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Introduction. An essential prerequisite of the development and implementation of preventive measures aimed at 
improving the health of workers by increasing their productivity is to establish an objective link between the mor-
bidity of workers and working conditions, which is based on understanding the causes of morbidity and the 
principles of the evidence base.
The purpose of the research is to conduct an in-depth analysis of the employment of workers in the mining indus-
try in harmful working conditions.
Materials and methods of research. The analysis of employment of workers in harmful working conditions was 
carried out according to 10 final acts of periodic medical examinations of 9023 employees of the mining industry 
of Kryvyi Rih (2014–2019). During the research, conservation measures were taken to maintain medical secrecy 
about patients.
Results. The number of employees exposed to harmful and dangerous factors of the production environment and 
labor process varies at the mining industry from 3465.00 (2018) to 4020.00 (2014) with a tendency to decrease. 
In 2018, the number of people under the age of 21 working in harmful working conditions increased to 4,24 per 
100 employees, compared to 3,83 per 100 employees (2015) and 3,06 per 100 employees (2014). The number of 
working seniors has almost decreased threefold, from 9,21 per 100 employees in 2015 to 2,77 per 100 employees 
in 2018. The number of people with more than 10 years of work experience in harmful working conditions is 
consistently high and ranges from 62.66 % (2014) to 53.19 % (2018). The number of women with more than 10 
years of work experience is 53.0 % (2018). The leading harmful production factor that occurs in the workplace of 
employees of the mining industry (according to the final act on the results of medical examinations) is the seve
rity of work – 80,20 % (women 65,10 %) from the registered number of regular employees working in harmful 
conditions.
Conclusions. The dynamics of the number of workers employed in harmful and dangerous working conditions is 
associated with changes in working conditions, technological process, with a decrease in the total number of 
employees due to the optimization of production and labor migration. Work experience of more than half of the 
average period of development of occupational diseases in the profession is a risk factor, and the work in harmful 
conditions for persons over 40 is critical, which requires the development and implementation of measures to 
assess and manage occupational risk.
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Introduction

An indispensable condition for the development 
and implementation of preventive measures 
aimed at improving workers' health with increa­
sing their productivity is the establishment of 
objective connection of workers' morbidity with 
working conditions, based on the understanding 
of the causes forming morbidity and on the prin­
ciples of evidence about the influence on morbi­
dity not only of biological, family, household, 
medical and preventive factors, but also of the 
industrial and occupational ones [1–3]. The fre­
quency of cases of temporary disability for 
diseases is of paramount importance, which is 
due to the fact that the change in the frequency 
of cases is the evidence of the impact of working 
conditions on workers' health [4, 5].

Long-term exposure to occupational factors 
changes the level and structure of certain noso­
logical forms of diseases among workers, com­
plications of general somatic diseases are 
observed [6, 7].

Despite the great number of scientific research 
conducted and the development and implementa­
tion of modern justified measures to assess and 
manage occupational risks, still there can be 
found the economic loss associated with the loss 
of labor potential, compensation for disability, 
medical costs for treatment and rehabilitation of 
patients, as well as the reproduction of the work­
force, which makes the problem of prevention and 
early diagnosis of occupational pathology one of 
the priorities in the field of occupational medicine, 
both in Ukraine and around the world. The eco­
nomic losses of Ukraine regarding the provision of 
social payments to citizens as a result of occupa­
tional diseases and industrial injuries reach bil­
lions of hryvnias annually [8–10].

Thus, the state of working conditions is a 
determining factor in formation of level and 
structure of occupational pathology, which 
requires the development and implementation of 

scientifically valid measures aimed at managing 
occupational risk.

The purpose of the study is to carry out an in-
depth analysis of the employment of workers of 
extractive industry enterprises in hazardous 
working conditions.

Materials and methods of research 

The object of the study is sanitary and hygienic 
state of working conditions and morbidity accor­
ding to the results of periodic medical examina­
tions of employees of enterprises in the extractive 
industry. 

