

ISO/IEC 17025161)?

Which

Which

How a

calibration procedures are used, how often and how extensively?

methods will be used to identify the PCBs, PCDDs/PCDFs, and PAHs?

Are collocated measurements necessary?

re the uncertainties defined (e.g. according to ISO Guide 98:1995[171)?

Does the laboratory participate in interlaboratory tests?

to
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ISO 16000-12:2008(E)

Structures, toxicity and calculation of toxic equivalents

A.1 _Structures of PCBs, PCDDs and PCDFs

The¢ PCDDs and PCDFs are described in more detail in ISO 16000-13.

Table A.1 — Structures of PCBs, PCDDs and PCDFs and number of possible isomels

9 o 1 9 1
8 2 8 2
7 3 7 ( 3
6 (6] 4 6 (e] 4
Clx Cly, Clx Cl,
PCBs PCDDs PCDFs

Polychlorinated biphenyls

Polychlorinated dibenzo-p-dioxins

Polychlorinated dibgnzofurans

Np. chlorine atoms No. PCB isomers No. PCDD isomers No. PCDF isomers

1 3 2 4
2 12 10 16
3 24 14 28
4 42 22 38
5 46 14 28
6 42 10 16
7 24 2 4
8 12 1 1
9 3 — —
10 1 — —

Total 209 75 135
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A.2 Structures of coplanar PCBs

Table A.2 — Structures of 12 selected coplanar polychlorinated biphenyls

Molar mass
IUPAC name and synonyms Empirical formula Structural formula
g/mol

3,3',4,4'-tetrachlorobiphenyl C,,HgCly 291,9 Cl Cl
3,3'4,4'-TeCB o / \ ) o
PCB-77 — N—7
3,4,4',5-fetrachlorobiphenyl C1oHeCly 291,9 Cl
O
PCB-81

Cl
2,3,3',4,4'-pentachlorobiphenyl C4,H5Clg 326,4 Cl Cl Cl
2,3,3'4,4'-PeCB . c:|
PCB-10%
2,3,4,4',5-pentachlorobiphenyl C,H5Clg 326,4 Cl Cl
2,3,4,4' 5-PeCB cl Q O Cl
PCB-114

Cl
2,3',4,4' B-pentachlorobiphenyl C,,HsCls 3264 Cl Cl
2,3',4,4' 6-PeCB cl Q O cl
PCB-11

Cl
2'3,4,4' b-pentachlorobiphenyl C,5H5Cly 326,4 Cl Cl
2'3,4,4' 6-PeCB cl Q O cl
PCB-12

Cl
3,3',4,4' B-pentachlorobiphenyl C,,HsCls 326,4 Cl Cl
3,3',4,4' b-PeCB cl Q O cl
PCB-12

Cl
2,3,3',4 4" 5-hexachlorobiphenyl C,,H,Clg 360,9 Cl Cl Cl
2,3,3,445-HxGB o Q O o
PCB-15

Cl
2,3,3',4,4'5'-hexachlorobiphenyl C4oH,Clg 360,9 cl cl Cl
23,344 5-HxCB o Q O o
PCB-157

Cl
10 © ISO 2008 — All rights reserved
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Table A.2 (continued)

2:2008(E)

Molar mass

IUPAC name and synonyms Empirical formula Structural formul

g/mol

a

2,3'4,4',5,5'-hexachlorobiphenyl
2,3'4,4'5,5HxCB
PCB-167

C1,H,Clg 360,9

Cl

DG

3609
7

C

Q3 4 A 5 5 . haxachlorobinhenvl C.-HCl
7O Ty Lid J 1277°4~°0
3,3',4,4',5,5'-HxCB

PCB-169

Cl

DF

Cl

Cl Cl

\_7/

2,3,3',4,4',5,5"-heptachlorobiphenyl
2,3,3'4,4',5,5-HpCB
PCB-189

Cy,HsCly 396,3
Cl

Cl

Cl

.3 Toxicity and calculation of the toxic equivalents;for PCBs and PCDDs/PQ

he environment, PCDDs/PCDFs never appear as single_compounds but always as a comp
asgociated with other structurally related (“dioxin-like”) compounds such as PCBs.
Th
cor
cor
stu

b toxic equivalent (TEQ) system uses 2,3,7,8-TCDD~as the standard to which the toxicities o
npounds are related. This relation is based on the assumption that PCDDs/PCDFs and
npounds act through the same mechanism.. The toxic effects are assessed through subchro
Hies and from certain biochemical properties-such as the aryl hydrocarbon receptor binding capa

