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Foreword

ISO (the International Organization for Standardization) s a-worldwide
national standards bodies (ISO member bodies). The work’ of preparing

Standards is normally carried out through ISO techpical committees.
body interested in a subject for which a technicalkcommittee has been e

the right to be represented on that committeg. )International organizat
mental and non-governmental, in liaison with) ISO, also take part in t

collaborates closely with the International Electrotechnical Commissio
matters of electrotechnical standardization.

The main task of ISO technical committees is to prepare International Std

ceptional circumstances a téchnical committee may propose the pu
technical report of one of the/following types:

eXpOoSure;
= type 3, when a technical committee has collected data of a diffe
thiat which is normally published as an international Standard (“’state
example).

Technical reports are accepted for publication directly by ISO Coun
reports of types 1 and 2 are subject to review within three years of g
decide whether they can be transformed into International Standard. Teqg

of type 3 do not necessarily have to be reviewed until the data they pr
sidered to be no longer valid or useful.

ISO/TR 4227, which is a technical report of type 2, was prepared by T¢

mittee 1SO/TC 146, Air quality.

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

type 2;“when the subject is still under technical development rg

federation of
International
Fach member
stablished has
ions, govern-
he work. 1SO
h (IEC) on all

ndards. In ex-
blication of a

type 1, when'the necessary support within the technical committee cannot be
obtained for thewpublication of an International Standard, despite re

eated efforts;

bquiring wider

ent kind from
bf the art”’, for

icil. Technical
ublication, to
hnical reports
bvide are con-

tchnical Com-
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Introdudtion

In order to prqtect the environment, many different aspects of air quality have to be
examined. Thgse 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. Acc

rdingly 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 stahdardization has been undertaken (see ISO 7168) to establish a useful

international e

change of ambient air quality data. In this Technical Report a classifica

tion which coudld be used as a basis for standardization of ambient air quality menijto-

ring tasks is i

Standardizati

roduced.

of air quality monitoring is only reasonable and possible for those air

quality monitdring systems which deal with equivalent tasks. Air quality monitoring

tasks are con
scheme which
scheme. Using

idered to be equivalent if they fall into one class of¢the classification
covers the task as well as the major aspect of the‘actual measuring
these classifications, all likely air quality monitofing systems are arran-

ged in the form of a matrix, where each column represents @ particular task and each

row a specific

aspect of the measuring scheme. This reptesentation enables detailed

comparisons tp be made of different aspects of air quality monitoring.
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Planning of ambient air quality monitoring

1 Scope

This Techfical Report establishes a classification scheme which
should foim a general basis for international standardization of
ambient 3ir quality monitoring and permits comparison be-
tween ex|sting and planned ambient air quality monitoring
systems. [The results of such comparisons may be used as
guidelineq for standardization.

valid. All|standards are subject to revision, and parties to
agreements based on this Technical Report are encouraged to
investigatg the possibility of applying the most recent editions
of the stahdards listed below. Members of IEC and ISO main-
tain regisfers 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 — Performancécharacteristics and
related cancepts for air quality measuring_methods.

1ISO 7168 |: 1985, Air quality — Rresentation of ambient air
quality daga in alphanumerical form.

ISO 8601 |: 1988, Data elements and interchange formats —
Informatiqn interchange <-Representation of dates and times.

ISO 9359 |: 1989, Airquality — Stratified sampling method for
assessmeht of ambient air quality.

Emission is the transfer of air pollution from) th
the free atmosphere.

Immission is the transfer of air_pollution fro

mosphere to a receptor such as.a human b
building. The summation of jmmission rate over
time gives the immission dase; the total air pollu
the receptor.

The sites at which emission or immission take pla
by the enveloping-surface of the source or the r

Transmission ‘describes collectively phenomena
air pollutants”in the free atmosphere between th
the receptor. These phenomena include all dynan

e source into

the free at-
ing, plant or
an interval of
ant intake by

Ce are defined
pceptor.

affecting the
e source and
ic physical ef-

fects'such as dilution of the pollutant with air, 4§s well as any

physical or chemical reactions that might occur.

In order to describe these concepts quantitatiy
other quantifiable property flux and their derivati
used. Units of measurement are given in ISO 422
tion of emission, transmission and immissior]

rely, mass or
es have to be
5. An illustra-
is given in

figure 1. Detailed explanations of the mathematical concepts

are given in annex A.

