BS EN 16841-2:2016

Ambient air — Determination
of odour in ambient air by
using field inspection

Part 2: Plume method

bsi.



BS EN 16841-2:2016 BRITISH STANDARD

National foreword
This British Standard is the UK implementation of EN 16841-2:2016.

The UK participation in its preparation was entrusted to Technical
Committee EH/2/3, Ambient atmospheres.

A list of organizations represented on this committee can be
obtained on request to its secretary.

This publication does not purport to include all the necessary
provisions of a contract. Users are responsible for its correct
application.

© The British Standards Institution 2016.
Published by BSI Standards Limited 2016

ISBN 978 0 580 87335 5
ICS 13.040.20

Compliance with a British Standard cannot confer immunity from
legal obligations.

This British Standard was published under the authority of the
Standards Policy and Strategy Committee on 30 November 2016.

Amendments/corrigenda issued since publication
Date Text affected




BS EN 16841-2:2016

EUROPEAN STANDARD EN 16841-2
NORME EUROPEENNE
EUROPAISCHE NORM November 2016

ICS 13.040.20

English Version

Ambient air - Determination of odour in ambient air by
using field inspection - Part 2: Plume method

Air ambiant - Détermination de la présence d'odeurs Aufienluft - Bestimmung von Geruchsstoffimmissionen
par mesures de terrain - Partie 2 : Méthode du panache durch Begehungen - Teil 2: Fahnenmessung

This European Standard was approved by CEN on 10 September 2016.

CEN members are bound to comply with the CEN/CENELEC Internal Regulations which stipulate the conditions for giving this
European Standard the status of a national standard without any alteration. Up-to-date lists and bibliographical references
concerning such national standards may be obtained on application to the CEN-CENELEC Management Centre or to any CEN
member.

This European Standard exists in three official versions (English, French, German). A version in any other language made by
translation under the responsibility of a CEN member into its own language and notified to the CEN-CENELEC Management
Centre has the same status as the official versions.

CEN members are the national standards bodies of Austria, Belgium, Bulgaria, Croatia, Cyprus, Czech Republic, Denmark, Estonia,
Finland, Former Yugoslav Republic of Macedonia, France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Latvia, Lithuania,
Luxembourg, Malta, Netherlands, Norway, Poland, Portugal, Romania, Slovakia, Slovenia, Spain, Sweden, Switzerland, Turkey and
United Kingdom.

. — |

EUROPEAN COMMITTEE FOR STANDARDIZATION
COMITE EUROPEEN DE NORMALISATION
EUROPAISCHES KOMITEE FUR NORMUNG

CEN-CENELEC Management Centre: Avenue Marnix 17, B-1000 Brussels

© 2016 CEN  All rights of exploitation in any form and by any means reserved Ref. No. EN 16841-2:2016 E
worldwide for CEN national Members.



BS EN 16841-2:2016
EN 16841-2:2016 (E)

Contents Page
D010 Q0] 0T ) 0 00 0 o 3
00100 0007 0 U 00 o 4
1 R o0 ) 5
2 A0 00T U g ) ) 4 L 5
3 Terms and defiNItioNsS ... —————————————————————— s ———— 5
4 Symbols and abbreviations ... —————————————————————— . 11
5 Principle of plume extent measuremMent ... ————— 11
6 Coordinator, assessors and panel MEMDET'S ... ————————— 14
7 Planning of MeasuremMents ... s ases 16
8 MeasuremMent PrOCEAUIE ....cuummsmsmssisisismsmsssssssssssssssssssssssasassssssssssssssssssssssssmsssasasassssssnsnsnsssssssssssnsmsasasanas 19
9 L0 10 E=T L0720 a0 LU0 Q=) 10 L) 1 22
10 Data recording, calculation and reporting.......————————————— 24
Annex A (informative) Overview and interaction of existing odour measurement methods....... 27
Annex B (informative) Uncertainty of the plume method.......cccn—————— 28
Annex C (informative) Turbulence CONAitions ... ——————————— 30
Annex D (informative) Example stationary plume measurement ... 33
Annex E (informative) Example dynamic plume measurement .......c.ummsssismsmsssssssssssssssssssssssaes 35
Annex F (informative) Calculation of the odour emission rate by reverse modelling -

stationary plume measurement (€Xample) ... ———————— 38
Annex G (informative) Calculation of the odour emission rate by reverse modelling -

dynamic plume measurement (€Xample) .....cciimmmmmmmmmss———————————— 40
L33 10) 10T o3 021 0] 42, 43



BS EN 16841-2:2016
EN 16841-2:2016 (E)

European foreword

This document (EN 16841-2:2016) has been prepared by Technical Committee CEN/TC 264 “Air
quality”, the secretariat of which is held by DIN.

This European Standard shall be given the status of a national standard, either by publication of an
identical text or by endorsement, at the latest by May 2017, and conflicting national standards shall be
withdrawn at the latest by May 2017.

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

EN 16841, Ambient air - Determination of odour in ambient air by using field inspection consists of the
following parts:

— Part 1: Grid method
— Part 2: Plume method

According to the CEN-CENELEC Internal Regulations, the national standards organisations of the
following countries are bound to implement this European Standard: Austria, Belgium, Bulgaria,
Croatia, Cyprus, Czech Republic, Denmark, Estonia, Finland, Former Yugoslav Republic of Macedonia,
France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta,
Netherlands, Norway, Poland, Portugal, Romania, Slovakia, Slovenia, Spain, Sweden, Switzerland,
Turkey and the United Kingdom.
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Introduction

Part 1 (grid method) and Part 2 (plume method) of this European Standard describe methods for direct
assessment of odours in ambient air.

This European Standard supplements the dynamic olfactometry method described in EN 13725 which
is generally only suitable for measurement of odour emissions ‘at source’. As the practical lower
detection limit is typically = 10 ouE/m3, EN 13725 cannot be applied to directly determine odour
exposure in the field (i.e. measure faint odours at the concentration where they can just be recognized).

The methods for measuring odour presented in this European Standard make direct use of odour
perception, the effect of odorants on the human sense of smell. The standard involves the use of
qualified human panel members in the field to directly assess the presence of recognizable odours in
ambient air, and provide data that can be used to characterize odour exposure in a defined assessment
area. The standard presents two key approaches as summarized as follows:

— Part 1 describes a grid method which uses direct assessment of ambient air by panel members to
characterize odour exposure in a defined assessment area.

— Part 2 (presented in this document) describes a plume method to characterize the presence of
odour by determining the extent of the downwind odour plume of a source.

Although the ultimate application of this method is in monitoring the risk of exposure to odours and the
resulting odour annoyance, there is no direct relation between the presence of recognizable odours and
the occurrence of odour annoyance. The process leading to odour annoyance being experienced by an
individual or a community is highly complex. Additional investigations are necessary to establish a link
between odour exposure and the risk of odour annoyance, which is profoundly influenced by odour
exposure frequency, by the type and hedonic tone of the odour perceived, and by the characteristics of
those exposed to the odour (the receptor). The relationship between odour exposure and annoyance is
not within the scope of this European Standard.

The sensory methods described are only suitable for the assessment of odour in ambient air. They are
not suitable for the assessment of substances that cannot be detected by sensory methods, in particular
when these substances may cause health effects not directly related to their perceived smell.
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1 Scope

This part of the European Standard describes the plume method for determining the extent of
recognizable odours from a specific source using direct observation in the field by human panel
members under specific meteorological conditions.

The plume method involves the determination of the presence or absence (YES/NO) of recognizable
odours in and around the plume originating from a specific odorant emission source, for a specific
emission situation and under specific meteorological conditions (specific wind direction, wind speed
and boundary layer turbulence). The unit of measurement is the presence or absence of recognizable
odours at a particular location downwind of a source. The extent of the plume is assessed as the
transition of absence to presence of recognizable odour.

The primary application of this standard is to provide a common basis for the determination of the
odour plume extent in the member states of the European Union.

The results are typically used to determine a plausible extent of potential exposure to recognizable
odours, or to estimate the total emission rate based on the plume extent, using reverse dispersion
modelling.

The field of application of this European Standard includes the determination of the extent of the
recognizable odour plume downwind from a source, under specific meteorological conditions (e.g. wind
direction, wind speed, turbulence, etc. (see 7.3.2).

This European Standard does not include:

— the measurement of intensity of ambient odours;
— the measurement of hedonic tone of ambient odours;

— the measurement of the odour exposure in ambient air over a longer time period in an assessment
area;

— the calculation of estimated source emission rate from plume assessment using reverse dispersion
modelling.

An overview of the interaction between existing odour exposure assessment methods is given in
Annex A including grid method (Part 1), plume method (Part 2) and olfactometry according EN 13725.

2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application. For dated references, only the edition cited applies. For undated
references, the latest edition of the referenced document (including any amendments) applies.

EN 13725:2003, Air quality - Determination of odour concentration by dynamic olfactometry
3 Terms and definitions

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

3.1

sensory adaptation

temporary modification of the sensitivity of a sense organ due to continued and/or repeated
stimulation

Note 1 to entry  Adaptation can also occur as a result of a gradually increasing stimulation.

[SOURCE: ISO 5492:2008, 2.6, modified - Added Note 1 to entry.]
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3.2
assessor
somebody who participates in odour testing

[SOURCE: EN 13725:2003, 3.1.5]

3.3

crossing (for the dynamic plume method)

series of single measurements by a panel member starting at an odour absence point, crossing the
plume direction more or less at a right angle towards an odour absence point on the other side of the
plume direction

Note 1 to entry:  The crossing shall cover similar distances at each side of the plume direction.

Note 2 to entry: ~ When a crossing does not yield odour presence points it shall start at a distance similar to the
estimated maximum plume width.

