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A B S T R A C T
Indicators, different in terms of nature and grading scales, are used to recognise 
hazardous and harmful factors that affect human health. However, no single 
methodology is available for their assessment, and the variety of qualimetric 
assessment methods requires in-depth research, in part on optimality and efficiency. 
Therefore, this work aimed to conduct several scientific studies to obtain the results of 
the assessment in unified units of measurement, which would provide a generalised 
indicator of harmful factors at the workplace. The article proposes to use dependencies 
to assess indicators of harmful factors, considering the maximum, minimum, and 
optimal values as well as the shape parameter, the change of which produces various 
assessments in a dimensionless scale. A hierarchy analysis method was used to obtain 
reliable values with a small number of experts and determine the form parameter. 
These efforts resulted in the value of the overall index for harmful factors, which serves 
as grounds for decisions regarding further improvements in working conditions. The 
developed methodology was used to assess the safety of working conditions at  
a machine-building enterprise, and the results are presented in the article.
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Introduction

The quality of our life, in general, is determined by 
many factors, such as education, the state of healthcare, 
freedom of speech, and occupational safety. The 
national occupational safety situation is indicative of 

the public attitudes towards such most significant val-
ues as human life. Based on international experience,  
a work organisation that ignores occupational safety 
requirements undermines the economic efficiency of 
enterprises and cannot be the basis for a sustainable 
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development strategy. The UN concept of “sustainable 
human development” considers work safety as one of 
the basic human needs. It is, therefore, urgent to ensure 
occupational safety at the stages of product design, 
manufacture, and operation and develop technologies 
that are safe for the life and health of the employees. 
Safe working conditions demand a constant process of 
their assessment, analysis and continuous manage-
ment.

Occupational safety management aims to develop 
a system of measures that provide objective informa-
tion about a managed asset, aiming to develop and 
adopt managerial decisions required to make it safer. 
Effective management requires more advanced and 
cost-effective methods of information collection and 
processing. 

In practice, the assessment of working conditions 
is reduced to the identification of work-related harm-
ful and dangerous factors, and the establishment of the 
quantitative degree of work-related health risks. To 
accurately predict and minimise harmful and danger-
ous factors, it is necessary to carry out their assess-
ments, which must be quantified. Therefore, there is  
a need for research and development of modern man-
agement solutions aimed at enhancing the protection 
of employees from harmful factors, including the 
improvement of methods for assessing working condi-
tions and the search for new criteria. Thus, the article 
aims to develop a quantitative evaluation method for 
the safety of working conditions.

1. Literature review

As is widely known, the process of work involves 
factors related to the environment and processes that 
can affect health. However, a complete exclusion of 
unfavourable factors from the production environ-
ment is impossible even in industries with advanced 
process technologies, modern equipment, high pro-
duction culture and excellent medical care. For exam-
ple, mechanical engineering is characterised by a large 
number of work-related and occupational diseases, 
such as sensorineural hearing loss, vibration disease, 
pneumoconiosis, dust bronchitis, musculoskeletal dis-
orders and peripheral nervous systems diseases (Suu-
ronen et al., 2007; 	 Azizi, 2010; Bonner, 2010). 
Therefore, their assessment is urgent aiming to predict 
and prevent harmful and dangerous production fac-
tors.

In a company, the occupational protection and 
risk management system is a part of the overall man-
agement system, which functions to increase the level 

of safety at work, to reduce, prevent and eliminate 
exposure to hazardous factors and to manage risks 
associated with hazards (Holubova, 2016).

Tabor (2018) argued that the development of 
health and safety management systems and the ten-
dency to integrate them with other management sys-
tems in the company create serious requirements for 
assessing their effectiveness. The researcher proposed 
to use the Gray System Theory (GST), Simos procedure 
at the stage of determining the weights of individual 
elements pertaining to the health and safety manage-
ment system, as well as the method of arithmetic mean 
at the stages of aggregation assessment. 

The assessment, analysis and management of 
occupational safety risks have become a relevant prob-
lem, and given its complexity and multidimensionality, 
its solution is in high demand. Several publications 
have been devoted to the issues of risk assessment in 
the field of occupational health and safety (Ramos et 
al., 2020; Rosa et al., 2015; Tchiehe & Gauthier, 2017; 
Silva et al., 2019; Nordlöf et al., 2017; Kim et al., 2019; 
Bianchini et al., 2017; Barb & Fita, 2019; Darabont et 
al., 2017; Saracino et al., 2016). An analysis of scientific 
papers showed the lack a sound mathematical appara-
tus, expert decisions, and a single approach to hazard 
assessment. Regression models used for a mathemati-
cal analysis are ineffective, and scientific approaches 
are organisational in nature.

