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ASSESSMENT OF THE EFFICIENCY OF FUNCTIONING
OF THE ENVIRONMENTAL MANAGEMENT SYSTEM OF ENTERPRISES

Purpose. A multifactor model is developed to assess the efficiency level of an enterprise’s environmental management system,
depending on the effectiveness of organizational environmental measures.

Methodology. The authors’ method for determining a comprehensive criterion for monitoring the effectiveness of the environ-
mental management system, which characterizes the efficiency of operation and determines the level of environmental safety of en-
terprises, is proposed and used. To solve the tasks, a complex research method was also used, which included the analysis and gener-
alization of literary and patent sources, and analytical, experimental research using computer and mathematical modeling methods.

Findings. According to the studies and calculations of the generalized environmental quality indicator — 0.64, 0.66 and 0.66,
the largest negative impact on the environment is caused by the activities of enterprises in the Pecherskyi, Podilskyi, and Solomi-
anskyi districts of Kyiv, respectively. The obtained data testify to the relationship between the effectiveness of the implemented
environmental measures (saving and rational use of resources, application of environmental technologies, advanced training, and
environmental competence of employees) and the level of efficiency of the environmental management system of enterprises.

Originality. As a result of the studies conducted using actual data, a system of indicators of the generalized environmental qual-
ity indicator has been proposed for the first time, which allows determining the environmental efficiency and effectiveness of the
implemented environmental measures to assess the effectiveness of the functioning of the implemented environmental manage-
ment system of the enterprise.

Practical value. Based on the research results, a technique is proposed to assess the effectiveness of the environmental management
system of enterprises by determining a generalized environmental quality indicator in terms of reducing the negative impact of the en-
terprise’s activities on the environment. Such an assessment system will help the management of the enterprise to promptly introduce
corrective actions to improve the efficiency of the environmental management system and increase the level of environmental safety.

Keywords: environmental management system, environmental quality, environmental protection measures, environmental safety,

enterprise

Introduction. The complexity of the problems, the dyna-
mism of situations occurring in the enterprise-environment
system lead to the need to study technical, economic, environ-
mental, social, psychological, managerial and other aspects
inside and outside this system. Changes in the parameters of
ecosystems, increased human intervention in the management
of natural objects and territories require a systematic approach
to changes in the organization of enterprises. In today’s world,
which strives for ecological, social and economic development,
there is a need to develop and implement environmental man-
agement systems (EMS) for enterprises operating in various
sectors of the economy in accordance with the requirements of
DSTU ISO 14001:2015. The main task in developing and im-
plementing an EMS is, among other things, to ensure its con-
tinuous monitoring to achieve efficient operation. Therefore,
conducting monitoring studies to determine the viability of the
enterprise-environment system will allow one to control the
functioning of the EMS, paying special attention to determin-
ing changes in the impact of the enterprise on the environment
[1]. The selection of criteria and indicators, the application of
environmental protection measures, and raising awareness of
employees in the field of balanced environmental management
are considered as changes in the organization of the Enter-
prise- Environment system. In order to control the implement-
ed EMS, it is advisable to determine the implementation of
environmental initiatives in the dynamics by clear criteria and
indicators. Thus, the application of criteria, for example, be-
fore and after the EMS implementation or after the first audit
and before the next audit, helps the company’s management
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and the EMS working group to formulate a plan of further ac-
tions and adjust environmental measures to continuously im-
prove environmental performance. Therefore, it was decided to
propose individual factors that together form the values of the
generalized criteria — environmental quality and biosystems.
Based on the values of these generalizing criteria, the compa-
ny’s management can immediately assess the effectiveness of
the EMS in terms of measures aimed at reducing environmen-
tal impact. Mathematical modeling methods should be used to
calculate and structure these indicators [2, 3]. Thus, the for-
mation of a mathematical apparatus for developing models that
will allow assessing the efficiency of the EMS of enterprises
depending on the effectiveness of their organizational environ-
mental measures is an urgent scientific problem.

