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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, govern-
mental and non-governmental, in liaison with 1SO, also take part in the work. ISO
collaborates closely with the International Electrotechnical Commission (IEC) on all
matters of electrotechnical standardization.

The main task of ISO technical committees is to prepare International Standards. In ex-
ceptional circumstances a-technical committee may propose the publication of a
technical report of one’of ‘the following types':

< typer1 )/ when.the necessary support within the technical committee cannot be
obtained for the publication of an International Standard, despite repeated efforts;

— type 2, when the subject is still under technical development requiring wider
exposure;

— type 3, when a technical committee has collected data of a different kind from
that which is normally published as an international Standard (“state of the art”’, for
example).

Technical reports are accepted for publication directly by ISO Council. Technical
reports of types 1 and 2 are subject to review within three years of publication, to
decide whether they can be transformed into International Standard. Technical reports
of type 3 do not necessarily have to be reviewed until the data they provide are con-
sidered to be no longer valid or useful.

ISO/TR 4227, which is a technical report of type 2, was prepared by Technical Com-
mittee 1SO/TC 146, Air quality.

Annexes A, B and C form an integral part of this Technical Report.
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Introduction

In order to protect the environment, many different aspects of air quality have to be
examined. These may include obtaining information on the existing local, regional or
global air quality, forecasting the quality of air likely to be expected in the future, eva-
luating monitoring possibilities, or considering the complicated relationship within the
context of formation and drift of airborne pollution. In each country such tasks may be
formulated differently depending on its type of industry, and topographical or climatic
situation. Accordingly every country has created a different type of ambient air monito-
ring system. The data obtained often cannot be compared directly. It is for this reason
that some standardization has been undertaken (see ISO 7168) to establish a useful
international exchange of ambient air quality data. In this Technical Report a classifica-
tion which could be used as a basis for standardization of ambient air quality monito-
ring tasks is introduced.

Standardization of air quality monitoring is only reasonable @nd)possible for(thoseair
quality monitoring systems which deal with equivalent tasks. Air quality monitoring
tasks are considered to be equivalent if they fall into one class of the classification
scheme which covers the task as well as the major aspect of the actual'measuring
scheme. Using these classifications, all likely air ‘glality monitoring systems/are/arran:
ged in the form of a matrix, where each column representsla(particulartaskland-each
row a specific aspect of the measuring scheme. This representation enables detailed
comparisons to be made of different aspects of air quality monitoring.
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Planning of ambient air quality monitoring

1 Scope

This Technical Report establishes a classification scheme which
should form a general basis for international standardization of
ambient air quality monitoring and permits comparison be-
tween existing and planned ambient air quality monitoring
systems. The results of such comparisons may be used as
guidelines for standardization.

2 Normative references

The following standards contain provisions which, through
reference in this text, constitute provisions of this Technical
Report. At the time of publication, the editions|indicated were
valid. All standards are subject to revision, and parties to
agreements based on this Technical Report are:éncouraged to
investigate the possibility of applying the most recent editions
of the standards listed below. Members of IEC and ISO main-
tain registers of currently valid International Standards.

ISO 4225 : 1980, Air quality — General aspects, — Vocabulary:

1ISO 4226 : 1980, Air quality — General aspects — Units of
measurement.

1ISO 6879 : 1983, Air quality — Performance characteristics and
related concepts for air quality measuring methods.

1ISO 7168 : 1985, Air quality — Presentation of ambient air
quality data in alphanumerical form.

ISO 8601 : 1988, Data elements and interchange formats —
Information interchange — Representation of dates and times.

ISO 9369 : 1989, Air quality — Stratified sampling method for
assessment of ambient air quality.

3 General considerations

All ambient air quality monitoring tasks are designed for the
assessment of environmental effects. It is therefore not suf-
ficient merely to measure air pollutants. It is also necessary to
relate the results of these measurements to observed effects.
On the other hand, it is well-known that the ground-level con-
centration of an air pollutant can be correlated with emission
rates and propagation conditions. This means that there exists
a causal relationship between the source, the propagation and
the effects of the air pollution.

In order to quantify any relationship, three basic concepts are
introduced: emission, transmission and immission. These con-
cepts are generally explained as follows (see also ISO 4225).

Emission is the transfer of air pollution from the source into
the free atmosphere.

Immission is the transfer of air pollution from the free at-
mosphere to a receptor such as a human being, plant or
building. The summation of immission rate over an interval of
time gives the immission dose, the total air pollutant intake by
the receptor.

The sites at which emission or immission take place are defined
by the enveloping surface of the source or the receptor.