Zavadskas and Turskis used the multicriteria 
ARAS method to assess the microclimate in an office 
building. The ARAS method is based on quantitative 
measurements and the theory of practicality. In this 
method, the value of the auxiliary function determines 
the relative effectiveness of the alternative compared to 
other alternatives. This auxiliary function is directly 
proportional to the relative result of the criteria values 
and the weight significance of the criterion in question. 
The usefulness of using an alternative is determined by 
comparing the option with the ideally best alternative.

Ginevičius et al. (2015) studied features pertaining 
to the assessment of quality management systems. The 
researchers developed a set of dependencies between 
individual indicators of the process quality and their 
values on a dimensionless scale. This combination 
allowed a quantitative assessment of the quality of 
processes and permitted to consider the diversity of 
indicators and the significance of processes.

Trisch et al. (2016) proposed to assess the quality 
management system at the operational stage by assess-
ing a set of interrelated processes, that is, to combine 
assessments of various processes in one data set and to 
assess it as a whole. According to researchers, the pro-
cedure increases the amount of information about the 
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assessment of the quality of the system as a set of pro-
cesses, which allows evaluating the entire system with 
greater objectivity and reliability. Aiming to solve this 
problem, the authors proposed statistical methods 
with non-parametric statistics, since non-parametric 
statistical data do not require to know the law of distri-
bution of random values, but more statistical data that 
can be provided by combining assessments of quality 
processes.

Ginevičius and Podvezko (2007, 2008) used mul-
ticriteria methods for quantitative assessment of the 
quality of processes, which allow bringing their indica-
tors to one dimension. The authors confirmed the 
SAW (simple additive weighing) method as the sim-
plest and most widely applicable. This method aims  
to determine individual quality indicators and the val-
ues of their weights and then determine the integral 
value.

The multicriteria TOPSIS assessment method is  
a technique for order of preference by similarity to 
ideal solution (Ginevičius & Podviezko, 2013; 
Ginevičius et al., 2014). The main idea of the method is 
to separately assess the remoteness of indicators from 
the initially determined ideal and anti-ideal points, 
and then to convert these two indicators into one gen-
eral assessment (Šimelytė & Antanavičienė, 2013; 
Beinoraitė & Drejeris, 2014).

Different authors (Krivka, 2014; Brauers et al., 
2014; Hashemkhani et al., 2015) used such multicrite-
ria methods as PROMETHEE (preference ranking 
organisation method for enrichment evaluation), 
MOORA (multi-objective optimisation method by 
ratio analysis), WASPAS (weighted aggregated sum 
product assessment) to assess various social objects, 
including processes in organisations.

The analysed assessment methods have been used 
to assess the quality of products and various processes 
of the quality management system. Therefore, the lit-
erature review confirmed the relevance of the study 
aimed at developing methods for assessing the safety of 
working conditions in the workplace.

2. Research methods

The definition of the overall index of harmful fac-
tors in the workplace is associated with obtaining  
a single assessment that quantitatively expresses safety 
through its individual indicators. The following must 
be done to find it:
•	 to establish the characteristics to be assessed;
•	 to determine the frequency of monitoring and 

measurement of indicators of harmful factors;

•	 to determine the maximum and minimum 
acceptable value of each harmful factor indica-
tor;

•	 to define the optimal value of each harmful fac-
tor indicator;

•	 depending on the optimal value of a single indi-
cator, to determine the group, to which this 
indicator of harmful factors belongs: 
- a group of indicators of harmful factors, in which 

the optimal (the best) value is directed to the 
lower limit of acceptable values, in accordance 
with regulatory requirements, e. g., vibration, 
noise etc. In this case, the less these indicators, 
the better;

- a group of indicators of harmful factors, in which 
the optimal (the best) value is directed towards 
the middle of the range of acceptable values, 
according to regulatory requirements, e. g., air 
temperature.

Considering that different groups of indicators of 
harmful factors have different optimal values, the 
authors of this article propose building dependencies 
for each group, which would allow unifying the system 
of dependencies to determine the assessment of any 
indicator. This type of dependency was first used by 
Dieringer (1980) for the optimisation of technological 
processes and by Gorbenko (2013) for the assessment 
of quality management systems. However, the authors 
of this article believe that their application in terms of 
determining the shape parameter is not perfect, which 
is the most important factor in the optimality of their 
application in practice. Below, this type of dependency 
is examined and applied to evaluate indicators of 
harmful factors.

