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Monitoring of environmental components is an important process for determining the level of pollution and tracking
changes in the environment, and plays a key role in ensuring the health and comfort of residents, as well as in preserving the
environment. Continuous monitoring of environmental components is key to ensuring human health, protecting nature and reducing
the negative impact on the climate and ecosystems, as well as achieving sustainable development. In order to combat
environmental pollution, it is necessary to implement effective measures to limit emissions of harmful substances, use
environmentally friendly technologies and green solutions in all sectors of the economy, and raise public awareness of the problem
of environmental pollution.

From the analysis of the sources reviewed, a pattern was identified that the information technologies mainly used to
monitor environmental components are either Internet of Things (IoT) technologies using modern sensors and data transmission
components or artificial intelligence technologies such as computer vision. Less commonly, the use of robots, UAVs, and digital
twins Is being traced.

Based on a critical analysis of methods and tools for environmental components monitoring, there is a need to develop
such methods and tools for environmental components monitoring that would: perform cheaper and more versatile environmental
components monitoring than existing analogues, but at the same time have no less accuracy and speed; monitor the state of the
environment; identify sources of environmental pollution; warn of environmental disasters; assess the state of natural resources;
support environmental decision-making, collect and analyze various environmental indicators in real time; assessed the level of
quality and safety of environmental components, which will allow immediate response to quality changes and promptly take the
necessary measures, etc., which will be the focus of the authors' further efforts.

Keywords: monitoring of environmental components, methods of monitoring environmental components, tools of
monitoring environmental components, Internet of Things, artificial intelligence technologies.
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OTJISIT METOJIIB TA THCTPYMEHTIB MOHITOPWUHT'Y KOMITOHEHTIB
JTOBKLJLJISI

MOHITODUHI KOMITOHEHTIB LOBKI/IS € BaXXI/MBUM IPOLECOM A/IS BUIHAYEHHS PiBHS 330DYAHEHHS Ta BIAC/TIAKOBYBAHHS
3MIH Yy HaBKOJIMILLIHbOMY CEPEAOBULY, BIAINPAE K/IIOHOBY POJib ¥ 3a0E3rMeYEHHI 340POB'S Ta KOM@POPTY MELIKAHLIB, a TakoX y
36EPENEHH] HABKO/MLLIHbOIO CepeqoBuLya. [TOCTiViHmi MOHITOPUHIT KOMITOHEHTIB AOBKIN/IS € KITIOYOBUM A/151 330€3MEYEHHS 340pOB’S
JI0LEV, OXOPOHU TMPUPOAN Ta 3MEHLUEHHS HEraTUBHOIO BIUIMBY HA K/MAT Ta EKOCUCTEMM, a TaKOX A/19 AOCATHEHHS CTasioro
po3suTky. s 60poTebu 3 3a6pYAHEHHSM HABKOJMILIHEOIO CEPELOBULLE HEOOXIAHO BrIPOBa/XyBaTH EPEKTUBHI 3axoan 3
OOMEXNKEHHST BUKUAIB LUKI/MBUX PEYOBUH, BUKOPUCTAHHSI EKOJIOMYHO YUCTUX TEXHOJOMY Ta 3€/1eHUX pillieHb y BCIX rany3sax
rocroaapcTsa, a TaKox 30I/IbIUEHHS OBI3HAHOCTI CyCrii/IbCTBa LYOAO rPpobeMu 3a6Dy.AHEHHS HABKO/TMLLIHBOIO CEPEAOBULYA.

3 aHanzy po3rnigHyTUX [XKepes1 6y/10 BU3HAYEHO 3aKOHOMIPHICTB, IO iHGOPMALIMHI TEXHO/Or, SKi B OCHOBHOMY
3aCTOCOBYIOTLCS [U151 MOHITOPUHIY KOMITOHEHTIB AOBKIIS — e abo TexHos0rii IHTepHeTy peyer (I0T) i3 3aCTOCYBaHHSIM CyqacHux
AaBaqyiB 1@ KOMITOHEHTIB A/19 NEPEJaYyl Aarnx, abo TEXHOJOr WTYYHOro IHTENEKTY, Taki K KoMtoTepHmi 3ip. Piawe
NPOC/AKOBYIOTLCS TaKki 3aC06U SIK BUKODPHCTAHHS po6oTiB, bIVIA Ta LungpoBux ABIVIHUKIB.

