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FOREWORD

If properly designed, any basic air monitoring programme can provide the data required
to develop an air pollution control programme. Analyses of the data collected should relate
directly to the purpose, or purposes, of the monitoring programme, the three most common
being: (1) to observe trends; (2) to judge compliance with air quality standards and to
evaluate control strategies; and (3) to evaluate risk to human health. Other analyses
may also be important for local interest and accordingly must receive due attention.

Planning for the analysis of data should begin before any measurements are taken. " In
this way one can be sure that only data relevant to the analysis are collected and that
the appropriate ancillary information (meteorological, source emission, etc.) necessary
for the data interpretation is available.

Unfortunately in practicé data are often collected rather haphazardly and only after
some indefinite period is some analysis attempted. It is hoped that this document will
assist not only in the analysis and interpretation of existing data but in the planning of
efficient air quality monitoring programmes.



INTRODUCTION

One of "the activities of the World Health Organization involves the improvement and
establishment of air quality monitoring networks in Member States (1). This monitoring
is particularly concerned with the urban areas of developing countries and forms a part
of the Global Environmental Monitoring System (GEMS) of the United Nations Environment
Programme (UNEP). As one contribution to this work, a manual on methods used to measure
air pollutants was published by WHO in 1976 (2). With the rapid increase in air monitoring
activities, the need for advice on how to analyse and interpret the data has increased
considerably over the last few years. The questions most often asked are “"How can the
monltorlng information be used in assessing the air pollution situation?" and "How can
it contribute best to the development of adequate measures to protect human health7”

There is no easy, general answer to these questions because air pollution situations in
different urban areas vary greatly. On the other hand, there are certain technlques and
procedures which are commonly used for analy31ng and interpreting data. The techniques
presented in this publication constitute a selection of these that are generally considered
to be the most useful and most widely applicable. There are, however, many more specific
techniques which may, under special circumstances, be more useful. References to these
are indicated, wherever possible, in the text.

This publication is addressed to the national staff who are involved in the operation
of air monitoring networks and in the analysis of the data obtained from them. It assumes
that the reader has an understanding of basic statistics; if a review should be needed,
the works cited in references (3) and (4) will be helpful. The purpose of this text is to
guide the reader to the most common techniques. It is, however, not intended to be a
statistical manual and the reader should, wherever possible, consult a statistician to
ascertain that the technique recommended in this document is valid for his particular
purpose.

Many experts and national laboratories were involved at different stages in the
preparation of this book. Mr G. Akland of the US Environmental Protection Agency
accomplished the difficult task of preparing the first draft on the basis of a number of
suggestions and ideas. This draft was distributed among about 12 institutes and experts
with a request to provide comments and, if possible, additional material. Dr J. Kretzschmar
undertook the task of incorporating the comments received into a second draft. A WHO
consultation group met in April 1979 at the Institut National de Recherche Chimique
Appliquée, Paris, when a number of experts reviewed the second draft. Wherever possible,
the advice given by the group has been incorporated. At the final stage of preparation,
invaluable assistance was received from Mr R. Waller of the WHO Collaborating Centre on
Clinical and Epidemiological Aspects of Air Pollution, Medical Research Council, London,
England, and from Mrs M. Fugas of the Institute for Medical Research and Occupational Health,
Zagreb, Yugoslavia. The financial support for the publication of this book has been
provided by UNEP.

This guide describes methods and procedures for presenting, analysing and interpreting
air monitoring data. Wherever possible, examples are given using urban air pollution data
from the Global Environmental Monitoring System (GEMS), which are published on a biennial
basis (5-7). It is hoped that this guide will promote effective communication at the
national level between air monitoring personnel and experts in allied fields such as
statistics and meteorology.



The analysis and interpretation of air pollution data is a rapidly developing subject,
and some methods and procedures described in this guide are still not in universal use. It
is hoped that the users of this guide will draw attention to the difficulties they encounter
in applying the proposed methods, and address suggestions for improvement, to: Division of
Environmental Health, World Health Organization, 1211 Geneva 27, Switzerland.



1. SUMMARIZING AIR QUALITY DATA

1.1 Introduction

Air quality data, or air quality measurements, as discussed in these pages, are a
series of measurements of air pollution concentrations taken continuously or inter- )
mittently. They may have been collected over a short or a long period of time, from a
single station or from a network of stations measuring at least ome pollutant. Each
individual measurement represents an average concentration over a certain period of time.
As air pollution levels for a given pollutant at a specific site vary in a more or less
pronounced way as a function of time, it is important to report the averaging time used
to obtain a given data set. Commonly used averaging times range from 30 minutes or 1 hour
to 24 hours, and sometimes even 1 month (e.g. for dustfall determinations).