3.4

experienced panel member

panel member with the necessary experience to make valid observations for the dynamic method
according to 6.2.2

Note 1 to entry:  To become an experienced panel member a panel member shall participate at least five times in
a measurement cycle with at least three different odour types.

3.5

European odour unit

amount of odorant(s) that, when evaporated into 1 cubic metre of neutral gas at standard conditions,
elicits a physiological response from a panel (detection threshold) equivalent to that elicited by one
European Reference Odour Mass (EROM), evaporated in one cubic metre of neutral gas at standard
conditions

[SOURCE: EN 13725:2003, 3.1.19]

3.6
field inspection
measuring odours in ambient air using panel members

3.7
field observations coordinator
individual responsible for the correct execution of the field measurement procedure

3.8

field survey

total of measurement sessions required to characterize an exposure level (see part 1 grid method) or
plume extent (see part 2 plume method) in an area under study affected by one or more sources or
emitting facilities

3.9
hedonic tone (of an odour)
degree to which an odour is perceived as pleasant or unpleasant
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3.10
intensity
<sensation> magnitude of the perceived sensation

[SOURCE: ISO 5492:2008, 2.8]

3.11
intensity
<stimulus> magnitude of the stimulus causing the perceived sensation

[SOURCE: ISO 5492:2008, 2.9]

3.12

intersection line

intersection line is a line perpendicular to the plume direction along which panel members are placed
for the stationary plume method

3.13

maximum plume reach

maximum distance downwind where an odour type can be perceived and recognized (under defined
meteorological conditions)

3.14

maximum plume reach estimate

distance along the plume direction between the source and the point halfway from the furthest
intersection line or crossing where odour presence points were recorded and the first intersection line
or crossing where only odour absence points were recorded

3.15

measurement cycle

procedure of consecutive field observations required to determine the odour plume extent once,
conducted by a panel under defined meteorological conditions

3.16
measurement leader
individual responsible for the quality assurance of the measurement

Note 1 to entry:  The measurement leader can be the same person as the field observations coordinator.

3.17
measurement point
location where single measurement(s) are carried out

3.18
measurement session
set of consecutive measurement cycles conducted with one panel on the same day

3.19
odorant
substance whose volatiles can be perceived by the olfactory organ (including nerves)

[SOURCE: ISO 5492:2008, 1.35]
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3.20
odour
sensation perceived by means of the olfactory organ in sniffing certain volatile substances

[SOURCE: ISO 5492:2008, 3.18]

3.21

odour absence point

measurement point at which the odour under study is not perceived and recognized as a result of a
single measurement

Note 1 to entry:  See also: odour presence point.

3.22
odour detection
to become aware of the sensation resulting from adequate stimulation of the olfactory system

[SOURCE: EN 13725:2003, 3.1.47]

3.23

odour exposure

contact of a human with a defined odour type, quantified as the amount of odorant(s) available for
inhalation at any particular moment

Note 1 to entry: As odorants have no effect below the detection limit of the human subject, exposure to
recognizable odours may be characterized as the frequency of occurrence of concentrations above a certain odour
concentration (the recognition limit).

3.24

odour hour

odour hour is obtained by a single measurement when the percentage odour time reaches or exceeds
10 % by convention

Note 1 to entry:  Only relevant for the stationary method.
Note 2 to entry: A test result of one single measurement can be positive for more than one distinct odour type.

3.25

odour presence point

measurement point at which the odour under study is perceived and recognized as a result of a single
measurement

Note 1 to entry:  See also: odour absence point.

3.26
odour recognition (in ambient air)
odour sensation in ambient air that allows positive identification of the odour type

3.27
odour type
odour that can be recognized and assigned to a certain installation or source

Note 1 to entry:  Odour types are defined specifically for one survey. One installation can emit more than one
odour type. Several facilities can emit the same odour type.
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3.28
olfactory
pertaining to the sense of smell

[SOURCE: EN 13725:2003, 3.1.54]

3.29
panel
group of panel members

[SOURCE: EN 13725:2003, 3.1.59]

3.30
panel member
assessor who is qualified to perform field inspections according to 6.2

Note 1 to entry:  See also: experienced panel member.

3.31
panel selection
procedure to determine which assessors are qualified as panel members

[SOURCE: EN 13725:2003, 3.1.62]

3.32

percentage odour time

quotient, expressed as a percentage, of positive observations for one or more odour types made for one
single measurement

Note 1 to entry:  One single measurement consists of 60 observations.
Note 2 to entry:  Only relevant for the stationary method.

3.33
observation
assessment of the presence or absence of recognizable odour during a single measurement

3.34
plume direction
line from the source in the mean direction of dispersion projected to ground level

Note 1 to entry:  The plume direction is typically derived from the wind direction.

3.35

plume extent

shape of the plume delineated by a smoothed interpolation polyline through the transition points, the
source location and the location determined by the maximum plume reach estimate

3.36

plume extent area

surface area enclosed by a smoothed interpolation polyline through the transition points, the source
location and the location determined by the maximum plume reach estimate
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3.37
plume width
distance between two transition points perpendicular to the plume direction

3.38

quality assurance

all those planned and systematic actions necessary to provide adequate confidence that a product,
process or service will satisfy given requirements for quality

3.39

single measurement

procedure to obtain recorded observations at a given moment at a given measurement point necessary
to determine absence or presence of recognizable odour

Note 1 to entry:  For the stationary plume method one single measurement results in the test result ‘odour hour’
or ‘non-odour hour’.

Note 2 to entry:  For the stationary plume method the absence or presence is determined based on the observed
percentage odour time over a defined single measurement duration. For the dynamic plume method the absence
or presence is based on the direct and instantaneous observation of recognizable odour or the lack of it.

3.40
single measurement duration
time required to conduct a single measurement

Note 1 to entry:  The single measurement duration is 10 min (60 observations) for a stationary plume method. A
single measurement duration of at least ten minutes is required in order to obtain a representative statement with
at least 80 % certainty on the odour situation within an hour [1]. The single measurement duration for the
dynamic plume method is the duration of one inhalation (one observation).

3.41

sniffing unit

minimal amount of odorant(s), present into 1 cubic meter of air, that generates a response of
recognition of a certain odour type by an experienced panel member, under field conditions

3.42
test result
value of a characteristic obtained by carrying out a specific test method

[SOURCE: ISO 5725-1]

Note 1 to entry:  In this European Standard the test result for a single measurement is the presence or absence
of recognizable odour.

3.43

transition point

point halfway between the last absence point and the first presence point at the limit of the
recognizable odour plume under investigation

10
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4 Symbols and abbreviations

For the purposes of this document, the following symbols and abbreviations apply.

L, Number of positive observations per measurement cycle and measurement point
Lu Monin-Obukhov Length in m

OUE European odour unit

Poq Percentage odour time

R Total number of assessments per measurement cycle

su Sniffing unit (see Annex G)

Zo roughness length in m

5 Principle of plume extent measurement

The plume method is used to determine the extent of the area where the odour plume originating from
a specific odorant source or an odorant emitting installation can be perceived and recognized, under
specific meteorological and specific operating conditions.

The odour plume extent is described by points where a transition from absence to presence of the
recognizable odour under investigation, occurs.

The results are typically used to determine a plausible extent of potential exposure to recognizable
odours, or to estimate the total emission rate using reverse dispersion modelling. The plume extent
measurement is particularly useful as a starting point for estimating emission rates for diffuse odorant
sources where sampling at source is impracticable.

Panel members are used to determine the presence or absence of the specific odour under investigation
at different points downwind of a source under well-defined meteorological conditions.

These conditions are chosen to ensure that the extent of the plume is well defined. The meteorological
conditions during the field observations are measured and recorded.

Typically, the measurement is repeated to reduce uncertainty to an acceptable level. In this way
variability due to random variations in meteorological conditions, panel member performance and
odorant emission is averaged out. There are two versions of observation methods for plume
measurement in this standard:

— stationary plume method (see 8.2),
— dynamic plume method (see 8.3).

Using the stationary method, the panel members are located at specific intervals along intersection lines
perpendicular to the plume direction. Several panel members are positioned at intervals along each
intersection line to cover the estimated width of the recognizable plume. Each panel member
determines the percentage odour time in the course of one single measurement. If the result of a single
measurement reaches a percentage odour time < 10 %, the odour is considered as being absent; at
higher values the odour is present. Single measurements at one intersection line are conducted
simultaneously; intersection lines at different distances from the source are assessed subsequently

11
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assuming that the relevant meteorological conditions remain the same. At least one intersection line has
to be at sufficient distance to ensure that no recognizable odour is present at any measurement point to
be able to determine the maximum plume reach estimate.

1

P E—

—

Key
single measurement: odour presence point
single measurement: odour absence point

L JNON |

transition point
intersection lines

\

plume extent

wind direction

source

plume direction

maximum odour plume reach estimate

gl s W N R

equal distance between the last intersection line with and the one without recognizable odour

Figure 1 — Schematic diagram of an example of stationary plume measurement
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single measurement: odour presence point
single measurement: odour absence point
transition point

Crossings

)§OO.

\

plume extent

wind direction

source

plume direction

maximum odour plume reach estimate

equal distance between the furthest crossing with and the one without recognizable odour

AN Ul D W N R

start of measurement

Figure 2 — Schematic diagrams of an example of dynamic plume measurement; in the first
drawing the measurement commences moving towards the source; in the second drawing the
measurement commences from the source
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Using the dynamic method, the panel members cross the plume, while conducting single measurements
at frequent intervals. By successively entering and exiting the plume and in this way determining the
transition between absence and presence of recognizable odour, the extent of the plume is defined. This
approach helps to avoid adaptation. The plume direction is crossed at different distances from the
source. This includes crossings at distances where no recognizable odour is detected.

