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INTRODUCTION

In order to prevent negative technogenic im-
pact on the environment, the following issues 
are important, such as cleaning emissions (dis-
charges) of pollutants (Malovanyy et al., 2020; 
Malovanyy et al., 2021), monitoring pollution 
of natural environments, disposal of wastewa-
ter treatment waste at sewage treatment plants 

(Tymchuk et al. al., 2020), introduction of envi-
ronmentally safe strategies for handling house-
hold (Popovych et al., 2020) and industrial 
(Plyatsuk et al., 2018) waste. In terms of air pol-
lution, systematic exposure to pollutants in sig-
nificant concentrations directly affects the health 
of the population. Therefore, there is an urgent 
need to create effective systems of monitoring 
and control of the activity of industrial facilities. 
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ABSTRACT
The article provides the general provisions and features of the application of the zonal-indicative methodology for 
assessing the impact on the state of the atmospheric air of enterprises from local industrial complexes and its prac-
tical approbation. A unified approach to determining the zones of negative influence of industrial objects and their 
groups on the state of atmospheric air is proposed. Analytical dependencies have been established to determine the 
physical and linear dimensions of the influence zones. The peculiarities of the method of determining “marker” 
substances for the conditions of formation of the level of atmospheric pollution due to the activity of local industri-
al complexes are characterized. An algorithm for implementing the method is proposed, which includes procedures 
for selecting marker substances of the first order (impact), second order (basic), and third order (specific). Signifi-
cant parameters for the selection procedure of marker substances and the conditions for differentiating emission 
sources are substantiated, which allows to ensure the effectiveness of the practical implementation of the method. 
Approbation of the proposed zonal-indicative methodology was carried out on the example of the Kryukiv Car-
riage Plant, which is part of the local industrial hub in the southern part of Kremenchuk. The calculation of zones 
of probable influence and other parameters necessary for the application of the indicative evaluation method was 
carried out. The inverse problem “technological process – marker substance” has been solved. Measurement points 
of the maximum one-time surface concentrations of pollutants have been determined. Analytical processing of the 
results of calculation studies and laboratory (including field) observations was carried out. The obtained calculated 
values   of surface concentrations made it possible to determine the substantiated maximum possible contribution 
of the object to the formation of the general level of atmospheric air pollution in the southern microdistricts of 
Kremenchuk. In particular, it was established that the level of acceptability of the possible negative impact should 
be determined based on the results of calculations of the dispersion of marker pollutants in atmospheric air without 
taking into account background concentrations.
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Numerous studies have been devoted to solving 
problems within the framework of the problem of 
assessing and forecasting the impact of industrial 
facilities on the state of atmospheric air. A signifi-
cant number of assessment methods are known, 
which can be conditionally divided according to 
three principles: calculation, zonal and indicative. 
The use of the zonal approach is usually limited 
to the definition of only one sanitary protection 
zone (SPZ); the indicative one is the definition 
of pollution markers from a specific production 
according to the sectoral principle. The applica-
tion of the indicative approach does not give the 
expected result today. The reason lies in the iden-
tity of the nomenclature of pollutants entering 
the atmospheric air from emission sources on the 
territory of industrial facilities belonging to the 
industrial complex (IC). Therefore, the reasoned 
proof that the contribution of this very object as 
part of IC to the formation of an increased level of 
atmospheric air pollution is decisive. This task is 
currently relevant for ensuring the environmental 
safety of technogenic urban systems, such as the 
city of Kremenchuk.

Kremenchuk has a significant number of 
technogenic objects (the main ones are petro-
chemical, machine-building and metalworking, 
thermal power and transport enterprises) and cov-
ers an area of   about 10,000 hectares, of which 
37% are industrial enterprises. The nature of 
placement of technogenic objects on the territory 
of the district allows conditionally to distinguish 
5 technozones: northern, southern, avtozavodska 
(car factory), eastern, central. Four of them are 
located on the left bank of the Dnipro River, and 
one is on the right bank.