For any particular averaging time, observations either may be repeated in sequence
over an extended period to provide continuous records or may be made intermittently
according to some pre-arranged schedule. In either case the procedures required for
summarizing and analysing the data are similar, although the interpretation of the
corresponding statistical descriptors may be different.

1.2 Presenting raw data

A book-keeping system is essential for every type of air pollution monitoring
programme; tables and graphs are widely used for this purpose. The actual format and
complexity will depend largely on the extent and specific nature of the monitoring
programme. Hourly averages for one pollutant in different stations of the same monitoring
network are noted in daily tables as a function of time and monitoring site. Daily
averages are listed in monthly or even yearly tables for each monitoring station. Although
the format of data presentation may vary depending on the type and purpose of the table or
graph, it is recommended that each table should include the name of the pollutant, measure-
ment technique (e.g., smoke shade), type of data (hourly, 24~hour), location (site number
and city), period over which data were collected, and units of measurement (ug/m3); Table 1
is given as an example.

The information contained in tables of raw air pollution data may become clearer by
constructing graphs or time plots. In such graphs, periods during which data are missing
become evident, outlying data points are easily identified, and frequently occurring
patterns (such as the seasonal pattern for SOy pollution in many urban areas) are reédily
observed. Episodes of high air pollution levels lasting several days can also be clearly
seen on graphs of this type. Figure 1 is a graphic representation of data in Table 1.

Comparing graphs of concentrations in air of a pollutant recorded at different

monitoring stations of a network is sometimes very useful in visualizing common cycles

and trends. When two stations show comparable air pollution levels, except during a
limited period of time, those measurements need special attention. Malfunctioning of an
instrument may be a cause, though local variations in the emission of the pollutant and/or
meteorological phenomena can also cause similar results. It is often useful to compare
time plots of concentration levels of different air pollutants measured at the same
monitoring site; possible interrelationships may be identified in this way. The same is
true of the relationship between air pollution levels and meteorological variables. With
some advice from local meteorologists, it may be possible to extract more information

from such plots. For example, the influence of an important point-source will show as soon
as the wind blows steadily from a certain direction (see also section 2.5). It is clear
" that the averaging time chosen for the air pollution measurements as well as the source
configuration and air pollution emission variability also play an important role.



JTABLE 1. DAILY SULFUR DIOXIDE AVERAGES IN THE CENTRE OF LONDON, ENGLAND, 1977

(GEMS Site 1, acidimetric method, ug/ma)

Day Month Day
Jan. Feb. March April May June July Aug. Sept. Oct. Nov. Dec.
1 98 250 170 48 149 30 24 77 35 47 79 176 1
2 209 125 112 36 71 49 48 53 65 117 93 206 2
3 417 119 100 48 98 103 72 59 76 53 93 236 3
4 168 143 82 54 104 49 18 36 47 89 150 285 4
5 151 89 82 238 122 55 24 24 76 95 90 267 5
6 374 131 100 315 79 49 18 24 83 36 142 242 6
7 139 125 88 83 55 73 35 18 130 101 72 94 7
8 127 265 .88 101 104 42 18 30 71 71 88 106 8
9 145 115 88 125 116 42 18 77 41 59 88 71 9
10 151 102 88 59 92 30 12 71 35 143 136 65 10
11 229 133 100 119 110 30 24 59 59 48 65 100 11
12 271 133 47 76 79 24 24 18 65 161 41 148 12
13 133 139 76 23 55 36 24 42 95 208 47 152 13
14 181 235 76 94 55 18 24 59 83 178 41 279 14
15 157 170 59 53 61 24 36 77 59 143 78 224 15
16 139 106 29 23 61 18 36 48 30 285 156 97 16
17 217 153 35 94 78 24 30 47 24 250 150 79 17
18 177 112 47 100 72 18 47 42 24 131 168 352 18
19 189 106 35 137 66 36 36 59 47 77 78 394 19
20 165 141 47 113 36 42 30 53 53 113 114 450 20
21 116 117 47 95 30 24 36 53 35 83 72 231 21
22 171 117 106 65 54 84 30 53 94 65 149 89 22
23 202 205 82 71 48 66 12 72 224 77 89 46 23
24 134 182 65 113 42 48 36 60 35 107 107 64 24
25 90 106 70 125 60 30 30 66 77 116 119 70 25
26 115 ‘164 53 107 42 24 12 84 94 104 83 58 26
27 102 188 53 71 60 30 24 54 41 127 125 82 27
28 102 188 65 107 96 24 18 78 76 116 122 28
29 127 65 77 24 24 24 96 47 70 99 29
30 145 54 101 36 30 18 47 23 58 87 30
31 187 24 54 65 99 168 31
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FIG. 1. DAILY MEAN SULFUR DIOXIDE CONCENTRATIONS AT GEMS SITE 1, LONDON, ENGLAND, 1977
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1.3 Statistical summaries

