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ABSTRACT: Introduction. The industrial activities result in the release of a significant number of pollutants into the atmosphere, 
which have a negative impact on human health and the environment. The development of sustainable principles for construction 
sites development requires the elaboration of algorithms, assessment methodologies, and monitoring of the environmental situation 
at the construction site. Analysis of research works in the field of environmental monitoring of air pollution by hazardous substances 
has shown that the speed and reliability of the obtained information are crucial in polluted atmospheric conditions. In this article, 
we examine the application of an intelligent environmental monitoring system with Salavat city Republic of Bashkortostan as the 
example. The article presents an example of continuous eco-monitoring using three automatic air pollution monitoring stations 
for controlling the atmospheric air in residential areas. Methods and Materials. An intelligent eco-monitoring system is proposed, 
which is capable of assessing the state of the air basin of an industrial city, identifying sources of increased air pollution, processing 
information using an artificial neural network in real-time, generating control actions on sources of increased air pollution, and pro-
viding recommendations to businesses for optimizing their operations to prevent exceeding the maximum allowable concentrations 
of harmful substances. Results. The analysis of air quality in Salavat has led to the conclusion that it is necessary to install window 
filter-screens with nanofiber-based filtering elements in residential buildings. Discussion. The results of the air basin monitoring 
can be used in an integrated intelligent environmental monitoring system for assessing environmental conditions and can be made 
available to interested parties. Considering the results in Salavat, the project can be replicated for use in eco-monitoring systems 
of towns and cities in the Russian Federation. Conclusion. As a result of the project, the program utilizing artificial intelligence has 
been developed, which will contribute to reducing the level of air pollution in the future.

KEYWORDS: nanotechnology, air pollution, nanofiber filter, environmental monitoring, automatic station, air monitoring, buildings 
and structures, artificial neural network.
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INTRODUCTION 

Designing and organizing a construction site for large-
scale development within urban boundaries requires 

the development of measures and solutions. All these 
factors require appropriate monitoring, risk assessment, 
and environmental restoration measures. As a result of 
industrial activities, a significant amount of pollutants 
is emitted into the atmosphere, negatively affecting hu-

man health and the environment. An analysis of current 
research on air pollution monitoring [1–5] has shown 
that it is accompanied not only by material losses but also 
by deterioration of health of the population in the nearby 
areas. Therefore, in the context of atmosphere pollution, 
the speed and reliability of the obtained information are 
of great importance. Solving such problems is impossible 
without the creation of automated systems for monitoring 
air pollution in industrially developed areas. This article 

CC BY 4.0

http://nanobuild.ru/ru_RU/
https://orcid.org/0000-0001-7493-6803
https://orcid.org/0000-0003-3977-046X
https://orcid.org/0000-0001-6008-6588
https://orcid.org/0000-0001-6397-2278
https://orcid.org/0000-0002-2174-8216
https://creativecommons.org/licenses/by/4.0/


http://nanobuild.ru info@nanobuild.ru

Nanotechnologies in construction
Нанотехнологии в строительстве

2023; 15 (6): 
552–558

553

АPPLICATION OF NANOMATERIALS AND NANOTECHNOLOGIES IN CONSTRUCTION

examines the application of an intelligent environmental 
monitoring system using the example of Salavat city, Re-
public of Bashkortostan.

The city of Salavat is located on a flat area, stretching 
from north to south and bordered on the eastern side 
by the Belaya River. Based on the “wind rose,” the pre-
vailing wind direction is from the southwest. The main 
part of the city lies at the lowest absolute elevations of 
145–155 meters. Rising above at absolute elevations of 
165–170 meters is the northern industrial zone, while 
the southern industrial zone is situated at elevations of 
170–220 meters. The positioning of the residential area 
relative to the industrial zones leads to valley-shaped 
local effects that contribute to the accrual of pollutants 
in the air’s surface layer. Considering that there were 
225 calm weather days in 2022, such meteorological 
conditions favor the concentration of harmful emissions 
in the atmosphere [6–7].

The aim and objective of the work is to create a center 
for receiving, controlling, automatic processing of in-
formation, to develop an artificial neural network for an 
intelligent system for analyzing the level of air pollution 
in the city of Salavat.