According to these definitions, immission is a

quantifiable property rate per unit interval of
should be measured, if possible, at the receptor
necessary to know the immission to a numb

ass or other
time, which
Usually, it is
of different

receptors and not confine measurements to just jone receptor.
An air pollution survey should be designed to megasure 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 possiple immission
as a function of space and time. A virtual receptor might be
simulated by a special measuring system or have p defined cor-
relation with a ground-level concentration or deposition.

3 Generatconsiderations

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).

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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b)

following

Emission —e

N

Transmission

— Immission

O
[N~
O e e e
o t NG o
l A_;’ ‘Depo‘sitionl \
Source \

3) Whpat should be the scope and limitations for
monitorjng?
To whpt extent does the basic problem relate to the

onitoring functions?

1) To puantify ambient air-quality and its variation in
space aphd time?

Figure 1 — lllustration explaining the concepts emission, transmission and immission

c)

10) To provide data for interjurisdictional infprmation
exchange?
11) To interface with other monitoring systems?
What are the economic and technical constra|nts?

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
Y, . .
system; 3) What are the manpower requirements for operation,
. . . maintenance, repair, calibration and ambient air qualit
4) To determine the effectiveness of control action on P a Y

ambient air quality?

5) To provide real-time data for an alert and warning
system?

6) To determine source-receptor relations?

7) To analyse local circulation characteristics and ef-
fects?

8) To provide trends for zoning and urban planning re-
quirements?

9) To provide input data for operational urban models?

data evaluation?

4) What are the staff capabilities?

5) What are the training requirements for staff?

6) Is a realistic timetable achievable?

4.2 Basic classification

Once the objective of the monitoring has been established, the
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-
jectives of the survey, the area over which air quality is to be
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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

ISO/TR 4227 : 1989 (E)

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

b) Dpta analysis and presentation

ey

Tabulation
Frequency distribution

Characteristic values

> w1

c) Afea of assessment

.|1 . Point assessment

.12 . Unresolved area

.3 . Resolved area

d) Ppriod of survey

. 1 Individual air samples

.|. 2 Unresolved time

.|. 3 Resolved time

The task$ do not have to be carried out in the orderin.which
these clagses are listed. The numbering serves as an.identifica-
tion of [the questions and the correspondihg) measuring
scheme. [Thus each air quality monitoring task is given a four-
digit iderttification.

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 clapses: determination of facts, diagnosis, prediction.
The amolint of data‘needed to solve the problem increases with
each clasp. For gxample, a diagnosis presupposes that the facts
have beep determined and a prediction normally means that the
facts have @lready been stated and a diagnosis made.

To accomplish tasks such as these, measurements of ground-
level concentrations of air pollutants onlysmay.npt be enough.
Additional measurements may have-to\be made pr information
obtained on emission, transmission and possible feffects so that
correlations can be made. Thisxwill be for identification of
sources following complaints;- analysis of sitpiations under
stagnation conditions, and determination of the relative
amount of air pollutionattributable to space hedting, traffic or
other sources in special situations.

4.3.3 Prediction
Predictionshould give information about immisgions expected

in the\future. These could be long-term predictjons based on
climatic data or information on expected changps in emission

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 ipformation for
the solution of the problem. For example, the fpllowing infor-
mation may be required:

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

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

c) interval of time, each day, during which|certain values

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

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

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

given as a fungtion 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 Ipst. For example, the dependence of immission
on wind directipn is derived simply from the two functions: im-
mission as a function of time and wind direction as a function
of time. Howeyer, if the data are reduced in such a way, the in-
formation on tjme is lost, and the time relationship of the im-
mission cannot be recovered if additional investigations of the
effect of othel parameters become necessary. These aspects
shall therefore|be considered carefully in setting up measuring
schemes and gquipment.

The data pres¢ntation can be done in three different ways as
described in 4}4.1 to 4.4.3.

4.4.1 Tabuljtion
r

This is the prgsentation of data in the form of lists, such as
measured valles of immission or its substitute according to
location, time] or other parameters relevant to the question.
Tabulation givps the largest sets of data for general evaluation
at minimal exgense.

