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Purpose. To improve the process of assessing occupational risks caused by hazardous working conditions, taking into account
the exposure of hazardous factors, as a quantitative characteristic of the intensity and duration of the hazardous factor, and the
available results of certification of workplaces in terms of working conditions.

Methodology. Theoretical studies are based on the use of the basic provisions of probability theory, methods of mathematical
modeling, statistical processing of indicators of occupational morbidity and methods of risk assessment by constructing a matrix
of consequences/likelihood according to the ISO 31010:2013 standard.

Findings. A matrix of consequences/likelihood for assessing the overall occupational risk to the health of employees caused by
hazardous working conditions is proposed, which includes five indicators characterizing the severity of the consequences, and five
indicators characterizing the probability of an event (qualitative and score ones). The peculiarity of the matrix is that the probabil-
ity score directly reflects the multiplicity of exceeding the permissible values of hazardous production factors established by regula-
tory legal acts which characterize working conditions.

Originality. A new approach to determining the seriousness of the consequences of hazardous production factors has been
proposed, which consists in taking into account the regularities of occurrence of occupational and work-caused morbidity of work-
ers and the existing mechanisms for its prevention. The relationship between the prevalence of certain types of occupational mor-
bidity of workers and specific working conditions (exposure to factors of the production environment) has been established.

Practical value. The results of the study allow employees of safety departments to assess the overall occupational risk to the
health of employees, caused by hazardous working conditions, directly on the basis of the available cards of working conditions
obtained as a result of certification of workplaces on working condition. Based on the results of the assessment, it is possible to
determine the permissible time of the employee’s work in hazardous working conditions, for which the permissible value of the risk

of occupational disease is not exceeded.
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Introduction. According to the International Labor Organi-
zation, about 2.8 million people die annually in the world as a
result of exposure to hazardous and harmful production factors
persons [ 1]. It is characteristic that the mortality rate of workers
from occupational diseases is more than 6.5 times higher than
the mortality rate from occupational injuries [1]. This indicates
the low effectiveness of measures and means to prevent the oc-
currence of occupational diseases. One of the reasons for this is
the imperfection of existing approaches to assessing occupa-
tional risks caused by hazardous working conditions.

The concept of risk is now extremely widely used in all
spheres of economic activity, including to assess the current
state of working conditions and safety in the workplace and
forecast their changes in the implementation of safety mea-
sures and means, the economic feasibility of measures aimed
at improving the safety of equipment and the introduction of
new safe technological processes.

According to DSTU ISO 45001:2019 [2], occupational
health and safety risk is defined as a combination of the prob-
ability of occurrence of a hazardous event or work-related im-
pact and the severity of the injury and deterioration of health
that may be caused by the event or impact.

The risk management process is widely used in occupation-
al health and safety management systems to substantiate man-
agement decisions to reduce the level of injuries and occupa-
tional diseases [3, 4]. There are a significant number of different
approaches to risk management, the choice of which for organi-
zations is not limited by law [5, 6]. An important condition for
choosing one or another approach is its effectiveness and com-
pliance with the working conditions at a particular facility.

In accordance with DSTU ISO 45001:2019 [2], certain re-
quirements for the risk management procedure are established
for occupational health and safety management systems. It is
usually carried out in several steps: identification of dangerous
and hazardous factors, determination of the consequences of
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their impact on employees, risk assessment, justification of pre-
ventive and protective measures, verification and improvement
of the previous stages [7, 8]. To do this, the employer must have
reliable and reasonable ways to identify risks in each workplace,
as well as be able to analyze and, accordingly, manage them.
The variety of hazard manifestations corresponds to the va-
riety of risk assessments, which is reflected in their classifica-
tion. In the field of risk analysis, depending on the purpose, a
wide variety of criteria are used, according to which their clas-
sification is carried out [9]. In the field of occupational health
and safety, the concepts of occupational risk and occupational
risk are widely used. According to DSTU 2293:2014 [10], pro-
duction risk is defined as the probability of damage to the
health of an employee in the course of employment, damage to
property, the environment, which is caused by the harmfulness
and/or danger of production and technological processes. Oc-
cupational risk, according to the current Hygienic Classifica-
tion of Work [11], is the probability of violation (injury) of the
employee’s health, taking into account the severity of the con-
sequences due to the adverse effects of factors of the produc-
tion environment and the work process. The latter concept is
harmonized with the concept of risk defined by international
standards [2]. This leads to the fact that now the main focus is
on the assessment and management of production risks.
Literature review. General requirements and recommenda-
tions for risk assessment in the occupational health and safety
management system are set out in DSTU IEC/ISO 31010:2013
Risk management. Methods of general risk assessment (har-
monized with IEC/ISO 31010:2009) [12]. The risk assessment
process is defined as the sequential execution of the stages of
identification, analysis and determination of risk. Identifica-
tion is the process of identifying, recognizing, and describing
risks. Analysis is the process of determining the nature and
level of risk. Risk analysis consists of determining the conse-
quences and their probabilities in relation to identified risk
events, taking into account the availability and effectiveness of
safety measures, as well as the level of risk. In this case, the
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level of risk is determined by a combination of results regarding
the probability and consequences of the identified events [12].