METHODS AND MATERIALS

According to source [7], in 2022, Salavat’s air pollu-
tion levels, in line with SanPin 2.1.6.3492-21 criteria, were 
raised and were primarily determined by the concentra-
tions of formaldehyde, ammonia, and nitrogen dioxide. 
The annual average concentrations of the main pollutants 
such as sulfur dioxide, nitrogen oxide, carbon monoxide, 
suspended matters, nitrogen dioxide, and benzopyrene 
remain below permissible standards. An elevated level of 
emissions is bolstered by an increased proportion of fuel 
oil in the fuel mix of electric power enterprises.

The Salavat city administration in conjunction with 
Gazprom Neftekhim Salavat LLC have initiated an online 
system for monitoring air pollution in the urban air ba-
sin, allowing for swift detection of airborne contaminants 
whose concentration exceeds the maximum permissible 
concentration (MPC). This system facilitates the docu-
mentation and identification of gaseous emissions, data 
collection, and trend analysis of air pollution over time. 
Consequently, it assists environmental specialists in evalu-
ating air quality in Salavat.

Currently, three pollution monitoring stations (PMS) 
operate in Salavat: a mobile bus station PMS-1 in a heavy-
traffic area, and two stationary automatic stations, PMS-2 
and PMS-3, for monitoring pollution levels in residential 
areas.

These monitoring posts are equipped with modern 
automatic air pollution stations (AAPS), functioning 24/7 
and capable of identifying up to twenty-three different 
pollutants. Additionally, the AAPS station is equipped 

with an ultrasonic weather station for the automated mea-
surement of basic meteorological parameters [8–9].

Exceeding the maximum permissible concentrations 
of polluting gases can lead to serious consequences for 
human and animal health, as well as environmental degra-
dation. Taking into account the “wind rose” (a graphical 
representation of wind directions and speeds in a certain 
area), it is possible to determine and assess which direc-
tions and how quickly these pollutants may be dispersing.

Data on harmful factors are gathered semi-hourly 
from various pollution monitoring stations (PMS). For 
a more detailed assessment, the data received from the 
AAPS stations were examined. Accordingly, the moni-
toring is carried out continuously, the readings are re-
corded in Excel files. These spreadsheets not only serve 
as records but also as potential datasets for training neural 
networks [10].

A detailed examination of the AAPS’s statistics re-
vealed that the station placements within Salavat are 
strategically set to capture Maximum Permissible Con-
centrations (MPC) of pollutants: from the south at PMS 
No. 3 (Meleuz and Salavatsteklo JSC), centrally at PMS 
No. 2 (general situation within the city), and from the 
north at PMS No. 1 (Gazprom Neftekhim Salavat LLC, 
with processes occurring in Ishimbay and Sterlitamak). 
This strategic placement aids in surveilling air quality 
within specific city zones and identifying probable pol-
lution sources.

RESULTS AND DISCUSSION

The solution to the problem is complex. Automated 
samplers in potential sources of contamination, if nec-
essary, promptly inform special services about the envi-
ronmental situation in the city of Salavat. These devices 
are equipped with special sensors and software. The au-
thors have developed an integrated intelligent system for 
managing this system for monitoring and analysis of data 
concerning Salavat’s environmental status [10].

The use a neural network in the environmental moni-
toring system enhances the precision, oversight, depend-
ability of the data gathering process, and the management 
of environmental conditions. This approach contributes 
to the minimization of negative environmental factors, 
as well as reducing the expenses associated with environ-
mental strategies and interventions.

The principal element of the system, presented in 
Figure 2, is a neural network. This is a machine-learning 
approach that makes it possible to predict changes in the 
environmental situation based on existing data and trend 
analysis.

A neural network-based environmental monitor-
ing system can be seamlessly integrated alongside other 
monitoring and control systems, such as light and tem-
perature control systems in buildings, transport manage-
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Results of automated monitoring of pollutants in the atmospheric air (AASP) 
according to B.S. Yulaeva, 8b Salavat from 01.02.2023 7:00 to 02.02.2023 7:00

Ingredient 

s.s. 
Concentration 
of pollutants 

mg/m3

 MPC s.s. 
mg/m3

Excess in 
fractions of 

MPC 
s.s. ≥ 1 

m.r. 
Concentration 
of pollutants 

mg/m3 

MPC m.r. 
mg/m3

 Excess in 
fractions of 
MPC m.r. 