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

Frequency distribution describes the relationshiptbetween the
values of a characteristic and their absolute_‘ap reldtive fre-
quency of occurrence. This frequency may/be presentg¢d as ac-
tual, relative or cumulative and can be_@epicted as a| table, a
graphic (see figure 2) or as coefficients af-a function. A typical
example is the relative frequencies” of the occurfence of
measured values within defined ‘fimits of concentrition for
every measurement point in an'\area of assessment diiring the
specified period.

It should be noted that\this method of data reductiof usually
brings about a lo§s' of original information, since ipdividual
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 fiequency
distribution, computed from the original list, or ppbtained
directly during the measurement by means of automatif evalua-
tion. Data presentation by characteristic values dives the
highest degree of data reduction with a corresponding loss of
original information.

_ 100
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— ~ pe— - [ —
53 gl 30 2 <1 % yd
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Ground-level concentration
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Ground-level concentration

Figure 2 — Examples of graphic presentation of distribution
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4.5 Area of assessment 45.3 Resolved area

| 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.

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 determimation of the
decrease of concentrations of carbon monoxide ag a function of
increasing distance from a major roadway when thHe wind blows
in a particular direction, the knowlédge of the emigsion distribu-
tion serving as additional information.

The area ¢f assessment may be described by fixed or movable
co-ordinates and it may consist of one area or a number of dif-
ferent sublareas. 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

— ggographical criteria or borders between countries;

chosen differently. If the area of assessment is 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 cgmposed of one or a number of areas which have to
be assess¢d without any spatial resolution, the measurement
may be dgne by random sampling. Number and distribution of
the samplng sites are given by the variance of the object to.be
measured| and the required accuracy. If an area has to-be
assessed fising the spatial dependence of the immission, the
number apd distribution of the sampling sites also depend on
the requirgd spatial resolution.

4.5.1 Pdint assessment

The area df assesment may consist of one.or a number of spatial-
ly unconnpcted points of assessment.)A point of assessment is
defined aq a small continuous ared’in which further sub-division
is neither possible nor necessary for an assessment of immission.
The point jof assessment is-tepresented by the measuring system
used. lIsojated points of‘ assessment can be stationary or
movable, p.g. a person,or a point 5 km downwind of a source.
An examgle of a number of unconnected points combined into
one area ¢f assessment is a playground (see figure 3).

452 U

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 immigsions may be
assessed as a4mean with regard to time or to time lapse.

Because ©Of variations in emission and transmissi
during different intervals of time (year, week, day

bn conditions
as well as ir-

regular._cycles of emission and transmission, the period of survey

has’to be defined very carefully. This is especially t

ue if different

cycles occurring at the same intervals of time afe to be con-

sidered, e.g. overlapping of morning cycles of spac
daily traffic density.

b heating with

Differentiation into fixed individual sampling, unregolved time or
resolved time is therefore proposed for practical rpasons. Fixed

individual sampling means that the interval of time

of sampling is

established by the formulation of the task. Unresqgived time im-

plies that means are mainly to be considered. Here

he number of

air samples and the interval of time of sampling depend only on

the variance of the object to be measured and th

b required ac-

curacy. Resolved time implies that the time lapse| of immission
has to be measured. In this case, the number gf air samples

depends on the required time resolution and the
of the measuring system.

4.6.1 Individual air samples

For individual sampling, one or a number of air sam

eproducibility

ples are taken

period and the length of it will be defined by the formulation of

over a specified period. The start time at the befnning of the

the task. The period of survey covers the intervals of time of

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.

sampling (see figure 4) and these may be on a si

ngle occasion

only, on cycles of occasions or at the intervals of time of special

situations.
Examples are

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

08 : 25 hours

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

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

inversion.


https://standardsiso.com/api/?name=3018884b82c3e0b5a9a4df026b526735

ISO/TR 4227 : 1989 (E)

Ground-level

concentration

Point assessment

The area of assessment is composed of fixed
points of assessment, e.g. playgrounds

Ground-level

Ground-level
doncentration

concentration

| |
Al I 1A

Co-ordinate of position

Unresolved areas

The area of asSeSsment consists of three
sub-areas, identified by I, Il, lll, where each
is characterized by an average value of the
ground:level concentration

A | A

Resolved areas

The spatial dependence of the ground-level
concentration is to be assessed (spatial
resolution: 1 km)