In accordance with this, risk assessment is a thorough
study of the factors that, under certain conditions, can cause
harm, in order to assess the sufficiency of decisions already
taken or the application of additional precautions aimed at im-
proving working conditions and safety. To do this, the employ-
er must have reliable and reasonable ways of determining oc-
cupational risk in each workplace, as well as be able to analyze
and, accordingly, manage them.

DSTU IEC/ISO 31010:2013 [12] provides examples of
more than twenty different methods that are recommended for
general risk assessment and signs of choice of assessment
methods. It should be noted that in order to assess risks using
most of these methods, employees need to have a thorough
training in mathematics and probability theory. Therefore, for
the risk assessment process, expert methods should be used in
the form of separate methods and their combinations accord-
ing to the criteria of applicability [13].

In scientific publications on occupational risk assessment,
the consequences/likelihood matrix and the “Bow Tie” model
are often used [14, 15].

Scales for consequences/likelihood can have 3, 4, 5 or
more levels. To rank risks, first find a sign of a consequence,
and then determine the probability with which this conse-
quence occurs.

Also, according to the ISO 31010 standard, two types of
risk indicators can be used for risk analysis in occupational
health and safety management systems: quantitative or quali-
tative (for example, low risk, tolerable, significant, critical,
catastrophic or other similar assessments). Occupational safe-
ty and health specialists mostly use expert methods for obtain-
ing estimates based on the analysis of the values of frequency
and cost risk indicators and subjective risk perception.

The analysis of scientific publications devoted to the issues
of occupational risk assessment shows a fairly significant num-
ber of them. This is primarily due to the lack of uniform simple
methodological approaches that can be used to assess occupa-
tional risks. It is necessary to highlight one more characteristic
feature identified in the process of analysis. It lies in the fact that
the authors mainly pay attention to the assessment of occupa-
tional risk caused by the impact of hazardous production factors
on workers, and in the analysis of occupational risk caused by
hazardous production factors, similar approaches are used [4].

For example, the matrix of consequences/likelihood for
assessing occupational risk caused by hazardous working con-
ditions, which is given in [4], includes six qualitative indicators
that characterize the severity of consequences, and six qualita-
tive indicators that characterize the probability of an event. At
the same time, both the severity of the consequences and the
probability of occurrence of occupational diseases were deter-
mined on the basis of the value, level or magnitude of the haz-
ardous factor. This approach is valid for random (stochastic)
events, when the severity of the consequences and the proba-
bility of the event are independent indicators. In this case, the
severity of the consequences and the probability of the event
are not independent events.

As a rule, consequences/likelihood matrices [12] contain a
scoring and/or qualitative risk assessment and, accordingly, a
scoring and/or qualitative assessment of the severity of conse-
quences and the probability of events. At the same time, the
value of the risk score depends on the adopted scale for conse-
quences and probabilities. In different organizations, in the
practical application of the matrix of consequences/likelihood
for risk assessment, there are quite different scales for assessing
consequences and probabilities. The most commonly used
scales are linear with a change in scores, for example, in the
range from 1 to 5. In this case, the maximum score correspond-
ing to the critical risk is 25 [4]. When using other scales for scor-
ing assessing consequences and probabilities the maximum risk
score is sometimes in the tens of thousands. All this requires ad-

ditional calculations to determine the level of risk in the gener-
ally accepted range of scales, i.¢. from 0 to 1, or from 0 to 100 %.