≥ 1 

Time max. 
emission m.r. 

concentrations of 
pollutants

Ammonia no data 0.1   no data 0.2   

Sulphur dioxide 0.0036 0.05  0.0064 0.5  01.02.2023 18:20
Hydrogen sulfide 0.0022 –  0.0049 0.008  01.02.2023 21:20
Carbon monoxide 0.6382 3.0  1.6016 5.0  01.02.2023 18:40
Particulate matter PM 10 no data 0.06  no data 0.3   
Particulate matter PM 2,5 no data 0.035  no data 0.16   
Particulate matter PM 1 no data –  no data –   
Nitric oxide 0.0319 –  0.1317 0.4  01.02.2023 18:40
Nitrogen dioxide 0.0595 0.1  0.1104 0.2  01.02.2023 22:20
Benzol 0.0091 0.06  0.0236 0.3  01.02.2023 20:30
Toluol 0.0106 –  0.0215 0.6  01.02.2023 20:00
Ethylbenzene 0.0005 –  0.0010 0.02  01.02.2023 20:00
m-, p-Xylol 0.0022 0.04  0.0044 0.25  01.02.2023 20:30
o-Xylol 0.0026 –  0.0040 0.3  02.02.2023 6:00
Chlorobenzene (C6H5Cl) 0.0001 –  0.0001 0.1  01.02.2023 10:00
Styrol (C8H8) 0.0000 –   0.04   
Isopropylbenzene (C9H12) 0.0000 –   0.014   
Alpha methylstyrene 
(C9H10) 0.0003 –  0.0009 0.04  02.02.2023 6:00

Phenol (C6H5OH) 0.0000 0.006   0.01   
Acetone (C3H6O) 0.0788 –  0.3667 0.35 1.0 01.02.2023 20:30
Methanol (CH4O) 0.0351 0.5  0.0738 1.0  01.02.2023 21:30
Ethylene (C2H4) 0.0006 –  0.0036 3.0  02.02.2023 4:00
Dimethylamine (CH32NH) 0.0000 0.0025   0.005   

Fig. 1. Example of data gathered by an AAPS station, 
indicating MPC and taking into account 

the “Wind Rose”

ment systems, etc. The intelligent environmental moni-
toring system aggregates real-time data at a centralized 
hub on pollutant levels from automated sampling and 
control equipment from AAPS, alongside information 
on atmospheric air conditions such as temperature, pres-
sure, humidity, and forthcoming weather forecasts. The 
intelligent environmental monitoring system engages in 
the processing and surveillance of the data, forecasting 
of pollutant emissions, activation of preliminary con-
tamination warning mechanisms, and formulation of 
guidelines regarding the maximum thresholds of safe 
emissions by optimizing operational loads on applianc-
es. It automatically identifies the pollution sources and 
causes, amplifies air filtration quality, and regulates the 
reduction in transportation air pollution. Additionally, 
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data are sent to municipal environmental monitoring 
centers and to petrochemical and industrial companies 
in order to adjust the general regulations on the emission 
of harmful gases.

An artificial neural network will analyze data from 
meteorological stations and automated chromatographs, 
as well as gas-analyzing systems of the online monitoring 
system for air pollution of Salavat. The intelligent system 
assesses the current state of pollution in the city’s air basin 
and predicts pollution progression scenarios, taking into 
account meteorological station data, weather forecasts, 
and formulates generates control actions on sources of 
intense air pollutants. It also provides recommendations 
for enterprises to optimize operational protocols to pre-
vent exceeding the maximum permissible concentration 
of harmful substances in the city’s air basin. 

The project of software interface design is shown in 
Figure 3. This interface is composed of input areas from 
AAPS data values, a display section for outcomes, and 
a ‘Calculate’ button.

The result of training an intelligent model is its accu-
racy. The accuracy stands at 59.73%, indicating a correla-
tion between the parameters and the practical significance 
of the study. The relatively low accuracy is attributed to Fig 3. Program Interface Project

Fig. 2. Structure of an Intelligent Algorithm Based on a Logistic Regression Model
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the limited amount of statistical data collected, which is 
an area for further investigation.

