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Abstract: The present article describes the methods based on the gradient K-model of diffusion and the results
of experimental-computational investigation of critical-level pollution of atmospheric air with exhaust gases of
road vehicles in the vicinity of urban motor roads in conditions of reliably repeatable hazardous meteorological
factors and traffic jams, with the results output in the form of electronic cartographic information about
excessive concentrations of hazardous substances across the residential areas adjacent to motor roads in regard
to the maximum allowable non-recurring concentrations. Using this approach of mathematical modeling of
turbulent diffusion is based on feasible approximations and empirical elaborations that were used as the basis
of the Russian normative document for calculating the dispersion of hazardous substances in the atmospheric
air – “OND-86”.
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INTRODUCTION MATERIALS AND METHODS

One of the significant hazards that urban population On the basis of the critical analysis of Russian and
is exposed to is emission of exhaust gases from engines foreign models of diffusion of pollutant substances in the
of road vehicles with hazardous (pollutant) substances atmosphere [6-8] that we performed, we came to the
into the environment: carbon oxide, hydrocarbons, conclusion that, in order to compile a model of the
nitrogen oxide, benzpyrene, aerosol particles etc. [1-3]. process of atmospheric diffusion at short and medium
With high density and intensity of traffic during the rush distance from the source (in particular, from motor roads),
hour, unfavorable meteorological conditions and the most widely used are the approaches based on Gauss’
inefficient layout of residential areas adjacent to motor empirical equations. Gauss’ models are officially
roads, which would prevent natural clearing of hazardous recommended by the World Meteorological Organization,
engine emissions, emergency situations are possible International Atomic Energy Agency and meteorological
when maximum allowable non-recurring concentrations services of several countries.
are exceeded for the people who live or work in immediate However, the Gauss’ approach, essentially, is strictly
vicinity of motor roads [4]. Within this research, the empirical, i.e. it is not universal, which could prevent the
scientific substantiation of selection of the results  from  being applicable to all the cases of
methodological approach is the key factor to achieve emergency  situations  that  have practical importance.
accuracy and fidelity of the numeric results of virtual This approach regards the initial state of the atmosphere
investigations of such emergency situations [5]. as non-turbulent and it reduces the distribution of
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temperature, pressure, inversion, humidity and other locations of the near-ground layer of the atmosphere
physical parameters of the air across altitude to and in the soil);
compliance with the International standard model of Sedimentation of particles sized 1.0 < d < 100 micron
atmosphere, which, sometimes, is not actually the case. and illuviation of smaller particles sized d < 1.0 micron
This model predicts the space-and-time situation of in the process of transfer of the aerosol (gas) cloud
atmospheric pollution in the formal way, without affixment of exhaust gases over the surface;
to the actual terrain and meteorological factors. It does Transformation of substances in the soil and with
not take into consideration the dependency of diffusion biological agents, etc.
coefficients from the altitude of the road, so this model
makes it possible to describe the near-ground field of Growing concentration of the hazardous (pollutant)
concentrations, mainly, for the emission sources of fixed substance due to influx of exhaust gases from road
altitude. vehicles at the location with the coordinates x, y, z will be

Due to these reasons, the authors preferred to select determined by the following formula:
the approach based on the K-theory, which relies on the
analysis of equations of turbulent diffusion; this (1)
approach is best developed theoretically in respect of
consideration of the factor that is of primary importance where C  is the concentration of hazardous substance in
for emergency situations –unfavorable meteorological the exhaust gases; C , C  are the decrease in
conditions that regularly repeat during the length of a concentration of hazardous substance due to its
year [9, 10]. illuviation or sedimentation onto the surface; C  is the

Main Part: In the proposed approach, the hazard of turbulent diffusion; ±C  is the decrease (-) or the
technogenic situation is evaluated in respect to the increase (+) in concentration of hazardous substance due
observance (or non-observance) of the effective maximum to chemical transformations in the atmosphere; C  is
allowable health normatives for the people who live in the the increase in concentration of hazardous substance
vicinity of a motor road. This situation is generated as a over the background level of pollution in the atmosphere
result of simultaneous influence of several unfavorable due to road vehicles.
processes and factors. Therefore, the level of technogenic load at the

Intensity of emission of hazardous substances, location with the coordinates x, y, z can be determined by
defined by the following: the formula:

The number of road vehicles at a particular location (2)
of the motor road and the length of the operation
period; where C  is the background concentration of
The mode of operation of the engines of road hazardous substance at the location with the coordinates
vehicles and their technical state. x, y, z; [C ] is the maximum allowable concentration of

