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A great share of workers employed at polymetallic ores mining have to face harmful working conditions at their
workplaces. To provide safe working conditions for them and to preserve their health is a vital task occupational medi-
cine hasto tackle.

Polymetallic ore mining enterprises employ certain common technological processes; nevertheless, there are specific
features depending on ore mining techniques and the mineralogical composition of different ores. These features determine
differences both in working conditions and in occupational risks of developing occupational morbidity (OM) and work-
related morbidity (WRM).

By now, there have been enough studies on peculiarities of occupational health risks for workers employed at sulfide
ore mines, copper-nickel ore mines and ferruginous quartzite mines. Considerably less attention has been given to assessing
occupational risks for workers dealing with mining and processing copper-zinc ores.

We performed complex clinical and hygienic examinations at a major copper-zinc ore mining enterprise located in the
Southern Urals. The research results gave grounds for determining a category of working conditions, establishing formation
peculiarities and the structure of occupational and work-related diseases among workers from various occupational groups.

Occupational risks were assessed considering hygienic and medical-biological indicators.

We established the highest occupational health risks for shaft sinkers, followed by drilling unit operators, timberers,
excavator drivers, load haul dumper (LHD) operators and underground self-propelled machine (USPM) operators.

The research results gave grounds for developing a conceptual model of assessing and managing occupational risksin
the branch. The urgency of developing and implementing activities aimed at risk mitigation should be determined depending
on how validated a risk is and on its rates established for specific occupational groups.
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At present, providing safe working condi-
tions and preserving workers’ health are
among the most challenging tasks for the state
to solve. Solutions to them should be based on
managing occupational risks (OR) including
hazard identification, OR assessment and
measures aimed at their mitigation'.

According to the Order issued by the RF
Ministry of Labor on December 28, 2021
No. 9262, an employer can select a procedure
for occupational risk assessment depending
on specific production, hazards and/or harm-
ful occupational factors existing at work-
places. As stipulated by the aforementioned
Order, health risks for workers may be as-
sessed using the procedure described in the
Guide R 2.2.1766-03 when it comes down to
personified assessment.

This procedure involves identifying harm-
ful occupational factors, assessing OR as per
hygienic and biomedical health indicators, and
determining urgency of activities aimed at OR
mitigation.

This procedure is especially suitable for
workers who are exposed to harmful working
conditions at their workplaces and who have
high health risks associated with occupational
diseases and work-related ones.

By now, principles and criteria of OR as-
sessment have been tested on occupational
groups of workers employed in various
branches including those with high health risks
at workplaces [1, 2].

Enterprises that deal with polymetallic ore
mining belong to productions with high health
risks for workers. A share of workplaces with
working conditions that do not conform to hygi-

enic standards varies from 30 to 65 % in this
branch and workers employed at such enterprises
have high risks of developing occupational or
work-related diseases (OD or WRD) [3, 4].

Enterprises dealing with polymetallic ore
mining employ certain common technological
processes; nevertheless, there are peculiarities
depending on ways to mine ores, physical and
chemical properties of ores, climate and geo-
graphical conditions in places where ore de-
posits are located. All these peculiarities lead
to differences in both working conditions and
OR occurrence [5-9].

Polymetallic ore mining is associated with
risks of occupational diseases of the nervous
system (NS), musculoskeletal system (MSS),
respiratory system and hearing organ [10, 11].

Occupational pathology of respiratory or-
gans (chronic dust bronchitis, pneumoconio-
sis) depends on the mineralogical structure of
ore dust, size and shape of its particles, as well
as exposure levels and duration [12—14].

Apart from silicon dioxide, ore dust can
contain such toxic elements as platinum,
nickel, chromium, vanadium, manganese,
mercury, arsenic, and uranium [15-17]. Some
of these chemicals can produce genotoxic and
carcinogenic effects [18-20]. Given that, sev-
eral researchers have pointed out the necessity
to determine several classical biomarkers such
as the comet assay, micronucleus assay and
chromosome aberrations [21, 22].

In addition to ore dust, workplace air can
contain exhaust gases from internal combus-
tion engines. These gases are a complex mix-
ture of carbon oxide, nitrogen, aldehydes and
sulfur dioxide [23].

