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At present a systemic approach based on occupational risk assessment methodology is a key to adequate detection of 

cause-and-effect relations between a disease and working conditions. 
Our research goal was to calculate and assess individual occupational health risks for operators and drivers employed 

at an oil processing enterprise. 
Our research object were parameters revealed via special assessment of working conditions and data obtained via pe-

riodical medical examinations performed on 198 operators and 160 drivers employed at an oil processing enterprise. 
A procedure for calculating individual occupational health risks took into account working conditions, individual health, 

working experience, and workers’ age. Influence exerted by working experience duration on health of workers from the exam-
ined occupational groups was estimated in three groups: working experience shorter or equal to 5 years; working experience 
equal to 6–10 years; working experience being longer than 10 years. Integral assessment of working conditions was obtained 
taking into account impacts exerted by occupational factors with different hazard categories, assessed risks of injuries and as-
sessment of workers’ protection with individual protection means. We calculated integral parameters of working conditions 
assessment, hazard parameters at workplaces, and one-number integral values of individual occupational risks. 

We determined that 91 % drivers and 34.9 % operators ran high and extremely high occupational risks of diseases; those 
risks changed individually depending on hazard occupational factors at workplaces, age, working experience, and a worker’s 
health. It was shown that high individual occupational risks were much more frequent among drivers and operators with long 
working experience (6–10 years and longer) who had III–IV health groups and worked under hazardous conditions.  

Key words: occupational hazard, integral assessment of working conditions, operators, drivers, Individual occupa-
tional risks. 
 

 
 There have been significant achieve-

ments in occupational hygiene and workers’ 
health protection that allow preventing injuries 
and morbidity among employable population. 
Despite that, a lot of industrial enterprises still 
face serious problems related to managing 
health risks for workers [1, 2]. Occupational 
risks create substantial threats for workers’ 
health and working capacities, equipment, and 
working environment; they produce adverse 
effects on competitiveness and economic per-
formance indicators in a brunch. Occupational 
diseases and industrial accidents lead to grave 
social, economic, and medical conse-
quences [3]. According to international statis-

tic data, occupational diseases and industrial 
accidents result in almost 2.5 million deaths 
per year and in more than 2.8 trillion USD ex-
penses all over the world [4]. These data 
clearly indicate that health risks for workers 
are a serious problem and are subject to proper 
regulation [5]. Raising awareness among 
workers about adverse outcomes occupational 
diseases and industrial accidents might have 
has led to more efficient implementation of 
prevention activities aimed at reducing occu-
pational health risks [6, 7]. Given that, 
OHSMS (Occupational Health and Safety 
Management Systems) are being actively im-
plemented in many countries all over the 
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world as they are an efficient tool that allows 
industrial enterprises to manage their occupa-
tional risks and to control problems existing in 
labor protection [8, 9]. Such a system focuses 
on occupational safety at workplaces whereas 
contemporary issues indicate it is also neces-
sary to take medical aspects into account [10]. 
International practices in occupational risks 
assessment and management at workplaces are 
actively involving a system for Personal Expo-
sure Monitoring; its fundamental role is to 
comprehensively assess not only physical, 
chemical, biological and ergonomic target 
threats but also medical factors determining 
how sensitive workers’ bodies are to occupa-
tional hazards [10, 11]. However, up to now 
experts have still been searching for efficient 
approaches and techniques that can be used to 
quantitatively assess occupational health risks 
for workers1 [12–14]. 

In domestic studies recently there has been 
search for efficient systems aimed at managing 
occupational health risks for workers via influ-
encing exposure to occupational factors, their 
intensity, and taking into account individual sen-
sitivity of a specific worker’s body to occupa-
tional hazards [15–17]. Quantitative calculation 
of damage to a worker’s health that can occur 
during his or her occupational activities is con-
sidered an efficient procedure within a systemic 
approach to managing occupational health risks 
at production2 [18–20]. Prediction given for 
preservation of a worker’s life span, health, func-
tional abilities, and his or her children’s health is 
considered a key criterion in quantitative health 
risk assessment3, 4. 

Our research goal was to calculate and 
assess individual occupational health risks for 
operators and drivers employed at an oil proc-
essing enterprise. 