! |
| |
Al LA

Co-ordinate of position

Figure 3 — Area of assessment and spatial resolution
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4.6.2 Unresolved time Examples are
The period of survey may consist of one or a number of — means of the immission between 0 hour on 13 June
hep : Y may. St ot one o . 1973 (1973-06-13T00 : 00) and O hour on 14 June 1973
intervals of time during which the immission is evaluated in-

. . (1973-06-14T00 : 00);
dependently of time and where the number of air samples per
interval of time depends on the variance of the object being — means over one year;

measured. No time resolution of the quantity in the interval of
time is needed. Again, there may be single occasions, cycles of i
occasions or special situations (see figure 4). — 90 % value for rush-hour or heating period;

— means over each of the four seasons of the year;

— means of immission dose during inversion.

Individual air samples

The year is assessed by
instantaneous aifysamples given |by
the special situation of inversion|
break-up

1 | 1 I | 1 | | | | ll” Il ‘ 1 J
10

" 12 Month

Ground-Tevel
concentration

Co-ordinate of time

Unresolved time

The year is assessed using monthly
means, in sequence

Ground-level
concentration

I 1 1 | | | 1 1 1 1 | L 1

1 2 3 4 5 6 7 8 9 10 " 12 Month

Co-ordinate of time

Resolved time

The year is assessed using a tinf
lapse with a time resolution of ¢ne
day

[

Ground-level
concertration

1 2 3 L 5 6 7 8 9 10 " 12 Month

Co-ordinate of time

Figure 4 — Period of survey and time resolution
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4.6.3 Resolved time

Here, the peri

od of survey covers one or a number of intervals

of time during which the time dependence of the immission is
evaluated (see figure 4). The achievable time resolution is
limited by the frequency of sampling, reproducibility and

availability of
sion and imm

data regarding time lapse of emission, transmis-
ission.

If time lapses of periodic situations are examined, the time

resolution is Ijmi r

situation is re|

using data fro|

f times the

6.1 Spatial aspects

6.1.1 Continuous

Continuous spatial measurements are possible using optical
methods such as laser-related methods. These methods are
utilized infrequently at present.

6.1.2 Intermittent

eated. In this case, averaging can be carried out
the same relative time delay of a certain event

within each interval of time. Hence the significance level of the

result will als
time to inter
However, the
the number
period of surv

be influenced by the variability, from interval of
al of time, of the object under consideration.
significance level can be improved by increasing
intervals of time of measurement. Again, the
y can be the interval of time of a single occasion,

or of cycles of occasions or of special situations.

Examples are

— time
(1973-11-2

lapse of immission on 27 November 1973
f);

— diurngl or yearly cycles;

— smog

NOTE — Durin

alarms.

j smog alarms, differentiation with regard to time can

be done during|the measurement.

5 Measu

Sensors need
respond and

ing system

a finite quantity of air pollutant béforé they will
h finite interval of time before ameasurement of

concentration| can be observed. These conditions determine
the smallest ]:patial and time resolution~of the sensor. These

and other req
annex B and

irements for measuring instruments are given in
ave to be consideredtogether with the measur-

ing scheme for the evaluation~ef“a measuring system (see

ISO 6879).

6 Siting

The number of air samples and the sampling sites_nped to be
planned as described in 6.1.2.1 to 6.1.2.3.

6.1.2.1 Number of sampling sites and air|samples

The spatial distribution of the object.to,be measuredl shall be
examined using tests for variances The quality of thq informa-
tion thus obtained can be estimated using Nyquist'y theorem
and statistical methods. The-spatial resolution of the measuring
scheme used shall be better than the resolution required by the
task. Estimation in advance’ of the information likely [to be ob-
tained using a particular measurement method will bg possible
only if additional information is available or if a pilot shirvey can
be carried out, Such a pilot-scale survey may be used to check
the variability~of air pollution levels, and mobile or $tationary
measuring.systems may be used for the pilot survey. it may be
necessary,to continue a pilot survey for several months to ob-
tain a'reliable pattern.

Information regarding the number of air samples negessary is
complete, if

— the absolute number of sampling sites withir} the area
of assessment is given, or

— the relative number of sampling sites pef area of

assessment is given.