Thq
ind
cor
giv
total toxicity of the mixture (seg Table A.3).
Ev

eq]:

p toxic potential of a single congener jstindicated through its toxic equivalence factor (TEF) des
vidual toxicity relative to the toxicieffect of 2,3,7,8-TCDD. For the TEQ calculation, the
centration of each relevant congener is multiplied by the corresponding TEF. When all con

n if there still remain- uncertainties concerning the toxicity of PCDDs/PCDFs, internat
ivalency factors (I£FEF) have been established by NATO/CCMS (see Reference [12] and

Regently WHO (seé-Reference [1]) has standardized the toxicity of 2,3,7,8-chloro-substituted d
furans and certain“dioxin-like PCBs. For all other congeners which may be present in a sample, a
of zero is assignéed.

Th¢ NATO/ECMS scheme has been adopted internationally as a basis for the TEQ determinat

DFs

ex mixture

f the other
dioxin-like
nic toxicity
Ccity.

cribing the
amount or
jeners are

bn as “equivalents of 2,3,7,8-TCDD” they can simply be added up and the resulting TEQ repfesents the

onal toxic
Table A.3).
ioxins and
TEQ value

on. During

)

(IPCS

iternational

standardizes the toxicity of 17 dioxin and furan congeners and

includes for the first time 12 dioxin-like PCBs (see Reference [1]). It reflects current knowledge about toxic
effects of PCDDs/PCDFs and dioxin-like PCBs (see Table A.3).

The WHO-TEQ approach is linked to a WHO recommendation concerning a tolerable daily intake (TDI) for
humans of 1 pg to 4 pg WHO-TEQ per kilogram body weight (including PCBs) that should not be exceeded.
The TDI was recommended on the basis of critical effects (including developmental, reproductive, hormonal,
immune system and neurobehavioural effects), dose-response relationships and quantitative risk extrapolation.

In the sense of an international harmonized risk assessment, which should be based on the most current
knowledge, it appears to be reasonable to accept the WHO-TEQ system and to discuss the WHO-TDI as an
assessment scale for future risk assessment at the international level.
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The calculation of the PCDD/PCDF TEQ results is normally performed by using the international toxic
equivalency factors (I-TEF) of NATO/CCMS (see above). The calculation of the PCDDs/PCDFs and dioxin-
like PCBs (coplanar and non-ortho PCBs) TEQ is only possible using the toxic equivalency factors of WHO
(WHO-TEQpcg). The calculation schemes are not mutually compatible (see Table A.3). The calculation is
mandated according to NATO/CCMS (I-TEQ) by some countries and WHO (WHO-TEQpcg) by others;
consequently, the results and the calculation scheme shall be reported.

Table A.3 — WHO toxic equivalency factors (WHO-TEFs) (see Reference [1]) and international toxic
equivalency factors (I-TEFs) (see Reference [12])

Congemrer T WHO-TEF T —+TEF
2,3,7,8-TCDD 1 1
1,2,3,7,8-PeCDD 1 0,5
1,2,3,4,7,8-HxCDD 0,1 0,1
1,2,3,6,7,8-HxCDD 0,1 0,1
1,2,3,7,8,9-HxCDD 0,1 0,1
1,2,3,4,6,7,8-HpCDD 0,01 0,01
OCDD 0,000 3 0,001
2,3,7,8-TCDF 0,1 04
1,2,3,7,8-PeCDF 0,03 0,05
2,3,4,7,8-PeCDF 0,3 0,5
1,2,3,4,7,8-HxCDF 0+1 0,1
1,2,3,6,7,8-HxCDF 0,1 0,1
1,2,3,7,8,9-HxCDF 0,1 0,1
2,3,4,6,7,8-HxCDF 0,1 0,1
1,2,3,4,6,7,8-HpCDE 0,01 0,01
1,2,3,4,7,8,9-HpEDF 0,01 0,01
OCDF 0,000 3 0,001

