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A method has been developed to detect
hazardous conditions of contaminated air
in urban areas in real time for an arbitrary
number of pollutants. The method is based
on restoring the hidden dynamics of the
combined risk of instantaneous action
on the basis of the current measurements
of the concentration of pollutants at the
point of control. Other data on current
conditions at the point of control are not
used in the developed method. Therefore,
the method, in contrast to known analogs,
is universal and can be applied for arbitrary
conditions and control points. At the same
time, the restored dynamics of the level
of the combined risk of instantaneous
action makes it possible not only to
identify dangerous conditions relating to
contaminated atmospheric air but, on the
basis of the current recurrence of combined
risk levels, to assess the probability of
detecting and predicting dangerous levels in
the combined risk of instantaneous action in
real time at the predefined point of control.
Using the developed method at several
control points in an arbitrary area would
make it possible to determine the space-time
distribution of the levels of the combined
risk of instantaneous action of atmospheric
pollution on the population within a
territory. Experimental measurements of the
concentration of formaldehyde, ammonia,
and nitrogen dioxide in the atmosphere have
been performed at the point of control within
an industrial city with an air pollution level
of 37 units on the AQC scale (USA). Based
on the measurements, the method has been
confirmed to be feasible. It was established
that at the time of a credible dangerous
event, the level of the combined risk of
instantaneous action was approximately
1073 with a single probability of this level.
This level of the combined risk is about
10° times higher than the corresponding
upper limit of permissible individual risk. It
is shown that the maximum forecast time of
the dangerous level of combined risk under
the considered conditions does not exceed
18 hours
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1. Introduction

tools and methods that allow the real-time detection of dan-

The main danger for the sustainable development of civi-
lization in the 21st century is the increased strategic risks. An
analysis of the dynamics of these risks reveals that the leading
place belongs to the risk to human life [1]. At the same time,
one of the main risk factors for health is considered to be air
pollution with harmful substances (AP). In this regard, the

gerous conditions of the contaminated atmosphere, as well as
preventing their occurrence, in order to prevent disruption
of regular human life activities, are of particular relevance.
This is due to the need to employ these tools and methods in
the information and control systems to monitor and manage
security in urban areas experiencing AP, as well as in the
elimination of accidents and emergencies related to AP.



2. Literature review and problem statement

Study [2] proposed a method to assess the risk of adverse
effects on humans at accidental pollution, based on a combi-
nation of CFD (computational fluid dynamics) technology
and a risk assessment method based on doses of pollutants.
The use of a given method requires a large amount of a
priori information of a local nature, which, under actual
conditions, is not usually known and can change over time.
In addition, this information depends on the location site.
For this reason, the overall computational complexity, and
the required time resource to implement the method, do not
make it possible to use it to quickly identify risk to popula-
tions in different regions. This demonstrates the expediency
of developing methods to detect hazardous contamination
based on an assessment of the current risk that can be used
for different regions of the world. The results from a study
into assessing the impact of short-term AP are reported
in [3]. The study is based on different models and methods.
In this case, GIS-based scattering models were used as
baseline models, interpolations between monitoring areas,
regression and optimization models, as well as the models
of linear or spatial scattering of pollution plumes. Two main
approaches are currently used to mitigate or eliminate the
negative impact of AP on humans. The first one is based
on the quantification of AP concentration. The second one
employs methods of assessing the risk of negative effects
on humans, inflicted by AP [4]. A method of accounting
for the dynamic activity of sources of air pollution is con-
sidered in [5] in order to assess the dynamic impact on the
population. In this case, the study is limited only to the con-
sideration of particulate matter in AP. Other characteristic
types of AP and their combined effect are not considered.
Study [6] focuses on the issue of low concentrations of AP.
It is noted in [6] that the low concentrations of AP may be
associated with a significant risk of disruption to a person’s
normal life, and their peak concentrations may even lead to
the risk of death [7]. It is noted in [6, 7] that current me-
teorological factors and the amount of pollutants emitted
have a significant impact on the level of AP. The importance
of meteorological factors is that they can contribute to the
accumulation of harmful substances in the atmosphere, as
well as prolong undesirable chemical reactions with the
formation of secondary, more dangerous, pollutants. At the
same time, it is noted in [8] that wind, air temperature, as
well as precipitation and fog, exert the largest influence.
Current concentrations of harmful substances in the atmo-
sphere in cities are usually monitored at certain checkpoints
or stationary control points. This makes it possible to track
the real dynamics of concentrations of harmful substances in
time and space. In general, the transfer, dispersal, and accu-
mulation of pollutants in the atmosphere are quite complex
processes of a non-linear nature. Therefore, for AP processes,
the linearity principle is not usually obeyed [9], which leads
to the incorrect use of most known methods and models that
describe the actual physical processes relating to AP. How-
ever, it is noted in [10] that in reality the rapid detection of
dangerous AP states and public health risks is of paramount
importance. It is proposed in [11] to treat AP with harmful
substances in the form of some complex nonlinearly dynamic
system. In this case, the input impacts for such a system
should be the emissions of harmful substances from vari-
ous industrial facilities. To study the dynamics of complex
non-linear dynamic systems, as noted in [12], it is better