Analysis of employment of people working in 
hazardous conditions in the extractive industry 
enterprise, while taking into account seniority, 
age and gender and primary diagnosis of com­
mon diseases, was studied in the analysis of the 
final acts of periodic medical examinations of 
2014–2019. The total of 10 final acts based on 
the results of periodic medical examinations of 
9023 employees of the extractive industry enter­
prise in Kryvyi Rih were analyzed. 

The formation of groups of employees to 
undergo periodic medical examinations took 
place in accordance with the requirements of the 
order of the Ministry of Health of Ukraine dated 
May 21, 2007 N 246 «On Approval of the 
Procedure of medical examinations of employees 
of certain categories» by analyzing the hygienic 
research of working conditions of employees of 
mining industry enterprises and including each 
particular employee in the list for medical exami­
nation according to the harmful factors at their 
workplace.

The results of the research were processed 
using a standard Microsoft Office Excel 2003 
software package (No. NC9TK-GB4KD-
3936D-8R6C8-DJTND) and STATISTICA 6.0. 
(№ 31415-9265-35897). The results of the stud­
ies were reviewed by the bioethics committee 
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(protocol no. 2 of February, 24 2020). Measures 
were taken to maintain medical confidentiality of 
the patients during the studies.

Results of research and discussion

According to the analysis, it was found that the 
number of workers who are exposed to harmful 
and hazardous factors of working environment 
and work process may vary in the analyzed 
extractive industry enterprise from 3465.00 
(2018) to 4020.00 (2014) with a decreasing 
trend, which may be due to two reasons. The 
first one is the changes in working conditions 
and the second one is the decrease in total 
number of employees, including those in hazar­
dous working conditions in the enterprise due 
to production optimisation and labour migra­
tion.

In 2018, the number of persons under the age 
of 21 exposured to harmful factors of the working 
environment and work process increased to 4.24 
per 100 workers, compared to 3.83 per 100 
workers (2015) and 3.06 per 100 workers (2014), 
which requires more attention and dynamic 
monitoring not only of the health status but also 
of the working conditions of such persons in 
order to diagnose and prevent diseases that may 
arise from exposure to harmful production fac­
tors early on.

The number of persons of retirement age 
working has almost tripled, from 9.21 per 100 
workers in 2015 to 2.77 per 100 workers in 
2018, which indicates positive management in 
human resources of the company. This is so 
because for working in hazardous conditions the 
age of 40 is critical in the deterioration of health 
under the influence of harmful factors of produc­
tion, which requires special attention from occu­
pational safety and health specialists, the admi­
nistration of the enterprise and, possibly, rational 
employment.

Length of service of more than half the average 
duration of development of occupational diseases 
in the profession should be considered as a sig­
nificant risk factor. Such an analysis and asses­
sment determine possible duration of contact at 
work under hazardous conditions, which is safe 
for health, as well as the timeframe for its review. 
Thus, 10 or more years of work experience in 
hazardous working conditions significantly 
increases the risk of developing an occupational 
disease. Thus, the number of individuals with 
more than 10 years of experience working in 
hazardous working conditions is consistently 
high, ranging from 62.66 % (2014) to 53.19 % 
(2018). The number of women with more than 
10 years of work experience is 53.0 % (2018).

The leading harmful production factor that 
takes place at the workplace of employees of the 
analyzed extractive industry enterprise (accor­
ding to the final act of the results of medical 
examinations) is heavy work – 80.20 % (women 
65.10 %) of the registered number of staff 
employed in harmful working conditions. The 
second place is occupied by unfavorable micro­
climate – 75.35 per cent (58.67 per cent of 
women). The third place is occupied by the con­
centration of dust with a predominantly fibro­
genic effect – 61.88 % (32.12 % of women). 
The fourth place is occupied by equivalent noise 
levels at 47.10 % (27.52 % of women). The fifth 
place is shared by harmful chemical substances 
35.58 % (14.56 % of women) and the equivalent 
general vibration level 34.84 % (1.61 % of 
women).