Literature review. The issue of developing criteria for as-
sessing the effectiveness of the EMS and environmental activi-
ties of enterprises is extremely relevant. Criteria and indicators
are necessary to assess the impact of enterprises’ activities on
the environment. The information obtained will help the com-
pany’s management to promptly implement corrective actions
to improve the EMS efficiency and increase the level of envi-
ronmental safety of the enterprise. The use of mathematical
models that analyze the state of biosystems and environmental
quality depending on the environmental and organizational
changes in the Entity-Environment system before and after the
implementation of the EMS makes it possible to predict the
level of environmental safety of cities and regions [4]. The cre-
ation of criteria for assessing chemical risk and identifying
toxic compounds based on ECOTOX monitoring data allows
classifying the effects of chemicals in the environment. The
data obtained from in vitro and in silico approaches are used for
chemical testing and to provide information to authorities,
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regulators, and scientists [5]. Alongside the development of cri-
teria for assessing the environmental performance of enterpris-
es, scientists are studying plant species within the urban area.
Using remote sensing, 3,755 points of tree leaf blades were
scanned. The obtained digital data allowed us to identify the
effects of urbanization and climate change in Munich [6]. To
reduce carbon emissions, the Chinese government closely
monitors the environmental activities of enterprises through
environmental regulations and green financing. The use of such
tools leads to a reduction in carbon emissions by enterprises
and has a positive impact on the surrounding areas [7]. The
application of the Green Lean Six Sigma (GLSS) integrated
approach by industrial managers leads to a reduction in emis-
sions and waste from the activities of small and medium-sized
enterprises. The application of GLSS has led to an improve-
ment in the state of the environment within the scope of the
enterprises’ activities and to positive changes in achieving eco-
nomic and environmental aspects of sustainable development
of enterprises and in increasing their level of environmental
safety [8]. Many governments emphasize the need for changes
in the long-term environmental policy of the state. However,
most environmental initiatives, especially in the agricultural
sector, have not yielded the desired results. The transformation
of environmental policy is associated with a new view of gov-
ernments on the use of long-term environmental agreements
between countries [9]. The combination of natural ecosystems
with urbanized areas in the coastal zone of Yancheng (China)
shows how management can accelerate the sustainable devel-
opment of a territory or region. The application of criteria for
assessing anthropogenic pressure on six typical local ecosys-
tems allowed us to analyze energy flow and sustainability based
on the emergency theory. The data obtained make it possible to
consider the level of environmental hazard of the territories, as
well as to develop corrective environmental measures to ensure
that ecosystems achieve sustainable development [10]. Increas-
ing the level of environmental efficiency of the production ac-
tivities of enterprises will contribute to the transition to sustain-
able development. The implemented measures will have a
positive impact on the processes of investment flows to produc-
ers. The application of integrated management ideas and infra-
structure monitoring will allow replacing traditional manage-
ment processes with environmental ones [11]. Efficient chemi-
cal processing technologies, in particular r-PET technologies
with melt pretreatment, were compared with conventional
chemical processing technologies. It was found that r-PET
technologies can turn PET bottle waste into valuable raw ma-
terials. Therefore, the use of such innovative technologies is an
important environmental task for small and medium-sized
businesses [12]. The introduction of green technologies has a
positive impact on the environmental management system and
its environmental performance [13, 14]. To study the impact of
enterprises’ activities on environmental quality through “sub-
stitution effects” and “additional effects”, a theoretical model
was developed to assess the relative benefits of Big Data. The
data obtained on the sustainable development of the enterprise
allowed improving its reputation, productivity and commercial
attractiveness. Environmental monitoring data — resource de-
pletion, waste management, air and water pollution — deter-
mine the level of sustainable development of an enterprise [15].
By analyzing the data obtained, it becomes possible to forecast
and make decisions by the company’s management aimed at
developing more sound and effective environmental practices
and strategies, in particular when implementing the EMS [16,
17]. To implement an effective and efficient EMS, it is neces-
sary to cooperate with external stakeholders (investor network).
A striking example of the application of low-carbon innova-
tions in the activities of small and medium-sized enterprises is
the experience of Chinese family firms. The data obtained on
the activities of 9,249 firms for the period 2007—2019 allowed
one to develop a methodology for measuring ESG activities
among cluster institutional investors to accelerate the imple-

mentation of low-carbon innovations [18]. The correct choice
of management approaches at all stages of implementation and
operation of the enterprise’s EMS ensures an increase in its ef-
ficiency. Controlling the indicators of environmental and orga-
nizational changes and the criteria for the EMS effectiveness
allows the enterprise management to form a set of management
approaches. Based on the data on the implemented environ-
mental and organizational changes at the enterprise, the QFD
methodology (Quality Function Deployment) was applied,
which determines the vector of orientation of approaches, con-
sidering their complexity and significance for the implementa-
tion of an effective EMS [19]. The COP26 conference empha-
sized the role of increasing climate investment. They play an
important role in mitigating climate change through environ-
mental management and the spread of green innovations [20].
Using data from 30 regions of China and a spatial model to in-
vestigate the relationship between green innovations, environ-
mental regulations (ER) and green investments, it was found
that ER potentially enhances the impact of green investments
on the promotion of green innovations [21].

Unsolved aspects of the problem. It is established that the
issues of introducing environmental innovations at enterprises
to improve the condition of territories and regions are relevant
and are covered in many literary sources. Sustainable develop-
ment of enterprises is an essential aspect of many scientific
studies. As a result of the study of modern research, it was
found that most authors do not consider the issue of imple-
menting the EMS comprehensively. Almost no consideration
is given to the formation of criteria by which it will be possible
to assess the effectiveness and efficiency of the EMS operating
at the enterprise. The formation and calculation of such crite-
ria will allow assessing the effectiveness of the implemented
environmental protection measures, which are indicators of
the effectiveness of the EMS of the enterprise. Therefore,
studies aimed at assessing the efficiency of the EMS of enter-
prises depending on the effectiveness of their organizational
environmental protection measures are relevant and necessary
for the formation of a long-term strategy for sustainable devel-
opment of enterprises.

