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S u m m a r y .The article reviews the main features of 
the existing methods for assessing occupational risk and 
issues with their improvement. 
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INTRODUCTION

Academician-Secretary of Economical 
department in NAS of Ukraine V. Heyets in 
his report "Prediction of scientific, 
technological and innovational development: 
the state program of Ukraine and the world 
experience" (2006) at the XXI Kyiv 
International Symposium on Science and the 
scientific and technological forecasting, 
defining the picture of the day on the economy 
of our country in terms of technological level, 
said that the third and the fourth technological 
modes are now dominant in Ukraine, and the 
leader countries develop the fifth and the sixth 
ones, and stated that the facts are retarded by 
two technological modes [9]. Speaking of 
technological perspective in comparison with 
developed countries, the creation of one post 
in the field of high-tech economy is 100 
thousand dollars currently. To accelerate the 
transition to the innovative economical 
background that will be competitive, we must 

multiply this amount by million potential 
workers, that results in a multibillion dollar 
amount Ukraine doesn’t dispose of, so this is 
inappropriate. And to ensure the economical 
growth it is possible to use both: the actual 
domestic resources and the ones coming from 
abroad.

Concerning forging production (FP) the 
usage of obsolete and worn-out equipment 
should be considered as a necessity, but not to 
the detriment of security staff, accuracy, 
product quality and competitiveness. The 
results of studies carried out in developed 
countries show the relevance of the problems 
associated with impact on harmful and 
dangerous production factors (HDPF). And 
engineering production focuses on rolling, 
forging and pressing shops, including issues 
like the effects and preventive measures 
against the negative influence of noise 
[31,28,32,8,20], increased by smoking [24,18], 
dust [15,29,7,16] local high temperature 
thermal radiation directly and in combination 
with work intensity and stress [5,1,4]. To do 
this, the International Labour Organization in 
1999 introduced in the Directive or the so-
called "technical and hygienic management of 
hygienic monitoring employees» ILO OSH 
72 [12], which requirements must be 
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performed in the study of the negative impact 
of poor conditions. 

So nowadays the issues of creating safe 
working conditions for people with limited 
economic opportunities become topical. 
Therefore, the continuous improvement of 
safety management system (SMS), as required 
by European standards [21, 22], from the point 
of view of prevention occupational injuries 
and diseases can provide such decisions made 
that would already lead to significant social 
impact. This willl happen when the 
development of safety measures are based on 
the use of quantitative risk indicators of 
workers’ health with the specifications such as 
technology, equipment, building and planning 
solutions to industrial districts and objective 
human capabilities etc. At present a qualitative 
transition minds of ordinary workers and 
employees to accept existing for more than 20 
years thesis in developed countries, that 
absolute security does not exist [2,17,34], is 
required. Therefore, improvement of SMS 
based on social-hygienic monitoring and 
evaluating production risk in enterprises, will 
help not only to establish parameters HDPF in 
job evaluation, but also to make prediction and 
prevention measures based on health 
occupational diseases and injuries. 

It is necessary to note the major 
contribution to improving the methodology of 
production risk by scholars, such as V.Vlasov, 
S.Belov, G.Hohitashvili, M. Izmyerov, 
V.Minko, G.Faynburg, G.Suvorov, 
K.Tkachuk, P.Pashkovskyi, O.Zaporozhets, 
V.Sevrikov, Y.Bulgakov, A.Belikov, V.Kuzin, 
V.Holinko, O.Izmailova, M.Dulyasova, 
O.Golyshev, A.Fomochkin, I.Panfyerova, 
O.Kruzhylko, O.Revuk, Y.Glebova, 
O.Levchenko and others. 

OBJECTS AND PROBLEMS 
The analysis indicates the need to 

improve existing methods for assessing 
working conditions and production risk, 
including and forging shops that have the 
worst HDPF in the engineering industry. 

Materials and findings. Impact on people 
in a production environment HDPF always 
represents a risk. The current concept of 
production risk is a common belief system and 

theoretical propositions about the possible 
diversion of health as a consequence of it’s 
influence. Despite the differences in the 
approaches and methods of evaluation, taking 
into account the specific features of traumatic 
risk occupations aimed at assessing human 
health due to the recommendations [20,22], it 
should be simultaneously in three areas (Fig. 1). 