Transmission describes collectively phenomena affecting the
air pollutants in the free atmosphere between the source and
the receptor. These phenomena include all dynamic physical ef-
fects stich as dilution of/the pollutant with air, as well as any
physical or chemical reactions that might occur.

In order to describe these concepts quantitatively, mass or
other quantifiable property flux and their derivatives have to be
used: Units of measurement are given in ISO 4225. An illustra-
tionO(of’ (emission;! transmission and immission is given in
figure/ 1! (Detailed explanations of the mathematical concepts
are given in annex A. '

According to these definitions, immission is a mass or other
quantifiable property rate per unit interval of time, which
should be measured, if possible, at the receptor. Usually, it is
necessary to know the immission to a number of different
receptors and not confine measurements to just one receptor.
An air pollution survey should be designed to measure the im-
mission to receptors and the possible effects. One may in-
troduce a “virtual receptor’”’ with unit surfaces and unit proper-
ties and study, for each such receptor, the possible immission
as a function of space and time. A virtual receptor might be
simulated by a special measuring system or have a defined cor-
relation with a ground-level concentration or deposition.

4 Formulating the tasks

4.1 Establishing the objectives

Before starting measurements it is essential to establish what
problem has to be solved and what constraints may have to be
imposed on an “ideal”” measuring system.

The following is a summary of questions to be considered.
a) Has the basic problem been defined?

1) Is there an air pollution problem or a potential pro-
blem?

2) Does aneed exist for a monitoring system?
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Figure 1 — lllustration explaining the/concepts;emission, transmission and immission
3) What should be the scope and limitations for 10) To provide data for interjurisdictional information
monitoring? exchange?
b) To what extent does the basic problem relate to the 11) To interface with other monitoring systems?

following monitoring functions?

. c) What are the economic and technical constraints?
1) To quantify ambient air quality and its variation in

space and time? 1) What funding is available and how does this relate
. ) . . to the confidence in the ambient air quality data to be

2) To provide a basis for air pollution control regula- obtained?

tion?

. . L 2) What restrictions exist on procurement?
3) To provide data for an integrated monitoring

? . .
system 3) What are the manpower requirements for operation,

maintenance, repair, calibration and ambient air quality

i i | ion on .
4) To determine the effectiveness of control action o data evaluation?

ambient air quality?

i o
5) To provide real-time data for an alert and warning 4) What are the staff capabilities?

system? 5) What are the training requirements for staff?
i - lations? T .

6) To determine source-receptor relations? 6) Is a realistic imetable achievable?

7) To analyse local circulation characteristics and ef-

fects? 4.2 Basic classification

8) To provide trends for zoning and urban planning re- Once the objective of the monitoring has been established, the

quirements? task has to be formulated. In order to do this, it is first of all
essential to answer a number of questions concerning the ob-

9) To provide input data for operational urban models? jectives of the survey, the area over which air quality is to be



assessed, the period of the survey and the way in which the
data obtained are to be analysed and presented.

The following classification is suggested.

a) Objective

1... Determination of facts
2 ... Diagnosis
3... Prediction

b) Data analysis and presentation
. 1.. Tabulation
.2 .. Frequency distribution
. 3 .. Characteristic values
c) Area of assessment
. 1. Point assessment
. 2. Unresolved area
. 3. Resolved area
d) Period of survey
. 1 Individual air samples
... 2 Unresolved time

.. .3 Resolved time

The tasks do not have to be carried out in the“order inwhich
these classes are listed. The numbering serves as an identifica-
tion of the questions and the corresponding measuring
scheme. Thus each air quality monitoring task is given a four-
digit identification.

Details of this classification are given in 4.3 to 4.6.

4.3 Objective

Essentially the objective may be broken down into one of the
three classes: determination of facts, diagnosis, prediction.
The amount of data needed to solve the problem increases with
each class. For example, a diagnosis presupposes that the facts
have been determined and a prediction normally means that the
facts have already been stated and a diagnosis made.

In most cases, measurements have to be made to solve the pro-
blem. This means that there will be uncertainties in the data
collected due to experimental error, unknown transmission
parameters, etc. Consequently this leads to measurement
uncertainties which can be quantified using statistical methods.
Thus in defining the objective it is mandatory to define also the
minimum significance level (or measurement uncertainty)
allowable for the problem to be solved.

4.3.1 Determination of facts

This is to be understood as the statement and documentation
of emission, transmission or immission situations. Typical
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examples are the establishment of ground-level concentrations
at particular wind directions, etc.