When assessing the severity of the consequences of expo-
sure of workers to hazardous production factors, exposure to
hazardous factors is practically not taken into account. At best,
the exposure of factors taken into account is reduced to deter-
mining the frequency of exposure of the type: daily, shift-
based, sometimes, often, etc.

The analysis carried out shows the presence of a number of
unresolved issues in the practical use of methods for assessing
occupational risks caused by hazardous working conditions.
This requires the development of a one-size-fits-all approach
that simplifies the procedure and can quickly adapt to specific
working conditions.

Purpose. The aim of the article is to improve the process of
assessing occupational risks caused by hazardous working
conditions, taking into account the exposure of these factors,
as a quantitative characteristic of the intensity and duration of
the hazardous factor, and the available results of certification
of workplaces in terms of working conditions.

Methods. To improve the process of assessing occupation-
al risks caused by hazardous working conditions, analytical
methods, methods of probability theory, statistical processing
of indicators of occupational morbidity and methods of math-
ematical modeling and well-known approaches according to
the ISO 31010 standard for risk assessment by building a ma-
trix of consequences/likelihood were used in the work.

Results. The analysis of scientific publications devoted to
the assessment of occupational risks shows that there are cur-
rently no uniform methodological approaches that can be
used to assess occupational risks caused by hazardous working
conditions. However, there is a clear understanding of what
risks are to be assessed and why it is necessary to assess them.
There are two main tasks that necessitate the assessment:

- assessment of the general occupational risk to the health
of employees, working conditions, i.e. possible consequences
of the negative impact of hazardous factors on the health of
employees to substantiate preventive measures and choose ar-
eas of investment in safety;

- assessment of the individual risk of occupational disease
of employees caused by hazardous factors, in order to substan-
tiate preventive measures to prevent them.

Assessments of both the general occupational risk to the
health of workers and the individual risk of occupational dis-
ease should be based on the available, usable materials of the
study of working conditions. The calculated expressions
should not contain indicators, the determination of which re-
quires additional studies of working conditions. Therefore, the
information basis for the calculation of occupational risk
caused by hazardous working conditions should be the materi-
als of certification of workplaces in terms of working condi-
tions — a card of working conditions.

It is expedient to assess the overall occupational risk using
a sufficiently tested and accepted method for use in the EU
countries according to the ISO 31010 standard, by construct-
ing a matrix of consequences/likelihood [12], the essence of
which is to establish the seriousness of the consequences of the
impact of hazardous factors on the human body and deter-
mine the probability of possible damage to health. The magni-
tude of the risk will be equal to

R=S"P,

where R s the risk; S — severity of consequences; Pis the prob-
ability of possible damage to health.

Taking into account the fact that occupational and work-
related diseases arise as a result of constant long-term expo-
sure of workers to hazardous production factors, the assess-
ment of occupational risk caused by hazardous working condi-
tions should be carried out on the principles based on causal
rather than probabilistic relationships. Such an assessment
should take into account the fact of constant (long-term) im-
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pact of hazardous factors of production on employees (expo-
sures), the number of personnel working in the area of expo-
sure to hazardous factors, the type of hazardous factor and its
ability to cause irreversible changes in the employee’s body
that lead to occupational diseases, the severity of diseases and
other indicators that characterize working conditions.

The probability of possible damage to health in this case can
be assessed directly by the results of certification of workplaces
in terms of working conditions. According to the ISO 31010
standard for risk analysis, two types of indicators can be used in
occupational health and safety management systems: quantita-
tive or qualitative (e. g. probability of possible damage to health:
exceptional, unlikely, moderate, probable, high probable).
When assessing the overall occupational risk to the health of
employees, it is advisable to use a probability score, which, on
the one hand, reflects the level of excess of hazardous factors of
their maximum permissible concentrations (MPC) or levels for
the relevant class of working conditions, and on the other hand,
makes it possible to directly determine the generalized level of
environmental risk in the generally accepted range of scales
(from 0 to 1, or from 0 to 100 %) without additional calcula-
tions. Based on this, Table 1 provides a recommended score for
the probability of possible damage to health.

The peculiarity of the given point assessment of the prob-
ability of damage to health is its bringing in line with the mul-
tiplicity of exceeding the maximum permissible concentra-
tion, levels and other characteristics of working conditions
determined by the current hygienic classification [11].