'Trudovoi kodeks Rossiiskoi Federatsii ot 30.12.2001 Ne 197-FZ (red. ot 25.02.2022) (s izm. i dop., vstup. v silu s

01.03.2022); prinyat Gos. Dumoi 21.12.2001 [The Labor Code of the Russian Federation issued on December 30, 2001
No. 197-FZ (last edited on February 25, 2022) (with alterations and addenda that came into force on March 01, 2022); passed
by the State Duma on December 21, 2001]. KonsultantPlus. Clauses 208, 209, 212. Available at: http://www.consultant.ru/do-
cument/cons_doc LAW 34683/ (March 25, 2022) (in Russian).

2 Ob utverzhdenii Rekomendatsii po vyboru metodov otsenki urovnei professional'nykh riskov i po snizheniyu urovnei
takikh riskov: Prikaz Mintruda i sotszashchity RF ot 28.12.2021 Ne 926 [On Approval of the Recommendations on selecting
procedures for assessing occupational risks and their mitigation: The Order by the RF Ministry of Labor and Social Security
dated December 28, 2021 No. 926]. KODEKS: electronic fund for legal and reference documentation. Available at:
https://docs.cntd.ru/document/728029758 (March 23, 2022) (in Russian).

3R 2.2.1766-03. Occupational hygiene. Guidelines on occupational risk assessment for workers' health. Organizational
and methodological aspects, principles and criteria; approved by G.G. Onishchenko, the RF Chief Sanitary Inspector and the
First Deputy to the RF Public Healthcare Minister on June 24, 2003. KODEKS: electronic fund for legal and reference docu-
mentation. Available at: https://docs.cntd.ru/document/901902053 (March 23, 2022) (in Russian).
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The most common harmful occupational
factors at ore mining enterprises include,
among other things, occupational noise and
vibration created by technological equipment,
perforators and mining machinery [24-26].

Many works by foreign and Russian re-
searchers have concentrated on formation of
occupational health risks for workers dealing
with mining various polymetallic ores (sulfide,
copper-nickel, copper-zinc, ferruginous quar-
tzite, and platinum ores) and provide quite
comprehensive data on the subject [27-30].

When assessing occupational risks at en-
terprises dealing with mining various polymet-
allic ores, authors most often use such indica-
tors as a hazard category of working condi-
tions, occupational morbidity, work-related
morbidity, and mortality [2, 9, 10, 18, 26].

This research is topical since health disor-
ders among workers employed at copper-zinc
ore mining enterprises have not been given
enough attention. This concerns both workers
dealing with mining copper-zinc ore in general
and specific occupational groups at such pro-
ductions (personified risks).

Our research goal was to perform hygi-
enic and biomedical assessment of occupa-
tional risks for workers employed at a copper-
zinc ore mining enterprise and to develop a
system for managing them.

Research object and techniques. Overall,
six enterprises located in Bashkortostan mine
and process copper and copper-zinc pyrite ores.
These enterprises produce 70 % of zinc and
30 % of copper mined in the Russian Federa-
tion. We chose the largest mining enterprise in
the republic as our model one for clinical and
hygienic examinations. This enterprise employs
conventional technologies and equipment typi-
cal for mining at similar ore deposits.

Occupational risks were assessed for the
enterprise as a whole; personified occupational
health risks were assessed for basic occupa-

tional groups at the enterprise made of workers
dealing with open-pit and underground mining.
These occupations included drilling unit opera-
tors, excavator drivers, shaft sinkers, timberers,
LHD operators and USPM operators. To assess
cause-effect relations between diseases and
work, we created a reference group that was
made of engineers and technicians with permis-
sible working conditions at their workplaces.
Their age was similar to that of workers from
the main test group.

Overall assessment of working conditions
was performed based on results produced by
our own hygienic examinations as well as data
produced by special assessment of working
conditions (SAWC) performed at the exam-
ined enterprise by a specialized organization
and provided by the enterprise administration.

Actual levels of exposure to harmful oc-
cupational factors were detected in conformity
with the existing regulatory and methodical
documents and using verified measuring de-
vices included into the State Registry.

Our own hygienic assessment covered
several harmful occupational factors identified
at workplaces of workers from the selected
occupational groups. They included a chemical
factor (adverse chemicals); occupational noise
and vibration (whole-body and local); lighting
(natural or artificial); ionizing and non-
ionizing radiation; exposure to predominantly
fibrogenic aerosols (PFA) (silicon dioxide in
copper-sulfide ore dust, silica dust (cement));
microclimate; work heaviness and intensity.