Data and methods. Individual occupa-
tional health risks were assessed for 198 opera-
tors and 160 drivers employed at an oil process-
ing plant; the assessment was performed as per 
the procedure developed by N.F. Izmerov,  
L.V. Prokopenko, N.I. Simonova et al. (2010) 
and approved by the Scientific Council held by 
the RF Public Healthcare Ministry and Russian 
Academy of Medical Sciences «Medical and 
ecological issues for employable population» 
[20]. Individual occupational risks were calcu-
lated basing on results obtained via assessing 
working conditions at a workplace, workers’ 
health at the beginning of the year, their age 
and working experience as well as data on inju-
ries and occupational morbidity among opera-
tors and drivers. Occupational factors influenc-
ing operators and drivers were examined as pre 
data obtained via special assessment of working 
conditions and workers’ health examined dur-
ing periodical medical examinations. Influence 
exerted on health of workers from the examined 
occupational groups by length of their working 
experience was estimated in three groups, 
workers with working experience up to 5 years; 
the 2nd group, 6–10 years; the 3rd group, longer 
than 10 years. One-figure value of an individual 
occupational risk (IOR) was calculated via mul-
tiplying summed weighted values of parameters 
(working conditions assessment, operators’ and 
drivers’ working experience, workers’ age, and 
workers’ health) reduced to relative values by 
indexes showing injuries and occupational 
morbidity at workplaces (1): 

IOR = (wiKiIAWC + w3k3He + 
 + wвkвA + wсkсWE) Iin·Iom (1)  
where: 

IAWC is integral assessment of working 
conditions at a workplace; 

__________________________ 
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He is workers’ health; 
A is workers’ age 
WE is working experience; 
Iin is index showing injuries at a workplace; 
Iom is an index showing occupational 

morbidity at workplace; 
wi,w3, wв, wс are weighted coefficients that 

allow taking significance of certain parameters 
into account; 

ki,k3, kв, kсare coefficients used to recalcu-
lated parameters from their absolute values 
into relative ones. 

Integral assessment of working conditions 
(IAWC) at operators’ and drivers’ workplaces 
was performed taking into account exposure to 
occupational factors with different hazard 
categories, assessing risks of injuries, and as-
sessing workers’ protection with personal pro-
tective equipment depending on hazard index 
(HI) values as per the formula (2): 

 
100∙[(HI-1)·6+R] IAWC = 2334 (2)

 
where: 

HI is a calculated hazard index for work-
ing conditions at a specific workplace; 

R is a rank determined in accordance with 
injuries risks (IR) and protection assessment 
(PA) for a specific workplace; 

100 is a proportionality coefficient; 
2334 is a number that characterizes all 

theoretically possible combinations of HI, IR, 
and PA values. 

We calculated how hazardous operators’ 
and drivers’ working conditions were follow-
ing a certain sequence via determining total 
hazard (TH): 

 m  
TH = ∑Vi, 

 
where: 

m is a number of occupational factors ex-
isting at a workplace; 

Vi is a score number that depends on 
working conditions category for the i-th occu-
pational factor existing at a workplace. 

Then, we calculated total scores (TS) for a 
workplace: 

TS = 2·m, 

where m is a number of occupational factors 
existing at a workplace. 

Then we calculated working conditions 
hazard (WCH) as per the following formula: 

WCH (TH-TS)/2, 

where TH and TS were calculated as per the 
formulas given above, and 

2 is a coefficient equal to 2 scores and 
used to transfer Hi into a dimensionless value. 

Integral assessment of working condi-
tions gave us the following ranks for working 
conditions: 

IAWC≤0.04 means working conditions 
are acceptable; 

IAWC 0.04–0.51, hazardous; 
IAWC 0.52–1.54, extremely hazardous; 
IAWC 1.55–3.60, unacceptably hazardous; 
IAWC 3.61–7.50, dangerous; 
IAWC ≥ 7.50, extremely dangerous.  
One-figure integral values of individual 

occupational risk were estimated as per the 
following scale: 

IOR = 0.13 means low risk; 
IOR = 0.13–0.21, average risk; 
IOR = 0.22–0.39, high risk; 
IOR ≥ 0.4, extremely high risk.  
Statistical analysis was performed with 

Statistica 12/0 applied software for Windows. 
Numerical data are given as simple mean and 
its standards error (M ± m). To reveal statisti-
cally significant discrepancies between the ex-
amined groups, we applied Student’s paramet-
ric procedure with coefficient calculation and a 
non-parametric procedure with Mann-Whitney 
coefficient determination. Discrepancies were 
considered statistically significant at р ≤ 0.05. 