Purpose. The purpose of this work is to develop a multifac-
torial model for assessing the efficiency of the EMS of enter-
prises from the effectiveness of their organizational environ-
mental measures. To achieve this goal, it was necessary to:

- to select ten companies operating in ten administrative
districts of Kyiv that have implemented an EMS in accordance
with the requirements of the DSTU ISO 14001:2015 standard;

- to review the environmental protection measures imple-
mented at the enterprises;

- to develop criteria for the environmental performance of
the EMS, considering the weighting of individual factors and
group indicators;

- to calculate a generalized environmental quality indicator
that includes data on pollutant emissions, water use, waste gen-
eration, and soil conditions in areas adjacent to the enterprises;

- based on the data obtained and the calculation of a gen-
eralized environmental quality indicator using computer mod-
eling, to assess the effectiveness of the EMS of enterprises de-
pending on the implemented environmental protection mea-
sures that have a certain impact on the state of natural compo-
nents of the environment.

Research methodology (structure, sequence). The article
proposes and uses for research the authors’ method for deter-
mining a comprehensive criterion for monitoring the environ-
mental performance of the EMS with taking into account the
weighting factors of individual factors and group indicators to
establish the environmental effectiveness of the implemented
EMS, which characterizes its efficiency and determines the
level of environmental safety of enterprises.

Modern environmental research focuses on a comprehen-
sive analysis of the impact of industrial activity on the environ-
ment using statistical analysis and big data processing methods.
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One of the main elements of the analysis using experimental
research is a generalized indicator of environmental quality,
which includes data on pollutant emissions, water use, waste
generation, and soil conditions in areas adjacent to enterprises.

The assessment of atmospheric pollution from industrial
emissions to develop recommendations for the organization of
control measures was based on the methodology of inventory-
ing the pollutants of enterprises. This methodology includes a
collection of systematized information on the locations and
nature of emissions on the territory of enterprises, as well as
quantitative and qualitative characteristics of pollutants and
their compliance with hazard classes. During the inventory,
both calculation methods and instrumental and laboratory
studies were used to analyze the composition of pollutant
emissions. The choice of methods depended on various fac-
tors, such as sampling conditions, availability of design data,
type of pollution sources and a list of acceptable methods for
assessing the impact of these sources.

The assessment of the state of biosystems was based on
methods that allow detecting toxic effects on living organisms.
An important aspect is to determine the chemical composition
of atmospheric emissions that can accumulate in water and
soil bodies, posing a potential risk to public health.

The American risk assessment model (U.S. Environmental
Protection Agency (EPA) 1997. The benefits and costs of the
Clean Air. Act 1970 to 1990. Office of Air and radiation EPA 410-
R-97-002. October) is recommended by scientific organiza-
tions. It includes identification of potential hazards, determi-

EEq

EE < {EEb B {EEb(ND) N EEb(RA) N EEN(GT) N EEB(QW )" EEb(SD)

where FEb(ND) is an integrating indicator that covers factors
that characterize the level of necrosis and chlorosis of tree
leaves; EEb(RA) is an integrating indicator that covers factors
that show the level of dust pollution of trees and morphologi-
cal changes that occur in their vegetative organs; EEb(GT) is
an integrating indicator that covers data on the phytotoxic ef-
fect of precipitation and soil; EEb(QW) is an integrating indi-
cator that covers data on the degree of toxicity of surface water;
EEb(SD) is an integrating indicator that covers indicators of
tree development stability; EFEq(Air) is an aggregate indicator
that covers factors that characterize the emission rate of POPs
and potential risks to public health under the combined effect
of several POPs released into the air; EEq(pH) is an aggregate
indicator that covers factors that help determine the pH of soil
cover and precipitation; EEg(W) is an aggregate indicator that
covers factors that determine the level of total risk from the
impact of all impurities that end up in the water environment
after the implementation of EMS measures, such as water
consumption and pH of water resources and objects; EEqg(Was)
is an aggregate indicator that covers factors that shape the lev-
el of waste generation as a result of the enterprises’ activities.
To study the individual factors of the generalized environ-
mental quality indicator (EEg), calculations were made, taking
into account the intake of POPs into the air, water, soil, etc.
An inventory of pollutant emissions into the air was con-
ducted for ten enterprises in Kyiv. The studied enterprises have
an implemented and operating EMS, as well as operate in
various sectors of the economy and are located in different
administrative-territorial districts of Kyiv (Table 1, Fig. 1).
Based on statistical information from environmental re-
ports of enterprises and using the methodology for calculating
concentrations of AR in the air, the total potential risk to pub-
lic health was determined.
The potential risk to public health from prolonged expo-
sure to air pollution was calculated using the following formula

b
C
Risk=1- In(0.84)- K, |,
isk =1-exp| In( )[MPCSJ/Z (1)

EEq(Air)~ EEq(pH) ~ EEq(W )~ EEq(Was)

nation of dose-effect relationships, assessment of the impact
of regulatory measures, and description of risks based on sci-
entifically justified uncertainties. Well-known methodologies,
such as the exponential model, allow calculating the potential
risk to public health from chronic exposure to pollution.

Risk levels for public health are determined on the basis of
values that range from minimal to extremely dangerous and
are assessed through average daily concentrations, maximum
permissible levels, and the duration of exposure to pollutants.

Assessment of potential risks is important for understand-
ing the interaction between pollution and public health, in
particular when exposure to different pollutants is combined.
Such an analysis requires the use of additional scientific meth-
ods, such as bioassays and biotesting, to assess the degree of
toxic impact on natural environmental components.