The dependence is proposed to obtain an assess-
ment of indicators of harmful factors on a dimension-
less scale (from 0 to 1):

)r(0

1
minimaxi

minii
q qq

qqS
















−

−
=

maxii

maxiimini

minii

qq
qqq

qq

≥
<<

≤

  (1) 

   (2) 

 
 
 𝑄𝑄𝑄𝑄 = �∏ 𝑆𝑆𝑆𝑆𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑛𝑛𝑛𝑛

𝑞𝑞𝑞𝑞=1
𝑛𝑛𝑛𝑛  (5) 

 
 1

𝑄𝑄𝑄𝑄
= 1

𝑛𝑛𝑛𝑛
∑ 1

𝑆𝑆𝑆𝑆𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞
𝑛𝑛𝑛𝑛
𝑞𝑞𝑞𝑞=1  (6) 

 
 𝑄𝑄𝑄𝑄 = 1

𝑛𝑛𝑛𝑛
∑ 𝑆𝑆𝑆𝑆𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑛𝑛𝑛𝑛
𝑞𝑞𝑞𝑞=1  (7) 

 
 

0

)r(

maxii

maxii

)r(

minii

minii

q

qt
qq

qt
qq

S























−
−









−
−

=

maxiimini

maxiii

iimini

qqq
qqt

tqq

>>
≤<

≤≤



















nn3n2n1n

n3333231

n2232221

n1131211

aaaa
aaaa
aaaa
aaaa

(1)

where qi — the actual value of the harmful factor indi-
cator; qimin — minimum value of the harmful factor 
indicator; qimax — maximum value of the harmful fac-
tor indicator; r — shape parameter that changes the 
shape of the dependency.

If the shape parameter r is changed from 0.1 to 
unity in increments of 0.2, then the dependencies will 
be curved upward, and if the shape parameter is 
changed from 1 to nine in increments of 2, then the 
dependence will be concave down (Fig. 1).
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Fig. 1. Indicators of harmful factors, in which the optimal (the best) value is directed to the lower limit of the tolerance field, 

e. g., local vibration, no more than 0.2 m/s2 

 

 
Fig. 2. Optimal (the best) harmful factor indicator goes to the middle of the range of acceptable values (air temperature) 

 
 

 
Fig. 3. Chart depicting the passage of time and the change in humidity indicators for 31 days 

0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

0,8

0,9

1

0 0,02 0,04 0,06 0,08 0,1 0,12 0,14 0,16 0,18 0,2

As
se

ss
m

en
t o

f i
nd

ic
at

or
 o

f h
am

fu
l f

ac
to

r, 
S

Local vibration, m/s2

r=0,1

r=0,3

r=0,5

r=0,7

r=0,9

r=1

r=3

r=5

r=7

r=9

0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

0,8

0,9

1

13 13,6 14,2 14,8 15,4 16 16,6 17,2 17,8 18,4 19

As
se

ss
m

en
t o

f i
nd

ic
at

or
 o

f h
am

fu
l f

ac
to

r, 
S

Air temperature, ℃

r=0,1

r=0,3

r=0,5

r=0,7

r=0,9

r=1

r=3

r=5

r=7

r=9

0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

0,8

0,9

1

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

S q

Numbers of dayПоказатели влажности воздуха
Relative humidity indicators 

Fig. 1. Indicators of harmful factors, in which the optimal (the best) value is directed to the lower limit of the tolerance field, e. g., local 
vibration, no more than 0.2 m/s2

If the optimal (the best) harmful factor indicator is 
the middle of the limit of acceptable values, then the 
dependence will look as follows:
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where ti — the middle of the limits of permissible val-
ues.

In this case, the dependency system will have the 
form shown in Fig. 2.

The result is a system of dependencies that allows 
obtaining assessments of indicators of harmful factors 

on a dimensionless scale. Next, the positive aspects of 
the dependency system should be considered. Firstly, 
these dependencies have a shape parameter that allows 
to change its shape and to choose the most suitable 
option for each indicator. Secondly, the proposed 
dependencies consider the maximum, minimum, and 
optimal value of the harmful factor indicator, as well as 
do not require manual adjustment of the rating scales. 
Thirdly, the simplicity of the models allows putting 
them into practice without special knowledge, which is 
particularly valuable when assessing the indicators of 
harmful factors in the workplace.

