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ABSTRACT

Airborne laboratories are used for the estimation of the environmental state during several tens of years. However,
the results obtained with such labs are incomplete, it follows from the analysis made in [1]. If the aircraft equipped
with contact means, they provide information only on one or two ingredients. ifremote systems are installed on it,
then it is possible to acquire information on vertical profiles (for example lidars) or spectral response of the
underlying surface[2]. Experience accumulated in TAO SB RAS thiring airborne sounding of cities and areas shows
that if all measurement systems are combined into an integrated complex, then information on environmental state
exhibits a new quality. At the same timesome some conditions should be achieved.First of all, the airborne
laboratory should be equipped with contact as well as with remote devices which duplicate measurement of the
same parameters. This allows to obtain more reliable data as well as to calibrate remote devices using contact data.
Second, all measurement instruments should be combined into a united information system to make syncronous
measurements. In this case data from different instruments complement each other. Third, all three media, i.e. soil,
water, and air should be controled by means of remote and contact means, that will esentially facilitate data
interpretation.
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Our previous l ,2 described the instrumental complexes of aircraft—laboratories used formeasuring the air
quality in different geophysical regions including that exposed to the anthropogenic activity. This paper is
devoted to the analysis ofapplication ofthe aircraft—laboratory, as an integrated complex, to ecological
monitoring of the state of the air basin.

At first glance it was logical to assume that the more complicated ecological situation in many countries could
result in the intensive application ofthe aircraft—laboratories to the determination ofthe spatiotemporal
distribution and the dynamics ofpollution taking into account the advantages ofthe airborne method.2 However,
there are a few papers devoted to the application of the aircraft—laboratories to ecological monitoring of the air
basin ofpolluted regions.

REGIONAL MONITORING OF AIR POLLUTION

Taking into account the fact that state boundaries have no effect on the air pollution, the problem arises of the
estimate of the amount of air pollution caused by the emission of the industrial enterprises located in the republics
of the former USSR as well as in the regions and territories which have got independence. These problems can be
solved by regional monitoring with the help of the aircraft—laboratories. Example.

In commission of the Buryat Council of Ministers, the Institute of Atmospheric Optics and the Ecological—
Geochemical Surveying Party of the Production Association "Buryatgeologiya" carried out the aerosol and gas
survey of Buryat and Baikal Lake in 1 99 1 . The purpose of this work was determination of the regional transfer of
the air pollutants and estimation of possible pollution of Baikal Lake through the atmospheric channel. . As a
rule, two flights were executed along each route at two altitudes of 400 and 900 m over the local relief.

The results of operation by the scheme allowed the Production Association "Buryatgeologiya" to map the
distribution of more than 50air pollutants on a 1:1 M scale. Because of large bulk of data, we will not present the
entire data array. To confirm the importance of the regional approach and to demonstrate the fact that
administrative boundaries have no effect on the spread of pollution, we present a map of the distribution of
aerosol mass concentration over the Baikal region (Fig. 1).
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FIG. 1 . Aerosol mass concentration (gIm3)within the 400—600 m altitude range over the Baikal region.

It can be seen from Fig. 1 that there is a large area of enhanced concentration of suspended substances on the west
of Baikal Lake. This area is engendered by the activity of the Irkutsk industrial zone. The barrier effect of the
mountain ridge stretched north—west of the lake promotes the aerosol accumulation. The small—scale areas of high
aerosol concentrations on the east shore of Baikal Lake are caused by the hydrodynamic concentration of
pollutants in the valleys of the Selenga and Barguzin rivers to which they are transported from the west.

Additional peculiarity was revealed during sounding of pollutants over Baikal Lake. The mountain ridges are
situated around the lake so that the flux of pollution from the Irkutsk industrial zone can enter only the southern
end of the lake. But the comparison of concentrations in different parts showed their proportionality. The
analysis of such a situation made it possible to identify a closed air circulation in the lake hollow along its
contour.3 This circulation promotes the spread of pollutants.

COMPREHENSIVE ECOLOGICAL OBSERVATION OF CITIES

The aircraft—laboratories were used not only for transboundary and regional sounding and carrying out of
individual experiments, but also for monitoring of the urban pollution.6 However, there are no generally
accepted schemes and methods of urban monitoring. Therefore, we had to make up for this deficiency in going to
the study of the distribution and the dynamics of the urban pollution. The procedures were laid down for
determining the budget of substances that enter the city from outside, are emitted in its territory, and leave the
city; for mapping the distribution of pollution over the city and in its territory (the latter was measured by a
ground—based mobile complex); and, for measuring the composition and calculating the amount of emission of
large sources.
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At first, vertical sounding is carried out in order to determine the thermodynamic stratification and the altitude
profiles of pollutants.

The altitudes of horizontal sections (levels) were selected based on the obtained vertical profiles. These criteria are
well known,7 therefore we will not dwell on this question. It should be only noted that the mapping altitudes are
not apriori known except the minimum altitude, but are determined in flight. In this kind of sounding the flight
line and the number of the flight routes of the aircraft—laboratory are preassigned. As a rule, the routes are
equally spaced. The number of routes can vary from 6 to 1 2 depending on the area of the city. After recording of
the parameters at one altitude, the aircraft—laboratory flies at the consecutive altitude, and so on for all the
preselected altitudes. The number of altitudes can vary from 3 (under conditions of low ground inversion) to 6
(under conditions ofintensive mixing in summer).

The sounding data are subsequently used for mapping of the distribution of different components at every altitude
of sounding. Intercomparison of these maps is used to pattern the volume distribution of pollutants over the city,
while their temporal variations are used to estimate the dynamics of generation and transfer of pollutants. In our
earlier papers89 we gave some examples of maps that demonstrate the peculiarities of the distribution of pollutants
over different cities.

Second, the nonstationarity of the technological processes and hence the fluctuations of the emission strength.
This fact was repeatedly observed in laser sounding ofplumes)°" Therefore, the measurements may be performed
during a period of maximum or minimum emission and naturally, underestimate or overestimate the amount of
emission.

Third, the gas condensation upon exiting the stack and the gas transformation to aerosol as well as moistening of
particles should result in the increment to the mass. This is illustrated by Fig. 2 by the example of the
transformation of the aerosol particle size distribution at different distances from the edge of the stack.
The particle size distribution in the initial part of the plume at a distance of 2 km has a shape shown by curve 1.
After passage of 20 km and taking part in the above—enumerated processes, aerosol distribution transforms into
that shown by curve 2. Curve 3 recorded at a distance of 22 km indicates that the processes of the particle growth
continue.

FIG. 2. Aerosol particle size distribution in the Amursk plume at a distance of 1) 2 km, 2) 20 km, and 3) 22 km
from the edges of stacks.

m
190
160
730

.700

70
40

In
790
760
130
700
70
40

rn
790
160

130
700
70
40

500 7000 7.50020002500 3000

I I I 1__// ,7C/5, 750J 2000 2.500 3000 L, m

127

Downloaded From: https://www.spiedigitallibrary.org/conference-proceedings-of-spie on 06 Nov 2020
Terms of Use: https://www.spiedigitallibrary.org/terms-of-use



128

In conclusion it should be noted that after urban ecological sounding not only the comprehensive description of
the distribution ofpol!utants ofthe air basin can be obtained but also the general pattern oftheir dynamics, as was
done for Khabarovsk and Komsomolsk—na—Amure.9 It provides a basis for guiding the development of the
systems of routine monitoring of the air basin of the given city and for evaluating potential ways of salvaging our
environment which can be implementedjust after the experiment.
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