MATERIALS AND METHODS

The purpose of the study is to develop meth-
odological approaches for assessing the impact of 
individual industrial enterprises as part of IC on 
the air basin. In general, the concept of “IC” in the 
interpretation of “territorial-production complex 
as part of an industrial agglomeration” is consid-
ered by us as a group of enterprises connected by 
a complex interaction of complex-forming factors. 
In fact, it is an industrial agglomeration as a spe-
cific form of territorial organization of an indus-
trial complex, which has a complex multi-compo-
nent functional structure and is characterized by a 
high level of economic efficiency of functioning 

(Gladky, 2010). It is worth noting that the practi-
cal assessment of the impact of such complexes 
on the state of the atmospheric air is significantly 
complicated by the similarity of the list of pollut-
ants entering the atmospheric air, as well as by the 
imposition of conditional zones of emissions influ-
ence of individual sources from the range. In such 
conditions, a complex scientific and practical task 
needs to be solved – the definition of the list of 
“substances-sources-industrial processes”, the im-
pact of which on the state of atmospheric air pollu-
tion can be reasonably considered to be significant.

To solve this problem, it is advisable to use the 
method of determining marker substances (Bas-
com et al., 1996; Behrendt et al., 1997). In the 
studies of foreign authors, the concept of “marker 
substance” in relation to atmospheric air pollution 
of urban systems is mainly used in the aspect of 
marking the negative impact on the health of the 
population due to the spread of diseases of cer-
tain nosological groups (Calderon-Garciduenas 
et al., 2002; Hong et al., 2002). The results of 
research by a number of authors (Johnson et al. 
2010; Oikonen et al. 2003) confirm the validity of 
such an approach, which gave reason to use it for 
practical purposes (Tsai et al., 2003; Wellenius 
et al., 2005; Yorifuji et al., 2011). The applica-
tion of both methodological approaches – zonal 
and indicative – will allow to determine both the 
predominant sources and priority polluting sub-
stances for more effective control of the negative 
impact of industrial facilities.

Thus, the goal of the work is to develop a 
complex zonal-indicative approach to assessing 
the impact on the state of atmospheric air of in-
dustrial facilities from the composition of local 
ICs with practical testing on the example of mi-
crodistricts of the technogenically loaded urban 
ecosystem of Kremenchuk.

RESULTS AND DISCUSSION

We assume that marker substances (MS) are 
substances that characterize production technolo-
gies, reflect their features, are essential and key 
for evaluating the factors of influence of pro-
duction processes on the state of environmental 
components. In the conditions of the overlap of 
the territories of SPZ of objects belonging to a 
certain group, the actual superimposition of con-
ditional flares from emission sources, as well as 
the determination of marker substances based on 
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traditional approaches are impossible. Therefore, 
a unified approach to determining the zones of 
negative influence of industrial facilities is pro-
posed (Table 1).

Significant parameters for the selection pro-
cedure of marker substances: SPZ, ZAP, xcont, xmax 
– definitions are given in the Table 1. The maxi-
mum calculated concentration fulfils the condi-
tion Сmax calculated ≥ MPCms. The minimum calcu-
lated concentration fulfils the condition Сmin calcu-

lated ≥ the lower concentration limit for the control 
device. Surface concentration at a control point is 
the value of the concentration of a pollutant at a 
point on the terrain, usually within the residential 
development zone of an adjacent settlement, in 
which the Сcalculated in controlled spot. ≥ Сmin calculated condi-
tion is met. Surface concentration at the point of 
sampling fulfills the condition of Св.п. ≥ Срmin. Dis-
tances for sampling: хinfl. is the distance from the 
source of influence to the point of sampling. Con-
ditions for differentiation of emission sources:
1.	LZAP = 50hmax (LZAP – the size of the zone of ac-

tive pollution; hmax – the height of the highest 
source of pollutants entering the atmospheric 
air on the territory of the industrial facility, m).

2. If LZAP >LSPZ, it means high sources of emission 
(potentially possible negative impact outside 
the SPZ).

3. If LZAP ≤ LSPZ, it means low sources of emission 
(the distribution of significant concentrations 
occurs within the limits of SPZ, beyond which 
the fulfillment of the condition Сmax calculated ≥ 
MPCms is impossible).

The MS selection algorithm includes: se-
lection of MS (I) of the first order (influence); 

selection of MS (II) of the second order (basic); 
selection of MS (ІІІ) of the third order (specific).
In general, the following scenario is implement-
ed: “industrial node → superimposition of SPZ 
and ZAP of individual objects that are part of it 
→ a set of emission sources → a general assess-
ment of the impact of MS (I) → determination of 
high sources → determination of MS (II) → as-
sessment of the impact of a set of low sources → 
selection of a set of MS (ІІІ) → priority sources 
→ specific technological process.”