Aiming to transfer single different-sized indica-
tors of harmful factors into a single dimensionless 
scale and to find a quantitative assessment, it is neces-
sary to determine the dependence. The choice of one of 
ten dependencies is influenced by many factors, 
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Fig. 2. Optimal (the best) harmful factor indicator goes to the middle of the range of acceptable values (air temperature) 
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Fig. 2. Optimal (the best) harmful factor indicator goes to the middle of the range of acceptable values (air temperature)
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Similar matrices are constructed for paired 
comparisons at the second level and with respect to 
the common goal at the first level and the third level 
with respect to the criteria of the second level. The 
general significance of the solution (𝑋𝑋𝑋𝑋𝑖𝑖𝑖𝑖 =

𝑎𝑎𝑎𝑎𝑗𝑗𝑗𝑗
𝑆𝑆𝑆𝑆

, where  
S is the sum of the assessment vectors) is found by 
obtaining the components of the eigenvector of the 
matrix as the geometric average of the row  
(𝑎𝑎𝑎𝑎𝑗𝑗𝑗𝑗 = �𝑎𝑎𝑎𝑎11𝑎𝑎𝑎𝑎12𝑎𝑎𝑎𝑎13𝑎𝑎𝑎𝑎1𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 ). A feature of this method is 
the built-in criterion for the quality of work 
performed by the experts — the consistency index. 

One of the averages (arithmetic, geometric, 
harmonious) can be used to find the overall index of 
a harmful and dangerous factor, which makes it 
possible to bring together individual assessments. 
Determining the geometric mean value will give an 
assessment of occupational safety zero if one of the 
indicators is zero, and a unit, that is, the maximum 
value, can be obtained only when all unit indicators 
are equal to one. In this case, the overall harmful 
factor indicator is calculated by the formula: 

  
 

Thus, the obtained value of the overall index of 
harmful factors provides grounds for decisions aimed 
at further improvement of the safety of working con-
ditions.

3. Results and discussion

The studies were conducted at the machine-
building plant to confirm the operability of the 
developed methodology for assessing the safety of 
working conditions. For assessment, harmful pro-
duction factors in the foundry were examined. It was 
determined that microclimate (air temperature, rela-
tive humidity, air velocity, and thermal radiation 
intensity), noise and vibration were the main harmful 
production factors in the foundry.

The values of these indicators have been meas-
ured and recorded at workplaces and in the working 
area for 31 days. A combined device FLIR EM54 was 
used to measure air temperature, relative humidity, 
and air velocity. The intensity of thermal radiation 
was measured using a thermal meter “IK-metr”. The 
noise level and general vibration were measured 
using a GM1351 digital sound level meter and an 
AR63A (GM63A) vibrometer. Permissible norms of 
harmful factors were determined in accordance with 
applicable regulatory documents.

Dependences (1), (2) were used to determine the 
assessments of indicators of harmful factors Sq on  
a dimensionless scale. To determine the shape 
parameter, according to the hierarchy analysis 
method, the following criteria were considered for 
paired comparisons: air temperature; relative humid-
ity; air velocity; the intensity of thermal radiation; 
noise; and local vibration.

The selection of criteria and paired comparisons 
involved three experts, whose quality of work  

where n — number of single harmful factor indica-
tors; Sqi — the value of the i single harmful factor 
indicators on a dimensionless scale.

The determination of the overall index can be 
carried out according to the formula of the harmonic 
mean:
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Also, the overall harmful factor indicator can be 
defined as the arithmetic mean of assessments Sqi:
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including the degree of influence on employee health, 
the complexity and specifics of the work, the period of 
the year etc. It is impossible to quantify this choice 
since each indicator has its characteristics and allowa-
ble regulatory requirements, which change over time. 
Therefore, it is necessary to turn to the theory of expert 
assessments, where decision-making is understood as 
the choice of an alternative from the set based on an 
analysis of factors or criteria.

The hierarchy analysis method (Saaty, 1980; Saaty, 
2005) based on determining the weight of objects 
using paired comparisons is proposed for the selection 
of the necessary dependence for assessing a specific 
process. This method aims to present the problem in 
the form of a hierarchy, where the problem itself is on 
the first level (substantiation of the dependence choice) 
with the most important harmful factors from the 
experts’ point of view placed on the second and the 
third hosting the parameters of the forms that should 
be assessed by characteristics of the second level. The 
criteria are compared in pairs regarding the impact on 
the final goal. The comparison uses the rating scale 
proposed by the author of the method. Based on the 
results of paired comparisons, a square matrix is con-
structed:
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Tab. 1. Results of the implementation of the methodology for assessing the safety of working conditions 

No. Indicators of harmful factors qmin qmax qopt qi r Sq

1 air temperature, °C 13 19 16 17 0.1 0.96

2 relative humidity, % 25 75 50 70 0.9 0.91

3 air velocity, m/s 0 0.5 0 0.1 0.3 0.62

4 intensity of thermal radiation, W/m2 0 140 0 94 3 0.3

5 noise, dBA 60 80 0 65 0.5 0.5

6 local vibration, m/s2 0 0.2 0 0.09 0.7 0.65

was verified using the consistency index. When  
comparing the consistency index with the average 
consistency, the consistency ratio for the 6th order 
matrix was 6%, which corresponded to the condition 
≤ 10%.