Determination of the seriousness of the consequences of
hazardous factors should be carried out taking into account
the quantitative indicators of the occurrence of occupational
and work-related morbidity of workers and the possibility of
its prevention. This is possible by analyzing the prevalence of
certain types of occupational diseases in different occupational
groups characterized by specific working conditions, taking
into account the exposure of workers to hazardous factors of
the working environment. At the same time, it is necessary to
take into account both the type of hazardous factor and their
total number (according to which working conditions are clas-
sified as hazardous of a certain class and degree) and the direc-
tion of action. Based on this, Table 2 provides a recommended
qualitative and point assessment of the severity of the conse-
quences of hazardous factors depending on the possible dam-
age to health. This issue needs further clarification from the
point of view of occupational medicine.

Fig. 1 shows the matrix proposed by us for assessing the
overall occupational risk to the health of employees caused by
hazardous working conditions. In this case, the matrix of conse-
quences/likelihood includes five indicators that characterize the
severity of the consequences, and five indicators that character-
ize the probability of the event (qualitative and score ones). The
peculiarity of the matrix is that the scoring assessment of prob-
ability directly reflects the multiplicity of excess of the concen-
tration of harmful substances, or the value of the indicator that
characterizes the impact on the employee of other factors estab-
lished by regulatory legal acts of permissible values (MPC, lev-
els, etc.). This approach to determining the probability score is

based on the assumption of a linear dependence of the probabil-
ity of occurrence of occupational diseases on the magnitude of
the hazardous factor, which is largely valid and is characteristic
of factors with a cumulative effect, that is, if they can accumulate
and sum up in the employee’s body. Thus, based on the results
of studies of the impact of dust on the risk of pneumoconiosis
occurred, the Instruction for measuring the concentration of
dust in mines and accounting for dust loads was developed [16].
According to this instruction, the risk of pneumoconiosis in
miners is determined by the magnitude of the dust load. In turn,
the dust load on the body of coal mine workers depends linearly
on the average variable concentration of dust in the air of the
working area and the operating time under such conditions.

This approach makes it possible to assess the generalized
level of environmental risk to the health of employees, ex-
pressed as a percentage or in fractions of one, directly from the
results given in the matrix. Filling in the matrix is feasible for
safety departments’ employees and is carried out according to
the available cards of working conditions, obtained as a result
of certification of workplaces in terms of working conditions.

Another important task, which necessitates the assess-
ment of occupational risks caused by hazardous production
factors, is the assessment of the individual risk of occupation-
al disease of employees, in order to justify preventive measures
to prevent them.

Approaches to assessing the individual risk of an occupa-
tional disease differ significantly from the approaches to risk
assessment according to the ISO 31010 standard [12], includ-
ing our proposed approach to assessing the generalized level of
environmental risk to the health of workers. The main differ-
ences are as follows:

Firstly, occupational diseases caused by the influence of haz-
ardous production factors occur to a greater extent under the
influence of their deterministic effects, rather than probabilistic,
which is characteristic of injuries. Therefore, forecasting of oc-
cupational morbidity indicators, in contrast to forecasting the
consequences of exposure to dangerous factors, should be based
on principles based on causal rather than probable relationships.

Secondly, in the very term “risk of occupational disease”
there is already a consequence of the influence of hazardous
production factors — an occupational disease. That is, such a
component of expression (1) as § — the severity of the conse-
quences, is a priori known and given.

According to our recommended assessment of the conse-
quences of hazardous production factors, the most serious
consequences occur under the influence of harmful substances
of hazard class 1, 2 and harmful substances of mainly fibro-
genic action, which are characterized by cumulative effects.
Among them, a special place is occupied by dust of predomi-
nantly fibrogenic action, as a result of which up to 70 % of se-
vere occupational diseases occur in Ukraine.

The method for assessing the individual risk of occupa-
tional disease can be based on the approaches to determining
the risk of occupational diseases of dust etiology proposed in
[9]. The essence of which lies in the fact that occupational dis-
eases occur to a greater extent under the influence of determin-
istic effects. Such effects are observed when exposure to a haz-

Table 1

Recommended score of the probability of damage to health depending on the class of working conditions