4.3.2 Diagnosis

Diagnosis is finding the reason why particular immission situa-
tions exist. Examples are: particular immissions due to special
conditions of emission or transmission, establishment of the
precise location of a source, assessment of air pollutants to
specific source or sources, establishment of the contribution of
a source to a definite immission situation.

To accomplish tasks such as these, measurements of ground-
level concentrations of air pollutants only may.not be enough.
Additional measurements may have to be made or information
obtained on emission, transmission and possible effects so that
correlations can be made. This will be for identification of
sources following complaints, analysis of situations under
stagnation conditions, and determination of the relative
amount of air pollution attributable to space heating, traffic or
other sources in special situations.

4.3.3 Prediction

Prediction should give information about immissions expected
in the future: These could be long-term predictions based on
climatic data or information on expected changes in emission
oriransmission, or short-term predictions for special conditions
of transmission, e.g. stagnation conditions, wind direction and
wind speed, chemical reactions, special emission conditions.

Typical examples are the long-term trend of immissions due to

increasedcindustrial production, effects of planned abatement
measures or immissions resulting from accidental emissions.

4.4 Data analysis and presentation

Data analysis and presentation shall be closely related to the
objective of the survey. It shall yield sufficient information for
the solution of the problem. For example, the following infor-
mation may be required:

a) daily means of the concentrations of all air pollutants;

b) diurnal variations in the concentrations of all air
pollutants;

c) interval of time, each day, during which certain values
have been exceeded (percentiles);

d) means of concentrations of air pollutants at certain
sampling sites when the wind is blowing from certain major
sources;

e) frequency distribution;

f) hourly, daily, monthly maximum values;

g) multiple regression analysis.

Care shall be taken that analysis and presentation of data for
specific correlations do not lead to a loss of information that
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may be required at a later time. For example, the immision
situation is completely described by a function of time and the
three-dimensional space vector in the area of assessment.

The measured space-time function could be presented either
for each sampling site as a function of time, or at a certain time
as a function of the sampling sites. Usually the questions are far
more complex and involve the dependence of the immission on
certain emission and transmission parameters. These
parameters are also space-time functions; therefore the re-
quired relationsips may be derived if these and the immision are
given as a function of time and space. On the other hand, the
immission can be presented as a function of the parameters
themselves. Where this is done, information about time and
space will be lost. For example, the dependence of immission
on wind direction is derived simply from the two functions: im-
mission as a function of time and wind direction as a function
of time. However, if the data are reduced in such a way, the in-
formation on time is lost, and the time relationship of the im-
mission cannot be recovered if additional investigations of the
effect of other parameters become necessary. These aspects
shall therefore be considered carefully in setting up measuring
schemes and equipment.

The data presentation can be done in three different ways as
described in 4.4.1 to 4.4.3.

4.4.1 Tabulation

This is the presentation of data in the form of lists, such @as
measured values of immission or its substitute according to
location, time, or other parameters relevant to the question.
Tabulation gives the largest sets of data for general evaluation
at minimal expense.

Often these tables are a presentation of different dependencies,
e.g. the dependence of immission on emission or transmission.

These dependencies are generally of a stochastic nature.
Typical examples of this type of presentation are:

— tables of measured values according to the co-
ordinates of different measurement points for different in-
tervals of time or special transmission conditions;

— tables of measured values for selected measurement
points in chronological order.

4.4.2 Frequency distribution

Frequency distribution describes the relationship between the
values of a characteristic and their absolute or relative fre-
quency of occurrence. This frequency may be presented as ac-
tual, relative or cumulative and can be depicted as a table, a
graphic (see figure 2) or as coefficients of a function. A typical
example is the relative frequencies of the occurrence of
measured values within defined limits of concentration for
every measurement point in an area of assessment during the
specified period.

It should be noted that this method of data reduction usually
brings about a loss of original information, since individual
identification of each measured value is lost in the process of
calculating statistical summaries.

4.4.3 Characteristic values

In many cases,”’ the results may be depicted by a few
characteristic values, e.g. the mean estimate of the indicated
percentile’indices. These may be derived from the frequency
distribution;, > domputed /fromacthe original list, or obtained
directly duringthe measurement by means of automatic evalua-
tion. Data presentation by characteristic values gives the
highest degree of data reduction with a corresponding loss of
original information.
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4.5 Area of assessment

| In most cases it is necessary to assess the immission with
regard to a number of different possible receptors and not for a
special single receptor localized at a certain point. For this
reason, the concept of virtual receptors is used. For a study of
ground-level concentrations, the surface of a virtual receptor
might be placed at a certain height above ground level, whereas
in a study of corrosion of buildings, a surface in the form of the
building might be chosen. The measuring systems should be
placed to give representative values for the whole surface.