Buxogsun 3 KpUTUHYHONO aHasizy MerogiB | 3acob6iB MOHITODUHIY KOMIIOHEHTIB AOBKI/I/IS, BUHUKAE HEOOXIAHICTL B
PO3PO6TIEHHI Takux METoZiB | 3acobiB MOHITODUHIY KOMITOHEHTIB AOBKI/IS, SKi 6. BUKOHYBa/m Oy/m [eleBlmmMy 1
VHIBEPCATIbHILLMMY, HDK HasBHI aHasaory, asne rpu LbOMy Maau HE MEHLLY TOYHICTH Ta LUBUAKICTB, BIACTEXYBA/M CTaH [OBKI/UIS,
BUSIBJISI/IN [DKEPENA 3a0PyAHEHHS AOBKI/UIS,; MONEPELKA/N PO EKOJIOMHYHI KaTacTpo@u,; OLIHIOBa/M CTaH MPUPOAHNX PECypCis;
TATONMYBE/IN  [IDMAHSITTS  €KOJIOMYHNX PILLeHb, BUKOHYBA/M 36D Ta AaHa/li3 pPI3HOMAHITHUX [MOKa3HWKIB [OBKIIS B PEXuUMI
PeasibHOro Yacy,; 34IMCHIOBa/IN OLiHKY PIBHS SKOCTI Ta B6E3reYHOCTI KOMITOHEHTIB AOBKI//IS, SKa AACTb 3MOrY HErayHo pearysat Ha
3MIHW SKOCTI | LUBMAKO BXXMBATH HEOBXIGHUX 38XO04IB TOLLYO, HA 14O 1 BYAYTb CrIPSMOBAaHI MOAasbLLi 3ycn/iis aBTopIB.

KITI040Bi C/10Ba: MOHITOPUHIT KOMITOHEHTIB AOBKI/UIS, METOAU MOHITOPUHIY KOMITOHEHTIB LOBKI//IS, 33COOM MOHITOPUHIY
KOMIIOHEHTIB A0BKI/I/1S, IHTEPHET peyesi, TEXHO/IONTT LUTYYHOro IHTE/EKTY.

Introduction
Environmental pollution is the presence of various harmful substances in the environment that can be
released as a result of industrial, transport, agricultural and other human activities [1-3]. Environmental pollution is
a serious environmental problem in our daily lives, as it can have a harmful effect on human, animal and plant
health, etc.
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Environmental pollution (air pollution, soil pollution, water pollution, and ecosystem damage) can have
serious consequences for human health, affect biodiversity, climate change, and ecosystems in general, and lead to
global warming, changing climatic conditions, and rising sea levels. In order to combat environmental pollution, it is
necessary to implement effective measures to limit emissions of harmful substances, use environmentally friendly
technologies and green solutions in all sectors of the economy, and raise public awareness of the problem of
environmental pollution [4, 5].

Sources of environmental pollution can be classified by type of emissions, origin, and their impact on
various components of ecosystems [6, 7]:

1) industrial sources:

e chemical industry — emissions of toxic substances such as sulfur dioxide, nitrogen oxides,
heavy metals (lead, mercury) and organochlorine compounds that pollute air, water and soil;

e metallurgical industry — pollution by heavy metals and dust particles;

e energy — burning fossil fuels (coal, oil, gas) causes emissions of carbon dioxide, sulfur dioxide
and other greenhouse gases that contribute to global warming;

2) transportation:

e emissions from road, air and sea transport cause air pollution with carbon oxides, nitrogen,
lead and other substances;
e noise and light pollution;

3) agriculture:

e pesticides and herbicides — chemicals used to protect plants, often end up in water bodies, soils
and the atmosphere;

e ammonia and methane emissions from livestock farms - affecting air quality and contributing
to the increase in greenhouse gas concentrations;

4) household waste:

¢ landfills — emit methane, which is a powerful greenhouse gas;

e plastic waste — accumulates in the oceans, polluting aquatic ecosystems and harming marine
organisms;

e household chemicals (cleaning products, paints and other toxic materials) can enter water
systems, causing harm to aquatic organisms and humans;

5) construction and urban infrastructure — water and soil pollution from construction materials, chemical

discharges, as well as noise and dust pollution;

6) natural sources:

e volcanic eruptions — emit huge amounts of sulfur dioxide, carbon dioxide, dust and ash into the
atmosphere;

o forest fires — cause carbon emissions and destroy ecosystems;

e dust storms — carry significant amounts of dust and toxic particles over long distances.

