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Abstract. The impact of hazardous substances on working conditions in the energy sector, where in addition to physical
microclimate indicators there is thermal radiation, gas emissions, vapors, metal dust, and radioactive materials, leads to risks to air
quality in industrial premises. A decrease in air quality can result in the deterioration of workers health and the development of chronic
diseases. This work demonstrates the need for a comprehensive approach to monitoring air quality in the working area of industrial
premises with installed electrical distribution devices. This approach combines the determination of microclimate sanitary standards
with simultaneous control of air pollutants and thermal imaging analysis of equipment condition. Such approach helps prevent
accidents by timely detection of deviations from normal operating conditions and ensures compliance with regulatory requirements for
occupational safety. As part of the research, the proposed approach was tested in the working area of an industrial premises with
installed electrical distribution devices, which made it possible to determine air pollution indicators, microclimate parameters, and

equipment temperature under normal operating conditions.
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1. Introduction

Technological processes occurring in energy
facilities lead to the release of harmful substances such as
nitrogen oxides, sulfur oxides, dust, volatile organic
compounds, and others. These substances primarily have a
negative impact on the workers’ health and the environ-
ment. The importance of maintaining good air quality in the
working areas of production facilities and heat comfort for
the employees’ health is a pressing issue being studied by
researchers in many countries around the world [1-12].

The World Health Organization (WHO) identifies
the following sources of indoor air pollution: fine
particulate matter in the air, formaldehyde, nitrogen
oxides, ozone, carbon monoxide, and carbon dioxide [1].
Such a significant exceedance of carbon monoxide (CO)
concentration levels in the working area of a production
facility is extremely dangerous for the stuff health, as
carbon monoxide has the ability to bind with hemoglobin
in the blood, leading to a decrease in the oxygen supply to
tissues. This, in turn, can cause serious consequences for
the cardiovascular and nervous systems, and potentially be
fatal. An excess of carbon dioxide (CO,) can disrupt
cognitive functions, as well as lead to neurological and
cardiovascular problems. Nitrogen dioxide (NO,) can
cause long-term irritation of the respiratory tract,
exacerbate asthma, and other chronic lung diseases, and
intensify allergic reactions. Formaldehyde is classified as
a carcinogen, and chronic exposure to it can increase the
risk of developing oncological lesions in the nasopharynx
and lymphatic system.

Studies [2-5] confirm that even slight exceedances
of permissible pollution levels threaten overall well-being

— resulting in chronic fatigue and decreased immunity,
exacerbation of chronic illnesses, onset of allergic
reactions, and nervous disorders. Prolonged exposure to
indoor environments with polluted air leads to respiratory,
cardiovascular, and oncological diseases.

Currently, fine particulate matter is considered the
most common air pollutant worldwide. It is a microscopic
mixture of solid and liquid particles consisting of a vast
variety of chemical compounds and materials, including
highly toxic substances. They are classified by size: those
with a diameter of less than 10 micrometers (particulate
matter — PM10) and those with a diameter of less than 2.5
micrometers (PM2.5). Systematic monitoring of fine
particulate concentrations is currently being conducted in
industrial settings as well as in emissions from enterprises
and transport in the EU and the USA, and their negative
impact on human health, ecosystems, infrastructure, and
the planet's climate is being assessed at the national level
[5,6].

In the civilized world, the protection of workers'
lives and health is a priority in any enterprise, especially
those with a heightened level of danger. One of the first
steps is to provide workers with personal protective
equipment for respiratory protection and to improve the
ventilation system. This may include increasing air
recirculation within the premises and installing modern
filters such as HEPA (High Efficiency Particulate Air),
which are capable of capturing fine particulate matter and
gases at the molecular level. At the same time, a detailed
diagnosis of the condition of the equipment used in
production processes is necessary. This involves not only
checking the technical condition of the equipment but also
assessing its compliance with existing occupational health
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and safety protocols.

General trends in researching the issue of air
quality in production facilities can be summarized into
two main directions: determining the concentration of
harmful substances and improving ventilation and air
conditioning systems. For example, in the materials [7-9],
the authors evaluate the negative impact of emissions and
the diffusion of typical pollutants, such as high-
temperature particles, droplets, and harmful gases,
emphasizing the sources of pollution and their control.
They also propose methods for forecasting air quality in
production facilities, including enhanced zonal control
methods and new local ventilation technologies.

In articles [10-12], limit values for major pollutants
defined by the WHO and microclimate parameters —
temperature and relative humidity — are assessed.
Examples of national regulations are provided, and
recommendations regarding indoor environmental quality
set by the International Society of Indoor Air Quality and
Climate (ISIAQ) are analyzed.