The maximum plume reach estimate is defined as the distance along the plume direction between the
source and the point halfway from the furthest intersection line or crossing where odour presence
points were recorded, and the first intersection line or crossing where only odour absence points were
recorded. This equal distance between the two intersection lines/crossings is indicated as point 5 on
the schematic Figure 2.

For both the stationary and the dynamic method the plume extent is defined by the transition points. A
transition point is the point halfway between adjacent odour absence point and odour presence point
for the odour type under study. In order to prevent possible adaptation effects causing incorrect
observations, the transition points in the dynamic plume method are only determined whilst entering
the plume, and not while exiting.

The field of application and results (in terms of plume extent) for the dynamic and stationary plume
method are considered to be equivalent.

6 Coordinator, assessors and panel members
6.1 Measurement leader and field observations coordinator

The measurements shall be conducted under the responsibility of a measurement leader, who is
responsible for quality assurance. The measurement leader shall have experience conducting scientific
field surveys and detailed knowledge of the contents of this standard. The measurement leader is
responsible for the planning of the field inspections, and ensuring that all related measurements are
conducted according to this standard. The measurement leader shall also ensure that the measurements
and their results are recorded according to the requirements of this standard.

A field observations coordinator shall be responsible for correct execution and all practical aspects of
the field inspections, including:

— instructing the panel members (see 6.3),

— organizing a general instruction on site for each measurement cycle with all panel members
participate on that measurement cycle (see 6.3),

— surveying the study area,

— maintaining health and safety precautions (see 7.1),

— maintaining and checking the data record sheets for completeness and plausibility,

— recording source emissions characteristics, if accessible.

The field observations coordinator can be the same person as the measurement leader. In the dynamic

method the field observations coordinator or measurement leader can also participate as a panel
member in the observations for the current measurement.

The field observations coordinator has to be experienced in carrying out plume measurements. The
field observations coordinator is viewed as sufficiently experienced if he/she has participated at least
10 times in field inspections (e.g. as panel member or coordinator assistant).

14
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The measurement leader or other suitably qualified personal shall check the records of the observations
and their plausibility.

If there are any indications that one or more panel members are not performing in compliance to the
criteria set out in this standard, the measurement leader shall exclude them from further participation.

6.2 Assessors and panel members

6.2.1 Code of conduct for assessors and panel members

When recruiting panel members the following conditions shall be met:

— panel members shall be atleast 16 years of age and willing and able to follow instructions.

To qualify as a panel member, assessors shall observe the following code of conduct:

— the panel member shall be motivated to carry out his/her job conscientiously;

— the panel member shall be available for the complete measurement session (series of
measurements on a day, interrupted by short breaks only);

— from 30 min before and during measurement panel members shall not smoke, eat, drink (except
water) or use chewing gum or sweets;

— panel members shall take great care to ensure there is no interference with their ability to perceive
odours as a result of personal hygiene or the (inappropriate) use of perfumes, deodorants, body
lotions or cosmetics;

— panel members shall not enter the installation under investigation prior to the field inspection in
order not to be contaminated with the odorants;

— panel members suffering from a cold or any other affliction affecting their perception of smell (e.g.
allergic reactions, sinusitis) shall be excluded from participating in measurements;

— during measurements panel members shall not communicate about their observations.

The measurement leader shall ensure that all panel members are aware of and understand the code of
conduct. Enforcement of the code of conduct has a direct influence on the test results, and is therefore of
great importance. The measurement leader shall ensure that the motivation of panel members is
maintained throughout the measurements, and corrective action shall be taken when required.

6.2.2 Selection of assessors on individual variability and sensitivity

The initial selection of assessors is carried out according to EN 13725:2003, 6.7.2.

The olfactory acuity of panel members shall be checked at least every six months. A measurement
history for each panel member shall be recorded and maintained by determining two individual
threshold estimates for the reference odorant at least every six months. Each time an individual
threshold estimate for the reference odorant is collected, the measurement history of the panel member
in question shall be updated and evaluated. Evaluation shall be conducted by calculating the selection
parameters as defined in EN 13725 from at least 10 and at most 20 of the most recent individual
threshold estimates, and comparing the results with the selection criteria. If the panel member does not
comply, he/she is excluded from all further measurements until compliance is established once again.

The panel selection shall be carried out before the field observations are conducted. The assessment of
compliance with the panel selection criteria shall not be dated more than 6 months before the date of
field observations.

15
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Valid observations shall only be carried out by panel members. To become an experienced panel
member for the dynamic method a panel member shall participate at least five times in a measurement
cycle with at least three distinct odour types.

6.2.3 Panel size and composition

For the duration of the survey period, a pool of qualified panel members shall be formed from which the
panel members for the particular measurement session are selected.

The size of panel to be used in one measurement cycle shall be:

— For the stationary plume method a minimum of five panel members is required.

— For the dynamic plume method a minimum of two experienced panel members is required, to make
measurements simultaneously.

6.3 Panel instruction
The purpose of the investigation, the code of conduct, the measurement method and the relevance of its

results shall be explained to the panel members.

Before the start of the measurement, panel members shall be given general instruction on-site. Panel
members shall be given the opportunity to become acquainted with the odour types occurring on-site.

Before the first single measurement, the panel member shall be explicitly instructed that the objective is
not to achieve the most sensitive odour response but rather to obtain an immediate assessment of the
presence of an odour beyond all doubt (clear recognition of the odour type).

7 Planning of measurements
7.1 Health and safety

When defining measurement points and assessing their accessibility, care has to be taken that panel
members shall not be put at risk, e.g. from vehicle traffic. When working in the dark, panel members
shall wear light-coloured or high visibility clothing and be issued with suitable personal equipment (e.g.
torches, working lights, mobile phone). In dark or isolated areas, high priority shall be given to ensuring
the personal safety of panel members

Panel members’ clothing and equipment should be suited to the weather conditions.

7.2 Personal equipment for panel members

Further items of equipment shall include:

— atiming device (for the stationary method a 10 s timing signal should be available),
— data recording tools (clipboard with data record sheets or a personal digital assistant),
— apositioning device (e.g. map, GPS).

Suitable protection should be provided to preserve the integrity of data record sheets or recording
devices.

16
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7.3 Planning of plume measurements

7.3.1 General conditions
The odour plume extent depends on the emission rate of the source, the characteristics of the odorant
source and the current dispersion situation.

The following information on the operations of the source of the emissions is useful for planning field
observations:

— Production process, products types;
— Characteristics of main emission sources:

— Point sources: location, height of emission point and additional information e.g. temperature,
flow velocity, diameter;

— Area sources: location, area and additional information e.g. dimensions and height;
— Fugitive sources: location;
— Odour types of the emitted installation odour(s);

— Hours of operation, discontinuous operating processes, processing rate.

Additional information may also be relevant depending upon the nature of the source and process. It is
advisable to document the actual operating conditions at the time of plume field inspection if access to
this information can be obtained.

7.3.2 Accompanying meteorological measurements

7.3.2.1 General
The dispersion of an exhaust air plume of an installation emitting odorants is directly affected by wind
direction, wind velocity and stability of the atmosphere (e.g. dispersion category).

Therefore representative meteorological measurements of the installation site shall be carried out
during the measurement cycle, of the following parameters:

— wind speed;

— wind direction;

— turbulence (e.g. Monin-Obukhov length);

— temperature.

Additional visual observations should be conducted for unusual features, e.g. precipitation, mist, snow,

during each measurement cycle.

Meteorological measurements which are representative of the location shall be carried out using
suitable meteorological equipment a suitable weather station. To be able to check the standard
deviation in wind direction, the frequency of measurement should be sufficiently high. One minute
mean values are recommended.

To achieve a meteorological data set that adequately describes the conditions determining odorant
distribution in ambient air a digital ultra-sonic anemometer including a turbulence measurement
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(Monin-Obukhov length) shall be used. This instrumentation is able to measure wind direction, wind
speed, turbulence and temperature, at short measurement intervals (e.g. one minute average values).

Measurements by commercial or local authority weather stations (wind speed, wind direction,
turbulence, temperature) can be used if the spatial conditions on-site are unsuitable for local
meteorological measurements The applicability of measurement data of neighbouring wind
measurement stations on-site should be examined with reference to following minimum requirements:

— height of measurement shall be 10 m,
— distance to obstacles, which could have any influence shall be minimum seven times of their height.

NOTE For reverse calculation, which is not part of the scope of this standard, other meteorological
parameters can be relevant. For example, it may also be necessary to record the building layout and the
orographic conditions to permit later digitization

7.3.2.2 Measurements of meteorological parameters

Fulfilment of suitable conditions for the measurement has to be proven by measurements of the
influencing meteorological parameters using an ultra-sonic anemometer 10 m high.

The limits for wind speed and direction according to 7.3.3 are based on mean values of 1 min. At least
10 single measurements have to be performed during one measurement cycle.

7.3.3 Suitable meteorological conditions

All measurement cycles should be carried out under the following meteorological conditions (measured
by ultra-sonic anemometer):

— no significant precipitation (rainfall, snow, ...);

NOTE 1  After rainfall, a break of 15 min is strongly advised before measurement recommences.

— ambient temperatures above 0°C ;

— standard deviation of wind direction less than 25° direction during one measurement cycle;
— average wind speed at 10 m height during the measurement cycle between 2 and 8 m/s;

Conditions for wind speed and direction have to be verified according 7.3.2.