Results and discussion. We determined 
that integral hazard index (HI) amounted to 
1.6±1.8 scores at operators’ workplaces, and 
to 2.4±2.1 scores at drivers; workplaces 
(р ≤ 0.05) and was considered to be danger-
ous. HI was determined at operators’ work-
places by such occupational factors as micro-
climate, infrasound, and labor hardness that 
were considered to be optimal (2.0 hazard 
category) and corresponded to 6 scores; elec-
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tromagnetic radiation and noise belonged to 
3.1 hazard category (hazardous working con-
ditions) and corresponded to 8 scores; chemi-
cal factor and labor intensity belonged to 3.2 
hazard category and corresponded to 10 scores 
(Figure 1). Hazard index at drivers’ work-
places was determined by labor intensity 
(hazard category 2.0, 2 scores); microclimate, 
electromagnetic radiation, and labor hardness 
belonging to 3.1 hazard category (12 scores); 
chemical factor, noise, and infrasound (3.2 haz-
ard category, 24 scores).  

Working conditions as their integral assess-
ment (IAWC) revealed turned out to be hazard-
ous and amounted to 0.38 ± 0.0006 units for op-
erators and to 0.43 ± 0.005 units for drivers, 
р ≤ 0.05. Basing on initial data obtained via inte-
gral assessment of working conditions, workers’ 
health, age, and working experience, we calcu-
lated individual occupational risks (Figure 2). We 
determined that 55 % operators ran average occu-
pational risks; 32 %, high occupational risks; 
2.9 %, extremely high occupational risks; and 
only 10.1 % operators ran low individual occupa-
tional risks. It is important to note that 78.6 % 
drivers ran extremely high occupational risks, and 
only (% ran average risks; there were no drivers 
who ran low individual occupational risks.  

Analysis of data given in Table 1 revealed 
that individual occupational risk for workers 
from the examined occupational groups grew 
depending on their working experience in the 
sphere and at the examined enterprise. It was 
shown that individual occupational health risks 
grew for both operators and drivers as their 
working experience got longer. Thus, 64.0 % 
operators with their working experience at the 
examined enterprise being shorter than 5 years 
ran low individual occupational risks; 28.2 %, 
high risks; and only 7.8 %, high risks. There 
was a 1.2-time growth in number of operators 
running high individual occupational risks 
among those with working experience being 
form 6 to 10 years (15.1 % of the examined 
workers); and 1.9 % operators in this group 
ran extremely high occupational health risks. 
As working experience exceeded 10 years, 
there was a 2-time growth in a number of op-
erators who ran high occupational health risks. 

 

Figure 1. Weighted values of occupational factors (1) 
and hazard indexes (2) at operators’ and drivers’ 

workplaces 

 

Figure 2. Operators and drivers distributed depending 
on their individual occupational risks  

T a b l e  1   
Workers running different individual 

occupational risks and distributed depending 
on their working experience (%) 

Working experience 
Individual  

occuaptional risk 
Shorter 

than  
5 years 

6–10 
years 

≥10 
years 

Operators 
Very low – – – 
Low 64.0 22.6 31.5 
Average 28.2 60.4 35.2 
High 7.8 15.1 32.4 
Extremely high – 1.9 0.9 

Drivers 
Very low – – – 
Low – – – 
Average 24.0 15.8 3.8 
High 38.0 26.3 3.8 
Extremely high 38.0 57.9 92.4 
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Unlike operators, 76 % drivers with short 
working experience (shorter than 5 years) ran 
high and extremely high occupational risks, 
and only 24 % drivers in this group ran aver-
age occupational health risk. Occupational 
health risks for drivers also grew as their 
working experience got longer and the growth 
rate was more significant than for operators. 
Thus, 57.9 % drivers with working experience 
being 6–10 years ran extremely high occupa-
tional risks, and the figure was much higher 
(92.4 %) among drivers with working experi-
ence exceeding 10 years (Table 1).  

We determined that workers’ health was 
significant for individual occupational risk. It 
was detected that 73 % operators and 43 % 
drivers belonged to I and II health groups as 
per data obtained via periodical medical ex-
aminations (Figure 3). 