The study [10] presents a new approach to energy-
optimal control of indoor air quality and proposes models
for controlling pollution and energy consumption in
ventilation systems. However, it does not systematically
consider the additional heat emissions from operating
power equipment, which not only serve as a source of
variation in microclimate parameters but may also signal
potential emergency situations in energy facilities.

2. Drawbacks

The specifics of production processes in the energy
sector involve high heat generation and increased
humidity, necessitating the adaptation of general standards
to specific conditions. In Ukraine, the standard DSN
3.3.6.042-99 "Sanitary Standards for the Microclimate of
Production Facilities" [13] is currently in effect, which
addresses key aspects of ensuring optimal working
conditions and establishes permissible microclimate
parameters at the workplace. The main parameters
regulated by the standard are air temperature, relative
humidity, and air velocity. Adhering to the requirements
of standard [13] is critically important for reducing the
risk of occupational diseases and improving labor
productivity.

However, to ensure safe working conditions and
protect health, it is necessary to consider not only the
physical but also the chemical characteristics of the
surrounding environment. DSN 3.3.6.042-99 regulates the
microclimate in production facilities, including energy
sector facilities, but does not take into account air
pollution indicators.

The values of maximum allowable concentrations
(MAC) of hazardous substances are regulated by the
Order of the Ministry of Health of Ukraine dated
07/09/2024, No. 1192 "On Approval of State Sanitary
Standards for the Permissible Content of Chemical and

Biological Substances in the Workplace Air " [14]. The
list of hazardous chemical substances and compounds
contains 1875 items, while the list of biological substances
includes about 50 objects. All substances are divided into
four classes: extremely hazardous, highly hazardous,
moderately hazardous, and low hazardous, with
established maximum single and average shift norms for
MAC, as well as an assessment of the types and risks of
harmful effects on the worker's body. The document does
not contain information regarding fine particulate matter
PM2.5 and PM10; instead, it includes dust of various
physicochemical compositions.

To ensure safe working conditions for staffs in
harmful environments at enterprises of all forms of
ownership in Ukraine, the Ministry of Emergency
Situations establishes requirements for protection against
the effects of chemical substances, including: the
implementation of forced ventilation systems, the use of
personal protective equipment, regular monitoring of air
quality, and periodic medical examinations [15].

3. Goal of the study

Thus, the analysis of global experience and
domestic regulatory frameworks demonstrates the
necessity of a conscious approach to maintaining
microclimate conditions in production and the systematic
analysis the chemical composition of air in the workplace
for the critical concentrations of hazardous substances
presence. This is primarily related to ensuring occupa-
tional safety, protecting workers' health, and considering
the overall environmental impact. However, it should be
noted that one of the sources of increased concentrations
of harmful chemical substances, particularly in energy
enterprises, may be a violation of the operating conditions
of energy equipment, which in turn requires additional
measures for assessing its condition and functionality.
Therefore, a comprehensive approach to monitoring
production premises with installed electrical distribution
devices is advisable.

4. Research method and methodology

To form a comprehensive approach to this
research, the following tasks were identified:

e prevention of accidents through timely
detection of deviations from normal operating modes;

e ensuring compliance with the requirements of
regulatory documents regarding occupational safety and
environmental protection.

Based on the tasks set, the comprehensive approach
to monitoring production premises in energy facilities
(Fig. 1) should include the determination of sanitary
standards for microclimate along with simultaneous air
quality control and thermographic analysis [16,17,18].

To test the proposed comprehensive approach,
experimental studies were conducted in the working area
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of an industrial premises with installed electrical
distribution devices, with a total area of 14.4 m?, photos of
which are shown in Fig. 2.

e testo 440 device with a thermo-anemometer
and the following technical specifications: air speed 0...30
m/s (accuracy +0.03 m/s + 4% of measured value),
temperature 20...+70 °C (accuracy £0.5 °C) ;
testo 6051 thermo-hygrometer with the
following technical specifications: relative humidity O ...
100% (accuracy £2% RH (35 ... 65% RH))
UNI-T UTi220 thermal imager with the
following  technical specifications: temperature
measurement range from -10°C to 400°C, resolution
200x150 pixels, accuracy: +2°C or +2% of the measured
value;

e prototype of the measuring module based on
the ESP8266EX microcontroller, using low-cost sensors
for pollutants, the characteristics of which are given in

Table 1.
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In the working zone, the following parameters were
determined:

e temperature was determined in accordance
with clause 6.4.5 of EN 12599:2012 [19], and was 18.5°C,
which corresponds to the range of 17 — 19 °C
recommended by DSN 3.3.6.042-99 for work of medium
difficulty [13];

e the air velocity was determined in accordance
with clause 6.4.4 of standard EN 12599:2012 [19], was
0.2 m/s, and meets the established norms [13].

e relative air humidity in the premises during the
study, determined in accordance with clause 6.4.6 of
standard EN 12599:2012 [19], was 43%, which is close to
the lower limit acceptable by standard DSN 3.3.6.042-99.