— constant turbulence conditions (no changing dispersion class) during one measurement cycle; the
atmospheric stability is specified by indicating the Monin-Obukhov length Lu, which can be
measured by 3d-ultra-sonic-anemometer; the Monin-Obukhov length (Lu) shall be under =150 m or
above 250 m (see Table 1 and Annex C);

— turbulence classes slightly stable, neutral or slightly unstable (for example Pasquill C or D or part of
Band E).

NOTE 2  For estimating the stability classes a normal three cup anemometer with wind vane can be used (see
C.2). To achieve the Monin-Obukhov length, an ultra-sonic anemometer is mandatory.
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Table 1 — Different stability classes and corresponding Monin-Obukhov length (Lv) for a
roughness length zo = 1,5 m

Stability class2 Monin-Obukhov length (in m) for zo=1,5m
Klug/Manier Pasquill Intervall allowed Intervall

I F 0 <Lw<100

Il Ec 100 < Lm <500 250<Lu <500

I1/1 Db 500 < Lvor Lu<-700 500 < Lv or Ly <-700
I11/2 Cb -700 < Lm<-200 -700 < Ly <-200

IV Be -200<Luw<-100 -200<Lv<-150

\Y% A -100<Lu <0

a  These stability classes are comparable in a first approximation.
b Allowed meteorological range for plume measurements.
¢ Partly allowed meteorological range for plume measurements.

NOTE 3  Suitable meteorological conditions as defined above are necessary during the measurement itself but
also necessary some time before the measurement starts in order to ensure a fully constant plume has developed.
It is therefore advisable to observe these meteorological conditions at least during the time needed for a full
plume to develop, 1 h before the start of the measurement.

7.3.4 Assessing odour type in the field

Before the start of the measurement, all panel members shall be familiarized with the odour type under
investigation.

Panel members assess the odour referring to a given list of odour types (“it smells of...”). The list can be
adapted to the task in hand. It has to be defined before starting the survey and kept simple so as not to
overburden panel members. If necessary, the list can be extended on the basis of incoming results.

A distinction between several odour types is necessary only if the installation under investigation has
several sources emitting different odour types or if the plumes of several facilities are unavoidably
superimposed.

8 Measurement procedure
8.1 General aspects

There are two methods to measure the plume extent, the stationary plume method and the dynamic
plume method. In both methods a single measurement consists in the determination of the presence or
absence of recognizable odour at a given moment and a given measurement point.

Transition points are defined as the location halfway between the last single measurement with absence
and the first single measurement with presence of the recognizable odour under investigation. The
different transition points determined during a measurement cycle define the plume extent.

The typical duration of one measurement cycle varies between half an hour and two hours, depending
on the size of the plume and the accessibility of the terrain.

Before each measurement cycle some observations upwind of the source should be recorded to
determine whether the observed odour really comes from the source and is not a background odour.

The plume direction is estimated from the wind direction. Suitable methods of estimation typically are
using the data from the on-site weather station or using a weather vane, flag, balloon or smoke
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cartridge. In case of high emission points (e.g. stacks), one should be aware of the fact that the wind
direction at emission height might be different from the wind direction at ground level. This can be
checked by controlling the wind direction of the visible plume leaving the stack.

The minimum required data for describing the plume extent are the maximum odour plume reach
estimate and the maximum plume width, usually located at a distance approximately halfway the
maximum odour plume reach.

Additional points can be plotted on a map to graphically represent the plume extent for one
measurement cycle.

The plume extent area can be calculated as the area enclosed by a smoothed interpolation polyline
through the transition points, the source location and the location determined by the maximum plume
reach estimate.

The result of a field survey can be expressed as:

— the median maximum plume reach (m);
— the median plume width (m);
— the median plume extent area (m?2).

NOTE For the purpose of reverse modelling (which is outside the scope of this standard), the actual separate
results from the measurement cycles are used, in combination with the relevant meteorological data of each cycle.

8.2 Stationary plume method

The stationary plume measurement consists of several single measurements each lasting ten minutes at
several intersection lines perpendicular to the current wind direction (plume direction). An
intersection line consists of at least five measurement points chosen by the field observation
coordinator; at each measurement point one panel member is positioned. The transition point is by
definition the point halfway between the last single measurement with absence and the first single
measurement with presence of the recognizable odour under investigation. Absence of odour is defined
by a percentage odour time < 10 % during a single measurement; presence of odour is defined by a
percentage of odour time = 10 %.

A single measurement duration of at least ten minutes is required in order to obtain a representative
statement with at least 80 % certainty on the odour situation within an hour [1].

Each measurement cycle shall comply with the minimum requirements as set out in 9.1.

The distance between the intersection lines and the distance between the measurement points
depends on the anticipated plume extent. It is advisable to estimate the plume extent roughly
beforehand, e.g. by car, as a guide for the measurement. The plume extent is affected by the structural
height of the emission source, by the odorant flow rate, the current meteorological conditions and by
buildings/vegetation (orography) and the topography. The position of the intersection lines and
measurement points are entered on a map.

The first intersection line should be chosen as such that a clear recognition of the odour under
investigation can be observed.

The single measurements at the first intersection line shall be carried out in such a way that allows the
field observations coordinator to respond directly to unusual occurrences or uncertainty and answer
any questions that may arise. For single measurements at consecutive intersection lines, the physical
ranking of the panel members should be changed to prevent systematic errors.

20



BS EN 16841-2:2016
EN 16841-2:2016 (E)

It is usually necessary to decide ad hoc on the position of the measurement points, to adjust to the
current dispersion conditions. Therefore, the field observations coordinator shall have sufficient
experience (see 6.1).

When defining the measurement points, care shall be taken that the panel members can stand out in the
open and not in the immediate vicinity of houses, high walls, hedges, the edges of forests etc. Heavily
used roads are also unsuitable as measurement points (noise, traffic odours). The same applies to
railway lines and stops for buses, taxis etc. If possible, the measurement points should not be situated
within the impact range of other odorant sources. Locally delimited odorant sources such as exhaust air
shafts, manhole covers, compost heaps, snack bars or petrol stations should be avoided when defining
the measurement points.

To determine the percentage odour time in a single measurement duration, the following method is
used.

The panel member sniffs the air every 10 s and records the identified odour type on a special data
record sheet. At the end of the 10-min single measurement duration, the panel member has assessed 60
odour samples. At each 10-s interval, he assesses only the individual breath of air and not the odour
impression gained during the preceding 10 s. In the event of disturbances during individual odour
assessments within the 10 min, samples can be added immediately afterwards at 10 s intervals.

The percentage odour time is the fraction of the total number of odour assessments with a positive
assessment result during the single measurement duration.

The start of measurement is indicated acoustically or visually by the field observations coordinator. If
this is not possible, measurement can start at an agreed time. Watches should be synchronized
beforehand.

Information about other odour types (not under investigation) also should be registered.

As an example, the procedure described above is presented in Annex D for an area source at ground
level.

If interested passers-by disturb the measurement process, they should be requested to wait until the
end of the single measurement for information on the project. Experience however has shown that
individual panel members are rarely disturbed during plume measurement.

8.3 Dynamic plume method

A measurement cycle consists of at least 20 single measurements at different distances from the source
by at least two experienced panel members in order to define at least 6 transition points and finally the
odour plume extent (see also 9.1). These observations (single measurements) are to be done on foot or
by bike.

It is advisable to estimate the plume direction and the rough plume extent beforehand, e.g. by car, as a
guide for the measurement.

Before starting the observations, timing devices shall be synchronized.

The experienced panel members can begin a measurement cycle by starting observations either close to
the source or at a certain distance downwind. In case of a complex source situation emitting different
odour types, it is advisable to start at a distance downwind where the different odours can be clearly
discerned. The objective of these initial observations is to familiarize the experienced panel members
with the odour type(s) under investigation. The decision of where to start and which direction to go, is
to be made by the field observations coordinator.

In order to prevent adaptation to the odour under investigation, panel members should regularly go in
and out the plume preferably by crossing the plume axis in a zigzag pattern as shown in Figure 2.

In certain circumstances it is however allowed to cross only the edge of the plume in a zigzag way, e.g.
when the complete crossing of the plume is not possible due to geographical restrictions.
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The plume is then repeatedly crossed at different distances from the source in order to cover the whole
estimated plume extent. The observations should include crossings at distances downwind where no
odour is recognized, in order to ensure that the maximum odour plume reach can be determined.

Each measurement cycle shall as a minimum satisfy the quality criteria as defined in 9.1.

Each measurement point is chosen by the experienced panel member and is indicated on a
topographical map or on a portable GPS-system by adding a waypoint. For each measurement point, the
exact time is registered, and also whether or not the odour under investigation is recognized.
Information about other odour types should also be registered.

An example of a typical observation form (map) of one panel member including the data record sheet is
added in Annex E.

Panel members should work independently (e.g they should not do the same crossing at the same time).
They should not communicate with each other during the single plume measurement in order to avoid
mutual influences. The coordinator however can give additional instructions during the single plume
measurement or decide to stop the measurement. This can be necessary when, for example, extreme
changes in meteorological conditions occur during the measurement. For this reason, the coordinator
shall have sufficient experience.

Panel members shall avoid communicating with members of the public when performing field
observations. Information for interested passers-by shall be provided by the coordinator.

9 Quality requirements

9.1 General

There are several parameters which influence the determination of the plume extent and therefore have
an effect on the uncertainty of the measurement (see also Annex B). Before providing a description of
these parameters, it should be stated that the uncertainty of the total measurement using this standard
cannot be fully defined. This standard therefore gives no overall uncertainty requirements which should

be reached. This standard reflects current expert opinion on the best way to perform this type of
measurement and on the minimum requirements needed to do this in accordance with the ‘state of the

)

art’.
The most important parameters influencing the uncertainty of a plume measurement are:

a) Meteorological parameters:
1) wind direction and its variation in time,
2) wind speed and its variation in time,
3) turbulence and its variation in time.

b) Source parameters (process conditions):
1) emission rate and its variation in time,
2) variation of the odour type in time,

3) configuration and location of the sources (incl. height, buoyancy).
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c¢) Measurement parameters:
1) method applied and the degree of compliance to the standard requirements,
2) number and quality of panel members and experience of the coordinator,
3) time required to complete one measurement cycle.