 

Figure 3. Workers distributed depending  
on their health group  

Workers from I health group didn’t have 
any complaints about their health, their case 
histories didn’t contain any data on any dis-
ease or functional disorders and periodical 
medical examinations didn’t reveal them ei-
ther. Such workers fell sick not more than 
2 times a year and it was usually a respiratory 
disease; overall duration of temporary disabil-
ity for workers from this health group 
amounted up to 7 days per year. Workers who 
had certain functional disorders and therefore 
ran a risk of a disease occurrence belonged to 
II health group; they fell sick with respiratory 
diseases more than 2 times a year, and their 
temporary disability varied from 7 to 14 days 

a year. At the same time, 43% drivers and 
23 % operators belonged to III health group. 
They all had a compensated non-communi-
cable chronic disease; they had a respiratory 
disease 2 or 3 times a year; and their tempo-
rary disability varied from 14 to 21 day. All 
this, together with impacts exerted by adverse 
occupational factors and long working ex-
perience, resulted in high and extremely high 
occupational health risks for workers form 
this health group. 

Conclusions. 
1. According to integral assessment, work-

ing conditions for operators and drivers are 
hazardous. Integral hazard index was 1.3 times 
higher for drivers’ workplaces than for opera-
tors’ ones and it was determined by such ad-
verse occupational factors as noise, infrasound, 
air being contaminated with a set o adverse 
chemicals, unfavorable microclimate, and sig-
nificant labor hardness. 

2. It was shown that 34.9 % operators and 
9% drivers ran high and extremely high indi-
vidual occupational health risk that changed 
depending on occupational factors hazards at 
workplaces, working experience, workers’ age 
and health. 

 3. Individual occupational health risks 
were more frequent among drivers and opera-
tors with long working experience, workers 
belonging to III–IV health groups, and work-
ers who were exposed to not less than 3 ad-
verse occupational factors belonging to 3.2 
hazard category. 

4. Therefore, our calculation results and 
results obtained via analyzing individual occu-
pational health risks for operators and drivers 
are a basic instrument for substantiating, de-
veloping, and selecting a sequence for imple-
mentation of managerial decisions necessary 
to reduce occupational health risks and to pre-
serve workers’ health. 

 
Funding. The research was not granted any 

sponsor support. 
Conflict of interests. The authors declare 

there is no any conflict of interests. 

 



N.P. Setko, S.V. Movergoz, E.V. Bulycheva 

Health Risk Analysis. 2020. no. 3 136 

References 

1. Integrated Occupational Safety and Health Management: Solutions and Industrial Cases. In: S. 
Väyrynen, K. Häkkinen, T. Niskanen eds. Cham, Springer International Publishing Switzerland Publ., 
2015, pp. 157–184. 

2. Bes'ko V.A., Ignatova T.V., Mekhant'eva L.E., Shabaeva O.N. Upravlenie professional'nymi 
riskami na primere promyshlennogo kompleksa [Occupational risks management at an industrial com-
plex]. Professiya i zdorov'e: Materialy V Vserossiiskogo Kongressa. Moscow, 2006, pp. 163–165 
(in Russian). 

3. Fernandez-Muniz B., Montes-Peon J.M., Vazquez-Ordas C.J. Relation between occupational safety 
management and firm performance. Saf. Sci, 2009, no. 47, pp. 980–991. DOI: 10.1016/j.ssci.2008.10.022  

4. Takala J., Hämäläinen P., Saarela K.L., Yun L.Y., Manickam K., Jin T.W., Heng P., Tjong C. 
[et al.]. Global estimates of the burden of injury and illness at work in 2012. J. Occup. Environ. Hyg., 
2014, vol. 11, no. 5, pp. 326–337. DOI: 10.1080/15459624.2013.863131 

5. Mohammadfam I., Kamalinia M., Momeni M., Golmohammadi R., Hamidi Y., Soltanian A. 
Evaluation of the Quality of Occupational Health and Safety Management Systems Based on Key Per-
formance Indicators in Certified Organizations. Saf. Health Work, 2017, vol. 8, no. 2, pp. 156–161. 
DOI: 10.1016/j.shaw.2016.09.001  

6. Beatriz F.M., Montes-Peon J.M., Vazquez-Ordas C.J. Safety management system: Develop-
ment and validation of a multidimensional scale. Journal of Loss Prevention in the process Indus-
tries, 2007, vol. 20, no. 1, pp. 52–68. DOI: 10.1016/j.jlp.2006.10.002 