For “‘area-resolved’ tasks, the minimum number of|sampling
sites or the minimal density of sampling sites may be gstimated
using Nyquist’'s theorem. Because of the finite reprqgducibility
of measuring systems, the necessary number of sam

On the other hand, additional information regarding
structure of the object to be measured may enable t
of sampling sites to be reduced.

number

For ““area-unresolved’’ tasks, the absolute or relative pumber of
sampling sites may be estimated statistically if infofmation is
available regarding the spatial distribution or variability of the

The correlation of ambient air quality data in space and time
should be known if one wishes to extrapolate measured values
to an interval of time and a space greater than those over which
the actual measurements were made.

It may be possible to estimate the number of sampling sites and

the period of

survey before the survey starts, using statistical

methods including prior information, but often these numbers
have to be determined, and perhaps revised from time to time,
during the period measurements are being made. This estima-

tion problem

is completely symmetrical with respect to space

and time, but, as space and time are of very different

characters, it

is best to treat spatial and time aspects of the

measuring scheme separately.

) : ; sampling
sites will have to be determined, and revised if necessary, after
measurements have been started.

Information regarding the number of air samples necessary for
a particular task at a certain interval of time is complete, if

— the absolute number of air samples is given, or
— the relative number of air samples per unit area is given.

For certain tasks it may be necessary to choose these numbers
differently for each interval of time because of characteristic
emission or transmission conditions. On the other hand, if data
are available on the time dependence of the spatial variation of
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the object being considered, then the number of sampling sites
can be calculated. However, although statistical estimation can
ensure that the measuring system chosen is powerful enough
for a specific task, i.e. it will provide enough information, it is
prudent to consider many other practical aspects.

The number of sampling sites should not be affected by local
sources, unless the survey is source-oriented. The overall
number of sampling sites will depend on the purpose for which
the survey is being carried out. For example, an ambient air
quality monitoring system concerned with the warning of high

ISO/TR 4227 : 1989 (E)

apply in areas where there are high-rise buildings or where the
task may specify certain other heights. For example, surveys of
air pollution level from road traffic may require sampling to be
carried out at normal breathing height, just under 2 m, or even
lower to determine levels of air pollution to which children may
be subjected.

When dealing with areas where there is a high percentage of
very tall buildings, with many people living at heights where
measurements of air pollution at 3 m will not give represen-
tative results, it i for sampling sites to be

air pollution level episodes could be achieved with two sam-
pling sites|in a flat urban area of uniform emissions. However, if
the area has a complex topography or air pollution emission
pattern, & larger number of sampling sites will be required.
Also, if there are any major sources in the area, these shall be
covered by an adequate number of sampling sites.

In relation|to the air pollution emission pattern, it is important to
examine ekisting meteorological data to determine whether the
area is slbject to any particular meteorological conditions
which codld affect the dispersion of the air pollutants.

6.1.2.2 Uocation of sampling sites

The locatipns of sampling sites may be chosen randomly, or
systematigally around a reference point chosen at random, or
systematigally. For ambient air quality monitoring tasks involv-
ing asses$ment of “‘unresolved areas’”’, random location of
sampling $ites may be acceptable. With locations of sampling
sites arrahged systematically around a randomly located
reference |point, the sampling sites are chosen randomly with
respect to|the object being measured but ordered systematical-
ly in a cerfain symmetry.

Typical edamples are X km by Y km grid networks,'which are
suitable fqr tasks calling for the spatial dependence of the im-
mission where no other information is available regarding the
spatial disftribution of the object to be measured. If, however,
other information is available, the sampling site locations can
be chosen systematically. For example, from a point source,
the locatigns of sampling sites might be chosen using a sym-
metrical pplar network with thé source at the centre. Permitted
deviationg from systematically“chosen locations shall also be
defined. Tlhis is particulafly-important for networks or warning
systems for critical spots.

In areas Where there is complex topography, the locations of
sampling gites\will be largely determined by local dispersion
conditiong, ‘and considerable care should be exercised before
siting. In sUCh an area, it Is strongly advised that a pilot survey
be carried out before the final selection of the sampling site
locations.

6.1.2.3 Height of air intake or measurement point

The height of air intake or measurement point can also be
chosen randomly or systematically with respect to a randomly
selected reference height. The heights shall be given together
with the locations of sampling sites when ambient air quality
data are reported.