The intelligent environmental monitoring system can 
be constantly improved by incorporating new devices 
with enhanced metrological characteristics. Addition-
ally, the system can benefit from the integration of web 
technologies for comparing and exchanging data with 
other sources. The findings from monitoring the air ba-
sin can be utilized in an integrated intelligent system for 
monitoring environmental pollution, including soil and 
water contamination, as well as the impact on flora and 
fauna. These results can be shared with interested parties 
to evaluate the environmental situation and contribute to 
fostering «transparency in environmental matters» [11–
15]. Taking into account the results in the city of Salavat, 
this project can be replicated for the implementation of 
environmental monitoring systems in small and medium-
sized towns and cities across the Russian Federation.

Following the analysis of air samples, the intelligent 
environmental monitoring system suggests the installa-
tion in residential buildings a window filter-screen with 
nanofiber-based filtering elements, such as the one offered 
by Respilon [16].

Layer 2: A filtering breathable membrane made of 
nanofiber, capable of retaining and trapping fine particles 
of several nanometers in size. This membrane has high 
air permeability, ensuring good air circulation while ef-
fectively capturing contaminants. The use of such filter-
permeable nanofiber membranes helps improve indoor 
air quality and protect individuals from harmful outside 
emissions. 

Layer 3: A breathable protective mesh used to protect 
against dust, insects, and prevent unwanted elements from 
entering the room.

An intelligent environmental monitoring system can 
be used to optimize the production of nanofiber materials 
to achieve higher filtration efficiency of incoming air. Ad-
ditionally, by integrating environmental monitoring and 
controlling the filtration process of atmospheric air enter-
ing the room, the system can improve the performance 
and durability of filters.

In Salavat, the main air pollutants consist of chemical 
elements ranging in size from 3 to 8 nanometers. There-
fore, it is advisable to minimize the inhalation of these 
“gases”. Installing air handling units (breathers) at home 
or in the workplace is recommended, as these units have 
filters that trap harmful substances before they enter the 
room from the outside [17].

CONCLUSION

The proposed intelligent environmental monitoring 
system offers a comprehensive assessment of the air qual-
ity in the city. It provides recommendations to develop-
ers of residential complexes regarding the most environ-
mentally friendly areas for development. The system can 
identify sources of increased air pollution and utilizes an 
artificial neural network to process information. Based on 
the data analysis, the intelligent environmental monitor-
ing system generates recommendations for enterprises to 
optimize their operations and reduce their impact on the 
environment.

As a result of the project, the program with AI was 
created for further reducing the level of air pollution [8].

It is crucial to incorporate filter meshes with nanofi-
ber-based filter elements and air handling units (breath-
ers) in order to protect respiratory organs from harmful 
substances, odors, and smog in large cities. These ele-
ments trap harmful substances before they enter living or 
working spaces from the outside.

Further application of the intelligent environmental 
monitoring system has the potential to lead to more ef-
ficient, intelligent and adaptive nanofiltration systems that 
can be applied in various contexts and offer significant 
benefits for human health, safety, and the environment 
[8–25].

Table 1
Test Results of a window filter-screen with nanofiber-
based filtering elements

Filtration Efficiency Filter-screen “Respilon”

1.0 μm particles 82.9 %

2.5 μm particles 97.6 %

5.0 μm particles 100 %

A window filter-screen with nanofiber-based filtering 
element is a filter made of nanofibers that have a diam-
eter of about a few nanometers, designed to be installed 
in windows. It forms a barrier against the penetration of 
dust, pollen, including viruses and bacterial spores. It also 
helps inhibit the spread of mold while providing high per-
meability to air, gases, and water vapors. The particles are 
captured mechanically. Thus, the membrane is suitable 
for use in homes where individuals suffer from allergies, 
asthma, cardiovascular disorders, lung diseases, or reside 
in areas with high levels of air pollution.

The unique filtration ability is provided by a layer of 
nanofibers. 

The membrane of Respilon company consists of three 
layers: 

Layer 1: A breathable mesh frame that provides pro-
tection against dust, insects and other particles, while 
allowing for proper air circulation.
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