Monitoring of environmental components is an important process for determining the level of pollution and
tracking changes in the environment, and plays a key role in ensuring the health and comfort of residents, as well as
in preserving the environment [8, 9].

The main reasons for the importance of monitoring environmental components are [10-12]:

1) human health protection:

e air pollution — tracking the level of harmful substances (nitrogen oxides, carbon, fine dust)
helps protect the population from respiratory diseases and other chronic conditions;

e water quality — monitoring of water resources allows detecting toxins, harmful chemicals and
pathogens that can threaten drinking water supply and cause epidemics;

2) preventing the loss of biodiversity:

e monitoring the state of ecosystems — it is important to monitor the state of plant and animal
populations to detect signs of degradation or destruction of ecosystems caused by
anthropogenic factors (deforestation, pollution);

e species conservation — monitoring allows to respond promptly to changes that threaten
endangered species and take measures to preserve them;

3) prevention of climate change:

e greenhouse gas tracking — monitoring of carbon dioxide, methane and other greenhouse gas
emissions helps to assess progress in combating climate change and adjust policies to reduce these
emissions;

e changes in temperature and weather conditions — monitoring global temperature changes,
precipitation and other climate indicators helps to predict natural disasters and implement
adaptation measures;

4) control over the sustainability of ecosystems:
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e restoration of contaminated areas — monitoring allows to assess the level of soil, water and air
pollution, as well as the effectiveness of measures to clean up and restore ecosystems;

e management of natural resources — it is important to monitor the condition of forests, rivers
and other natural resources for their sustainable use;

5) economy and social benefits:

o loss mitigation — timely monitoring of pollution and degradation of natural resources can
prevent economic losses in agriculture, fishing and tourism;

e support for sustainable development — environmental monitoring contributes to the
implementation of environmentally responsible practices that combine economic growth with
environmental protection.

Thus, continuous monitoring of environmental components is key to ensuring human health, protecting
nature and reducing the negative impact on climate and ecosystems, as well as for achieving sustainable
development.

Overview of the Methods and Tools for Environmental Components Monitoring

Let's review the known methods for environmental components monitoring.

For example, article [13] is devoted to a critical analysis of smart monitoring systems using the Internet of
Things, machine learning, and modern sensors to monitor air quality, water quality, radiation pollution, and
agricultural systems.

Paper [14] is devoted to the application of artificial intelligence technologies to solve water conservation
problems, analyzing five key areas: water management and distribution, precision agriculture, water quality
monitoring, drought forecasting and early warning systems, and smart water networks.

The author of [15] argues that the Internet of Things (IoT) paradigm in environmental monitoring can
improve our understanding of regional climate through technological solutions, providing dynamic climate elements
based on integrated environmental monitoring and communication, which are necessary for assessing the impact of
climate change in relevant areas (e.g., environmental quality monitoring, sustainable energy use, agricultural
systems, cultural heritage preservation, and sustainable mining).

Paper [16] presents the use of 10T technology to monitor environmental aspects in smart cities. In this
review, environmental problems that may arise in any city are classified into four main areas: water, waste, air, and
transportation. Based on the research presented in the literature, the paper focuses on the approaches that can be
applied in smart city management to address these issues, taking into account the main environmental challenges
faced in cities.

Environmental monitoring is a key component of environmental research and protection, as the analysis of
the dynamics of natural processes allows us to identify patterns in the organization of ecosystems and the biology of
individual species of animals and plants. Physical and chemical parameters of the environment are usually measured
using instruments: noise level and spectrum, temperature, characteristics of electromagnetic fields, characteristics of
radioactive contamination of the environment, characteristics of geophysical phenomena, concentrations of chemical
pollutants in air, water, soil, etc. Paper [17] proposes the use of an information and communication approach to
monitoring natural reserves in biosphere reserves.

Paper [18] presents an approach that uses reinforcement learning and takes into account traffic pressure to
optimize vehicle travel time through road intersections to reduce CO2 emissions. The proposed method is based on
modern approaches to optimizing traffic lights, but with an emphasis on environmental aspects.

Paper [19] presents the concept of an information system for predicting the temperature regime of the
earth's surface using machine learning. The forecasting is based on historical data for a certain territory. To improve
the accuracy of the forecasting results, the features of climatic zones are analyzed to identify patterns.

To determine the main areas of application of information technology for monitoring environmental
components, we analyzed the methods and technical tools used in the publications discussed above. The results of
the analysis are presented in Table 1.