Generally, at sampling sites the measurement points should
be about 3 m above ground level, but this will not necessarily

potential trouble spots and, in addition, some a
should be made to determine the.surface roughngss classifica-
tion as a guide to dispersion eonditions.

6.2 Time aspects

6.2.1 Continuous

Instruments-are.available for continuous measurements and, in
theory, the)only limitation on their use is that thejr time resolu-
tion shall be better than the time resolutions reguired by the
taskilnmost surveys, these resolutions vary from|3 minto 24 h
at¢intervals of time up to one month.

6.2.2 Intermittent

The time distribution of the object being measurdd shall be ex-
amined using a statistical test. The quality of the information
thus obtained can be estimated using Nyquist's|theorem and
statistical methods. The time resolution of the measuring
scheme used shall be better than the time resoldtion required
by the task. Estimation in advance of the the infgrmation likely
to be obtained using a particular measurement method will be
possible only if additional information or the resylts from pilot
surveys are available.

Information regarding the number of air sampleg necessary is
complete if

— the absolute number of air samples withir| the period of
survey is given, or

— the relative number of air samples per upit interval of
time is given.

amples or air
samples per unit interval of time can be calculated in the same
manner as the number of sampling sites (see 6.1.2.1), because
of the complete symmetry of the method of estimation with
regard to space and time. This also holds for all other quantities
defining the intervals of time of measurement.

Information regarding the actual number of air samples at a
particular sampling site is complete if

— the absolute number of air samples at the sampling site
within the period of survey is given, or

— the relative number of air samples at the sampling site
per unit interval of time is given.
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The intervals of time of sampling can be chosen randomly, or
systematically with respect to a randomly chosen reference
interval of time, or systematically. Permitted deviations from
specified intervals of time shall be defined to ensure that rep-
resentative results are obtained.

Sampling should be geared, if possible, to local or specific air
pollution emission patterns or other cyclic events such as the
rush hour (see also 1ISO 9359).

— climatic data for long-term transmission conditions;

— topographical information including information on
ground contours, surface roughness of the ground, bodies
of water, heat islands, etc.;

— data on secondary emissions;

— data from mathematical models.

The requirements for meteorological sensors are given in

7 Additional information

Additional information includes all information known before
measurements start (a priori knowledge) and all measurements
producing information about emission, transmission and
effects. For example, this information could be emission inven-
tories which fnay help to predict the distribution of ground-level
concentratiofs. For further information on the use of a priori
knowledge s¢e ISO 9359.

7.1 Emissjion data

Emission dath can be classified into

ated emissions based on plant-operating con-
ditions orl amounts of fuel burned in particular plants or
areas;

— geographical information regarding size and location of
sources.

There are many grades of detail of emission inventory and-the
amount of detail required will largely be determined. by the
nature of théFurvey. It may even be necessary to determine the
pattern of emnissions street by street and season by season. For
less detailed [emission inventories, the overall\fuel consump-
tions for eacH square kilometre of the survey area may be deter-
mined. If the|type of survey is comparatively simple, it may be
adequate to @btain the total fuel consumptions, either annually
or seasonally| of the different fuelsused: coke, coal, oil or gas.
Large industfial installations shodld be detailed individually.
When dealing with industrialinstallations, it is important not to
forget substahces emitted by industrial processes which are not
part of a cpmbustion” process, such as iron oxide from
steelworks, fluorides<from brickworks or smelters, etc. Once
the overall consumptions have been determined, the next stage
in emission irfventory is to estimate air poIIutlon emissions from
the combustibn:a
sions from certain processes. When the overall pollution emis-
sions have been estimated, it is possible to calculate, from
these values and the heights of the emissions, what ground-
level concentrations are likely to be at different places. These
estimates can be the basis for planning the ambient air quality
monitoring system.

7.2 Transmission data

Transmission data are important for the examination of the spa-
tial and time structure of immissions and can be classified into

— measurement of local meteorological conditions (see
annex B clause B.2);
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annex B.

7.3 Immission data

The available immision data includethe’ results off measure-
ments carried out at some earlier intervals of time af the same
place, or under similar condijtions, which give i};‘ormation

about the spatial and time variation of the object to pe measu-
red. Examples of such measurements are dust depodition mea-
surements, ambient air.concentration measurementg or similar
measurements directly,_correlated to the intake of [certain air
pollutants.