Having determined a specific technologi-
cal process, it is possible to provide reasoned 
recommendations on environmental protection.
It should be noted that the selection of control 
points is carried out in the direction of the loca-
tion of residential development zones, regardless 
of the wind direction for the settlement. The fol-
lowing are also separate requirements:
1) systematic and episodic control with the help 

of stationary and mobile control points – the 
priority of choosing a control point at the points 
of intersection of the SPZ of industrial objects 
that are part of the industrial node – хSPZ;

2) operational and regime control using mobile 
observation points – the priority of choosing a 
control point under the conditions of хcontrolled spot 
as close as possible to the calculated хmax for a 
certain high source (Kortsova, 2018).

Therefore, the method implements an algo-
rithm for the practical determination of marker 
substances under conditions of influence on the 
state of the atmospheric air of enterprises of the 
local IC. The proposed approach with the com-
plex application of zonal and indicative methods 

Table 1. Definition of concepts related to the zonal method
Name Characteristics of the influence zone Marking

Zone of overturning of the 
emission flare

The distance between the emission source (Н ≥ 10 m) and 
the point of contact of the emission flare in the surface layer 
of the atmosphere (xcont = 0.16 xmax)

Point of contact, xcont

Sanitary protection zone

The distance between the emission source and the point on 
the terrain at which the values of the surface concentrations 
of any substances present in the emissions of this source do 
not exceed the MPCms

SPZ

Zone of active pollution The zone of the maximum possible dispersion of pollutants 
with a significant concentration (С ≥ 0.05 MPCms) ZAP

Zone of maximum surface 
concentrations

The distance between the emission source and the point on 
the terrain at which the value of the surface concentrations 
of substances present in the emissions of this source is 
maximum

The point of maximum 
concentration, xmax

Zone of possible (maximum 
possible) pollution

The zone of the maximum possible dispersion of pollutants, 
taking into account the influence of meteorological 
conditions and parameters of emission sources. This zone 
has radiuses ; r_internal = 2∙φ∙H, M; r_enternal = 20∙φ∙H, M

ZPC
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was tested on the example of the Kryukiv Car-
riage Plant (KCP), which is located in the south-
ern technozone of the city of Kremenchuk. The 
Kremenchug Steel Plant is located next to the 
KCP. It is worth noting that the SPZ boundaries 
of these objects intersect, which creates condi-
tions for the organization of a local IC. The terri-
tory of the KCP industrial site is located in an area 
with a developed transport network, represented 
by public roads and railways. The situational map 
of the area where the enterprise is located is pre-
sented in Figure 1.

It was established that the composition of all 
technological processes of the main production of 
KCP includes the application of soil and paint-
ing of surfaces. From the list of the most common 
pollutants, the main contribution to the formation 
of the volume of gross emissions is made by SO2, 
СО, [NO + NO2]. However, the priority substance 
is the amount of nitrogen oxides due to being a 
more dangerous substance. Xylene has the largest 
contribution to the formation of gross emissions 
of specific substances of the object.

For all sources of KCP emissions, with the 
exception of unorganized ones, the calculation of 
probable zones of influence and other parameters 
necessary for the application of the indicative 
assessment method was carried out (Table 2). It 
was found that the maximum parameters of the 
possible zones of negative influence of the object 
on the state of the atmospheric air are determined 
by the emissions of the combustion plant < 50 
MW (boiler units).

Analysis of the results of the calculations 
shows that for the vast majority of emission sourc-
es of the object, taking into account the insignifi-
cant size of the SPZ; the conditions LZAP>LSPZ and 
xmax ≥ LSPZ are fulfilled. In general, the application 
of the zonal method made it possible to determine 
points on the terrain to control the concentration 
levels of pollutants. This is the basis for the ap-
plication of the indicative evaluation method, 
taking into account the preliminary theoretical 
selection of the MS of the object, carried out as a 
result of the analysis of the features of the imple-
mentation of the main technological processes of 

Fig. 1. Situational map of the area where the enterprise is located
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production. Benz(a)pyrene was identified as MS 
(I). However, this substance is not present in the 
emissions of KCP, and the most likely source of 
the above-standard value of the surface concen-
tration of benzo(a)pyrene is road transport.