In addition, to assess the effectiveness of environmental
management systems at enterprises, it is necessary to analyze
not only the current concentrations of pollutants, but also to
integrate inventory data with the results of experimental stud-
ies. The use of bioindication and biotesting methods allows for
a more detailed assessment of the state of the environment and
the effectiveness of environmental protection measures.

Results. To continuously improve the environmental man-
agement system of an enterprise, to assess the effectiveness of
the implemented environmental protection measures, to con-
trol the state of natural components of the environment, it is
proposed to calculate a group indicator of environmental effi-
ciency of the EMS (EE).

s

where Risk is the probability of developing uncharacteristic toxic
effects due to chronic intoxication under certain conditions;
MPC,,is the average daily maximum permissible concentration,
mg/dm?; Cis the concentration of chemical compounds that af-
fect human health in a certain time period, mg/dm?; b is a value
that allows assessing the isoeffective effects of impurities accord-
ing to their classes; K is a stock indicator that depends on the
class of the PP.

To determine the public health risk associated with con-
tamination of drinking water with toxic substances generated

Table 1
Activities and location of the research enterprises
Cﬂ?:::;i?,}’ Dist;i(;ti;)f m. Field of activity
1 Holosiivskyi Construction of roads and highways
2 Obolonskyi Production of meat products
3 Shevchenkivskyi | Leasing and operation of own or

leased real estate

Manufacture of perfumes and
cosmetics

4 Darnytskyi

Production of tools and equipment
for measurement, research and
navigation

5 Dniprovskyi

6 Desnianskyi Passenger land transport of urban

and suburban traffic

7 Pecherskyi Operation of restaurants, provision

of mobile catering services

8 Sviatoshinsky Fuel retailing

9 Podilskyi

Comprehensive maintenance of
facilities (heat supply)

A chain of food outlets

10 Solomianskyi

Note: " further in the text of the article, references to companies will
correspond to their serial number in the table
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100% ®Tiand its compounds
B Suspended solid particles

80% + @Sulfur compounds

BS0:
@PD and its compounds
60% + B Organic amines
@NO:
40% ®Nitrogen oxides
ENH,

®Mn and its compounds
20% + B Iron oxide (in terms of iron)
®Hg and its compounds
®HCI

H.SO0:

®Freon

0% -

@Cu and its compounds

9 - Podilskyi

®Cr and its compounds

1 - Holosiivskyi
2 - Obolonskyi
4 - Darnytskyi
5 -Dniprovskyi
6 - Desnianskyi
7 - Pecherskyi

@Cd and its compounds
mC;H;ClOo

3 - Shevchenkivskyi
10 - Solomianskyi

Fig. 1. Analysis of the inventory of emissions of PP into the air

by the activities of enterprises, we applied the formula of a
threshold-free model for assessing the potential non-carcino-
genic risk to public health, considering the level and duration
of exposure (dose-time-effect relationship)

mie-ow [ 505 | | o

where Risk is the probability of uncharacteristic toxic effects
during prolonged intoxication (from 0 to 1); C is the concen-
tration of impurities in drinking water, calculated as the aver-
age daily concentration of a substance that is ingested during
prolonged human consumption of drinking water; MPC is the
regulatory indicator, the maximum permissible concentration
of a substance; K, is the value of the margin, which in most
cases is 10.

In the course of enterprises’ operations, a combined effect
occurs that causes a negative impact of several pollutants com-
ing through one of the environmental components.

The cumulative impact of environmental pollution forms a
potential risk to human health and is calculated using the for-
mula

n
Risk,,, =1-T (1~ Risk;),
i=1
where Risk,,, is the potential risk of cumulative exposure to
impurities; Risk; is the potential risk of exposure to the i im-
purity; » is the total number of impurities.

When interpreting the obtained values of the potential risk
to public health, a ranking scale from 0 (minimal risk) to 1
(fatal effects) is used.

An analysis of the inventory of industrial pollutants showed
that a large number of compounds that adversely affect public
health are released into the air.

The generalized results of the studies of environmental in-
dicators of enterprises were presented in the form of a normal-
ized value of the unifying indicator “Atmospheric air —
EEq(Air)” (Figs. 2, 3).

Analyzing the graphical interpretation of the calculations,
we determined that the largest amount of pollutants released
into the air as a result of its activities is emitted by the enter-
prise for the construction of roads and highways in Holosi-
ivskyi district.

As can be seen from the diagram presented in Fig. 3, enter-
prises operating in the Holosiivskyi, Podilskyi, and Shevchen-
kivskyi districts of Kyiv have the highest value of the aggregate
indicator “Atmospheric air — EEg(Air)”, which indicates a
negative impact of their activities on the environment.