At that they are linked, and their joint 
implementation aloows to find a definition of 
risk hazard class conditions (2–valid, 3.1–3.4–
bad, 4–dangerous) for their health "Public 
health standards microclimate production 
facilities" PHS 3.3.6.042-99 [26] and "safety 
classification of work in terms of 
environmental hazard and danger of 
environmental factors, severity and intensity of 
the work process" EH 3.3.5-8.6.6.1 -2002 [10], 
through an assessment of the working 
conditions and health workers. In the first area 
of risk assessment the data, obtained as a result 
of job evaluation as well as special studies of 
HDPF and conditions, is used.  

Fig. 1. Production risk assessment scheme 

However, this method of assessing 
production risk loses its relevance due to the 
fact that the European standards [21,22] 
indicate its definition as a possible loss. 

Over the past 15 years in Russia, 
compared to Ukraine, much more research has 
been done, that formed the basis of a number 
of regulations relating to various aspects of the 
production risk. And the approach mentioned 
in [13] allows a graphical method (Fig. 2) for 
determination of the occupational diseases risk 
depending on length of service of the 
employee, that is rediscovering probation areas 
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risk. Using this method Cr (category of risk) 
for diagnosed cases of occupational diseases 
and Cs (category of severity) in April are 
determined via Table. 1 and 2. 

Fig. 2. Graphical interpretation of probation areas of 
occupational diseases (possible cases in %), where the 
zones: A – Safe, B – terminal, C – dangerous 

Table 1. Category of risk for diagnosed cases of 
occupational diseases and their characteristic features 

Category Cr 

Probability, % 

Diagnosed cases of 
occupational diseases 

Diagnosed cases of 
early symptoms 

1 >10 >30 

2 1-10 3-30 

3 <1 <3 

Table 2. Category of severity for occupational diseases 

Categor Cs 
Category of severity based on medical prognosis 

and eventual forms of disability. 

1
Disability that progresses even without further 
exposure and causes a change of profession 

2
Permanent incapacity for work or need to change
the profession 

3 Constant moderate disability 

4
Heavy temporary disability or sick leave for 
more than 3 weeks 

5 Moderate disability or sick less than 3 weeks 

Defined in the tables 1 and 2, the value 
of Cr and Cs allow you to deduce suggested in 
[13] the so-called single numerical indicator of 
risk:

CsCriir

1
,                      (1) 

which takes into account the probabilistic 
measure of risk along with the severity of 
occupational disease. And reciprocal value of 
the product Cr Cs can qualitatively and 
quantitatively evaluate its features as an 
integrated parameter that varies for one disease 
ranging from 0 to 1, i.e. 0 < iir <1. Table 3 
shows the interrelation between classes of 
working conditions in [11] with the same 
numerical measure of risk iir where "MTD 
level" stands for the level of morbidity with 
temporary disability and T indicates a change 
in biological age relative to passport.

Table 3. Performance of occupational risk assessment 

Hygienic 
assessment of 

working
conditions 

according to 
D 2.2.755-99 

(D 2.2.2006-05) 

Medical and biological indicators 

Indicator iir MTD level augmentation, 
years 

Harmful  
(grades 3.1-3.2) 

<0,3 
More than 

average 
Up to 3-5 

Especially harmful 
(grades 3.3-3.4) 

0,3-1 High 5-10 

Dangerous
(extreme) (Class 4)

>1 Very high >10 

In mentioned study [3] it is suggested to 
use the total risk summary, while the influence 
of several HDPF: 

n

i
ir

sum
ir i

ii
1

,                    (2) 

where: n – number of simultaneously 

active HDPF, 
iiri – risk performance for the i-th 

factor. 
But approaches to defining risk are 

outdated because they take into account the 
negative effect of HDPF on a person as effects 
that have occurred with sufficiently large 
intervals. Besides, they ignore the intensity of 
the process, equipment depreciation, resulting 
in increase of factor of severity – Fs, of the 
growing parameters of HDPF. 