Although some rather simple tables and graphs of the original data can show
interesting features, even the simplest air monitoring programme can quite quickly produce
a large amount of raw data. To manage this situation, statistical summaries are required
to obtain a clear overall picture and to limit the number of numerical values required
to describe the actual air pollution situation. These statistical summaries also form
the basis of the further analysis and interpretation required to extract as much ‘
information as possible from the data set.

The first thing to do with a set of raw data is to rank (arrange) them from the lowest
to the highest value (if the amount of data is large, it is preferable to group them as
shown in Table 2). The difference between the highest (maximum) and lowest (minimum)
value describes the range of the data set. The middle value, or the arithmetic mean of
the 2 middle values, if the number of measurements in the set is even, is called the median.
By extending this idea, quartiles (dividing the set into 4 equal parts) and deciles
(dividing the set into 10 parts) are obtained. The second quartile and the fifth decile
are, of course, equal to the median. By proceeding in the same way, one can define any
percentile P, specifying that P percent of the data set is smaller than or equal to that
Pth percentile. The median equals the 50th percentile, and the quartiles the 25th, 50th,
and /5th percentiles. In a data set of size N the Pth percentile corresponds to the

(P Iaa)th value when the data are ranked. As this ratio is not necessarily an integer,

linear interpolation between the two adjacent values of the data set is a possible way out
of this difficulty. It has the disadvantage of introducing values not actually measured.
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To avoid this, the data can can be ranked first and then the percentile to which each
individual data point corresponds can be calculated - for example the jth value corresponds
to the (100j)tp percentile. For examples of percentiles obtained by interpolation see the

GEMS/WHO air quality data reports (5-7).

TABLE 2. FREQUENCY DISTRIBUTION OF THE DAILY MEAN SULFUR DIOXIDE CONCENTRATIONS
AT GEMS SITE 1, LONDON, 1977.

Concentration

interval ( ug SOp/m>) Number of days Relative frequency (%)

0-24 39
25-49 67
50-74 64
75-99 63

100-124 45
125-149 30
150-174 17
175-199
200-224
225-249
250-274
275-299
300-324
325-349
350-374
375-399
400-424
425-449
450-474
475-499
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Many different air quality standards are specified with percentiles. For example, the
50th and 98th percentile of the 24-hour average sulfur dioxide concentrations could be
limited to 80 ug/m3 and 200 ug/m3 respectively. A line through these points plotted on
log probability paper clearly shows how an actual data set performs against these standard
values (8). The use of log probability paper will be explained in section 3.

Bar plots graphically summarize selected measures of the frequency distributions of a
pollutant over different periods of time. Fig. 2 shows an example of this technique for
carbon monoxide data collected in Chicago, USA, from 1962 to 1973. The percentile points
shown on the plot are the 99th, 90th, 80th, 50th, and 20th, as well as the arithmetic
mean; other combinations of percentiles can also be chosen. Represented in this way, the
plot indicates the following information:

(L in all years represented, the US standard of 9 ppm(10.3 mg/m3) for
8-hour averages was exceeded;

(2) levels have generally declined since the peak year of 1965;



12

3) since 1969, fewer than 107 of the observations exceeded the standard
0f10.3 mg/m3 :

(4) from the length of the bar it can be seen that the concentration var1ab111ty
has decreased since 1968;

(5). the arithmetic average has exceeded the median by about 0.6 mg/m3 (0.5 ppm)
each year;

(6) the ratio of the 90th percentile to the 80th percentile has remained nearly
constant since 1968, although the 90th and 80th percentiles have generally
declined since 1969. :