The obtained experimental values of the above 
indicators of harmful factors and the results of math-
ematical transformations using the dependence are 
shown in Table 1.

The measurements were taken over a period of 
31 days; therefore, Fig. 3 presents an example of  
a chart depicting the change in humidity depending 
on time.

Aiming to adjust the scales for each indicator of  
a harmful production factor, it is necessary to divide 
the difference between the minimum and maximum 
values by the number of intervals (ten such intervals 
in total), which is on the corresponding intermediate 
scale.

The graphic model for assessing indicators of 
harmful factors has the form presented in Fig. 4.

Since assessments of individual indicators of 
harmful factors have the same measurement scale  
(0 – 1), the overall index can be found by applying 

 
 

 
Fig. 3. Chart depicting the passage of time and the change in humidity indicators for 31 days 
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Fig. 3. Chart depicting the passage of time and the change in humidity indicators for 31 days

Q = ��𝑆𝑆𝑆𝑆𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞

𝑛𝑛𝑛𝑛

𝑞𝑞𝑞𝑞=1

𝑛𝑛𝑛𝑛

= √0.96 ∙ 0.91 ∙ 0.62 ∙ 0.3 ∙ 0.5 ∙ 0.656 = 0.61 (6)

So, with the help of addition and experts, it is 
possible to find an overall index of the safety of work-
ing conditions in the workplace to determine the 
shape parameter. Thus, the application of the devel-
oped system of relationships between individual 
indicators of harmful production factors and their 
values on a dimensionless scale provides a quantita-
tive assessment of the safety of working conditions in 
the workplace.

Based on the analysis of modern scientific 
research regarding the assessment of the safety of 
working conditions, the developed methodology 
establishes the basic principles and procedure for 
assessing safety and health at work using the devel-
oped system for dependencies of indicators of harm-
ful factors with a dimensionless rating scale. The 
technique can be applied to all enterprises and 
organisations to assess harmful and dangerous fac-
tors in industrial premises.

one of the average values. In this case, the geometric 
mean value is applied.
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Conclusions

The article described the application of a system 
comprised of ten mathematical dependencies 
between single different-sized indicators of harmful 
factors and their assessments on a dimensionless 
scale from 0 to 1, which made it possible to obtain  
a quantitative dimensionless assessment of the safety 
of working conditions in the workplace. A hierarchy 
analysis method was used to establish the shape 
parameter of mathematical dependencies based on  
a paired comparison of factors, to make a decision on 
determining safety and occupational health assess-
ments from one of ten dependencies. The developed 
technique was tested at an enterprise. The results 
confirmed that this technique could be used for  
a quantitative assessment of the safety of working 
conditions in the workplace. The obtained results 
serve as grounds for improving the system of occupa-
tional safety management in the workplace.

+ 

0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

0,8

0,9

1

As
se

ss
m

en
t o

f i
nd

ic
at

or
 o

f h
am

fu
l f

ac
to

r, 
Sr=0,1

r=0,3

r=0,5

r=0,7

r=0,9

r=1

r=3

r=5

r=7

r=9

18,7 18,4 16,3 19 16 16,6 16,9 17,2 17,5 17,8 18,1 

30 35 40 55 50 45 60 65 

 

70 25 75 

126 112 42 28 14 84 56 98 70 140 0 

68 70 72 66 64 74 76 78 62 80 60 

0,12 0,2 0,14 0,16 0,1 0,08 0,06 0,04 0,18 0,02 0 

0,2 0,4 0,35 0,15 0,1 0,05 0,45 0,3 0 0,25 0,5 

Air temperature, 
℃ 

Relative humidity, 
% 

Intensity of thermal 
radiation, W/m2 

Noise, dBA 

Local vibration, 
m/s2 

Air velocity, 
m/s 

15,7 15,4 15,1 14,8 13,6 14,5 14,2 13,9 13,3 13 

Permissible norms of harmful factors 

Fig. 4. Graphical model for assessing indicators of harmful factors

Further research should consider the assessment 
of indicators of harmful factors over time and the 
determination of their numerical characteristics 
(variance, correlation), as well as examination of 
other possible dependencies that may result in a more 
reliable assessment.
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