7. Folch-Calvo M., Brocal F., Sebastián M.A. New Risk Methodology Based on Control Charts to 
Assess Occupational Risks in Manufacturing Processes. Materials (Basel), 2019, vol. 12, no. 22, 
pp. 3722. DOI: 10.3390/ma12223722 

8. Granerud R.L., Rocha R.S. Organisational learning and continuous improvement of health and 
safety in certified manufacturers. Saf. Sci, 2011, no. 49, pp. 1030–1039. DOI: 10.1016/j.ssci.2011.01.009 

9. Ramli A.A., Watada J., Pedrycz W. Possibilistic regression analysis of influential factors for 
occupational health and safety management systems. Saf. Sci, 2011, no. 49, pp. 1110–1117. DOI: 
10.1016/j.ssci.2011.02.014  

10. Hashimoto H., Kogi K. Handbook of occupational safety and health. Kawasaki, The Institute 
for Science of Labor Publ., 2013, pp. 1194–1197 (in Russian).  

11. Hashimoto H., Yamada K., Hori H., Kumagai S., Murata M., Nagoya T., Nakahara H., Mo-
chida N. [et al.]. Guidelines for personal exposure monitoring of chemicals: Part VI. J. Occup. Health., 
2018, vol. 60, no. 4, pp. 275–280. DOI: 10.1539/joh.2018-0121-RA 

12. Khan F., Rathnayaka S., Ahmed S. Methods and models in process safety and risk man-
agement: Past, present and future. Proc. Saf. Environ. Protect, 2015, vol. 98, pp. 116–147. DOI: 
10.1016/j.psep.2015.07.005  

13. Goerlandt F., Khakzad N., Reniers G. Validity and validation of safety-related quantitative 
risk analysis: A review. Saf. Sci, 2017, vol. 99, pp. 127–139. DOI: 10.1016/j.ssci.2016.08.023  

14. Proskovics R., Hutton G., Torr R., Scheu N.M. Methodology for risk assessment of substructures 
for floating wind turbines. Energy Procedia, 2016, vol. 94, pp. 45–52. DOI: 10.1016/j.egypro.2016.09.189  

15. Izmerov N.F. Natsional'nyi proekt «Zdorov'e» – rol' meditsiny truda [«Health» National Pro-
ject and the role occupational medicine plays in it]. Meditsina truda i promyshlennaya ekologiya, 
2007, no. 12, pp. 4–8 (in Russian). 

16. Izmerov N.F. Otsenka professional'nogo riska i upravlenie im – osnova profilaktiki v med-
itsine truda [Occupational risk assessment and management as a basis for prevention in occupational 
medicine]. Gigiena i sanitariya, 2006, no. 5, pp. 14–16 (in Russian). 

17. Maksimov M.S. Healthy worker effect in epidemiological researches. Meditsina v Kuzbasse, 
2015, vol. 14, no. 2, pp. 10–16 (in Russian). 

18. Setko A.G., Nazmeev M.A., Setko N.P., Lutoshkina A.S. Methodical approaches то an esti-
mation of a functional state of organs and systems of workers at individual professional risk prognosis. 
Okhrana truda i tekhnika bezopasnosti v uchrezhdeniyakh zdravookhraneniya, 2012, no. 1, pp. 33–37 
(in Russian). 



Analysis of individual occupational health risks for workers with basic occupations typical for oil processing enterprises    

ISSN (Print) 2308-1155    ISSN (Online) 2308-1163    ISSN (Eng-online) 2542-2308 137

19. Movergoz S.V., Setko N.P., Setko A.G., Bulycheva E.V. Evaluation of occupational risk for 
health of operators of petrochemical production and their physiological and hygienic stipulation. 
Gigiena i sanitariya, 2016, vol. 95, no. 10, pp. 1002–1007 (in Russian). 

20. Goryaev D.V., Tikhonova I.V., Kir'yanov D.A. Industrial enterprises and health risk catego-
ries. Gigiena i sanitariya, 2017, vol. 96, no. 12, pp. 1155–1158 (in Russian). 

 
 
Setko N.P., Movergoz S.V., Bulycheva E.V. Analysis of individual occupational health risks for workers 

with basic occupations typical for oil processing enterprises. Health Risk Analysis, 2020, no. 3, pp. 131–137. 
DOI: 10.21668/health.risk/2020.3.16.eng 

 
 
Received: 22.04.2020 
Accepted: 21.09.2020 
Published: 30.09.2020 
 
 