Spreading of hazardous substances in the In the actual operating conditions for road vehicles
atmosphere in the vicinity of a motor road, defined by the there are only turbulent flows in the atmosphere, when air
following processes: is moved by large-volume moving air masses in the

Chemical transformations in the atmosphere spreading and space-and-time distribution of pollutant
(photosynthesis, oxidation, condensation, etc.); admixtures in the atmosphere are determined by solving
Turbulence of lower layers of the atmosphere that is the equation of atmospheric diffusion. This equation (3)
largely dependent on the time of the day, cloud cover in partial derivatives is a mathematical formalization of the
and terrain topography, presence of inversion and physical law of preservation of the substance flow and, in
stratification (these and other factors predetermine this sense, it provides a description of spreading
the accumulation of hazardous substances in certain atmospheric admixtures:
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vicinity of a motor road. Theoretical regularities of
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(3) atmospheric air “OND-86”; it was expressed as a

where q is the calculated admixture; x  are the coordinates “Ecologist”, for the maximum gross concentration ofi

of the admixture (hereafter referred to as x, y, z); u is the hazardous admixture C  (mg/m ). This concentration isi

wind velocity by x, y, z; K  are the component values of determined at a certain distance (X ) from the point ofi

the mean velocity of moving the admixture and the emission from the moving road vehicles as from the
exchange coefficient related to the directions of the axis x sources located near each other in separate sections ofi

(i = 1, 2, 3); [alpha] is the coefficient conditioning the the motor road:
concentration change due to atmospheric metabolism
(transformation of the admixture). (4)

Using this approach of mathematical modeling of
turbulent diffusion also referred to as K-theory, together where A is the coefficient depending on the temperature
with ñ feasible approximations and empirical elaborations stratification of the atmosphere; M is the mass of
that are the basis of the Russian normative document for hazardous substance emitted into the atmosphere per unit
calculating  the dispersion of hazardous substances in the of  time  (g/s),  in  the  case  of  traffic,  it is the mass of the

mathematical model (4). The calculations are performed by
this formula and with using the standard-module software

ì
3

M

Fig. 1: Atmospheric pollution map for NO  in the vicinity of the belt highway of Saint Petersburg2
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substance emitted by the group of vehicles comprising Further on, by the set coordinates of the terrain in the
the  traffic;  F  is the non-dimensional coefficient taking vicinity of the motor road, the values of excessive
into consideration the velocity of the gravitational concentrations over the maximum allowable level are
sedimentation of hard particles (dust) from the calculated [10] and this data is expressed in the form of
atmospheric air onto the surface (when calculating electronic  cartographic  presentations.  An example of
dispersion in the soot atmosphere from the vehicles’ such geographic  information  for  the largest motor road
engines, it is recommend to assume F = 1); m' is a non- of  Saint Petersburg  –  the  belt highway – is shown in
dimensional coefficient, m' = 0,9; [eta] is a non- (Fig. 1).
dimensional coefficient considering the influence of the
terrain relief (in the case of a flat or smooth terrain with CONCLUSIONS
elevation gradient no more than 50 m per 1 km, [eta] = 1);
H is the elevation of the road as a non-organized source According to the results of the experimental-
of emission over the ground zero. computational  investigation   of   critical-level  pollution

Therefore, transport flow of random geometric of  air  in  the  vicinity  of  the  belt   highway  around
configuration and traffic distribution in the motor road is Saint Petersburg, the following was determined: Under
expressed as a combination of linear sources of hazardous unfavorable meteorological conditions and the intensity
emissions, in the vicinity of which the pollution of urban of traffic typical for the rush hour, in the residential areas
environment is determined. Stylization is also possible for adjacent  to  the   belt  highway,  there  is  significant
other vehicle sources: in point and area configuration. (2–3 times and more) exceeding of concentrations of

For calculation of the mass of hazardous substance nitrogen dioxide NO  above the maximum allowable level
emitted into the atmosphere per unit of time (M, g/s), road and less significant (up to 2 times) exceeding in carbon
vehicles are divided into typical groups. oxide and soot. However, it must be considered that, in

The following assumptions were key factors for accordance with the data from the World Health
dividing road vehicles into groups: Organization, any excess in this oncogenic and mutagenic

Actual  emissions  from road vehicles (which are, considered a hazard. Such situations of excessive
generally, determined through instrumental pollution of atmosphere for Saint Petersburg shall be
monitoring) were substituted by hypothetical considered emergency situations and hazards.
emissions calculated on the basis of modeling the
type, structure and the operating regime of the ACKNOWLEDGEMENTS
vehicles;
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