to use a non-linear toolkit, which has a series of applied
advantages. At the same time, the basis of this toolkit is the
fundamental property of dissipated dynamic systems imply-
ing the recurrence of their states (RS) [12]. The non-linear
toolkit from [12] makes it possible, based on the RP method,
to display any complex dynamics of the state of dynamic sys-
tems in the form of an appropriate distribution of points on
the plane [13]. The methods from the theory of deterministic
and stochastic dynamic systems applied to analyze various
natural systems, including the AP systems, are considered
in [14]. However, the methods and models obtained are typi-
cally described by the systems of deterministic or stochastic
differential equations. At the same time, the more complex
the system under study, the more equations need to be taken
into consideration in the methods and models to adequately
describe them. In this case, it is noted in [15] that most nat-
ural systems can be explored by methods from the theory of
dynamic systems and fractal sets. Paper [16] reviews a meth-
od of the rapid detection of dangerous AP in cities based on
the application of RPs and proposed RS measures. However,
it is noted in [16] that the accuracy of representing the state
dynamics involving RP and PC is generally influenced by
the type of state space considered, as well as the parametric
uncertainty. Thus, the RP method for the case of space with
a scalar product is considered in [17]. In this case, the ac-
curacy of representing the state dynamics using RP is only
dependent on parametric uncertainty. An adaptive approach
is proposed in [18] to overcome the parametric a priori un-
certainty of the method reported in [17]. An approach to
overcoming the parametric a priori uncertainty, based on
the use of an uncertainty function for the current measurable
concentrations of AP, is considered in [19]. It is noted that
the method of the uncertainty function makes it possible not
only to overcome the parametric uncertainty characteristic
of the RP method but also to identify dangerous states of AP.
However, in the cited works, the detection of dangerous con-
ditions of AP is carried out by methods that do not take into
consideration the risk to humans caused by the dangerous
conditions of the contaminated atmosphere. A mathematical
model is considered in [20] to jointly identify the health risks
to the population and detect the dangerous AP conditions in
cities. However, the model proposed in [20] is only valid for
one arbitrary pollutant and does not detect hazardous AP
conditions for a combination of different harmful substances
that are normally present in the atmosphere. Therefore, this
model is not able to assess the combined health risk from
several pollutants. It is noted in [21] that there is sufficient
evidence from practical experience about the connection
between AP and the violation of human normal life. At the
same time, most known publications address methods for
examining the link between AP and diseases in the popula-
tion, usually over large areas around the world. These studies
and the methods used are based primarily on the analysis of
open data on the concentrations of different pollutants and
other necessary parameters, averaged over a rather long time
interval (minimum for a year). Therefore, it is not possible to
use known methods to detect current hazardous conditions
of contaminated air in real time. In this regard, new methods
are needed to detect dangerous AP states in real time. An
important feature of such methods should be the capability
to detect dangerous conditions of contaminated atmosphere
and combined risk from pollution. This would make it pos-
sible to use such methods in the information-management
systems to control and pre-empt the emergence of hazardous



conditions of AP to manage the risk to the population under
a regular operation of industrial facilities polluting the air. At
the same time, that could minimize the risk to public health
in the aftermath of accidents and emergencies related to AP.