In 7.3.2, the way to select and to check meteorological and measurement parameters have been
established far as possible. Source parameters are not described here due to the wide variety of
possible process conditions. The assumption is made that no relevant variations occur during a
measurement cycle. It is therefore important to check that the process conditions are as constant as
possible during performance of a measurement cycle. The minimum requirements for meteorological
conditions are described in 7.3.3.

The meteorological conditions that prevail during a measurement cycle are very important. One of the
main underlying assumptions of both plume methods is that meteorological conditions are considered
as “constant” during one measurement cycle. That means that the duration of one measurement cycle
should not exceed the duration of one “steady” meteorological condition.

NOTE In order to obtain an improved estimate of emission rate through reverse modelling (which is not part
of the scope of this standard), the uncertainty of the mean emission rate estimate obtained can be reduced by
increasing the number of measurement cycles, e.g. during different wind speeds or turbulence classes, to better
characterize variations in meteorological conditions and take into account the variations in the source emission
rate over time. Additional factors that affect the uncertainty of the reverse calculation are the details of the
characterization of the meteorological conditions during the measurement and the dispersion model used.

9.2 Minimum requirements for the data collection during one measurement cycle

A measurement cycle shall consist of at least 20 single measurements, from which at least 6 transition
points (absence to presence) can be determined.

The maximum plume reach estimate shall be determined from observations obtained from two
intersection lines (stationary method) / two crossings (dynamic method), one of which includes at least
one odour presence point observation, and another intersection line / crossing where only odour
absence point observations are recorded.

The distance between the intersection line / crossing without odour presence point observations and
the nearest intersection line /crossing with odour presence point observation(s) shall be less than 20 %
of the maximum odour plume reach as determined from these observations.

At least 4 transition points (absence to presence), 2 at either side of the plume, shall be recorded at
distances along the plume direction between 30 % and 70 % of the maximum odour plume reach.

The maximum plume reach estimate shall be determined from observations obtained during two
crossings, one of which including at least one odour presence point observation, and another crossing
where only odour absence point observations are recorded.

The distance between the crossing without odour presence point observations and the nearest crossing
with odour presence point observation(s) shall be less than 20 % of the maximum odour plume reach
as determined from these observations.

For the dynamic method, a measurement cycle shall be conducted by at least two experienced panel
members who each contribute approximately equal shares to the single measurement results.
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9.3 Number of measurement cycles for one field survey

A minimum number of ten measurement cycles have to be conducted for one complete field survey.

However, it is permissible to conduct less measurement cycles in some circumstances. For example, to
confirm the presence or absence of odour at a certain point during or shortly after a complaint, or to
assess the effect of switching off an odorant treatment system on the maximum odour plume reach in
the field.

NOTE It is advisable to conduct the ten measurement cycles over at least five different days, in order to take
possible variations (e.g. source emission strength, meteorological conditions) into account.

10 Data recording, calculation and reporting

10.1 General

During a single measurement, the panel member acknowledges and assesses his/her odour
observations and records them. Information about other odour types (not under investigation) should
also be registered. Commonly used collection methods and calculation of the results are described
below.

10.2 Stationary plume method

10.2.1 Data recording and calculating the percentage odour time

In addition to the data collected by the panel members, the field observation coordinator records the
location of the intersection lines and measurement points with the corresponding identified panel
member on a topographical map or on a GPS system.

The simplest method for determining the percentage odour time P,q at a measurement point is with a
clock or watch as a timer and with a data record sheet for recording the results of odour samples. A
sample of such a sheet is added in Annex D. To determine the percentage odour time, the number of
positive assessments is counted and divided by the total number of assessments according to
Formula (1).

L
P,y =—t-100 1)
R
where
Pod is the percentage odour time at a measurement point (percentage of odour recognition)
L, is the number of positive responses per measurement cycle and observation point
R is the total number of assessments per measurement cycle
NOTE If, outside the scope of this standard, odour intensity or other parameters have been investigated, this

additional information can also be presented in the same record sheet.

The field observations coordinator records the general conditions of the measurement.

10.2.2 Criterion for positive single measurements (odour hours)

The criterion of the positive single measurement (odour hour) is only employed for stationary plume
measurements in order to define the plume

boundary.
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For the purpose of reverse modelling (which is outside the scope of this standard), the actual
percentage time of odour detection during the measurement cycle is required. It is calculated with
Formula (1) given above (see example(s) in Annex D).

A single measurement equals an odour hour (which means odour presence) when the percentage odour
time reaches or exceeds 10 % of the total number of timed olfactory samples during the 10-min
measurement duration.

10.2.3 Calculation

For each single measurement, the percentage odour time is calculated (see Formula (1)) and reported
in a table. Odour presence or odour absence points are then determined and discriminated in the table.

The outcome of the plume measurement is the plume extent boundary. This boundary is represented by
a smoothed interpolation polyline drawn on a map using the different transition points, including the
transition point at the maximum plume reach estimate (see Figure 1).

10.3 Dynamic plume method
10.3.1 Datarecording

During a measurement cycle, each panel member indicates all of his measurement points on a (e.g.
topographical) map by adding a number. As an alternative, the points can be registered on a portable
GPS system with sufficient accuracy. Numbers corresponding to odour presence points should be
different from those corresponding to odour absence points (e.g.by using different colours, circling the
number or using different waypoints on the GPS). For clarity, the direction of the crossing can be
specified on the map . This will facilitate the identification of the lines corresponding with entering the
plume which are the only ones that allow the determination of the transition points. On a separate data
record sheet, the exact time (if not registered by GPS), odour presence or absence and the odour type is
registered for each measurement point. This means that information about other odour types should
also be registered.

The field observations coordinator records the general conditions of the measurement.

NOTE If, outside the scope of this standard, odour intensity or other parameters have been investigated, this
additional information can also be presented on the same data record sheet.

10.3.2 Calculation

A transition point is determined as the point halfway between the last odour absence point and the first
odour presence point for the odour type under investigation. For each crossing the transition points (if
available) are determined.

The maximum plume reach estimate shall be determined from observations obtained during two
crossings, one of which including at least one odour presence point observation, and another crossing
where only odour absence point observation is recorded.

The outcome of the plume measurement is the plume extent boundary. This boundary is represented by
a smoothed interpolation polyline drawn on a map using the different transition points, including the
transition point at the maximum plume reach estimate (see Figure 2).

10.4 Reporting of results
The measurement report should present the results of the plume measurement logically and in a way
that is verifiable by third parties. If for special reasons, e.g. because of an unusual task or inaccessibility

of the installation, some methodological modifications were considered or some of the points listed
below have to be omitted, this shall be mentioned explicitly in the report.
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The following details are always essential:

a)
b)

<)

d)

g)

h)

j)

commissioning organization identification and contact details,
organization responsible for carrying out the survey and publishing the report,

formulation of the objective of the study and the agreements reached, for instance with installation
coordinators and public authorities,

description of the measurement method employed: stationary or dynamic plume method,
description of the meteorological station used and their location,

presentation of the results in figures (plume extents at each measurement cycle) with reference to
maps,

table presentation of the maximum odour plume reach estimate for each measurement cycle, as
well as the average value,

description of the measurement points on the intersection lines (stationary method) or on the
crossing lines (dynamic method) on the site map,

details of how the requirements of the standard were implemented including reasons for any
deviation from this European Standard,

a specimen of the data record sheet employed and of the differentiated odour types.

In addition, the reporting of the following details is recommended:

k)

D

description of the installation(s), including odorant emission sources and existing odorant
abatement measures, emitted odour types and operating hours during the survey period. Reference
has to be made to operating conditions that generate particularly high emissions if relevant and
available,

site plan or map with the relevant odorant sources marked on it.

The following details shall be retained and made available as required for at least five years from the
date of completion of the survey (electronic or hardcopy):

m)

26

Details of measurement planning and measurement results with the following items: date, time,
panel member ID, identification of all measurement points with, for each of them, percentage odour
time (number of positive observations for stationary plume method) or specification of presence or
absence of odour (dynamic plume method), specified according to each odour type marking of any
omitted and rescheduled single measurements,

measurement leader, field observations coordinator, institutions involved,

list of the panel members inclusive of an overview of their qualification as panel members,

list of the panel member IDs inclusive of an overview and detailed information of their qualification
as panel members for that time period,

all completed data record sheets,

raw meteorological data measured during measurement cycles.
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Annex A
(informative)

Overview and interaction of existing odour measurement methods

Current Situation
Inspection or Survey

No

Field Inspection

{

Inspection
at the source

Detection No *
of odour exposure

itself Emission
itse measurement
- Grid measurement . .. (Eilclogr;lgsliy

Status Result Odour Status Result Status Result
hour frequency Plume extent Emission rate

Calculation representative emission-
situation & dispersion Modeling

Y !
Odour exposure Odour exposure
(measured) (calculated)

Figure A.1 — Overview and interaction of existing odour measurement methods including grid
method (Part 1), plume method (Part 2) and dynamic olfactometry according EN 13725
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Annex B
(informative)

Uncertainty of the plume method

The result of a plume measurement consists of the shape of the plume where at a given moment and
under defined meteorological conditions, the odour type under investigation can be observed and
recognized. This result can be expressed with a number of parameters: The maximum plume reach, the
plume width at a certain distance and/or the plume extent area.