Nitrogen oxides, such as MS (ІІІ) – the spe-
cific substance xylene, are determined as markers 
of the second order. The main conditions for the 
selection of MS (III) of the order of the indica-
tive evaluation method are fulfilled. An additional 
confirmation of the correctness of the MS selec-
tion is the analysis of the fulfillment of the condi-
tion – the distance between the low sources in the 
group must meet the condition: хsource1 – хsource2 ≤ 
хmax, where хsource1 – хsource2 is the distance between 
the sources on the terrain. To finally confirm the 
correctness of the selection of MS (II) and MS 
(III), an analysis of the fulfillment of the condi-
tion Срmax ≥ MPCms is necessary, which can be 
carried out by calculating the dispersion of pollut-
ants in the surface layer of the atmosphere.

The calculation of the dispersion of pollutants 
was performed using the EOL+ software pack-
age version 5.3.8. The calculation was carried 
out without taking into account residential build-
ings and values   of background concentrations of 

harmful substances. The results are given in the 
Tables 3–4. As evidenced by the results of the 
calculations, the condition for the application of 
the indicative evaluation technique Срmax	≥	MP-
Cms is fulfilled. However, the maximum surface 
concentrations of the specified substances at the 
specified control points and at the boundary of the 
SPZ of the object do not exceed the established 
standards of atmospheric air quality.

In order to verify the model calculation of 
scattering, the KCP laboratory carried out a se-
ries of field observations of the NO2 concentra-
tion at the same points (T.2 – T.5). The results 
are presented in the Table 5. As evidenced by the 
results of on-site measurements, the maximum 
surface concentrations of pollutants, including 
MS (II) NOx at the specified control points and 
at the boundary of the SPZ of the facility do not 
exceed the established quality standards. The fi-
nal conclusion regarding the acceptable level of 
the impact of KCP on the state of the atmospheric 
air is made on the basis of an analytical study of 
the probable relationship between the results of 
modeling and field observations.

The results of determining the correlation 
coefficient, which characterizes the presence or 

Table 2. Maximal sizes of probable zones of harmful influence of KCP
Name Marking Value, M

Zone of overturning of the emission flare Point of contact, xcont 237

Sanitary protection zone SPZ 100

Zone of active pollution ZAP 5000

Zone of maximum surface concentrations The point of maximum 
concentration, xmax

1578

Zone of possible (maximum possible) 
contamination (outer radius) ZPC 6835

Table 3. The results of the MS (ІІ) (NO2) scattering calculation
Pollutant Code MPCms The maximum value at the selected points, mg/m3

Nitrogen oxides
(in terms of nitrogen dioxide

[NO + NO2]) [NO + NO2])
301 0.2

Т.2 0.078

Т.3 0.078

Т.4 0.072

Т.5 0.056

Table 4. Results of MS (ІІІ) (xylene) scattering calculation
Pollutant Code MPC The maximum value at the selected points, mg/m3

Xylene 616 0,2

Т.2 0.088

Т.3 0.088

Т.4 0.082

Т.5 0.062
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absence of a relationship between the maximum 
single values   of surface concentrations obtained 
by calculation, and the results of the calculation 
are given in the Table 6 and Figure 2. According to 
the Chaddock scale, the correlation is significant. 
The closeness of the connection between trait Y 
and factor X is noticeable and direct. However, 
to establish the presence of a linear relationship 
between the series of measurement results, it is 
necessary to calculate the significance (reliability) 
of the correlation coefficient: – rxy = tспост = 0.539.

We put forward hypotheses:
 • H0: rxy = 0, there is no linear relationship be-

tween the variables;
 • H1: rxy ≠ 0, there is a linear relationship be-

tween the variables;

According to Student’s table, tcritical is obtained 
at the level of significance α = 0.05 and degrees 
of freedom k=2: tcritical (n – m - 1;	α	 /	2) = tcritical 
(2; 0.025) = 6.205, where m = 1 is the number of 
variables. If |tobserv| > tcritical, then the obtained value 
of the correlation coefficient is significant (the null 
hypothesis confirming the value “0” for the corre-
lation coefficient is rejected). Since |tobserv| < tkritical, 
then we accept the hypothesis that the correlation 
coefficient is equal to “0”. That is, the correlation 
coefficient is not statistically significant.

In our case of paired linear regression, test-
ing the hypotheses about the significance of the 
correlation coefficient is equivalent to testing the 
hypothesis about the significance of the linear re-
gression equation, that is, the linear relationship. 