In the course of its operations, the company emits 13 dif-
ferent impurities, 4 of which are classified as hazardous. The
total potential risk to public health is 0.57, and continuous ex-
posure to pollution causes severe chronic effects. As can be
seen from the diagram presented in Fig. 4, in terms of the total

units
1,00

Total pollutant emission capacity, tons
per year

The level of potential risk to public
health from the combined effect of
several impurities entering through the
air

Number of enterprise

B1 B2 g3 o4 85 B6 m7 @8 29 @10

Fig. 2. Comparative analysis of individual factors of the “Atmo-
spheric air — EEq(Air)” aggregate indicator (Decoding of
symbols is shown in Table 1)

u;xié; Atmospheric air— EEb(R4)

1 2 3 4 5 6 7 8 9 10
number of enterprise

Fig. 3. Analysis of the aggregate indicator “Atmospheric air —
EEq(Air)” by enterprises (Decoding of symbols is shown in

Table 1)

units
1,00 Level of lethal effects
0,90 mmmmm e e
0.80 Level of severe
0,70 guest effects
s S B
0,50

Level of severe
0,40 chroniceffects
0,30
020 =81 = Wl Level of marginal” ™~
0.10 oo __ Chroniceffects ___
’ Minimalrisk level
0,00
lfotal risk . Toml risk . Number of enterprise
(before implementation (after implementation #1 82 83 04 85
of the EMS) of the EMS)

06 m7 m8 B9 BI10

Fig. 4. Analysis of the level of potential risk to public health un-
der the combined effect of several airborne impurities before
and after the introduction of EMS (Decoding of symbols is
shown in Table 1)

potential risk (0.65, which causes severe chronic effects in the
population with chronic exposure to air pollution), the per-
fume and cosmetics production facility has the greatest nega-
tive impact on public health.

The analysis of the level of total potential risk to public
health allows us to identify a group of three enterprises whose
chronic exposure to air pollution causes severe chronic effects.
Therefore, the EMS working group of these enterprises needs
to adjust the goals and objectives of the environmental pro-
gram to achieve the intentions set out in the environmental
policy of these enterprises.
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It should be noted that regarding a number of enterprises,
although they emit a significant amount of pollutants in the
course of their production activities, their total risk to public
health causes boundary chronic effects.

Thus, the lowest total potential risk to public health is
caused by the activities of a retailer in non-specialized stores,
mainly selling food, beverages, and tobacco products in Solo-
mianskyi district of Kyiv. The value of the total risk is 0.1 and,
in case of chronic exposure to air pollution, corresponds to the
level of minimal risk.

After the implementation of the EMS, there has been a
positive trend towards reducing the emissions of various impu-
rities into the air in the course of the enterprises’ operations.

The condition of water bodies within the area of influence
of the research facilities is determined by the aggregate indica-

The results of the study on the unifying indicator “Water bodies — EEq(W)” —

tor “Water bodies — EEq(W)”.

The complex chronic impact on public health of the re-
lease of radionuclides into the aquatic environment leads to a
potential risk and damage to the environment, in particular
the aquatic environment. The total potential risk was deter-
mined based on the concentration of the OPs in surface water
bodies located at almost the same distance from the source of
exposure and using formulas 1 and 2 (Table 2).

The analysis of the five research enterprises showed that
the total potential risk of chronic exposure to water pollution is
satisfactory (Fig. 5) and does not lead to irreversible water deg-
radation.

Separate indicators of the aggregate indicator “Water bod-
ies — EEq(W)”: acidity and hardness of water bodies are deter-
mined by the compliance of experimental values with the

Table 2
“The level of potential risk to public health under

the complex effect of several impurities entering through the water environment EEb(W);”

Before the implementation of After the implementation of
2 the EMS the EMS
g . :
‘Q:'; Pollutant MPCs. eé Stock é é Direction EEB(WY,
2 mg/dm factor Kz § Potential | Total g Potential | Total of change
% § risk risk § risk risk
s ) D
Z O E O E
1 — — — — — — — — — — —
2 Fe 0.1 10 0.13 0.0224 0.055 0.13 0.0224 0.045 - 0.955
Zn 0.01 0.003 0.0052 0.003 0.0052
NO, 0.05 0.08 0.0275 0.05 0.0173
NO;. 2 0.08 0.0007 0.07 0.0006
3 — — — — — — — — — — —
4 Fe 0.1 10 0.12 0.0207 0.073 0.12 0.0207 0.054 — 0.946
Zn 0.01 0.003 0.0052 0.003 0.0052
NO, 0.05 0.09 0.0309 0.06 0.0207
NO;. 2 2.1 0.0181 1.01 0.0088
5 Fe 0.1 10 0.1 0.0173 0.045 0.1 0.0173 0.045 - 0.955
Zn 0.01 0.004 0.0069 0.004 0.0069
NO, 0.05 0.06 0.0207 0.06 0.0207
NO;. 2 0.08 0.0007 0.09 0.0008
6 Fe 0.1 10 0.09 0.0156 0.048 0.09 0.0156 0.045 - 0.955
Zn 0.01 0.003 0.0052 0.003 0.0052
NO, 0.05 0.08 0.0275 0.07 0.0241
NO;. 2 0.09 0.0008 0.08 0.0007
7 — — — — — — — — — — —
8 Fe 0.1 10 0.1 0.0173 0.058 0.1 0.0173 0.050 - 0.950
Zn 0.01 0.004 0.0069 0.004 0.0069
NO, 0.05 0.05 0.0173 0.05 0.0173
NO;. 2 2 0.0173 1.08 0.0094
9 — — — — — — — — — — —
10 - - - - - - - - - - -
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units
0,20

0,18 Unsatisfactory
risk
0,16 T
0,14
0,12
0.10 g Satisfactory
0,08 risk
0,06
0,04 ~
0,02 -
Acceptablerisk
0,00
Total risk Total risk Number
(before implementation (after implementation of enterprise
of the EMS) of the EMS) @] @2 B3 04 @85

06 m7 8 B9 ®I10

Fig. 5. Analysis of the level of potential risk to public health un-
der the complex impact of several pollutants entering the
aquatic environment before and after the EMS implemen-
tation (Decoding of symbols is shown in Table 1)

norm. Based on the results of the calculations, the analysis
shows that the company, whose activities are related to the
production of perfumes and cosmetics, has the least negative
impact on the state of water bodies, since the pH (0.96) and
water hardness (1) are within the normal range (Fig. 6).