Non-ortho PCB
3,4,4'5-TeCB (81) 0,000 1 —
3,3'4,4'-TeCB(77) 0,000 3 —
3,3',4,4',5-PeCB (126) 0,1 —
3,3'4,4',5,5'-HxCB (169) 0,03 —

Mono-ortho PCB
2,3,3',4,4'-PeCB (105) 0,000 03 —
2,3,4,4'5-PeCB (114) 0,000 03 —
2,3'4,4'5-PeCB (118) 0,000 03 —
2',3,4,4',5-PeCB (123) 0,000 03 —
2,3,3',4,4',5-HxCB (156) 0,000 03 —
2,3,3',4,4',5'-HxCB (157) 0,000 03 —
2,3',4,4',5,5'-HxCB (167) 0,000 03 —
2,3,3',4,4',5,5'-HpCB (189) 0,000 03 —
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Annex B
(informative)

Procedure for investigating possible sources of indoor PCB pollution

with a view to possible renovation

Cu
im({

cently | PCE listed in Table 1| ice._the followi

ortance:
a) PCBs as plasticizers in sealing materials;
b) PCBs as flame retardants in emulsion paints for suspended ceilings;
c) PCBs as flame retardants for wood surfaces; and
d) PCB-containing capacitors in lamps.
Thg
fitti
exa

Thq
PCi

e year in which the building or the parts of the building were construgted as well as the year in wh
ngs were installed give a first indication of the presence of many/PCBs. For the first three cases
mples of so-called “open” use of PCBs, the latest time for us€.in buildings may be regarded as
e largest number of examples was found in buildings “¢onstructed in the mid-1970s. T
B-containing capacitors was widely discontinued in the mid~1980s.

The
low

pse primary sources have generally resulted in contamination of the entire room. All surfaces
-intensity secondary sources.

In
sol
pri

he case of primary open sources, a PCB -eontent of 1 g/kg and more is usually found. For
rces, significantly lower PCB mass fractions have been observed (e.g. <1 g/kg). Targeted rem
ary sources and cleaning or removal of-the secondary sources have to go hand in hand during

If if is suspected that PCB-containing-sealing materials had been used in a building, it has prove
take samples of material from various places in the building and to analyse them for their PCB co
needs to be taken in such a ¢ase that all types of joints such as building expansion joints and s€
windows, floors and doors @s)well as joints in bathrooms and staircases are considered as PC

en to inspect thé-building, to take representative air samples with regard to PCBs and to take,
erial samples-from different locations and to analyse them regarding PCBs.

Bs efe also used in paints, mostly until the end of the 1970s, to a small extent also until the m
Os PCBs served both to increase the elast|C|ty of the pa|nts and as flame retardants As a resy

particular

ich interior
which are
hbout 1980.
he use of

can act as

secondary
oval of the
renovation.

n useful to
htent. Care
als around
B sources.
hat appear

, It has been

in parallel,

3))

ddle of the
It PCBs in

oil paints,

flow -on palnts and the like were used. A Beilstein test carned out on the spot can g|ve an indication of high
chlorine contents. In this test, a sample of paint is brought into close contact with a copper mesh or a copper
sheet. On heating, e.g. with a soldering torch, the flame takes on a green colour in the presence of
chlorine-containing compounds. A positive result should be confirmed by subsequent analysis of the material.

It has to be taken into account that larger buildings were frequently constructed in several stages at intervals
in time and individual parts of building may even have been constructed by different companies. In such cases,

samples may have to be taken in the different storeys of the building. Only after such screening an

alyses can

representative and therefore meaningful indoor air measurements be planned and carried out for a building.
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