Multiplicity of exceeding the maximum permissible concentration of harmful
Class of workin substances, times [11] . e
conditions ¢ chiefly general toxic effects general toxic effects Scoring Qualitative indicator

fibrogenic action of 1, 2 hazard classes of 3, 4 hazard classes

Accepted <MPC <MPC <MPC 1 exceptional

hazardous 3.1 1.1-2.0 1.1-3.0 1.1-3.0 2 unlikely

hazardous 3.2 2.1-5.0 3.1-6.0 3.1-10.0 5 moderate

hazardous 3.3 5.1-10.0 6.1-10.0 10.1-20.0 10 probable

hazardous 3.4 >10.0 10.1-20.0 >20.0 20 highly probable
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Table 2

Qualitative and point assessment of the severity of the
consequences of hazardous production factors is

recommended
Severit;
Type and total number of hazardous Y
; . of consequences
factors according to which the class of Ttati
working conditions is determined Qua'ltatlve Scoring
indicator
Meteorological conditions, light insignificant 1

environment, aeroionization, hard work,
etc. (when determining the class for one
factor, as a result of which severe
occupational diseases do not develop)
Meteorological conditions, light small 2
environment, aeroionization, hard work,
etc. (when determining the class according
to several factors, as a result of which severe
occupational diseases do not develop)

Harmful substances of 3, 4 hazard classes,
noise, vibration (when setting the class by
one factor)

Harmful substances of 3, 4 hazard classes,
noise, vibration (when establishing a class
for several factors)

moderate 3

significant 4

Harmful substances of 1, 2 hazard classes, | unbearable 5
harmful substances of predominantly

fibrogenic action

20 |highly probable:| 20
;.S 10| probable 10
=}
3
|5 | moderate 5
=
g 2 unlikely 2 | 4 6| 8 |10
1 [ exceptional 1 2 31415
= s
RISK Sl e |82
LOW b= = o] = s
_ =) g ] ‘g b
MEDIUM 2 @ 2 15) g
HIGN | i - 2
CRITICAL 1 2 3 4 15
Severity of consequences

Fig. 1. Matrix for assessing the general occupational health risk
of workers in hazardous working conditions

ardous factor exceeds a certain value, which is called a thresh-
old. The greater the threshold, the greater the risk of disease.
Based on this, occupational diseases do not occur when the
exposure to the hazardous factor is insignificant, and when the
threshold is exceeded, there is a linear relationship between
the severity of the consequences and the exposure to the haz-
ardous factor (Fig. 2).

Risk

The area of

small exposures

where the risk a
is zero

0 Threshold exposure
is possible

Exposure to a
harmful factor

Fig. 2. Correlation of occupational disease risk with exposure to
hazardous factor:

a — linear-non-threshold dependence; b — by linear-threshold de-
pendence

Taking into account the fact that, according to [11], occu-
pational diseases do not occur under accepted working condi-
tions, the possible threshold exposure to a hazardous factor
can be estimated by calculating the actual value of exposure to
this factor under accepted working conditions (i.e., provided
that the maximum permissible concentration is not exceeded)
for the entire possible period of the employee’s work. Obvi-
ously, the results of such a calculation will depend on the indi-
vidual characteristics of the employee, the severity of the work,
as well as the presence and number of other impacts on the
employee’s health. With the current state of research on the
impact of hazardous factors on the risk of occupational dis-
ease, it is almost impossible to reliably establish a threshold
exposure. Therefore, the definition of risk can be based on a
non-threshold dependence, according to which any exposure
to a hazardous factor causes a certain risk, and the value of risk
linearly depends on the size of the exposure.

Despite the insufficient validity of the linear-non-thresh-
old dependence of the risk of occupational disease on the ex-
posure of a hazardous factor, based on the preventive nature of
this approach, it is legitimate to assess the risk of occupational
disease in proportion to the exposure.

Taking into account the above, we will consider the issue of
assessing the individual risk of occurrence of such a common
occupational disease in workers as pneumoconiosis. Studies of
the impact of dust on the risk of pneumoconiosis in coal mine
workers made it possible to establish a critical dust load for
various types of dust (breed, coal), at which the probability of
disease occurrence reaches 5 %, which are given in the Instruc-
tions for measuring the concentration of dust in mines and ac-
counting for dust loads [16]. When determining the actual dust
load of employee D (grams) in accordance with this instruction
[16], the average variable concentration of dust in the air of the
working area C (mg/m?), the volume of pulmonary ventilation
QO (m*/min), the duration of the work shift # (min) and the
number of worked work shifts NV are taken into account. The
dependence for calculating the actual dust load is as follows

D=0.001kCQOzN,

where k is a coefficient that takes into account the presence of
a dust respirator.