From the analysis of the sources reviewed, a pattern was identified that the information technologies mainly
used to monitor environmental components are either Internet of Things (1oT) technologies using modern sensors
and data transmission components or artificial intelligence technologies such as computer vision, etc. Less
commonly used tools include robots, UAVS, and digital twins.

Let's review the known tools for environmental components monitoring.

The functions of environmental monitoring in Ukraine are vested in the State Environmental Monitoring
System of Ukraine [25]. The State Environmental Monitoring System is a system of observations, collection,
processing, analysis, storage and exchange of information on the state of the environment, its impact, forecasting its
changes and development of scientifically based recommendations for making effective management decisions in
Ukraine in order to prevent emergency crisis situations. Each of the entities of the State Environmental Monitoring
System monitors those environmental objects that are defined by the Regulation on the State Environmental
Monitoring System and procedures and regulations on state monitoring of certain environmental components. The
functioning of the state system of environmental monitoring is carried out at three levels, which are distributed
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according to the territorial principle: the national level, covering priority areas and tasks of monitoring on the scale
of the whole country; the regional level, covering priority areas and tasks on the scale of a territorial region; the
local level, covering priority areas and tasks of monitoring on the scale of certain territories with increased
anthropogenic load.

Table 1
Analysis of methods and tools for monitoring environmental components
Ne Author(s) Year of Country of Methods and tools used to monitoring environmental
publication research components
1 Ullo S. L., Sinha G. R.[13] 2020 Myanmar Internet of Things (1oT) and sensors
2 Nova K.[14] 2023 USA Using Al to monitoring water pollutants
3 Salam A. [15] 2024 USA Internet of Things (loT)
4 Sankar K. M., Booba B., & 2023 India Internet of Things (loT)
Boopathi S. [20]
5 Khang A. [21] 2023 India Artificial intelligence, robots, UAVs, Internet of Things
6 Arsiwala A., Elghaish F., & Zoher 2023 England Digital twin technology
M. [22] UAE
7 Guerrero-Ibafiez A., & Reyes- 2023 Mexico Computer vision technology (Al)
Muiioz A. [23] Spain
8 Ryzhanskyi O., Manziuk E., 2024 Ukraine Reinforcement learning (Al)
Barmak O., Krak I., & Bacanin N. Serbia
[18]
9 Pavlova O., & Alekseiko V. [19] 2024 Ukraine Machine learning (Al)
10 Hovorushchenko T., Baranovskyi 2024 Ukraine Internet of Things (loT)
V., lvanov O., & Hnatchuk A. [1]
11 Hovorushchenko T., Voevudskyi 2024 Ukraine Internet of Things (loT) and geolocation data
Ye., lvanov O., & Voichur O. [2]
12 Yuan, S., Li, Y., Bao, F., Xu, H., 2023 China UAVs
Yang, Y., Yan, Q., &Lin, J. [24]

Another state environmental monitoring system in Ukraine is the Integrated Automated Radiation
Monitoring System [26]. The Integrated Automated Radiation Monitoring System in Ukraine is an important
element of the national system for protecting the public and the environment from radiation hazards. This system
was created to continuously monitor the radiation background, collect, process and analyze data on radiation levels
in the country, as well as to ensure prompt response to cases of increased radiation levels.

During 2016-2020, Ukraine implemented the ENI SEIS |1 East (Shared Environmental Information System
East) project as part of the European Union's initiative in partnership with the Eastern Neighborhood countries,
including Ukraine. The project was part of the Pan-European ENPI (European Neighborhood and Partnership
Instrument) program, which aims to strengthen cooperation between the EU and its neighbors [27]. The main
objective of ENI SEIS Il East was to promote better environmental information and transparency in the Eastern
Neighborhood countries by implementing the principles of the Common Environmental Information System (SEIS).
The project aimed to promote the development of national environmental information systems, ensure their
integration with European systems and support environmental decision-making based on reliable data.

One of the projects being implemented in Europe that uses information technology to monitor
environmental components is the European Environment Information and Observation Network (EIONET), a
network created to collect, process and disseminate environmental information across Europe. It is coordinated by
the European Environment Agency (EEA). The main goal of EIONET is to support environmental decision-making
in the European Union and partner countries by providing reliable, timely and comprehensive information on the
state of the environment [28]. EIONET is a key tool for ensuring environmental sustainability in Europe. By
collecting, standardizing and analyzing data, the network ensures high quality environmental information, which is
the basis for formulating environmental policy and evaluating its effectiveness. Ukraine, as an EU partner country,
also participates in EIONET activities. This allows Ukraine to integrate into the Pan-European environmental
monitoring system, exchange data and best practices, and gain access to advanced methodologies and technologies
in the field of environmental protection.