Table 5. Generalized results of in-situ observations of the KCP laboratory at control points in the zone of probable 
influence

Set control points Wind speed, m/s Wind direction Pollutant MPC, mg/m3 Concentration, mg/m3

Т.3 0.9 North-West NO2 0.2 0.037

Т.4 1.1 North-West NO2 0.2 0.01

Т.5 1.4 North-West NO2 0.2 0.02

Т.3 2.0 East NO2 0.2 0.03

Т.4 4.0 South-East NO2 0.2 0.01

Т.2 4.0 South-East NO2 0.2 0.037

Т.5 4.0 South-East NO2 0.2 0.02

Table 6. The results of the correlation calculation

Definitions of lines
Control points The value of 

the correlation 
coefficient, rxy

Т.2 Т.3 Т.4 Т.5

Row 1. The value of the results of laboratory 
measurements 0.037 0.0335 0.01 0.02

0.539
Row 2. Results of scattering calculation 0.078 0.078 0.072 0.056
Row 3. Value of MPC of nitrogen oxides
(in terms of nitrogen dioxide [NO + NO2])

0.2 0.2 0.2 0.2 –

Fig. 2. Relationship between the results of laboratory measurements (field 
observations) and the results of scattering calculations
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So, we have a significant correlation between the 
results of field observations and the model cal-
culation of scattering, but there is no statistical 
confirmation of the reliability of the linear rela-
tionship between the data. The obtained results of 
analytical processing show that the reliable rela-
tionship between these variables is polynomial, 
that is, it depends on a number of unaccounted 
factors of influence. On this basis, it is possible to 
put forward a well-founded assumption that the 
man-made influence of KCP on the state of atmo-
spheric air in the micro-districts of the southern 
part of Kremenchuk is not decisive.

Thus, taking into account the above state-
ments, it can be objectively established that the 
reasonably acceptable level of the negative im-
pact of KCP on the state of atmospheric air in the 
adjacent residential areas in accident-free mode 
of operation should not exceed the values   given in 
the table 3 and 4. In general, this made it possible 
to determine the justified maximum possible con-
tribution of the object into the formation of the 
general level of atmospheric air pollution.

CONCLUSIONS

The work is devoted to solving the actual sci-
entific and practical issue of developing a complex 
zonal-indicative method for assessing the impact 
on the state of atmospheric air of industrial facilities 
from the composition of local ICs for technogeni-
cally loaded urboecosystems. The results obtained 
during the performance of the tasks set in the work 
are as follows. A unified approach to determining 
the zones of negative influence of industrial ob-
jects and their groups on the state of atmospheric 
air is proposed. Relevant zones of influence are 
highlighted, namely: overturning of the emission 
torch, sanitary protection, active pollution, maxi-
mum surface concentrations, possible (maximum 
possible) pollution. Analytical dependencies have 
been established to determine the physical and lin-
ear dimensions of the influence zones.

The method of determining “marker” sub-
stances for the conditions of formation of the level 
of atmospheric pollution due to the activity of lo-
cal ICs is given. An algorithm for the implemen-
tation of the method is proposed, which includes 
procedures for selecting MSs of the first order 
(influence), second order (basic), and third order 
(specific). The significant parameters for the pro-
cedure for the selection of MS and the conditions 

for the differentiation of emission sources are jus-
tified, which allows to ensure the effectiveness of 
the practical implementation of the method.

The proposed zonal-indicative method was 
tested on the example of a powerful industrial fa-
cility of the KCP from the local industrial hub in 
the southern part of the city of Kremenchuk. The 
calculation of zones of probable influence and 
other parameters necessary for the application of 
the indicative evaluation method was carried out. 
An indicative method of assessing the object’s im-
pact on the state of atmospheric air is applied. The 
inverse problem “technological process – marker 
substance” has been solved. Measurement points 
of the maximum one-time surface concentrations 
of pollutants have been determined. MS (II) de-
termined as nitrogen oxides (in terms of nitrogen 
dioxide [NO + NO2]). This substance is typical for 
emissions from “high” sources, including thermal 
installations, the parameters of which primarily 
determine the size of potential negative impact 
zones. A specific substance in the object’s emis-
sions – xylene – was determined as MS (ІІІ). This 
substance is present in the emissions of groups 
of sources in all the main technological links of 
production at KCP. Analytical processing of the 
results of calculation studies and laboratory (in-
cluding field) observations was carried out.

The obtained calculated values   of surface con-
centrations made it possible to determine the sub-
stantiated maximum possible contribution of the 
object to the formation of the general level of atmo-
spheric air pollution in the southern microdistricts 
of Kremenchuk. It was established that the level of 
acceptability of a possible negative impact should 
be determined based on the results of calculations 
of MS scattering in atmospheric air without taking 
into account background concentrations.
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