FIG. 2. CARBON MONOXIDE TRENDS (8-HOUR AVERAGES) IN CHICAGO, USA, 1962 TO 1873
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Another way of examining frequency distributions, instead of determining percentiles
as illustrated above, is to work with grouped data and histograms as follows. First
arrange the set of data in the order of magnitude. The data are then distributed into
classes or categories on the basis of frequency distribution, i.e., the minimum to
maximum concentration range of the data is divided into classes, usually 5 to 20, and the
data falling within each of these classes are accordingly distributed; there are several
ways of determining the widths of each class. One procedure is to divide the highest
value by the number of class intervals, but this is liable to yield widths that vary for
each successive set of data. More. commonly, a uniform width is chosen that is suitable
for all ranges likely to be encountered for any given pollutant, with boundaries that can
be related in a convenient way to any standards or guidelines that may exist. The
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relative or percentage frequency distribution is obtained by expressing the frequencies as
percentages of the total number of observations. The data given in Table 1 have been used
With a range extending

to illustrate the concept of frequency distribution in Table 2.
from near zero to about 500 pg SO2/m3, and anticipating that somewhat higher values may

occur in other years, a class width of 25 ug SO,/m° was chosen. The number of observations

exceeding figures such as 250 or 500 g SOz/m3 which features as criteria for health effects
(9) can then be seen readily. The frequencies and relative frequencies are shown in

Table 2.

A histogram is a graphic representation of a frequency distribution.
a set of rectangles having their bases on the x-axis (horizontal), the widths proportional
to the class intervals, and heights (on the y-axis) proportional to the frequencies.
Fig. 3 represents a histogram corresponding to the frequency distribution given in Table 2.

It consists of

preferably one that can be

expressed in a simple mathematical form. The dotted line in Fig. 3 is an example of a
frequency curve. Most air pollution data sets produce histograms and corresponding
frequency curves that show a peak to the left with a long tail to the right (skewed to the
Other forms may occur, but they are exceptional.

A frequency curve is a continuous curve fitted to a histogram;

right), as shown in the example.
Subsequent analysis and interpretation of the data must take into account the shape and
The study of such distributions

symmetry of the frequency distribution one is dealing with.
is essential in the interpretation of air pollution data; further information is given in

section 2,

A HISTOGRAM AND FREQUENCY CURVE OF DAILY SULFUR DIOXIDE MEAN CONCENTRATIONS

FIG. 3.
AT GEMS SITE 1, LONDON, ENGLAND, 1877
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The total frequency of values less than the upper limit of a given class interval
is called the cumulative frequency up to and including that class. Table 3 represents
the data of Table 2 in the cumulative frequency form, and the percentages can be plotted
against the upper limits of the classes to form a cumulative frequency polygon, which
shows at a glance the percentage of observations below any specified value (Fig. 4).
Alternatively, the data can be rearranged to show the proportion of observations exceeding
any given value. TUsually the polygons are smoothed out, as shown, to obtain continuous
curves corresponding to the frequency curves as fitted to histograms.

TABLE 3. CUMULATIVE FREQUENCY DISTRIBUTION OF THE DAILY MEAN SULFUR DIOXIDE
CONCENTRATIONS AT GEMS SITE 1, LONDON, ENGLAND, 1977

. Percentage
Daily mean ‘ Cumulative cumulative
(ug SO, /m3) : -frequency : frequency
Less than 25 39 10.8

o " 50 ' 106 29.3
" " 75 ‘ 170 47.0
" " 100 ‘ © 233 64.6
" " 125 278 76.9
" " 150 308 85.2
moM175 - 325 89.9
" " 200 ‘ 334 92.4
" " 225 341 94.3
" " 250 347 96.0
" " 275 352 97.4
" " 300 355 98.2
" " 325 356 98.5
" " 350 356 98.5
" " 375 358 99.1
" " 400 359 99.4
" " 425 360 99.7
" " 450 360 99.7
" " 475 361 100.0
" " 500 361 100.0

In addition to the information shown by frequency histograms and frequency or
cumulative frequency distributions, a number is usually required that describes the
"central tendency" of the data. There are several common measures of central tendency;
namely, the arithmetic mean, the median, the mode, and the geometric mean.

The arithmetic mean, mean, or average (my) is the sum of all the observations divided
by the number of observations. It reflects all the data and is highly influenced by the
extreme values. A frequent problem in air pollution work concerns the pollution
measurements that are below the detection limit of the analytical method used; these
are usually noted as zero. To resolve this problem, it is common practice to introduce
one half of the detection limit as the numerical value for each of these measurements. For
example, if the limit of detection is 30 ug/m3, a substitute value of 15 ug/m3 is used in
the calculations.
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FIG. 4. CUMULATIVE FREQUENCY CURVE FOR DAILY SULFUR DIOXIDE MEAN CONCENTRATIONS AT
GEMS SITE 1, LONDON, ENGLAND, 1877
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The median is the 50th percentile as defined above. This measure does not incorporate
information from other than the single measurement (or two measurements at most) in the
middle of a series of data points. The median is not influenced by the extreme values and
thus the problem of values below the detection limit is avoided.