3. The aim and objectives of the study

The aim of this work is to develop a method capable of
detecting the dangerous conditions of contaminated air in
urban areas in real time, as well as to assess the current level
of combined risk for the population. The method should also
make it possible to predict the emergence of dangerous air
pollution conditions in order to devise appropriate organi-
zational and technical measures and management decisions
aimed at preventing and minimizing the effects of AP.

To accomplish the aim, the following tasks have been set:

—to develop a method to detect hazardous conditions of
contaminated air in urban areas in real time for an arbitrary
number of pollutants, as well as to determine the current
level of combined risk to the population of these areas;

—to perform experimental measurements of the current
concentration for several air pollutants in an actual indus-
trial city, and to test the feasibility of the method based on
the results obtained.

4. Developing a method for detecting hazardous
atmospheric conditions for an arbitrary number of
pollutants

The closest prototype to the method being developed is
known technology described in [20]. However, this technol-
ogy does not detect dangerous air pollution in real time for
multiple pollutants. This significantly reduces the scope of
practical application. In addition, it is not possible to deter-
mine the current level of combined risk to the population if
there are several pollutants in the air at the same time. The
undesirable effects of air pollution on the population are
usually characterized by excess concentrations of individual
pollutants in terms of their threshold limit value. However,
this excess does not say what health risk to the population
is inflicted in this case. Therefore, in the world practice of
protecting the population from atmospheric pollution, an ap-
proach was adopted that is based on health risks. According
to this approach, AP is assessed for the risks of chronic and
instantaneous action. At the same time, the risk of chronic
action usually characterizes the long-term effects of concen-
trations of one of the pollutants. This means that the risk of
chronic action cannot be used to detect dangerous air pollu-
tion in real time. The risk of instantaneous action is usually
associated with short intervals of exposure to concentrations
of pollutants on humans. Therefore, the risk of instantaneous
action is chosen as a basic attribute in the developed method
for detecting hazardous air conditions in real time.

For the case of one air pollutant, the risk of instantaneous
action at the point of measuring the current concentrations
C, will be determined from the expression given in [22]

1 o+blg(C, /MPC) yz
R(Cr)zﬁ f exp(—2]dy, )

where o and b are the parameters that depend on the toxico-
logical properties of a particular atmospheric pollutant (haz-

ard class); C, is the current value of the concentration of the
pollutant at the specified point 7, mg/m3; TLV is the thresh-
old limit value of the single concentration of the pollutant,
mg,/m?; y is an arbitrary variable of integration.

The risk of instantaneous action (1) determines the like-
lihood of death (disease) for a person experiencing AP from
a pollutant of the concentration C,. The numerical values of
the coefficients oo and b in expression (1) are typically deter-
mined on the basis of special toxicological studies into the
properties of the corresponding pollutants. According to (1),
the risk of instantaneous action depends on the current con-
centration of a particular pollutant, which makes it possible
to determine the level of risk in real-time measurements.
In practice, however, there are typically several pollutants
in the atmosphere. In this case, pollutants can relate to
different classes of danger and accept different values of the
coefficients o and b.

Therefore, if there are the air pollutants, at the pre-
defined measuring point M, at different concentrations and
belonging to different classes of danger, the combined risk of
instantaneous action R at time ¢, according to [23], can be
represented as follows:

R =1—f:!(1—R(C:"(t))), )

where C"(¢) is the current value of the concentration of the
m-th air pollutant at the 7~th set point at time ¢, mg,/m?.