‘When calculating the actual dust load, difficulties arise due
to the lack of reliable information on the average variable dust
concentration in the air of the working area, since now, due to
the lack of controls, the measurement of the average variable
dust concentration is not carried out. Under specific produc-
tion conditions and the stability of the duration of operations
of the technological process, it is expedient to experimentally
establish the ratio between the maximum one-time and aver-
age variable dust concentration, and in the future not to carry
out a rather complicated procedure for determining the aver-
age variable concentration, but to calculate it based on the re-
sults of certification of workplaces in terms of working condi-
tions, taking into account this ratio.

In the paper [9], taking into account the recommendations
of the instruction [16], under the conditions of performing
work of medium severity, it is proposed to calculate the indi-
vidual risk of occurrence of occupational diseases of dust etiol-
ogy according to the expression

_10°%bkC,, N

t
pl D mot

c

> (1)

where b is the ratio between the maximum one-time and the
average variable dust concentration, determined by the results
of studies of specific production conditions and the duration
of operations of the technological process; C,,,, — maximum-
one-time maximum permissible concentration of dust; D, is
the critical dust load (the dust load at which the probability of
occupational disease reaches 5 %), g.
The coefficient k in the calculation can be defined as
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k=—,
K

p

where K, is the respirator protection factor.

Taking into account the proposed approaches, an assess-
ment of the general occupational risk to the health of employ-
ees of working conditions and an assessment of the individual
risk of occupational disease in employees are carried out to
justify preventive measures to prevent them. The assessment
was made for the following conditions:

- hazardous factor — coal-rock dust with free silicon diox-
ide content, 5—10 %;

- maximum one-time dust concentration — 100 mg/m?;

- the ratio between the maximum-one-time and average-
variable dust concentration is 0.5;

- maximum permissible concentration — 4 mg/m>.

The assessment was carried out in the absence of personal
protective equipment (PPE) for respiratory organs, and under the
condition of using dust respirators of different protection classes
[17]. With the use of effective PPE, the impact of the hazardous
factor on health decreases, as a result of which working conditions
can be assessed as less hazardous (according to the certificate of
conformity for PPE), but not lower than degree 3.1 of class 3 [11].

The results of the calculation of the total occupational risk
to the health of employees of working conditions are given in
Table 3. At the same time, the value of the permissible risk of
occupational disease is less than 1 %, and the value of D, for
this type of dust is borrowed from [16] and is 510 grams.

For the specified hazardous working conditions in Table 3
also shows the estimated value of the permissible working time
of employee T (years) at different lengths of the work shift, at
which the risk of occupational disease does not exceed the per-
missible value. The calculation of T is performed according to
expression (2), obtained on the basis of expression (1), pro-
vided that the number of shifts worked during the year is 250.

40D K
T=_""cp
bC t

mot

2

From the above example, it follows that when an employee
works in hazardous working conditions of degree 3.4, the overall
occupational risk to the health of employees is critical, and its
score reaches the maximum possible value. The individual risk
of occupational disease in employees during an 8-hour shift after
the first year of work in such conditions exceeds the permissible
value. When using dust respirators with protection class Pl1,
when working conditions can be assessed as harmful degree 3.3,
the impact of dust on health is reduced, but the occupational
risk to the health of workers remains critical, and its score is
halved. The individual risk of occupational disease in employees
reaches an acceptable value after 3 years of work in such condi-
tions. A high overall occupational risk to the health of workers
remains even with the use of respirators with protection class P2,
when working conditions can be assessed as hazardous to degree
3.2. To prevent the development of occupational diseases, the
permissible duration of work in this case should not exceed 10
years for an 8-hour shift and 13.5 years for a 6-hour shift.

With the use of PPE with protection class P3, working con-
ditions can be assessed as hazardous to class 3.1 class 3 [11]. In
this case, the individual risk of occupational diseases of dust
etiology during any possible duration of the employee’s work
does not exceed the permissible value. The overall occupational
risk to the health of employees is medium, and its score remains
quite high. This is due to the fact that dust respirators with half
masks and full face masks with class P3 filters have a high initial
breathing resistance and are quickly clogged with dust, and this
leads to an even greater increase in filter resistance [17]. There-
fore, even in moderate work, their use leads to overwork of
workers and a significant decrease in their ability to work [18].
There have been cases of short-term displacement of the respi-
rator by workers to restore breathing. It is obvious that the only
possible way to reduce the overall occupational risk to the
health of employees in this case is the introduction of effective
means of collective protection, and the use of PPE is a justified
measure only if it is impossible or economically inexpedient to
provide acceptable working conditions by other measures.