The graphical interpretation of the analysis of individual
factors of the aggregate indicator “Water bodies — EEq(W)”,
shown in Fig. 6, shows that the pH and water hardness are al-
most within the norm, and the multiplicity value is close to 1.

Fig. 7 shows a comparison of enterprises based on the re-
sults of calculations of the aggregate indicator “Water bodies —
EEq(W)”.

The highest value of the normalized aggregate indicator
“Water bodies — EEq(W)” was recorded for the enterprises of
Desnianskyi and Obolonskyi districts. This indicates the ef-
fectiveness of the implemented environmental technologies
aimed at saving water resources.

All of the studied enterprises are committed to saving water
resources in the course of their production activities. The most
significant volume of water use (4.45 thousand m?/year) was
recorded at a fuel retailer in Solomianskyi district.

The results of calculations of the aggregate indicator
“Acidity of the environment — EEq(pH)” of Kyiv enterprises
are visualized in Fig. 8.

The analysis of the results of the study of individual factors
of the unifying indicator “Environmental acidity — EEq(pH)”
showed the direction of change in the acidity of precipitation
and soil within the sanitary protection zone of the research en-
terprises. The information obtained will influence the adop-

units

0,75 Ao
0,50

0,25 A

0,00
Acidity of the water environment (pH) General water hardness
Number of enterprise
m] o2 m3 o4 @5 B6 m7 m8 =9 =10

Fig. 6. Comparative analysis of individual factors of the aggre-
gate indicator “Water bodies — EEq(W)”: “Acidity of water
bodies pH” and “Total water hardness” (Decoding of sym-
bols is shown in Table 1)
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Fig. 7. Analysis of the aggregate indicator “Water bodies —
EEq(W)” by enterprises (Decoding of symbols is shown in
Table 1)

units

100 Acidity of the environment — EEq(pH)

0,75 -

0,25 -

5
number of enterprise

Fig. 8 Analysis of the aggregate indicator “Acidity of the envi-
ronment — EEq(pH)” by enterprises (Decoding of symbols
is shown in Table 1)

tion of further environmental decisions by the management of
the enterprises.

The negative direction of changes in the indicators was ob-
served at enterprises operating in Obolonskyi, Shevchen-
kivskyi, Dniprovskyi, and Desnianskyi districts. According to
the observations, a slight negative impact was detected, since
almost all the studied enterprises have values close to 1. It
should be noted that most of the studied enterprises have a
high (> 0.9) level of normalized values of the unifying indicator
“Acidity of the environment — EEq(pH)”.

Fig. 9 shows that the least destabilizing effect on the envi-
ronment is caused by the perfume and cosmetics production
enterprise (pH value is 0.98).

The graphical analysis of soil acidity shows a positive trend
in changes in the level of indicators. Thus, the highest value of
0.95 (enterprises of Dniprovskyi district) causes insignificant
changes in soil pH (Fig. 9).

The lowest value of the acidity multiplicity of atmospheric
precipitation was determined for the enterprise for complex
maintenance of facilities (boiler house) (Podilskyi district of
Kyiv), whose production activities are a source of technogenic
impact, and is equal to 0.76.

The last indicator included in the structure of the general-
ized environmental quality indicator is the effectiveness of the
environmental program of enterprises in terms of the waste
management system. Based on our research and mathematical
data processing, we calculated the normalized value of the
separate indicator “Waste — EEq(Was)” (Fig. 10).

The graphical interpretation of the separate indicator
“Waste — EEq(Was)” shows that the enterprise for the pro-
duction of tools and equipment for measurement, research
and navigation (Dniprovskyi district of Kyiv) has a normal-
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Fig. 9. Comparative analysis of individual factors of the unify-
ing indicator EEq(pH) (Decoding of symbols is shown in
Table 1)
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Fig. 10. Analysis of a separate indicator “Waste — EEq(Was)”
(Decoding of symbols is shown in Table 1)

ized value of 1, which indicates the effectiveness of the new
technologies being introduced in the waste management sys-
tem. The enterprises operating in Podilskyi, Pecherskyi,
Darnytskyi, and Solomianskyi districts of Kyiv are charac-
terized by the value of the indicator “Waste — EEq(Was)” of
less than 0.6.

Thus, the results of the above studies of the aggregate and
individual indicators that make up the generalized environ-
mental quality indicator (E£Eq) were combined and presented
in Table 3 and Fig. 11.

According to the calculations of the aggregate indicator
“Atmospheric air — EEqg(Air)”, it can be noted that the three
studied enterprises have almost the same level of air quality
control. The value of the aggregate indicator for the enterpris-
es of Holosiivskyi, Obolonskyi and Podilskyi districts is 0.78,
0.77 and 0.78, respectively.