Uncertainty in the determination of the odour plume and thus in the description or quantification of the
parameters referenced above, can be caused by a number of factors:

— uncertainty due to varying meteorological parameters during the plume measurement,
— uncertainty due to varying source parameters during the plume measurement,

— uncertainty due to the number and quality of panel members,

— uncertainty associated with the observations (i.e. estimation of transition points).

In order to reduce all these uncertainties, several restrictions are imposed in the standard.

The uncertainty caused by meteorological parameters is not quantifiable in a general way. For the
meteorological parameters, 7.3.3 lists a number of minimal requirements under which a plume
measurement can be conducted, in order to prevent plume determination during unsuitable conditions,
where a good delineation of the odour plume is not possible. Besides this, 7.3.2 exiges the measurement
and registration of different meteorological parameters in order to prove the suitability of the
conditions afterwards.

The uncertainty caused by variability of the source parameters, is difficult to prevent and also not
quantifiable in a general way. If possible, contacts with the operational management at the odorant
source can give a more clear view on possible variations. These details can be used in the planning of
the measurements. If variations of the source exist and if they cannot be excluded, it is recommended to
repeat the single measurement. The uncertainty due to the panel members is being counteracted by
using only human assessors fulfilling the requirements of EN 13725 and by using only experienced
panel members, trained in distinguishing different odour types. Nevertheless, it cannot be excluded that
certain panel members are much more or much less sensitive to a certain odour type than others. If this
experience exists, it is advisable to exclude these panel members for measurements of this odour type.
In practice however, most panel members start recognizing a certain odour type at more or less similar
distances.

Finally, uncertainty in the delineation of the odour plume can be caused by estimating the transition
points. This uncertainty can be defined by maximally half the distance between the last single
measurement without the odour under investigation and the first single measurement with the odour
under investigation.

In case of the stationary plume measurement, this distance is determined by the positioning of the
different panel members. If the distance between the panel members is, e.g. 50 m the uncertainty is
25 m (half the distance between the last single measurement without the odour under investigation and
the first single measurement with the odour under investigation).

In case of the dynamic plume measurement, this distance is very limited at the plume border and can be
maximally around 10 m to 15 m. Panel members are moving on foot or by bike, thus at a maximum
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speed of 5 m/s. The time lap between two inhalations (two single measurements) is around 5s to 6,
which means that the distance between two single measurements is around 25 m to 30 m. Half the
distance, being the maximum uncertainty for determination of the transition point, results in being
maximally 15 m. The uncertainty of the plume width can thus be defined as twice this value, being
maximum 20 m to 30 m.

At the end of the plume, the maximum plume reach estimate is defined as the distance along the plume
direction between the source and the point halfway the furthest intersection line or crossing where
odour presence points are recorded and the first intersection line or crossing where only odour absence
points were recorded. The uncertainty is thus half the distance between these two points. In 9.1, it is
defined that the distance between the crossing without odour presence point observations and the
nearest crossing with odour presence point observations shall be less than 20 % if the maximum odour
plume reach. The uncertainty on the maximum odour plume reach can thus be defined as maximum
10 % of the determined value.

The uncertainty for the plume area can be deducted from both uncertainties described above, but
cannot be quantified in a general way.
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Annex C
(informative)

Turbulence conditions

C.1 Monin-Obukhov length
The atmospheric stability is specified by indicating the Monin-Obukhov length Ly. Table C.1 shows the
classification of Monin-Obukhov lengths for a roughness of zo = 1,5 m [2].

Table C.1 — Example for the relation between Monin-Obukhov length and Klug/Manier or
Pasquill stablility classes for a roughness length zo = 1,5 m [2]

Stability class? Monin-Obukhov length (in m) for zo = 1,5 m
Klug/Manier Pasquill Intervall allowed Intervall

I F 0 <Lu<100

Il Ec 100 < Lm <500 250<Lm<500

11/1 Db 500 < Lvor Ly <-700 500 < Lvor Ly<-700
111/2 Cb -700 < Ly <-200 -700 < Ly <-200

I\Y% Be -200<Lu<-100 -200 < Lu<-150

\Y A -100<Lm <0

a  These stability classes are comparable in a first approximation.
b Allowed meteorological range for plume measurements.

¢ Partly allowed meteorological range for plume measurements.

The intervals of the Monin-Obukhov lengths were derived from an evaluation of meteorological
measurement at the Kernforschungszentrum Karlsruhe (KFK). Therefore they are representative for a
roughness length of about zo=1,5 m. The default values were based on works of [3] and [4] for a
roughness length of zo = 1,5 m.

The following estimate is applied for roughness length other than 1,5 m:

z
1,5m

Ly =Ly 5

With this approach, the results of [4] are reproduced for the value range 0,01 m <z < 1,5 m.

C.2 Stability classes

In case that no data for the Monin-Obukhov length are available, as only information on wind speed and
wind direction is on hand (e.g. because a normal three cup anemometer with wind vane is used), the
stability classes can be derived from Table C.2 (daytime) or Table C.3 (at night) using the factors time of
day, wind speed and surface coverage [5; 6].
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Table C.2 — Pasquill and Klug stability classes (daytime)

BS EN 16841-2:2016
EN 16841-2:2016 (E)

wind speed
(m/s)
0 1 2 3 4 5 6 >6
Day
(Winter)
8/8 | D-1I/1 | D-I1II/1 | D-II/1 | D-1I/1 D-1II/1 D-1I/1 | D-1I/1 | D-III/1
7/8 | D-1I/1 | D-1I/1 | D-IlI[/1 | D-1I/1 D-1II/1 D-1I/1 | D-1I/1 | D-III/1
6/8 | B-1V B-IV C-11/2 | C-11/2 C-111/2 D-1I/1 | D-1I/1 | D-III/1
5/8 | B-1V B-IV C-11/2 | C-11/2 C-111/2 c-11/2 | D-1I/1 | D-III/1
Cloud | 4/8 | B-1V B-IV C-11/2 | C-11/2 C-111/2 c-11/2 | bD-1I/1 | D-III/1
cover
3/8 | B-1V B-IV C-11/2 | C-11/2 C-111/2 c-11/2 | c-11/2 | D-I1I/1
2/8 | B-1V B-IV B-1V B-1V C-111/2 c-m/2 | c-11/2 | D-1II/1
1/8 | A-V A-V B-1V B-1V B-IV B-IV c-11/2 | D-I1/1
0 A-V A-V B-1V B-1V B-IV B-IV c-11/2 | D-I1/1
Day
(Spring)
8/8 | D-1ll/1 | D-1I/1 | D-1II/1 D-111/1 D-111/1 D-1I/1 | D-1II/1 | D-II/1
7/8 | D-1I/1 | D-1I/1 | D-1II/1 D-111/1 D-111/1 D-1I/1 | D-1II/1 | D-II/1
6/8 B-1V B-1V C-111/2 C-111/2 C-111/2 c-11/2 | b-1I/1 | D-1I/1
5/8 B-1V B-1V B-IV C-111/2 C-111/2 c-11/2 | b-1I/1 | D-1I/1
Cloud | 4/8
cover B-1V B-1V B-IV B-1V C-111/2 c-11/2 | b-1I/1 | D-1I/1
3/8 A-V A-V B-IV B-1V B-IV C-11/2 | Cc-11/2 D-1II/1
2/8 A-V A-V A-V B-1V B-IV B-1V C-111/2 D-1II/1
1/8 A-V A-V A-V B-1V B-IV B-1V C-111/2 C-111/2
0
A-V A-V A-V B-1V B-IV B-1V C-111/2 C-111/2
Day
(Summer)
8/8 | D-1lI/1 | D-1I/1 | D-1II/1 D-111/1 D-111/1 D-1I/1 | D-1II/1 | D-II/1
7/8 | D-11I/1 | D-1I/1 | D-1II/1 D-111/1 D-111/1 D-1I/1 | D-1II/1 | D-II/1
6/8 B-1V B-1V B-IV B-1V C-111/2 c-11/2 | b-1I/1 | D-1I/1
5/8 B-1V B-1V B-IV B-1V B-IV C-11/2 | Cc-11/2 D-1II/1
Cloud | 4/8
cover A-V A-V B-IV B-1V B-IV C-11/2 | Cc-11/2 D-1II/1
3/8 A-V A-V A-V B-1V B-IV B-1V C-111/2 D-1II/1
2/8 A-V A-V A-V B-1V B-IV B-1V C-111/2 C-111/2
1/8 A-V A-V A-V A-V B-IV B-1V C-111/2 C-111/2
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wind speed
(m/s)
0 1 2 3 4 5 6 >6
0 A-V A-V A-V A-V B-1V B-1V C-111/2 C-111/2
Day (Fall)
8/8 | D-1l/1 | D-1I/1 | D-1I[/1 | D-II/1 D-1ly1 | D-UI/1 | D-1I/1 | D-III/1
7/8 | D-1I/1 | D-1I/1 | D-1I/1 D-1II/1 D-1I/1 | D-1I/1 | D-1I/1 | D-II/1
6/8 | B-IV B-Iv | C-11I/2 C-111/2 c-1/2 | D-1I/1 | D-1I/1 | D-1I/1
5/8| B-IV B-Iv | C-11I/2 C-111/2 c-1/2 | c-1/2 | D-1I/1 | D-1I/1
Cloud | 4/8
cover B-1V B-1v B-1V B-1v C-111/2 c-11/2 | D-1I/1 D-1II/1
3/8 A-V B-1v B-1V B-1vV C-111/2 C-111/2 C-111/2 D-1II/1
2/8 A-V A-V B-1V B-1vV B-1V C-111/2 C-111/2 D-1II/1
1/8 A-V A-V B-1V B-1v B-1V B-1V C-11/2 D-1II/1
0 A-V A-V B-1V B-1vV B-1V B-1V C-111/2 C-111/2
Key
Pasquill classes Klug Classes
A extremly v extremly
unstable unstable
B unstable IV unstable
C slightly unstable I11/2 slightly unstable
D neutral 11/1 neutral
E slightly stable 11 slightly stable
F extremly stable | extremly stable
G foggy and misty | foggy and misty
Table C.3 — Pasquill and Klug stability classes (at night)
wind speed (m/s)
0 1 2 3 4 5 >5
8/8 | D-1I/1 | D-1I/1|D-1I/1 | D-1I/1 | D-1I/1 | D-1II/1 | D-1II/1
7/8 | D-11/1 | D-1I/1 | D-1I/1 | D-1I/1 | D-1I/1 | D-1II/1 | D-1II/1
6/8| F-1 F-1 E-11 |D-II/1|D-1I/1 | D-1I/1 | D-11I/1
Cloud cover | 5/8 | F-1I F-1 E-1I E-11 |D-I/1|D-1/1 | D-1/1
4/8 | F-I F-1 F-1 E-11 |D-I/1|D-1/1 | D-1/1
3/8 F-1 F-1 F-1 E-II E-II D-III/1 | D-11I/1
2/8 F-1 F-1 F-1 F-1 E-II D-III/1 | D-11I/1
1/8 F-1 F-1 F-1 F-1 E-II E-II D-III/1
0 F-1 F-1 F-1 F-1 E-II E-II D-III/1
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Annex D
(informative)