Low relative humidity prevents damage to the
installed equipment; this indicator is acceptable for non-
permanent workplaces of employees in the working zone
(the personnel spend less than 50% of their working time
or less than 2 hours continuously) [13].

Sanitary Standards for the Microclimate of Production Facilities
DSN 3.3.6.042-99
Temperature Relative Humidity Air Velocity
AIR QUALITY CONTROL
< < > > 2 > >
co co, NO, 0; CH,0 PM 2.5 PM 10
THERMOGRAPHIC ANALYSIS
< <5
N Temperature Control of
Thermal Radiation Energy Equipment

Fig. 1. Comprehensive approach to monitoring production locations in energy facilities

Table 1. Technical characteristics of pollutant sensors

Pollutants Sensor Units Measuring range Accuracy
Carbon monoxide CO MICS-6814 ppm 1...1000 +10%
Carbon dioxide CO, MH-Z19 ppm 0...5000 +10%
Nitrogen dioxide NO, MICS-6814 ppm 0.01...10 +10%
Comermite | Pussws | e e oo oy
Ozone O; ZE25-03 ppb 0...10000 +15%
Formaldehyde ZE08-CH20 ppb 0...5000 +15%
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Fig. 2. General layout and equipment installed in the working area of the industrial premises

5. Results and discussion

In Fig.3 the results of thermographic analysis the working area and installed electrical equipment are presented.
According to the thermographic analysis data, the maximum temperature of the equipment during operation did

not exceed the established standard and was 28.7°C. This indicates the absence of damage and overloads on the

equipment. Furthermore, no sources of significant thermal radiation were identified that would require additional

individual protective equipment.
The results of the air quality monitoring are presented in Table 2.

Table 2. The air quality monitoring results

Pollutants Concentration cox::::ltlil:nall:log‘;,:l?l[i 4]
Carbon monoxide CO 0,591 ppm (0,68 mg/m") 20
Carbon dioxide CO, 1202 ppm (2163 mg/m’) 8000

Nitrogen dioxide NO, 0,015 ppm (0,03 mg/m") 2
Fine particulate matter PM 2.5 7,5 pg/m’ *
Coarse particulate matter PM 10 14,4 ug/m’ *

Ozone O; 42 ppb (0,08 mg/m’) 0,1
Formaldehyde 14 ppb (0,02 mg/m’) 5

* Fine particulates PM 2.5 and PM 10 are regulated based on their physicochemical composition as moderately and slightly
hazardous substances (classes 3 and 4) [14].
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The obtained results of air quality monitoring
indicate compliance with the regulated values of
maximum allowable concentrations of chemical
substances in the air in the working zone at this facility.

Therefore, a comprehensive study of microclimate
parameters, thermographic analysis of the working area,
and the established electrical equipment, combined with
analysis of the air pollution, is an essential measure for
monitoring and preventing emergency situations. It is
recommended to include this in the protocol for
monitoring the condition of production premises with
installed electrical distribution devices.

6. Conclusions

A new comprehensive approach to monitoring
production facilities with installed electrical distribution
devices has been proposed. This approach includes the
determination of sanitary norms for the microclimate
while simultaneously monitoring air quality, which is
critically important for maintaining healthy working
conditions, combined with thermographic analysis for
diagnosing and timely detecting technical malfunctions of
equipment.

As part of the study, the proposed approach was
tested in the working area of an industrial facility with
installed electrical distribution devices. This allowed for
the determination of air pollution indicators, microclimate
parameters, and equipment temperature under normal
operating conditions.

This work was carried out as part of the project
"Development of methods and means for monitoring the
environmental condition of energy facilities based on
wireless sensor networks" (0123U100127).

At the next stages of the work, it is planned to
determine the air exchange rate in the rooms according to
ISO 9869. The measurement module will be improved by
adding temperature, relative humidity, and air velocity
sensors. The module will be set to monitoring mode,
saving information every 10 minutes. Thermal imaging
will be conducted in monitoring mode at a frame rate of 9
Hz to develop recommendations for the frequency of tests.
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