According to the normalized values of the aggregate indi-
cator “Water bodies — EEq(W)”, it was established that the
environmental program of the enterprises of Desnianskyi and
Obolonskyi districts is being implemented and is aimed at the
effective implementation of its goals in a timely manner to re-
duce environmental impact. The minimum normalized values
(below 0.53) of the aggregate indicator “Water bodies —
EEq(W)” were found at the enterprises of Pecherskyi and Po-
dilskyi districts of Kyiv.

To remedy the situation, it is necessary to review the
EMS environmental program and adjust the tasks and mea-
sures, their timing, and consider opportunities to improve
the production activities of enterprises through the intro-
duction of innovative environmental and economic tech-
nologies.

Summarizing the research and calculations, the normal-
ized value of the generalized environmental quality indicator

Table 3

Results of calculating the aggregate and individual indicators
that make up the generalized environmental quality indicator

(EEq)

é’ ? Atmospheric Water Acidity of the Waste —
<.§ E- air - bodies — medium — E EZ?wWas)
2 g EEb(Air) EEq(W) EEq(pH)

1 0.78 0.54 0.80 0.75

2 0.48 0.92 0.90 0.72

3 0.77 0.65 0.91 0.75

4 0.64 0.81 0.94 0.56

5 0.52 0.85 0.91 1.00

6 0.67 0.98 0.89 0.78

7 0.70 0.53 0.79 0.55

8 0.50 0.85 0.79 0.74

9 0.78 0.53 0.78 0.53

10 0.70 0.55 0.81 0.58
B
0,75 4-T- [ [}

I
—
—
]
]
—
[

0,50 . H ] | | -

0,25 1- Nl REEERE =

0,00 + T — -
Atmosphericair —  Water bodies —
EEb(Air) EEq(W)

Acidity of the ~ Waste — EEq(Was)
enviroment —
EEq(oH)
Number of enterprise

os B6 n7

ol m2 @3 o4 o9 @10

Fig. 11. Analysis of the study of the generalized environmental
quality indicator (EEq) by aggregate and individual indi-
cators (Decoding of symbols is shown in Table 1)

(EEq) of the studied enterprises was considered and visualized
(Fig. 12).

Thus, it was found that the highest level of the normalized
value is achieved by the enterprises of Dniprovskyi (0.82) and
Desnianskyi (0.83) districts. This indicates that the environ-
mental program and the goals and objectives specified in it
are being carefully implemented on time, which leads to a

——Level zero

——Summarizing indicator
of environmental quality

(EEq)

Fig. 12. Comparison of the values of the generalized environ-
mental quality indicator (EEq) by enterprises with a zero
level (Decoding of symbols is shown in Table 1)
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reduction in the impact of enterprises’ activities on the envi-
ronment.

The greatest negative impact on the environment is caused
by the activities of enterprises in Pecherskyi, Podilskyi and
Solomianskyi districts. This information is confirmed by the
normalized values of the generalized environmental quality
indicator — 0.64, 0.66 and 0.66, respectively.

Conclusions and prospects for further development in this
field. The conducted experimental studies of the generalized
indicator of environmental quality allowed us to identify the
factors that influence the effective implementation of environ-
mental and organizational changes during the implementation
of the EMS at enterprises engaged in various types of econom-
ic activity in ten administrative districts of Kyiv. The graphical
interpretation of the results allowed visualizing the results of
calculations of both individual factors and a generalized indi-
cator of environmental quality using an experimental and sta-
tistical model. The analysis of the research results showed the
dependence of the environmental quality indicator on the im-
plemented environmental protection measures and the fulfill-
ment of the goals and objectives of the environmental program
of the enterprise.

It has been established that enterprises that have imple-
mented EMS are constantly working to reduce air pollutant
emissions, introduce new technologies into waste manage-
ment systems, and develop and improve water treatment sys-
tems. Nevertheless, it was noted that most enterprises are
rather slow in reducing air pollutant emissions, which leads to
the lack of a tangible effect in reducing environmental impact.

Based on the analysis of the EMS documentation, the ac-
tual fulfillment of the goals and objectives of the environmen-
tal program of enterprises, based on the calculations of the
experimental studies and their visualization, it was found that
the effectiveness of the EMS functioning is related to the pro-
fessionalism of the management and the working group in the
development, implementation and operation of the EMS and
depends, in particular, on:

1) quality of the preliminary environmental analysis of the
company’s activities;

2) professionalism in determining the environmental as-
pects of the company’s activities and the impact of its activities
on the environment;

3) clarity in the formulation of the company’s environ-
mental policy;

4) thorough training and education of employees in the
basics of environmental management;

5) measurability of the goals, objectives and implementa-
tion of the company’s environmental program.

Thus, assessing the effectiveness of the EMS of enterprises
operating in various sectors of the economy and taking correc-
tive measures can improve the level of environmental safety of
cities and regions of Ukraine.
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Mera. Po3pobka 6ararodakropHoi Momesi i OIliHI0-
BaHHS piBHS e(DeKTUBHOCTI (DYHKIIOHYBAHHS CUCTEMU €KO-
JIOTIYHOTO MEHEKMEHTY MiANPUEMCTB Y 3aJI€XKHOCTI Bil pe-
3yJIbTATUBHOCTI MPOBENEHUX OpraHi3aliiiHUX MPUPOIO0XO-
POHHUX 3aXO/iB.