When detecting and pre-empting the emergence of
hazardous pollutants based on comparing the measured
concentrations of pollutants against their TLV, it is typically
necessary to know the current meteorological parameters
and characteristics of urban infrastructure in the vicinity
of the measured point. However, such a comparison of the
current concentrations to TLV makes it possible to identify
only the fact of excess or the absence of excess. At the same
time, it does not say anything about the level of risk to the
population exposed to AP. Therefore, according to the meth-
od being developed, it is proposed to restore the dynamics
not of the concentration of individual pollutants but the dy-
namics of the combined risk of instantaneous action. In the
future, by analyzing the current dynamics of the combined
risk caused by an arbitrary number of pollutants, it will be
possible to identify the dangerous AP conditions.

In a general case, the measurement of pollutant con-
centrations at the designated points within a territory can
be carried out both discretely and continuously over time.
Under the existing AP control system, measurements are
typically performed discretely over time. Therefore, for this
case, the combined risk will be determined discretely over
time. In this case, each i-th discrete value of the level of
risk (2) is matched with the discrete level of the combined
risk RM =R The totality of discrete values of the level of
risk RY, i=1,2, .., N, considered over a limited time inter-
val, will determine the discrete trajectory of the combined
risk of instantaneous action, due to an arbitrary number of
atmospheric pollutants. To identify the unknown systemic
features of the combined risk dynamics, it is proposed to use
an RP method, which makes it possible to visually display
these hidden features in the form of the distribution of black
and white dots on the corresponding plane [24]. In this case,
black dots will display the recurrent (close) levels of the com-
bined risk, white dots — the absence of such levels in the ob-
served risk dynamics. The RP-method-based rule of such a



representation for the discrete values of the levels R” of the
combined risk will be determined from the following ratio

R =0¢(-[RY - RY|), i,j=12..,N,, 3)

where ©() is the Heaviside function; ¢ is the size of the region
of the combined risk level recurrence (CRLR); Nj is the size
of a sample of the observed levels RY of the combined risk.

If the hazardous states of AP are present at a controlled
point, then, taking into consideration all factors in repre-
sentation (3), the black dots will correspond to CRLR. The
main drawback of rule (3) is low speed. This is explained
by the fact that (3) is based on the totality of all data on
the level of the combined risk in the observed time interval.
Therefore, rule (3) does not make it possible to represent
CRLR in real time. This means that it is not possible to use
representation (3) to detect real-time hazardous conditions
of AP through a combination of harmful substances. There-
fore, to use representation (3) in real time, one should impose
an additional constraint i>j on the region where the discrete
time moments change. In this case, only the combined risk
levels that are available at the current time and the preced-
ing moments will be used. Rule (3) subject to the constraint
i>j makes it possible to restore the hidden features in the
system dynamics, determined by the discrete levels R of
the combined risk, in real time. In this case, the RP’s form
has a lower triangular shape of the distribution of black and
white dots on the plane. The configuration of the distribu-
tion of black and white dots on the plane in this case will
visually display the hidden properties of the dynamic sys-
tem that generates the discrete levels R of the combined
risk. However, the visual representations obtained in this
case as an appropriate RP form do not make it possible to
algorithmically identify the features of the properties of the
dynamic system, which generates these risks associated with
dangerous AP states.

For the algorithmic detection in real time of dangerous
AP states, caused by a set of harmful substances, it is pro-
posed to use a window measure of CRLR, similar to [25].
However, according to the proposed method, the measure
from [25] is applied to representation (3) considering the
restriction 7>, and enables a real-time identification of the
current measure. Given this, an algorithm for determining
the current CRLR window measure for the predefined size ¢
of the CRLR vicinity can be presented in the following form:

i w-1
M,(i,w,e)= if(i <w,(i+1)" ZRM"M,UNZRM'EM_W} 4)
n=0

n=0

where @ is the size of a moving averaging window (the
number of average discrete values in representation (3) con-
sidering i>7).