The given assessment of the individual risk of occurrence of
an occupational disease of dust etiology was carried out by us in
the presence of one hazardous factor — dust, provided that the
risk of occupational disease is determined on the basis of expo-
sure to a hazardous factor. At the same time, there are certain
difficulties in recognizing the cumulative effect of some hazard-
ous factors [19], which requires the need to clarify the above ap-
proach or develop new approaches to assess the individual risk of
occupational diseases under their action. Attention should also
be paid to the peculiarities of individual risk assessment with the
combined impact of a number of hazardous factors on employ-
ees, taking into account the complexity of the assessment of the
joint action and the complexity of processing the initial data,
especially with a significant number of impacts [20—22].

Conclusions. The proposed methodological approach to
the assessment of occupational risks caused by hazardous
working conditions, based on taking into account the exposure
of hazardous factors, as a quantitative characteristic of the in-
tensity and duration of the hazardous factor, allows taking into
account the regularities of formation of occupational and pro-
duction-caused morbidity of workers, as well as the existing
mechanisms for its prevention.

Two main tasks have been allocated which necessitate the
assessment of occupational risks caused by hazardous working
conditions, this is the assessment of the general occupational
risk to the health of workers, working conditions, which is
necessary to substantiate preventive measures and choose di-
rections for investment in safety, and to assess the individual
risk of occupational disease in employees, to substantiate pre-
ventive measures to prevent them.

To assess the overall occupational risk, a matrix of conse-
quences/likelihood is proposed, which includes five indicators
that characterize the severity of the consequences, and five in-
dicators that characterize the probability of an event (qualita-
tive and point), the peculiarity of which is that the point as-
sessment of probability directly reflects the multiplicity of ex-
ceeding the permissible values of the factors established by
regulatory legal acts, which characterize working conditions.

Table 3

Results of the assessment of the general occupational risk to the health of employees, working conditions and individual risk of
occupational disease in employees

. - Permissible working time 7, years

Hazardous Coon Coper Protection Class of Scoring of Qualitative

factor mg/m? b mg/m? classesof | K, work overall risk | assessment of " 5

respirators condition overall risk 8 hours shift 6 hours shift
dust 100 0.5 4 — — 3.4 100 critical 0.8 1.1
dust 100 0.5 4 P1 4 3.3 50 critical 34 4.5
dust 100 0.5 4 P2 12 3.2 25 high 10.0 13.5
dust 100 0.5 4 P3 50 3.1 10 middle — —
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The basis for determining the risk of individual risk of oc-
cupational disease is the linear-non-threshold dependence of
the risk value on the exposure to the hazardous factor, accord-
ing to which any exposure to a hazardous factor causes a certain
risk, and the risk value linearly depends on the exposure value.

An example of assessment of the general occupational risk to
the health of workers of working conditions and assessment of
the individual risk of occurrence of occupational diseases of dust
etiology is given, in order to substantiate preventive measures for
their prevention, which can be carried out directly on the basis
of available cards of working conditions obtained as a result of
certification of workplaces in terms of working conditions.
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Oco0mBocTi OIIHKK MpodeciiiHnX pU3MNKiB
3a IKiJIMBUX YMOB Mpai

B. I. Toainvko®, B. A. 3abenina

HauionanebHuii TeXHiYHUIN yHiBepcuTeT «/IHiMmpoBchKa 1o-
JitexHika», M. JlHinpo, Ykpaina
ABTOp-KOpecIoHIeHT e-mail: golinkongu@gmail.com

Meta. YaocKOHaJeHHS TIPOIIECY OLIiHKU MpodeciitHuX
PU3UKiB, 3yMOBJICHUX IIKiIUTABUMY YMOBaMU TIpalli, 3 ypaxy-
BaHHSIM €KCHO3MLIT IIKIiITUBUX (PaKTOPiB SIK KiJbKICHOT Xa-
PaKTepUCTUKU IHTEHCUBHOCTI Ta TPUBAJIOCTI Hii IIKiIJIMBOTO
dakTopy, Tak i HasgBHUX pe3yJbTaTiB arecTallii poOOYMX
MiCIIb 32 yMOBaMU TIpAIli.