MeToauka. 3arpornoHOBaHO il BUKOPUCTAHO aBTOPChKUIA
METOJ BU3HAUEHHST KOMIUIEKCHOTO KPUTEPil0 KOHTPOIIO i-
€BOCTi CUCTEMM €KOJIOTIYHOTO MEHEIKMEHTY, 110 XapaKTe-
pu3ye epeKTUBHICTh (DYHKIIIOHYBaHHS Ta BU3HAYa€ PiBEHb
€KOoJIOriyHOI Oe3neku minnpueMcTB. s BupilieHHS mo-
CTaBJIEHNX 3aBAaHb TAKOX 3aCTOCOBYBATN KOMITJIEKCHUI Me-
TOM, JOCIIIKEHHS, 1110 BKJIIOYAB aHaJli3 Ta y3araJbHEeHHS Jii-
TepaTypHUX i MATEHTHUX KEPeT, MPOBEAeHHS aHATITUIHUX,
€KCIMepUMEHTAIbHUX NOCTIIKEeHb i3 BUKOPUCTAHHSIM METO-
NIiB KOMIT IOTEPHOTO i MAaTeMaTUYHOTO MOJIETIOBAHHS.

Pe3yabraTu. BinnosinHo 1o mpoBeaeHUX MOCTIIXKEHb i
pO3paxyHKiB y3arajbHIOBAJIbLHOTO iHAMKATOpa SIKOCTi 10-
Bkt — 0,64; 0,66 Ta 0,66 HaWOILIBIIMIT HeraTMBHUI
BIUIMB Ha HAaBKOJIMIIHE CEPEIOBUIIE CIPUUUHSIE [islib-
Hictb minnpuemctB Ileuepcbkoro, [loaminbcbkoro it
Conom’ssHCbKOTO paiioHiB M. KuiB BignmosinHo. OTpuMani

laHi CBigyaTh MPO B3aJIEXKHICTh MiX Ppe3yJbTaTUBHICTIO
BMPOBAIXKEHUX MPUPOJOOXOPOHHUX 3aXOMiB (EKOHOMIsT it
pallioHaJibHe BUKOPUCTAHHS PECYPCiB, 3aCTOCYBaHHS MPU-
POIOOXOPOHHUX TEXHOJIOTIH, MiABUIIIEHHS KBaTidikaliii Ta
€KOJIOTIYHOT KOMIIETEHTHOCTI MpaliBHUKIB) i piBHEM
e(eKTUBHOCTI (DYHKIIIOHYBaHHSI CHUCTEMM €KOJOTiUHOIO
MEHEIKMEHTY MiANPUEMCTB.

HaykoBa HOBU3HA. Y pe3ysbTaTi MPOBEIEeHUX AOCTiIKEHb
i3 BUKOPUCTaHHSIM (DaKTUYHUX JAHUX YIepIle 3arpornoHo-
BaHa CHCTeMa IMOKA3HUKIB y3aralbHIOBAJIBHOTO iHAMKATOpA
SIKOCTi TOBKiJUISI, IO JO3BOJISIE BU3HAYATU €KOJIOTIYHY Ji€-
BiCTb i PE3yJbTATUBHICTb YMPOBAIKEHUX MPUPOTOOXOPOH-
HUX 3aXO[iB JIJIsI OLiHIOBaHHS €(PEKTUBHOCTI (DYyHKIIIOHYBaH-
HSI CUCTEMU €KOJIOTIYHOTO MEHEIKMEHTY MiAIIPUEMCTBA.

IIpakTHyHa 3HAYMMICTB. 32 pe3yIbTaTaMU TOCTiIKEeHb 3a-
MPOITOHOBAHO CIOCIO OlLIiHIOBaHHSI €(DEKTUBHOCTI (DYHKIIIO-
HYBaHHSI CUCTEMU €KOJIOTIYHOTO MEHEIKMEHTY TiAnpu-
€MCTB LIUISIXOM BU3HAUEHHSI y3arajibHIOBAJIbHOTO iHAMKATO-
pa SKOCTi AOBKUUISI B YaCTHMHi 3MEHUIEHHSI HEraTUBHOTO
BIUIMBY JisUIbHOCTI MiANPUEMCTBA HA HABKOJIMIIHE CEPelo-
Bule. Taka cucTeMa OLiHKM JOIMOMOXE KEepiBHULITBY ITill-
MPUEMCTBA OMEPATUBHO 3aIlPOBAIKYBATH KOPUTYBJIbHI il
IJIs1 TTIOKpallleHHs €(heKTUBHOCTI CUCTEMM €KOJIOTiYHOTO Me-
HEIXKMEHTY I MiABUILIEHHSI PiBHS €KOJOTTYHOI O€3MeKH.

KiniouoBi cioBa: cucmema ekonoeiunoeo MmeneodcMeHmy,
AKicmb 008K, NPUPOOOOXOPOHHI 3aX00U, eKoaoeiuHa be3ne-
Ka, nionpuemcmeo
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