The numerical values of the current CRLR measure (4)
can detect dangerous levels of the combined risk of instan-
taneous action and the AP state in real time. For example,
if the injection of pollutants into the atmosphere occurs at
CRLR time points, it may lead to an additional increase in
the level of the combined risk to the person inflicted by AP,
even causing an instant or premature death.

Thus, the proposed method for detecting hazardous
conditions of contaminated air differs from known ones by
that it is based on appropriate mathematical ratios whose
application makes it possible to determine the current levels
of the combined risk of instantaneous action and to restore,

based on them, the dynamics of the states of a certain system
of AP that generates these levels of the combined risk. Next,
the proposed algorithm, based on the restored dynamics of
an atmospheric pollution system, makes it possible to detect
CRLR in real time, which identifies current hazardous con-
ditions of the contaminated atmosphere at the predefined
point of control. Applying the method at several checkpoints
within a city makes it possible to identify the space-time
distributions of CRLR to public health and dangerous AP
conditions, without the use of conventional meteorological
information and characteristics of urban infrastructure in the
area of control points. The proposed method can also be used
in the development of operational organizational and techni-
cal measures and when making management decisions in the
course of emergency response in order to prevent or reduce the
risk of disruption of normal human life caused by air pollution.

5. Verifying the proposed method using the actual
measurements of atmospheric pollutant concentrations as
an example

To test the proposed method, we measured the concen-
tration of three pollutants at the predefined point of control
within actual urban infrastructure whose air pollution level
was about 37 units based on the AQI scale (USA). When
choosing the type of experimental pollutants, we took into
consideration the sources of pollution characteristic of urban
infrastructure, caused by motor vehicles [26], fires [27, 28],
and industrial enterprises [29]. In addition, the relation be-
tween pollutants and acid rain and the poisoning of aquifers
was taken into consideration [30]. The results of the measure-
ments, the measuring instruments used, the coordinates of
the control point, as well as the conditions of the experiment,
are described in [16, 20]. All measurements were carried out
in accordance with the procedure given in [16]. Formaldehyde
(hazard class 2, carcinogen), ammonia (hazard class 4), and
nitrogen dioxide (hazard class 2) were considered as standard
pollutants. The concentrations of these pollutants were mea-
sured in mg/m?3. Measurements were repeated 4 times a day
(1.00; 7.00; 13.00; 19.00) except for holidays and weekends.
A test interval of one month was selected to test the method.
During the test interval, air pollution facilities were operating
normally. The discrete concentration measurement numbers
for the test interval are numbered from 480 to 600. According
to open data, there were neither accidents nor emergencies
during the specified test interval. However, at count time 509,
according to open data, there was a dangerous event associ-
ated with the mass poisoning of people in the open territory.

During the experiment, the measured concentrations of
formaldehyde in the atmosphere at the point of control were
much smaller than the maximum one-time TLV. Therefore, two
pollutants were used to test the method, in the form of nitrogen
dioxide and ammonia. As an illustration, Fig. 1 shows the mea-
sured concentrations of the pollutants in the form of nitrogen
dioxide and ammonia (red dots), as well as their corresponding
values of the levels of instantaneous risk (blue points).

In addition, Fig. 1 shows the maximum one-time TLV
for the considered pollutants. The figure also demonstrates a
recalculated limit level for the upper boundary of acceptable
individual risk, equal to 5.708 10°8. Fig. 2 shows, for the case
i>j, the RP representation (3) for the test interval and for a
separate fragment limited to 500 and 515 counts, provided
the recurrence neighborhood size is e=0.005.
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Fig. 1. Experimental data illustrating the measured concentrations of atmospheric pollutants and their corresponding levels of
instantaneous risk
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Fig. 2. RP of the combined risk of instantaneous action (3)
for different intervals: a — entire test interval;
b — fragment of the test interval

As an illustration, Fig.3 shows the dynamics in the
discrete values of the combined risk of instantaneous
action (2) and the CRLR window measure (4) on the
fragment of the interval from counts 500 to 520, with the
recurrence neighborhood size £€=0.01 for two values w=1
and w=0 (no averaging).