BS EN 16841-2:2016
EN 16841-2:2016 (E)

Example stationary plume measurement

e

- GRe
Hene

] Emission

-

Natur

Schutzgebie

@ Meteorological measurements:

wind direction: 270°

wind velocity: 3,0 m/s

stability category: AKI1I/1

Line 1 Line 2 Line 3
Measurement Relative percentage | Relative percentage | Relative percentage
points odour time odour time odour time
1 0 0 0
2 0,08 0,02 0,02
3 0,56 0,68 0,23
4 0,15 0,05 0,15
5 0 0 0

Figure D.1 — Example of a plume measurement with three intersection lines
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Project-Nr.: 17 0815 11

Panel member (ID): HOB

Odour quality: foundry

Date: 12.11.2014
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Panel member:

Odour samples every ten seconds. The time between the ten seconds is disregarded

0 no odour
1 very weak
10 0 0 0 2 weak
20 0 0 0 3 distinct
30 0 1 0 4 strong
40 0 1 0 5 very strong
50 0 1 0 6 extremely strong
[zthmin[ 0 [ 0 | 1 | o |
10 0 1 0
20 0 1 0
30 0 1 0
40 0 1 0
50 0 0 0
[thmin] o[ o [ o | o |
10 0 0 0
20 0 0 0
30 0 0 0
40 0 0 0
50 0 1 0
[othmin[ 0 [ 0 | 1 | o |
10 0 1 0
20 0 1 0
30 0 1 0
40 0 1 0
50 0 1 0
[1othmin[ 0 [ 0 | 1+ | o |
10 0 1 0
20 0 0 0
30 0 0 0
40 0 0 0
50 0 0 0

Figure D.2 — Example of a data record sheet for stationary plume measurements
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Annex E
(informative)

Example dynamic plume measurement

]

transition point
plume extent

odour source

Figure E.1 — Example of results of a dynamic plume measurement (map)

BS EN 16841-2:2016
EN 16841-2:2016 (E)

Each measurement point is indicated by a number. Odour presence points are indicated in black, odour

absence points are indicated in grey.

35



BS EN 16841-2:2016

2016 (E)

EN 16841-2

deos ‘sef X 67:60 8¥ - €260 61
deos ‘sef X 81:60 LY - 2260 81
deos ‘saf X LY:60 9t deos ‘saf X 0Z:60 LT
- 97:60 Y - 61:60 91
deos ‘saf X S¥:60 4 deos‘saf | X 8T:60 ST
deos ‘sak X 60 ct deos ‘sak X L1:60 Al
- ev-60 A4 - 91:60 €l
- 60 ¥ - ST1:60 Al
deos ‘sak X 1¥:60 (0% - 71:60 11
sassed 0T

- 0%:60 6¢ ISNeyxa ou X €1:60
deos ‘sak X 6$:60 8¢ - 160 6
deos ‘sak X 8€:60 LE - 11:60 8
deos ‘saf X LEY60 9€ - | 0160 L
0€ 9

deos ‘saf X 9¢:60 Ge deos ‘saf X :60:60
- S€:60 142 - 60:60 S
- €60 €e - 80:60 4
- €€60 (A2 - L0:60 €
deos ‘sak X 6£:60 1€ - 90:60 Z
- 8¢:60 0€ - 5060 T

jyurod l
Juonesnsaaul Juauw uonesnsaaul jurod ju
s)yJJewdy | .Japun.anopQ imnopQ | awy 2InSsed Sy.Iewdy | J9pun.nopgQ SWILL | SWAINSEIN

(1 'OoN 19quidau [9ued) sjusauwd.anseaw dwn[d dJrwreuAp 10jJ 399Ys p.102a.l eyep e jo djdwexy — 14 d[qeL

36



BS EN 16841-2:2016

2016 (E)

EN 16841-2

- €1:01 29 deos‘sak | X | LE60 62

- Z1:01 19 deos‘sak | X | 9€:60 82

- 11:01 09 deos‘sak | X | G€:60 LT

- 80:01 65 deos‘sak | X | ¥€:60 92

- S0:01 8S deos‘sak | X | €€:60 ¥4

- €0:0T LS deos‘sak | X | Z€:60 144

sasses 1sneyxa - X 20:0T1 95 - T€60 €z
- 00:0T 5SS 0€:60 1

- 65:60 ¥S 62:60 €1

deos ‘sak X LS'60 €S 87:60 A

- 9G:60 Zs L7:60 ST

deos ‘sof X ¥5:60 15 deos ‘saf X 9Z:60 Y& 4

- 2560 0§ - SZ:60 %4

- 1660 6% - | ¥Z60 02

jurod I
Juonesnsaaul juLmI uonesnsaaul jyutod ju
SYJIewdy | .J9pun.anopQ imopQ | suw], AINSEI| SyJewdy | JIpun.mopQ QUILY, | SWAINSEINY

37



BS EN 16841-2:2016
EN 16841-2:2016 (E)

Annex F
(informative)

Calculation of the odour emission rate by reverse modelling - stationary
plume measurement (example)

Plume measurements can be used for ascertaining the impact range of odour emissions, and in
connection with an odour dispersion model, to ascertain the source strength (odorant flow rate e.g. in
oug/h) from inaccessible emissions or emissions not amenable to reliable direct measurement (e.g.
fugitive sources).

For a good description of the plume a sufficiently large number of intersection line measurements are
necessary (see 9.1).

A possible reverse calculation method is described below to obtain the potential odorant flow rate from
a facility on the basis of plume measurement data.

To obtain sufficiently informative data, plume measurements are necessary downwind of the emission
source with a variety of wind directions and wind velocities and with readily describable
meteorological conditions. The basic conditions specified in 7.3.2 and 7.3.3 shall also be complied with.

As an example, the procedure described above is presented in Figure F.1 for an area source close to the
ground. The open circles indicate all the facility-relevant measured percentage odour times and are
marked in relation to distance from the source.

The continuous black line shows a regression curve from the measured percentage odour times of all
intersection line measurements. From the meteorological conditions during the intersection line
measurements, the dispersion category statistics are estimated, which are then entered in the
subsequent dispersion simulation calculation. This means that the dispersion calculation is performed
with the weather conditions and percentage odour times that simultaneously prevail during the field
inspections.

To derive the necessary source strength, the field inspection results are simulated by means of the
dispersion calculation.

With the aid of an estimated source strength, e.g. from olfactory measurements serving as a guide, it is
then possible to iteratively adapt the source strength by calculating its dependence on odour frequency
(percentage odour time) and source distance in the course of the dispersion calculation (broken lines),
until the calculated percentage odour times coincide sufficiently with those obtained by plume
measurement.

Once this iteration process has been completed, it can be assumed that the odorant flow rate obtained
in this way corresponds to the odorant flow rate at the time of plume measurement. A comparative
study [7] has shown that this method yields comparable results even when applied by different
laboratories.
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Figure F.1 — Graphic representation of odour detection frequency per measurement point in
relation to distance from source (Mou = Mega odour units; ou x 10¢)

39



BS EN 16841-2:2016
EN 16841-2:2016 (E)

Annex G
(informative)

Calculation of the odour emission rate by reverse modelling - dynamic
plume measurement (example)

The primary application of the plume measurement is to estimate the total odour emission rate using
reverse dispersion modelling. Although this is not within the scope of the European Standard, examples
of the reverse modelling are given in this annex.

The odour emission rate is calculated on the basis of the recorded plume extent, the source
characteristics and the local meteorological conditions during the plume measurement.

NOTE To underline the differences between the field measurement and the olfactometric measurement, the
odour emissions calculated on the basis of the plume measurement are expressed as sniffing units per second
(su/s) instead of odour units per second.

One sniffing unit per cubic meter can be defined as the odour concentration at the border of the plume.
This means that every transition point the odour concentration can be defined as 1 su/m3.

[t is not possible to quantify higher concentrations (e.g. 5 su/m3) by observation in the field.

A fundamental difference with the European odour unit is the fact that sniffing units are determined by
recognition of odour whereas European odour units are determined by detection and not necessarily
recognition of the odour type. Typically 1 su/m3 corresponds with a concentration of 1 oug/m3 to 5
oug/m3.