The mode is the most frequently occurring value in the data set. If the frequency
histogram or curve clearly shows that several intervals or values show a certain degree of
predominance, one has a multimodal frequency curve with a first mode, a second mode, and so
on. One of the fundamental properties of the most frequently occurring skewed frequency
curves for air pollution data sets is that the mode is smaller than the median, which in
turn is smaller than the (arithmetic) mean.

The geometric mean (mg) is the antilog of the arithmetic average of the logarithms1 of
the data. Problems may arise once again when some values lie below the analysing
instrument's. limit of detection; they cannot be taken as zero since the logarithm of zero
is undefined. Conventionally the value halfway between the limit of detection of the
analytical method used and zero is used for such calculations. This substitute value must
be used consistently for all subsequent calculations.

1 . . .
Logarithms to the base e are used throughout this document. However, logarithms to
base 10 may also be used. :



16

Measures of central tendency have a direct application to long—term air pollution
standards, since most of these are expressed as an average concentration value. However,
air pollution measurements are usually highly variable, reflecting changes in source
emissions, meteorological conditions, and atmospheric chemistry. When comparing
measurements taken at several sites, the most variable site is often influenced by a
nearby point-source, whereas the least variable site is either located in a clean environ-
ment or, alternatively, is surrounded by a number of sources such that a change in wind
direction does not necesaarily reflect a marked change in concentrations. Therefore, in
addition to describing data by one measure most representative of it (mean, median, or mode),
it is also necessary to have an indication of the amount of spread or variability in the

observations.

The range, as defined before, is the difference between the highest and the lowest
observation. It is influenced by the extreme values of the data set and, consequently,
has limited application in interpreting air pollution 'measurements.

Standard deviation (o), the most commonly used measure of variability, is calculated
as the square root of the average of the squared deviations of the values from the
arithmetic mean. If the geometric mean is used, the standard geometric deviation (cg) is
the appropriate measure of variability.

A brief review of the properties of standard deviation of a normal distribution will
help to better understand the standard geometric deviation. The normal curve is symmetrical,
and ideally the mode, mean, and median (or 50th percentile) coincide. For a normal curve
it can be shown that 68.27% of the data is contained in the interval y + ¢. It can be
further shown that 84.137 lies to the left of n + o (see shaded area in Fig.5). Fig. 5
shows the standard normal curve with u = o, ¢ =0 = 1.

FIG. 5. SOME PROPERTIES OF THE NORMAL DISTRIBUTION (3)

95.45 Yo ——»

*-—99.73 ¢y —mm ™ ———————»

Similarly, for the lognormal distribution (a distribution for which the logarithms
of the data are normally distributed) 68.277 of the area under the curve lies in the
interval mg/cg to M0, and 84.13% of the area lies to the left of my0g.
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Since the estimates of the mean and standard deviation vary from year to year, day to
day, hour to hour, and location to location, interval estimates of the mean are usually made.
For example, if daily averages for all days of the year are available, the calculated
arithmetic mean and standard deviation (pu and o respectively) will be true values. However,
if an intermittent sampling scheme is followed, the calculated arithmetic mean (my) and
standard deviation (8) are not true values but only estimates. In this case it is important
to know, with some known degree of confidence, the range within which the true mean value
lies. This range is called the confidence interval, and it can be calculated for different
levels of significance. The level of significance most often chosen is 957; this corresponds
to a = 0,05.

The confidence interval is calculated as follows:

ct

m + s

X

2

where t is the Fisher's t and can be read from the table in Annex 1 as ty/2 for n-1

given in the first column of Annex 1, s is the calculated standard deviation, and n is
the number of samples. If sulfur dioxide data from Table 1 are taken, and the arithmetic
mean is calculated taking the daily average for every third day, a value of 94.1 is
obtained for the arithmetic mean (my) and a value of 64 is obtained for the standard
deviation (s). a/2 equals 0.025, which corresponds to a t value of 1.980 in the table
for N - 1 = 120. The confidence interval for the arithmetic mean is:

94.1 + 1.98 x 64/Y121 = 94.1 + 11.4
= 82.7 and 105.5
- in this instance, this means thatmeteorology,source emissions etc. remain constant.