The Global Earth Observation System of Systems (GEOSS) is an international initiative created to
coordinate and integrate global Earth observation systems. The goal of GEOSS is to provide access to high-quality,
integrated and open information on the state of the environment that can be used to make decisions in the field of
environmental protection, economics, resource management and emergency response [29].

In the United States, the United States Environmental Protection Agency (EPA) is a key tool in combating
environmental threats and supporting sustainable development [30]. The EPA is one of the leading government
agencies in the United States responsible for protecting the environment and human health. Within this agency, there
are many divisions that deal with various aspects of environmental monitoring and management. One of these
divisions is Environmental Monitoring Systems. Environmental Monitoring Systems (EMS) is a division of the EPA
that develops, implements, and maintains environmental monitoring systems. These systems are used to collect and
analyze data on the state of the environment, including air, water, soil, and other environmental parameters.
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Thus, the main tasks of monitoring environmental components are as follows [31-35]:
1) tracking the state of the environment:
e monitoring the level of pollution of air, water, soil, and other natural resources;
e assessment of the impact of human activity (industry, agriculture, transportation) on natural
ecosystems;
2) identification of sources of pollution:
o identification of sources of emissions of harmful substances and their impact on various
components of the environment (water, air, soil);
e assessment of potential threats to human health and biodiversity;
3) prevention and response to environmental disasters:
e timely detection and prevention of environmental accidents, such as chemical releases,
radioactive contamination, and oil spills;
e taking measures to minimize damage from natural disasters, such as floods or fires;
4) assessment of the state of natural resources:
e monitoring of water, forests, and fisheries resources for their efficient and sustainable use;
e control over the state of resource recovery and prevention of their depletion;
5) assessment of the effectiveness of environmental protection measures:
o verification of the effectiveness of government programs and initiatives on environmental
protection;
o assessment of the effectiveness of methods of cleaning and restoration of contaminated areas;
6) support for environmental decision-making:
e providing scientifically based information for the development of environmental policy and
regulation of activities that affect nature;
o facilitating decision-making at the level of government agencies and enterprises to reduce the
negative impact on the environment;
7) control over biodiversity:
e monitoring the status of populations of rare species of animals and plants;
e detecting changes in flora and fauna that indicate an environmental imbalance.
These tasks help to maintain ecological balance, ensure sustainable development and protect human health.
Based on a critical analysis of methods and tools for environmental components monitoring, there is a need
to develop such methods and means for environmental components monitoring that would: perform cheaper and
more versatile environmental components monitoring than existing analogues, but at the same time have no less
accuracy and speed; monitor the state of the environment; identify sources of environmental pollution; warn of
environmental disasters; assess the state of natural resources; support environmental decision-making; collect and
analyze various environmental indicators in real time; assessed the level of quality and safety of environmental
components, which will allow immediate response to quality changes and promptly take the necessary measures,
etc., which will be the focus of the authors' further efforts.

Conclusions

Monitoring of environmental components is an important process for determining the level of pollution and
tracking changes in the environment, and plays a key role in ensuring the health and comfort of residents, as well as
in preserving the environment. Continuous monitoring of environmental components is key to ensuring human
health, protecting nature and reducing the negative impact on the climate and ecosystems, as well as achieving
sustainable development. In order to combat environmental pollution, it is necessary to implement effective
measures to limit emissions of harmful substances, use environmentally friendly technologies and green solutions in
all sectors of the economy, and raise public awareness of the problem of environmental pollution.

From the analysis of the sources reviewed, a pattern was identified that the information technologies mainly
used to monitor environmental components are either Internet of Things (1oT) technologies using modern sensors
and data transmission components or artificial intelligence technologies such as computer vision. Less commonly,
the use of robots, UAVs, and digital twins is being traced.

Based on a critical analysis of methods and tools for environmental components monitoring, there is a need
to develop such methods and tools for environmental components monitoring that would: perform cheaper and more
versatile environmental components monitoring than existing analogues, but at the same time have no less accuracy
and speed; monitor the state of the environment; identify sources of environmental pollution; warn of environmental
disasters; assess the state of natural resources; support environmental decision-making; collect and analyze various
environmental indicators in real time; assessed the level of quality and safety of environmental components, which
will allow immediate response to quality changes and promptly take the necessary measures, etc., which will be the
focus of the authors' further efforts.
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