And what about the so-called "Delayed" 
negative effect of HDPF when it’s 
manifestations occur late in time, but the 
effects are rapid and severe. That is, this 
method can not correctly determine the risk of 
professional morbidity. 
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There is another known method for 
assessing the risk of occupational diseases 
with regard to length of service for a particular 
region [30]. Its basis is a mathematical model 
based on Ferhyulst’s equations for various 
occupational diseases that allows to 
approximat the empirical dependence, 
obtained in their analysis. In particular, the 
regression equation was obtained according to 
the accumulated probability P of vibration 
disease on length of service in years X for 
grinders, operating under the influence HDPF 
for metalworking enterprises in St. Petersburg:  

)16,019,2(101

98 ,              (3) 

where: 98, 2.19 and 0.16 – parameters of 
equations that determine the type of 
dependence.

This method allows to determine via the 
equation the 25% th and 50% of the risk and 
the average length of time before the official 
registration of occupational diseases that the 
exposure to the risk of these options will be 
equal at the experience of 10 years - 14 years 
for 25% th and risk 12 years for 50% of the 
first, respectively. But it ignores the tensions 
of work and intensity of exposure of HDPF, 
including vibration and synergy in their 
collective action. Thus, in [23] pointed out that 
the development of vibration disease must take 
into account the effect of concomitant risk 
factors (group and individual). If, for example, 
with the acceptable vibration  and seniority  of 
10 years vibration disease probability is 1%, 
then the additional effect of noise at 100 dB 
(without MIP) should expect an increase of 
vibration disease in 1.5. With intensive 
cooling, especially with damp hands, there is 
an increased risk of 3-5. A heavy physical 
activity in the workplace (WP) with 
concomitant psychophysiological HDPF, such 
as smoking, increases the risk of vibration 
disease in approximately 2-fold. 

Besides, there is a recent increase of 
occupational diseases cases on the background 
of other existing, and the conditions of its 
occurrence and impact of the negative effect 
the above approaches do not consider. In 

practical terms, these methods do not allow to 
define the consequent risk at the design stage 
or upgrading of production processes. 

It should be noted that other methods for 
determining various indicators of risk for 
occupational diseases exist and new ones 
appear. In particular [14] determins Iod, the 
integral index of frequency and severity of 
occupational diseases in which the severity of 
the disease is estimated to 5 m categories 
based on his medical prognosis, and type of 
disability to which it leads (temporary, 
permanent, professional, general). This figure 
takes into account every case of its occurrence 
in a particular professional group: 

m

j
j

m

j
jj

od

nL

Kn

i

1

1 ,                    (4) 

where: nj – number of occupational 
diseases of j category in the group, Kj – j 
category score of occupational diseases 

severity,
m

1j
jn  – number of occupational 

diseases in all categories of severity m, L – 
number of years of observation. 

There are other developments, such as 
presented in [14,6,12] for determination the 
production risk. For example, in [12] is an 
approach to assess the occupational risk 
indicator as a temporary disability, which is 
the summary lost during the working time due 
to professional or professionally-caused 
disease. This method is more advanced 
because it determines whether total disability 
or death consequences, the study is equivalent 
to 6,000 man-days of disability. This allows to 
determine the number of days of disability due 
to known percentage of disability. Although 
these indicators are used in the famous 
methodology of assessment the levels of 
occupational risk in terms of health (Table 4) 
in the Russian Federation as a temporary 
standard [33], we can conclude that they are 
comprehensive, such as the above reasons in 
particular, "delayed" effect. 
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Table 4. Criteria of occupational risk in terms of health 

 Performance 

Levels of occupational risk 

Minimum Low Average 
More than 

average 
High Very high 

1
Classes of conditions due to the 
degree of hazard and risk 

2 3.1 3.2 3.3 3.4 4 

2 Integral performance of disability <30 30-100 101-300 301-1000 301-3000 >3000 

3
Integral performance of 
occupational diseases iir 

<0,1 0,1-0,5 0,51-1,5 1,51-5,0 5,1-15 >15 

4
Performance of occupational 
diseases iir 

<0,05 0,05-0,1 0,11-0,25 0,26-0,5 0,51-1,0 >1,0 

5
Occupational incidence (number of 
cases per 10,000 workers of the 
profession, production) for the year 

<1,5 1,6-5,0 5,1-15,0 15,1-50 >50  

6

The incidence of TD for all diseases 
(per 100 employees): 
- Cases of disability, 
- Days of disability 