Any departure from this assumption will affect the resulting confidence interval and
hence the interpretation.

Although formulae exist for directly calculating the confidence interval for the
geometric mean of a lognormal distribution, it is easier to use the formula as given above
by first taking logarithms of the statistics and then performing the calculations. For
example, in a sample of size 204, if the geometric mean and standard geometric deviation
are 158 and 1.8l respectively, by substituting these into the formula wheno = 0.05, one gets:

antilog /5.063 + (1.96) (0.593) / V204 /
= antilog /5.063 i_0.0SE] = antilog Zf2.982, 5.14£7 = 145.6, 171.4

1.4 - Geographical summaries

Determination of the pattern of distribution of air pollution over an area is as
important as the measurement of air pollution itself. The tables and graphs that have
been referred to in the preceding sections relate mainly to temporal variations and do not
show the spatial pattern of air pollution distribution. The latter are useful in:

(1) obtaining a visual perspective of the spatial variations in
air quality and patterns of human exposure levels;

(2) judging air quality trends in relation to population growth
patterns; and

(3) appraising the relationship between the configuration of the sources
of air pollution, meteorological variations, and measured or computed air
pollution levels.
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One of the most widely used procedures for representing spatial patterns of air
pollution concentrations are the isopleth (line of equal air pollution concentration) maps.
To develop an isopleth map, a network of air monitoring stations must adequately cover
the area of interest. For primary pollutants, such as sulfur dioxide, carbon monoxide,
and suspended particulate matter for which the so-called representative area for each
monitoring station is fairly small, a relatively large number of stations may be required.
For secondary pollutants such as sulfates and photochemical oxidants the number of statioms
may be relatively small. Other factors to be taken into consideration are the geographical
features of the study area, unusual site characteristics, and completeness of the data (10).

When air monitoring data are available at several stations, the first step in drawing
an isopleth map is to plot the station locations and the corresponding concentrations of
pollutants as the arithmetic mean, geometric mean, 95th percentile, or maximum values on a
map.

In drawing isopleth maps several geographical and meteorological factors may prove
important. TFig. 6a shows a stepwise procedure for drawing such a map when only air
pollution concentrations and monitoring sites are used. Fig. 6b shows a stepwise
procedure for drawing an isopleth map when a geographical feature (in this case mountains)
is considered along with monitoring sites and air pollution concentrations. In the case of
the former, starting from the point showing the highest value, lines are drawn between that
point and the points lying close to it. Taking the example in Fig. 6a, the first step will
be to draw lines between the points 53 and 50, 53 and 37, 53 and 42, and 53 and 36. Then
taking the nearest round figure to the highest value, in this case 50, the point represent-—
ing that value is marked, by way of interpolation, on each of the drawn lines. (Although
there is no rule about this, it is customary to take values in tens; for example the
second contour in Fig. 6a is taken to bé 40.) The next step is to join all the marked
points; in Fig. 6a, when all the points representing 50 are connected an eliptical
isopleth is obtained. Similarly other values are marked and contour lines are drawn through
them.

When a geographical feature is also considered, the isopleth map looks quite different
from the one described above. Basically, the procedure for drawing such a map is the same
as the one described above, but because it is assumed that a polluted air mass on one side
of the mountain does not mix with the one on the other side of the mountain, separate
contour lines are drawn for each of the two valleys (Fig. 6b).-

The above example considers only the effect of mountains on a concentration field.
An air pollution expert may also consider the potential effects on a concentration field of
wind-flow patterns and configuration of major emission sources.

An example of an isopleth map for London is presented in Fig. 7. The data used in the
drawing of isopleths were for sulfur dioxide and came from about 140 sites in the area shown
in the map. The isopleth lines were drawn by estimating the pollution gradients between
sites on the basis of the method described above. :

The highest concentrations can be seen to occur in the central, demsely built-up area,
where much sulfur-containing fuel is used for heating purposes. .There is a general
tendency for the concentration to decline gradually towards the outer, less built-up areas,
and values along the Thames estuary are high, probably owing to the presence of industrial
sources, including oil refineries. Other examples of isopleth maps can be found in
references 9 and 37.



FIG. 6. STEPWISE PROCEDURE FOR PREPAING ISOPLETH MAPS WITH

AND WITHOUT SUBJECTIVE CONSIDERATIONS
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