In Fig.3, marker marks count 509, during which,
it is known for sure, there was a dangerous event asso-
ciated with a clear violation of the conditions for the
normal life (loss of consciousness) of people in the open
territory. Therefore, this countdown is chosen not only
to verify the method but also as a possible assessment
of its reliability. It should be noted, however, that it is
not possible to detect hazardous conditions of atmo-
spheric pollution when the measured concentrations of
nitrogen dioxide and ammonia in the atmosphere ex-
ceed the corresponding maximum one-time TLV (Fig. 1).
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Fig. 3. The dynamics of discrete values of the combined risk of

instantaneous action (2) and the CRLR window measure (4)
for two values of the w parameter: a — w=1; b — w=0

6. Discussion of results from testing the proposed method

The experimental data that are given in Fig. 1 clearly
illustrate that it is not possible to detect air pollution
states dangerous for people based on the fact that the
current concentrations of the pollutants exceed their
maximum one-time TLV. For example, the current con-
centrations of nitrogen dioxide and ammonia, measured
at the test interval, in most cases do not exceed the max-
imum one-time TLV (red dots) set for them. In contrast,
the levels of risk to public health that are corresponding
to these measured concentrations of pollutants indicate
a significant (on average, by 10° times) excess over the
level of the upper limit of the permissible individual
risk (blue points). This confirms that the current world
practice of assessing the dangers of AP is based on de-
termining the risks to life and health. Therefore, the



developed method for detecting the hazardous conditions
of atmospheric pollution, based on the current values of
the level of the combined risk of instantaneous action
for a totality of pollutants, does not contradict world
practice. It should be noted that the observed experimen-
tal excess of the level of the upper limit of permissible
individual risk by 10° times, can cause, for the average
statistical individual or a group of people, a reliable dis-
ruption of normal life conditions, manifested in the loss
of consciousness and other acute undesirable effects.
The capabilities of the RP method to show the hidden
dynamics of the combined risk of instantaneous action for a
group of pollutants in real time at the predefined pollution
control point are illustrated in Fig. 2. In this case, black dots
in Fig. 2 show the recurrent values in the restored dynamics
of the current level of the combined risk of instantaneous
action. White dots in Fig. 2 demonstrate values for the ab-
sence of such recurrence. Our analysis of the point represen-
tation, shown in Fig. 2, reveals that the restored dynamics
of the combined risk of instantaneous action is generally not
random but chaotic, and is characterized by clusters of the
recurrent values of the combined risk levels. The identifica-
tion of such clusters in real time makes it possible to detect
dangerous conditions of the contaminated atmosphere based
on a combination of harmful substances, as well as the levels
of the combined risk of instantaneous action for the popu-
lation at the predefined point of control. At the same time,
the use of the CRLR window measure (4) in the proposed
method makes it possible to detect, in real time, not only
the dangerous conditions of the contaminated atmosphere
but also, at the same time, to assess the probability of their
occurrence (red curves in Fig. 3). To confirm this fact, Fig. 3
shows the discrete values of the level of combined risk (2) in
real time and the CRLR measure (4) for a fragment of the
test interval, including the time of count 509, associated
with a dangerous event of the violation of the conditions of
normal life (loss of consciousness) for a group of people in the
open territory. According to the experimental data in Fig. 3,
at the time of count 509, the level of the combined risk of in-
stantaneous action to health was 103, In this case, the prob-
ability estimate (a CRLR measure) was equal to unity. For
this case, the upper limit of the acceptable individual risk
was 5,708:10°8. This means that the proposed method has
reliably identified the time associated with the presence of
an unacceptable level of the combined risk of instantaneous
action corresponding to the dangerous state of atmospheric
pollution. In this case, it follows from the analysis of depen-
dences in Fig. 3 that with some reduction in the allowable
probability (a CRLR measure) and a reduction in the width
of the averaging window in (4), the proposed method makes
it possible not only to detect dangerous conditions of the
contaminated atmosphere but also to pre-empt (to imple-
ment short-term forecast) their occurrence. For example,
from analyzing experimental data in Fig. 3, it follows that
pre-empting the appearance of hazardous conditions of
the contaminated atmosphere on the basis of the proposed
method at the specified point of control (with a discrete
measurement of the pollutants’ concentrations at intervals
of 6 hours) can be carried out in 18 hours. This interval of
discrete measurement of the pollutants’ concentration is
implemented at existing stationary control posts in cities.
An important advantage of the proposed method’s ap-
plication is that it is based only on the measurements of the
current concentrations of pollutants at points of control.