7.4 Effects

Apart fram the actual measurement of immissions, the effects
of aif/pollutants may also be studied to evaluate immission.
These effects can be classified into

— direct observation, such as damage to plants, buil-
dings, etc.;

— other surveys which may be long-term, sufh as epi-
demiological surveys.

8 Data processing

Data processing will differ from survey to survey but three basic
procedures can be classified, namely, descriptive|statistics,
data interpretation and data synthesis.

8.1 Data interpretation

First of all, data interpretation includes a description [of a situa-
tion using statistical parameters such as mean, standard devia-
tion, etc. (descriptive statistics). It is essential for (diagnosis.
The aim of data |nterpretat|on is the analysis of relations
mes requi-
rements are simple, such as correlatlng the measured values of
the concentration of an air pollutant with the period of opera-
tion of its source. Sometimes, interpretation problems may be
more complex and may well involve the use of analytical statis-
tical theory such as regression and correlation analysis. Statisti-
cal work is essential if mathematical models are to be validated.

8.2 Data synthesis

Mathematical models may be used to estimate immissions
where measurements were not possible. Data synthesis inclu-
des trend calculations, estimation of future immission, normali-
zation with regard to long-term climatic data and prediction of
immission situations for critical meteorological conditions.
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9§ Ciassification of ambient air quality
monitoring

Ising
mulated in considering ambient air quality monitoring systems
can be classified. Similarly, all aspects of the actual measure-
ments can be classified. This classification enables air quality
surveys to be set up in such a way that

e+

he above concept all the tasks that may have to be for-
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Y L .

— the design of the survey is robust enoug
that all the aims of the survey can be achieved, and

— comparison with other surveys is facilitated because
individual aspects are classified in a standard fashion.

1"
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Annex A
(normative)

Mathematical formulae for emission, transmission and immission

A.1 Emission

surface integr:

)
ot = - o midF g —;%dVT . (A3)
The emission late, E(t) of a source is defined by the enveloping Fr "r
I: where
E(n) = sFQ(”'“)dFE o (AT) Fr s the surface of volume V7;
h
where n is the normal vector of surface‘element, dFy| pointing
FE is the

o is the

bmallest enveloping surface around the source;

density (property divided by volume) at the

envelopingd surface;

v is the
surface; it

elocity vector of the property at the enveloping
Contains both the mean motion and the effect of

the molecylar and turbulent diffusion;

n is the

normal vector of enveloping surface element,

dFg, pointing outwards;

ov s the|
at the env

© and v can 0

of time and

necessarily eq

same interval

emission flux (property divided by area and time)
bloping surface.

hly be measured as a mean over a certain interval
burface area. The product of this mean is not
ual to the mean of the emission flux within\the
of time and surface area.

A.2 Transmission

The phenomd
and transform]

density, o, ar

certain proper|

FT is

T = L

with the norm

outwards. Th

na constituting transmission,/namely transport
ation, are completely defined when flux, ov and
b known. The transport;_7T(z), of a quantum of a
ty per unit interval of-time across a given surface,

olv, n)dEy ... (A2)

al vectorn of the surface element, dFy, pointing
e aCtual question or task defines location and

shape of the

urface.

outwards;

do/ot
gives the local change per infinitesimal unit intery
and thus describes.the destruction or creation of g
within the volume, V5.

A.3 Immission

is the partial, local derivative of the depsity,o; it

bl of time
property

The imppission rate, I(¢) is defined as the enveloping surface in-

tegral®
(1) = S olv, n)dF,
F
where
F, is the smallest enveloping surface around the

o is the density (property divided by volumg
enveloping surface;

v is the velocity vector of the property at the e
surface;

n s the normal vector of enveloping surface elen
pointing inwards;

ov is the immission flux (property divided by
time) at the enveloping surface.

NOTE — Equations (A.1) to (A.4), together with the inter

... (A4)

receptor;

) at the

hveloping

nent, dF,

area and

onnecting

mass (or property) balance in space and time, sufficientl

v describe

The quantum, Q(?), of a property transformed per unit interval
of time within a certain volume, V7, is derived from the time-
space balance of this very property, i.e.

12

emission, transmission and immission. They presuppose knowledge of

the density and flux fields ¢ and pw, correspondingly, t

hroughout

space and time, i.e. within their domains of validity including the res-

pective boundaries.
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