The method of reverse modelling is applied as follows:

In a first step the plume extent is determined as described in 8.3. Figure E.1 gives an example of a
recorded plume extent in the surroundings of an odour source. Each measurement point is indicated by
a number. Odour presence points are indicated in black, odour absence points are indicated in grey. The
plume extent (indicated by the dotted curve) is determined by the transition points halfway between
the last odour absence point and the first odour presence point. For reasons of clear presentation, not
all 20 transition points are indicated on the map. Table E.1 gives the data recording sheet of one panel
member.

In a second step a dispersion model is used to calculate the average ambient odorant concentrations in
the surroundings of the odorant source under investigation. This is done on the basis of the source
characteristics (emission rate, height, temperature, flow etc) and the local meteorological data (wind
speed, wind direction and stability class) during the measurement. Since the odour emission rate is not
known, a fictitious emission rate of for example 5000000 ‘model units’ per second is assumed. The
calculated ambient odorant concentrations are expressed in terms of model units per m3.

Figure G.1 gives an example of the calculated average ambient odorant concentrations in the
surroundings of the odorant source.

After calculating the ambient air concentrations (in model units per m3), the plume extent recorded
during the plume measurement is input on the calculated ambient odorant concentration distribution
grid and the grid points on the edge of the plume are ticked. By definition, the odour concentration at
these edge points is equal to 1 sniffing unit per m3 (su/ms3). The average of the ambient odorant
concentrations (in model units per m3) of all edge points is calculated. This average value gives the
number of model units corresponding to one sniffing unit. The odour emission rate in sniffing units per
m3 is finally calculated by dividing the fictitious emission rate by this average value.
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Figure G.2 gives an example of the comparison of the calculated average ambient odorant
concentrations with the recorded plume extent and of the calculation of the odour emission rate in
sniffing units per m3. In the example the fictitious emission rate was 5000000 model units per second.
The average of the calculated odour concentrations on the edge points of the plume is 87,33 model units
per m3. So the emission rate, calculated by dividing the fictitious emission rate of 5000000 model units
per second by the number of 87,33 model units per sniffing unit, is equal to 57254 sniffing units per
second.

Y/X+ -0,50 0,20 0,10 0,40 0,70 1,00 1,30 1,60 1,90 2,20 2,50 +X/Y  (km)

0.90- L e
0.75- L L s s
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-030- ., . 21 139 169 126 99 82 49 19 6 ., ., ., ., . . . ., - =030
-045- ., ., , 3 7 13 99 80 77 48 3% 12 S5 , ..., - -045
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Figure G.1 — Example of calculated odorant concentrations (in model units per m3) in the
surroundings of an odorant source

41



BS EN 16841-2:2016
EN 16841-2:2016 (E)

Y/X+
0,90-
0,75-
0,60-
0,45-
0,30-
0,15-
0,00-
-0,15-
-0,30-
-0,45-
-0,60-
-0,75-
-0,90-
-1,05-
-1,20-
-1,35-
-1,50-
-1,65-
-1,80-
-1,95-
-2,10-

Y/ X+

Key

42

'

'

:

.

:

:

’

-0,50

.

'

-0.50

'

0,20

' : ' '

0,10 0,40

28

13

61
45
21
14

59
58
52
40

25

58
50
L4
32
28
22
19
1,00

Lb
36
32
21
22
18

12
22
37
31
23
37
30
21
22
21
2
18
130

1
?

1,60

L
L
1,90

1
2,2

+X/Y
0,90

-0,15
-0,30
-0,45
-0,60
-0,75
-0,90
-1,05
-1,20
-135
-150
-1,65
-1,80
-1,95
2,10

+X/Y

average odour concentration at the edge points = 87,4 model units per m3 = 1 sniffing unit per m3
fictitious emission rate =5 000 000 model units per second
emission rate =5 000 000/87,4 = 57254 sniffing units per second

Figure G.2 — Comparison of the recorded plume extent with the calculated odorant

concentrations to calculate the odorant emission rate

(km)

(km)



BS EN 16841-2:2016
EN 16841-2:2016 (E)

Bibliography

Kost, W.J; Medrow, W.,, Reis, S: Vergleichende Untersuchungen zur Ausbreitung von Geriichen -
Windkanalsimulation und Modellrechnung. Staub - Reinhaltung der Luft 51 (1991) 5, pp. 159-
162

Janicke, U.; Janicke, L.: Dispersion Model LASAT, Version 3.1, Reference book, 2010

MYRUP O., RANZIERI A.]. A consistent scheme for estimating diffusivities to be used in air quality
models. Rep. CA-DOT-TL-7169-3-76-32. California Department of Transportation, Sacramento,
1976

GOLDER D. Relations among stability parameters in the surface layer. Boundary-Layer Meteorol.
1972, 3 pp. 47-58

PASQUILL F., SMITH F.B. Atmospheric Diffusion. John Wiley & Sons, N.Y., 1983

KLUG W. Ein Verfahren zur Bestimmung der Ausbreitungsbedingungen aus synoptischen Daten.

Staub Reinhalt. Luft. 1969, 29 pp. 143-149

Kost, W.-].; Mitterwallner, R.; Krupar, F.: Die Bedeutung von Qualitdtssicherung und Normierung
fiir Geruchsgutachten; eine Paralleluntersuchung. VDI Berichte 1373 Geriiche in der Umwelt, Bad

Kissingen 4.3.-6.3.1998, S. 299- 306. Diisseldorf: VDI Verlag 1998

ISO 5492:2008, Sensory analysis — Vocabulary

43



This page deliberately left blank



This page deliberately left blank



NO COPYING WITHOUT BSI PERMISSION EXCEPT AS PERMITTED BY COPYRIGHT LAW

British Standards Institution (BSI)

BSI is the national body responsible for preparing British Standards and other
standards-related publications, information and services.

BSI is incorporated by Royal Charter. British Standards and other standardization
products are published by BSI Standards Limited.

About us

We bring together business, industry, government, consumers, innovators
and others to shape their combined experience and expertise into standards
-based solutions.

The knowledge embodied in our standards has been carefully assembled in
a dependable format and refined through our open consultation process.
Organizations of all sizes and across all sectors choose standards to help
them achieve their goals.

Information on standards

We can provide you with the knowledge that your organization needs

to succeed. Find out more about British Standards by visiting our website at
bsigroup.com/standards or contacting our Customer Services team or
Knowledge Centre.

Buying standards

You can buy and download PDF versions of BSI publications, including British
and adopted European and international standards, through our website at
bsigroup.com/shop, where hard copies can also be purchased.

If you need international and foreign standards from other Standards Development
Organizations, hard copies can be ordered from our Customer Services team.

Copyright in BSI publications

All the content in BSI publications, including British Standards, is the property

of and copyrighted by BSI or some person or entity that owns copyright in the
information used (such as the international standardization bodies) and has
formally licensed such information to BSI for commercial publication and use.
Save for the provisions below, you may not transfer, share or disseminate any
portion of the standard to any other person. You may not adapt, distribute,
commercially exploit, or publicly display the standard or any portion thereof in any
manner whatsoever without BSI's prior written consent.

Storing and using standards
Standards purchased in soft copy format:

e A British Standard purchased in soft copy format is licensed to a sole named
user for personal or internal company use only.

e The standard may be stored on more than 1 device provided that it is accessible
by the sole named user only and that only 1 copy is accessed at any one time.

e Asingle paper copy may be printed for personal or internal company use only.

Standards purchased in hard copy format:

e A British Standard purchased in hard copy format is for personal or internal
company use only.

e [t may not be further reproduced — in any format — to create an additional copy.
This includes scanning of the document.

If you need more than 1 copy of the document, or if you wish to share the
document on an internal network, you can save money by choosing a subscription
product (see ‘Subscriptions’).

bsi.

Reproducing extracts

For permission to reproduce content from BSI publications contact the BSI
Copyright & Licensing team.

Subscriptions

Our range of subscription services are designed to make using standards

easier for you. For further information on our subscription products go to
bsigroup.com/subscriptions.

With British Standards Online (BSOL) you'll have instant access to over 55,000
British and adopted European and international standards from your desktop.

It's available 24/7 and is refreshed daily so you'll always be up to date.

You can keep in touch with standards developments and receive substantial
discounts on the purchase price of standards, both in single copy and subscription
format, by becoming a BSI Subscribing Member.

PLUS is an updating service exclusive to BSI Subscribing Members. You will
automatically receive the latest hard copy of your standards when they're

revised or replaced.

To find out more about becoming a BSI Subscribing Member and the benefits

of membership, please visit bsigroup.com/shop.

With a Multi-User Network Licence (MUNL) you are able to host standards
publications on your intranet. Licences can cover as few or as many users as you
wish. With updates supplied as soon as they're available, you can be sure your
documentation is current. For further information, email subscriptions@bsigroup.com.

Revisions
Our British Standards and other publications are updated by amendment or revision.

We continually improve the quality of our products and services to benefit your
business. If you find an inaccuracy or ambiguity within a British Standard or other
BSI publication please inform the Knowledge Centre.

Useful Contacts

Customer Services

Tel: +44 345 086 9001

Email (orders): orders@bsigroup.com
Email (enquiries): cservices@bsigroup.com

Subscriptions
Tel: +44 345 086 9001
Email: subscriptions@bsigroup.com

Knowledge Centre
Tel: +44 20 8996 7004
Email: knowledgecentre@bsigroup.com

Copyright & Licensing
Tel: +44 20 8996 7070
Email: copyright@bsigroup.com

BSI Group Headquarters
389 Chiswick High Road London W4 4AL UK