Given the current level of the development of AP measure-
ments, these measurements can be performed with any time
discreteness while ensuring the high accuracy and reliability
of the measurement results. Therefore, in contrast to known
methods that require a large amount of additional informa-
tion about the conditions of measurements at the predefined
point of control, the method described is universal and can
be used for any point. This is because the proposed method
is based on determining the hidden dynamics of the com-
bined risk level, taking into consideration the impact of all
factors at the point of control. In this case, the nature of the
recurrence of values of the combined risk in the specified
dynamic makes it possible to detect dangerous conditions of
the contaminated atmosphere. The limitation of this study
is the consideration of the limited number of pollutants in
the experiment. However, this limitation can be addressed
by increasing the number of pollutants of different hazard
classes in the experiment. In addition, this study is limited
to an experiment at one point of control of the city with an
average level of air pollution. The elimination of the noted
disadvantage is associated with the expansion of the geogra-
phy of research to cover many points of control over different
areas of industrial cities with different levels of AP.

This study could be advanced by tackling the limitations
mentioned above.

7. Conclusions

1. We have developed a method for detecting, in real
time, the hazardous conditions of contaminated air in ur-
ban areas for an arbitrary number of pollutants, which is
based on restoring the hidden dynamics in the level of the
combined risk of instantaneous action only by the current
measurements of the concentration of pollutants at a point of
control. No other data on current conditions are used at the
control point. Therefore, the proposed method, in contrast to
known analogs, is universal and can be used for any control
points. In this case, the restored dynamics in the level of the
combined risk of instantaneous action make it possible not
only to identify dangerous conditions of contaminated atmo-
spheric air but also, based on the current recurrence of the
combined risk levels, to assess the probability of detecting
and predicting the dangerous levels of the combined risk of
instantaneous action in real time at the predefined point of
control. The use of the developed method at several control
points in an arbitrary area would make it possible to deter-
mine the space-time distribution of the levels of the com-
bined risk of instantaneous action relating to atmospheric
pollution for the population of the territory.

2. Experimental measurements of the concentration of
formaldehyde, ammonia, and nitrogen dioxide in contam-
inated atmospheric air at the point of control in one of the
industrial cities with an air pollution level of about 37 units,
the AQI scale (USA), have been performed. Based on the
measurements obtained, the proposed method was tested,
which confirmed its overall performance under experimental
conditions. It has been established that the level of the com-
bined risk of instantaneous action at the time of count 509,
associated with an actual dangerous event (the loss of con-
sciousness by a group of people), is about 103 with a single
probability of this level of risk. This means that a given level
of the combined risk of instantaneous action can be consid-
ered to be almost a valid value, exceeding by about 105 times



the level of the recalculated upper limit of the permissible
individual risk. It is noted that with a decrease in the prob-
ability for the level of the combined risk of instantaneous
action and the width of the averaging window, it is possible
to predict the occurrence of dangerous levels of combined
risk. The example of the considered actual dangerous event

has experimentally established that the maximum forecast
time of the dangerous level of the combined risk does not
exceed 18 hours. This forecast time is based on a discrete
measurement of pollutant concentrations at intervals of
6 hours. A given measurement regime is implemented at the
existing city air pollution control posts.
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