The main workshops where, according to 
sanitary and hygienic studies, working condi­
tions remain harmful even today, which contrib­
utes to the deterioration of health and the deve­
lopment of general and occupational patholo­
gies, are the crushing plant, the recycling plant, 
the quarry and the technological road transport 
workshop.
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According to the analysis, it has been estab­
lished that the number of employees exposed to 
harmful and hazardous factors of the working 
environment and work process at the crushing 
plant of the extractive industry enterprise has 
been quite stable over the years analyzed – from 
6.71 per 100 employees (2016) to 6.31 per 100 
employees (2019).

There is a negative trend of increase in the 
proportion of women exposed to harmful and 
hazardous factors of the working environment 
and work process from 3.31 per 100 workers 
(2016) to 6.96 per 100 workers (2019).

There are no persons under 21 years of age 
experiencing harmful effects of occupational fac­
tors in 2019, which is a positive sign. But, this 
indicator in 2017 was 1.68 per 100 workers and 
the number of women was 3.88 per 100 workers, 
which is quite high and has a negative impact on 
the occupational medicine management system.

The proportion of people of retirement age 
who work in hazardous conditions at the crushing 
plant has tended to decrease over the years, both 
in the total number of employees and women 
from 2.55 per 100 employees (including women 
13.56 per 100 employees) (2016) to 0.31 per 
100 employees (including women 0.35 per 100 
employees) (2019).

The highest number of persons with more 
than 10 years of work experience was recorded in 
2017 (54.90 per 100 employees). The highest 
number of women with more than 10 years of 
work experience was in 2016 (84.75 per 100 
employees). But, as of 2019, the number of per­
sons with more than 10 years of work expe­
riencewas 24.45 per 100 employees (including 
women 17.95 per 100 employees), indicating a 
positive trend in the company's performance.

The portion of individuals working in conditions 
of influence of dust with predominantly fibrogenic 
action which exceeds admissible concentration is 
stably high throughout the analyzed period and 

reaches almost 100 % (both on the whole work­
shop and among women), that is connected with 
features of working conditions at crushing factory 
and formation of high concentrations of dust with 
predominantly fibrogenic action during techno­
logical process. A similar situation occurs when 
working under the influence of noise and physi­
cally demanding work conditions.

Due to the fact that the crusher process equip­
ment generates vibration, there is a proportion of 
persons working under the influence of general 
(local) vibration, which ranges from 5.04 to 
11.33 per 100 employees. The highest number of 
female workers exposed to general vibration 
occurred in 2017 (16.50 per 100 workers).

The number of employees working in unfa­
vourable microclimate conditions decreased by a 
factor of 2.5 in 2019 compared to 2017.

The total number of employees who work in 
adverse working conditions at the ore processing 
plant of the mining company ranges from 402 
(2019) to 495 (2016), which has a decreasing 
trend. At the same time, there is a negative trend 
of increase in the percentage of women working 
in hazardous working conditions from 30.91 
(2016) to 42.54 per 100 employees (2019).

The percentage of persons under 21 years of age 
increased 8.3 times in 2019 compared to 2017 to 
1.99 per (2019) compared to 0.24 per 100 workers 
in (2017). The situation is the same for the number 
of women under 21 years of age, which has 
increased by 5.4 times in 2019 compared to 2017.

There is a significant increase in the number of 
pension age workers working in hazardous con­
ditions from 0.20 (2016) (of which women 0.65 
per 100 workers) to 12.19 per 100 workers 
(2019) (of which women 15.79 per 100 wor­
kers). This may have a negative impact on the 
levels of occupational disease among the emp­
loyees of the analysed enterprise.

The number of persons with more than 10 
years of work experience in 2019 was 16.48 per 
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100 employees, 2.8 times less than in 2017. Also 
in 2019, the number of women with more than 
10 years of work experience decreased by 3.3 
times compared to 2017 from 61.44 to 18.71 per 
100 employees.