The area of assessment may be described by fixed or movable
co-ordinates and it may consist of one area or a number of dif-
ferent sub-areas. For example, the measurement task is com-
pletely defined with regard to the area if a limitation or a defini-
tion can be fixed according to

— geographical criteria or borders between countries;
— sources or special groups of sources;

— special transmission conditions or special objects to be
protected.

For practical reasons it is best to have three classes of areas of
assessment, i.e. point assessment, unresolved area and re-
solved area (see figure 3). In all three cases sampling sites are
chosen differently. If the area of assessment i§ composed, of
one or a number of fixed points, the sampling sites are directly
given by the formulation of the problem. If the area of assess-
ment is composed of one or a number of areas’which"have'to
be assessed without any spatial resolution, the measurement
may be done by random sampling. Number and distribution of
the sampling sites are given by the variance of the object to be
measured and the required accuracy. If an area has_to be
assessed using the spatial dependence of the immission, the
number and distribution of the sampling sites also depend on
the required spatial resolution.

4.5.1 Point assessment

The area of assesment may consist of one or a number of spatial-
ly unconnected points of assessment. A point of assessment is
defined as a small continuous area in which further sub-division
is neither possible nor necessary for an assessment of immission.
The point of assessment is represented by the measuring system
used. Isolated points of assessment can be stationary or
movable, e.g. a person or a point 5 km downwind of a source.
An example of a number of unconnected points combined into
one area of assessment is a playground (see figure 3).

4.5.2 Unresolved area

An unresolved area of assessment can be composed of one or a
number of areas. Where the immission for each area as a whole
is of interest and more than one sampling site for each area is
required, spatial resolution is unnecessary (see figure 3) — for
example, the determination of the mean of concentrations of
sulfur dioxide in an industrial area where there may be more than
one sampling site and where a spatial resolution regarding immis-
sion is not required between sampling sites. Another example of
the assessment of a number of sub-areas is the determination of
the 75 % percentiles of the concentrations of sulfur dioxide in in-
dustrial, residential and recreational areas of a city.

1) Representation according to ISO 8601.

ISO/TR 4227 : 1989 (E)

4.5.3 Resolved area

Within the area of assessment the immission should be assessed
as a function of space. This means that a certain spatial resolu-
tion has to be established during the formulation of the problem
(see figure 3). The power of the spatial resolution is given by the
sampling site density, the accuracy of measurements, and pos-
sible additional information with regard to the spatial distribution
of the immission. If evaluation is necessary within a limited inter-
val of time, the spatial resolution also depends on the variance of
the object to be measured and therefore on the frequency of
measurements. Examples are the determination of lines of equal
average concentration where a certain limiting value is exceeded
within the area of assessment, or the determination of the
decrease of concentrations of carbon monoxide as a function of
increasing distance from a major roadway when the wind blows
in a particular direction, the knowledge of the emission distribu-
tion serving as additional information.

4.6 Period of survey

The period of survey may consist of one or a number of different
sections on a time axis. In each section, the immissions may be
assessed as a mean with regard to time or to time lapse.

Because of variations in emission and transmission conditions
during different intervals, of time (year, week, day) as well as ir-
regular cycles of emission’and transmission, the period of survey
has to be defined very carefully. This is especially true if different
cycles oceurring at the same intervals of time are to be con-
sidered, e.g. overlapping of morning cycles of space heating with
daily traffic density.

Difféerentiation ‘into-fixed individual sampling, unresolved time or
resolved| time is therefore proposed for practical reasons. Fixed
individual sampling means that the interval of time of sampling is
established by the formulation of the task. Unresolved time im-
plies that means are mainly to be considered. Here the number of
air samples and the interval of time of sampling depend only on
the variance of the object to be measured and the required ac-
curacy. Resolved time implies that the time lapse of immission
has to be measured. In this case, the number of air samples
depends on the required time resolution and the reproducibility
of the measuring system.

4.6.1 Individual air samples

For individual sampling, one or a number of air samples are taken
over a specified period. The start time at the beginning of the
period and the length of it will be defined by the formulation of
the task. The period of survey covers the intervals of time of
sampling (see figure 4) and these may be on a single occasion
only, on cycles of occasions or at the intervals of time of special
situations.

Examples are

— the concentration of carbon monoxide at 08 : 25 hours
on 25 June 1973 [1973-06-25T08 : 251)];

— the state of immission at sunrise each day during winter;

— the state of immission at the beginning of break-up of an
inversion.
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