Meronuka. TeopeTnuHi JOCTIIKEHHSI Oa3ylOThCSl HA BU-
KOPUCTaHHI OCHOBHMUX IOJIOKEHb TEOPii KMOBIPHOCTi, METO-
JIiB MAaTEMaTUYHOTO MOJEJIIOBAHHS, CTAaTUCTUYHOI 00poOKa
MOKa3HUKIB MpodeciiiHOI 3aXBOPIOBAHOCTI ¥ METOAUKU
OLIIHKM PU3UKIiB IUISIXOM MOOYI0BU MaTpUIli HACTiIKiB/iMO-
BipHOCcTeit 3a ctanaaptom [SO 31010:2013.

Pesynbrati. 3anporioHoBaHa MaTpulIs HACIiIKiB/iMOBIp-
HOCTE# TSI OILHIOBAHHST 3arajlbHOTO TPOGECiiiHOTO PU3HKY
TSI 3MI0POB’SI MpalliBHUKIB, 00YMOBJIEHOTO IIKiITUBUMU YMO-
BaMU TIpalli, sTka BKITIOYAE IT’SITh TTOKa3HUKIB, 10 XapaKTepU3y-
I0Th CEPHO3HICTh HACIIKIB, i IT’SITh TMTOKA3HMKIB, 110 XapaKTe-
PU3YIOTh IMOBIPHICTh TOMIT (SIKiCHUX i 6a1bHUX). OCOOIUBICTIO
MaTpHulli € Te, 10 0abHa OLliHKA TMOBIPHOCTI O€3ITocepeIHbO
BilmOOpaXkae KpaTHICTb TIEPEBUIIICHHS TOITyCTUMUX 3HAYEHb,
BCTaHOBJICHUX HOPMATHMBHO-IPABOBUMU aKTaMU IIKiIJIABUX
BUPOOHUYMX YMHHMKIB, 110 XapaKTePU3yIOTh YMOBH TTpalli.

HaykoBa HoBu3HA. 3aITpONIOHOBAHO HOBUHA ITiAXiM 10 BCTa-
HOBJICHHSI CEpIO3HOCTI HACTIKIB [Tii NIKiJUTMBUX BUPOOHUUUX
YUMHHMKIB, 1110 TIOJIATAE B ypaxXyBaHHi 3aKOHOMipHOCTEI BU-
HUKHEHHS MpodeciitHoi il BUpOOHNYO-3yMOBJIEHOI 3aXBOPIO-
BaHOCTI ITpaLliBHUKIB i HASBHUX MEXaHi3MiB ii IToIrepeKeHHS.
BcTraHoBiieHO 3B’130K MOLIMPEHOCTi MEBHUX BUIIB podeciii-
HOI 3aXBOPIOBAHOCTI MPALiBHUKIB i3 KOHKPETHUMU YMOBAMU
npatli (€KCIO3UIIEI0 YNHHUKIB BUPOOHUYOTO CepeOBUILIA).

IIpakTiyna 3HaYMMicTh. Pe3ynbTaTil mMpoBeaeHOro 10CTi-
IKeHHST JI03BOJISIIOTH TpAIliBHUKAM CITy>KO OXOPOHM TIpalli
OLIIHUTU 3arajbHuii MpodeciitHnii pU3uK IS 3M0POB’ S TIpa-
LIIBHUKIB, 00YMOBJIEHUI IKiJIMBUMU YMOBaMU Tpalli, 6e3-
MOCePEeNHbO 3a HASBHUMU KapTaMyu YMOB TIpalli, OTpMMaHM-
MM 3a pe3yJibTaTaMu aTtecTallii poooumnx Micllb. 3a pe3yJbTa-
TaMM OLIIHKY MOXJIMBO BU3HAYUTU AOMYCTUMUIL Yac poOOTH
TpaIiBHUKA Y ITKiUTMBUX YMOBAX TIpalli, 3a KW He TIepeBU-
LIIYETHCS TOMYCTUME 3HAUCHHS PU3UKY BUHUKHEHHS pode-
CilfHOTO 3aXBOPIOBAHHSI.

KirouoBi cioBa: npogeciiine 3axeoproeants, puzux, wkio-
AUBULL BUPOOHUMUI YUHHUK, YMOBU NPAYL, eKCNO3UUis
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