Taking into account the peculiarities of the 
technological process of the ore-dressing plant 
and the mechanism of dust formation and dust 
spreading of predominantly fibrogenic action 
during the years, the analyzed circa 100 % of 
workers of the OBF are negatively affected by 
dust (including women 87.72 per 100 workers in 
2019), which requires development and imple­
mentation of modern measures aimed to reduce 
dust formation at the source and its spread in the 
shop floor. The similar situation occurs with the 
number of employees under conditions of noise 
levels and heavy physical labor exceeding the 
TLV. The number of employees working in an 
unfavourable microclimate in 2019 is 1.5 times 
lower than in 2017.

When analysing the seniority and gender 
structure of employees working in hazardous 
working conditions in the technological truck 
shop of a mining enterprise, we found a small 
number of women in the shop and a rather small 
number of persons under 21 years of age and 
persons of retirement age. There are no women 
under the age of 21 or of pensionable age in the 
workshop. Although, the proportion of persons 
with more than 10 years of work experience is 
quite high – 49.15 (2016) and 39.77 per 100 
workers (2017), and the number of women with 
more than 10 years of work experience reaches 
61.70 per 100 workers.

The leading harmful production factors that 
take place in the process motor transport work­
shop are dust of predominantly fibrogenic effect, 
unfavourable microclimate, which is caused by 
working conditions, namely the stay of the 
employee more than 80 % of the working time in 
the territory of the open pit or dumps.

A specific feature of working conditions in the 
workshop is the work associated with the opera­
tion of process vehicles, which generates general 
vibration exceeding the permissible standards. 
Thus, in 2016, 62.16 per 100 workers were 
exposed to general vibration and in 2017 it was 
46.40 per 100 workers, of which 34.04 per 100 
workers were women.

The next harmful production factor is equiva­
lent noise level the impact of which in 2016 was 
25.75 per 100 workers (of which women 73.08) 
and in 2017 was 20.87 per 100 workers (of which 
women 38.30).

When analyzing the working conditions of 
quarry workers of a mining enterprise, it was 
found that the proportion of persons with more 
than 10 years of work experience was 73.84 per 
100 workers (2017), which was 1.1 times higher 
than in 2016. At the same time, the proportion of 
women with more than 10 years of work expe­
rience decreased by 1.4 times in 2017 compared 
to 2016, which has a positive trend.

In the structure of harmful production factors, 
dust of predominantly fibrogenic effect ranks 
first, followed by unfavourable microclimate and 
heavy workload in 2017. The next ranks are 
occupied by equivalent noise and vibration levels. 
Under conditions of vibration exposure during 
2016–2017. A relatively low number of quarry 
workers are employed.

The duration of work in harmful working con­
ditions has a proven correlation with the develop­
ment of initial manifestations of general somatic 
pathology, with an appropriate length of work 
experience with a high probability of being able 
to transform into occupational pathology.

Conclusions

1.	Working conditions of employees at the extrac­
tive industry enterprise today are characte­
rized as harmful and dangerous.
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2.	The dynamics of the number of workers wor­
king in harmful and hazardous working condi­
tions may be connected with the changes in 
working conditions, technological process and 
reducing the total number of employees, 
including harmful working conditions at the 
enterprise at the expense of optimization of 
production and labor migration.

3.	The length of service of more than a half of an 
average term of development of occupational 
diseases in the profession should be considered 
as a significant risk factor, and work in harmful 
conditions for persons aged over 40 years 
should be considered as critical by age with pos­
sible deterioration of health under the influence of 
harmful factors of production, which requires 
special attention of experts in labor protection 
and medicine, company administration, and, 
possibly, rational employment.

4.	This situation requires from the enterprise's 
administration to develop and implement not 
only regular measures to improve working 
conditions, but also to carry out an in-depth 
medical examination and, if necessary, refer to 
a medical expert commission of the research 
institution of hygienic profile.

Prospects for further research. The received data 
is a source for organization and realization of 
periodic medical inspections with the purpose of 
development and introduction of effective mecha­
nisms on revealing and accounting of the first 
signs of health deterioration connected with 
influence of working conditions, is a precondition 
for substantiation of a complex of actions on an 
estimation and management of occupational risk 
at work.
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