66,4-72,3 

867-938

72,4-84,6

939-1081

84,7-90,7 

1082-1153

90,8-96,8 

1154-1225

96,9-102,9 

1226-1281

>102,9 

>1281

In table 4 TD stands for Temporary 
Disability 

There are other methods of determining 
the production risk, including aimed at finding 
a correlation between the levels of dependency 
SHNVCH and frequency of disease, as shown 
in [25], when the latter is determined by the 
sum of the coefficients of regression 
dependence ai, showing an increase incidence 
of each HDPF multiplied by their actual value 
xi:

nn22110 xa...xaxaay ,    (5) 

where: y – frequence of diseases. 
But, according to the formula, for setting 

via coefficients ai and Fisher's the exact 
specific contribution of each indicator HDPF 
in % to forming health indicators, it is 
necessary to have a basic value of the 

coefficient 0a , which depends on the 

production features. 
All of the noted methods are aimed at 

determination of occupational risk, primarily 
related to the possibility of occurrence of 
occupational diseases. In contrast, in 
[27,35,36] showed that professional risk R is 
composed of the risk of damage to health due 
to:

– injuries of varying severity Rin, 
– occupational diseases Rod, 

– hazardous working conditions, severity 
and intensity of the work process that has 
taken the name "hidden" risk Rhid.  

Dependence for the determination of risk 
has the form: 

hidhidodod

disdisdthdth

Y)NN(Y)NN(

Y)NN(Y)NN(R ,   (6) 

where: N – total number of employees at 

the station, NNdth , NNdis , NNod  and 

NNhid   - the frequency of damage to health 

from the deadly consequences, of the disability 
for one day or more, of the occurrence and 
frequency of occupational diseases and for 
working in hazard classes 3.1 ... 4 during the 
year, respectively, Ydth, Ydis, Yod and Yhid - 
damage to health in the such cases. 

The mentioned hazard classes of work 
conditions correspond to the operating in 
Russia normative document [11], which 
provides a universal scale (Table 5) for 
assessment the damage injury conditions 
depending on the class of hazard. 

Thus, the last of the method allows to 
determine the integral index of occupational 
risk R, which is a combination of actual and 
hidden risk of injury as a result of professional 
activities. And because the value of the loss of 
the last HDPF and conditions are determined 
by the reduction in days of life (24 hours), then 
the loss of fatal injury or disability for a day or 
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more and occupational diseases can be 
expressed in the same units. And from the 
days of disability it’s possible to transfer to the 
definition of occupational risk in monetary 
terms. This method represents a significant 
step forward, as it eases the adaptation of 
normative documents that are being adopted 
both in Russia and Ukraine, according to the 
requirements of the European standard 
[21,22]. It, unlike others, takes into account 
the risks of injury, occupational diseases and 
also a work injury. 

Table 5. Scale of loss injury, depending on the class of 
hazard conditions 

The degree of 
hazard conditions 

according to D 
2.2.013-94 

Term reduction of life,  
days per year 

Range Average 

1 3.1 2,5-5,0 3,75 

2 3.2 5,0-12,5 8,75 

3 3.3 12,6-25,0 18,75 

4 3.4 25,1-75,0 50,0 

5 4 >75,0  

CONCLUSIONS 

1. This research determines that all of the 
methods of assessment determine the 
performance of production risk by the impact 
of HDPF on the human body. At the design 
stage of various stations, shops and when they 
upgrade, retooled they can not give the correct 
answer to what would be a professional risk at 
a particular workplace or even at the station. 
They do not consider how the range and 
degree of deterioration of equipment and 
physiological feature of the employees affect.  

2. During the intensification of 
production with new technologies with 
simultaneous operation of morally and 
physically obsolete equipment, it is necessary 
to improve existing methods and approaches 
for the determination of production risk, 
thereby, instead of ever increasing damage 
compensation for injuries and occupational 
diseases, to direct funds sprecifically for 
technical upgrading and improvement of 
cultural production and the creation of healthy 
and safe working conditions. 
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