The results produced by these hygienic
examinations made it possible to determine
respective hazard categories of working condi-
tions according to the provisions fixed in the
Guide R 2.2.2006-05",

Occupational risks were assessed as per
hygienic criteria and biomedical indicators in
conformity with the Guide R 2.2.1766-03" as
well as the Guide edited by N.F. Izmerov’. We

*R 2.2.2006-05. Occupational hygiene. Guide on Hygienic Assessment of Factors of Working Environment and Work
Load. Criteria and Classification of Working Conditions; approved by G.G. Onishchenko, the RF Chief Sanitary Inspector on
July 29, 2005; came into force on November 01, 2005. KODEKS: electronic fund for legal and reference documentation. Avail-
able at: https://docs.cntd.ru/document/1200040973 (March 23, 2022) (in Russian).

> Professional'nyi risk dlya zdorov'ya rabotnikov: rukovodstvo [Occupational health risks for workers: the guide].
In: N.F. Izmerov, E.I. Denisov eds. Moscow, Trovant, 2003, 448 p. (in Russian).
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considered such indicators as annual detected
occupational morbidity, average annual occu-
pational morbidity per 10,000 workers and oc-
cupational diseases index (lop) over 2011-2020,
as well as work-related morbidity (relative risk
(RR) with 95 % confidence interval (CI) and
etiological fraction (EF)).

Occupational morbidity at the enterprise
as a whole was compared with the data on oc-
cupational morbidity in Bashkortostan® and the
Russian Federation’ (RF) taken from official
sources.

We determined a category of an occupa-
tional risk for each considered indicator using
a five-score scale for it (negligible, moderate,
average, high and extremely high). The cate-
gory was estimated both for the enterprise as a
whole and for specific occupational groups.

Statistical analysis was performed with
IBM SPSS Statistics 21 software package
(IBM, USA). Distributions were checked for
normalcy using Kolmogorov — Smirnov test.

Results and discussion. Even though
up-to-date equipment with great unit power
was installed and all major technological
processes employed at the examined enter-
prise were mechanized, a share of workplaces
with harmful working conditions according to
SAWC remained rather high and exceeded
50 %. It reached even 100 % in production
divisions dealing with open-pit and under-
ground ore mining.

We established several occupational risk
factors influencing health of workers from all
the occupational groups involved in under-
ground ore mining. These factors were deter-
mined as per both SAWC results and results

produced by our hygienic studies and included
the following: noise generated by technologi-
cal equipment, copper-zinc ore dust emitted
into workplace air, adverse chemicals, unfa-
vorable microclimate, total absence of natural
light, as well as work heaviness and intensity.

When a category of working conditions
was determined for activities that involve occu-
pational contacts with PFA, copper-zinc ore
dust being one of them, this required prelimi-
nary chemical analysis of mining rocks for de-
termining a mass % of silicon dioxide in them.
The analysis made it possible to select an ap-
propriate hygienic standard, the maximum per-
missible average shift concentration (MPCy),
and the further steps in a procedure for assess-
ing fibrogenic effects produced by aerosols on
lung tissue depending on their intensity.

Thus, in case silicon dioxide accounts for
10-70 % in a rock, MPC,s is equal to 2 mg/m3
and an aerosol has a more apparent fibrogenic
effect. We established that a mass fraction of
silicon dioxide amounted to 3.2-8.4 % in the
examined ore dust; this corresponded to MPCyg
being equal to 4 mg/m’ and weak fibrogenic
effects.

Hygienic studies revealed that dust sup-
pression by using water, a method that has
become quite popular over the last decades,
provides lower ore dust contents in workplace
air. Average shift concentrations of silicon
dioxide did not exceed permissible levels at
basic workplaces.

Timberers have to prepare a cement solu-
tion used in shotcrete sprayers that splash it on
the walls inside underground tunnels to
strengthen them. Due to this process, workplace

0 sostoyanii sanitarno-epidemiologicheskogo blagopoluchiya naseleniya v Rossiiskoi Federatsii: materialy k gosu-

darstvennomu dokladu po Respublike Bashkortostan (2011-2020 gg.) [On sanitary-epidemiological welfare of the population in
the Russian Federation: the data on Bashkortostan (2011-2020)]. Rospotrebnadzor’s Regional Office in Bashkortostan. Avail-
able at: http://02.rospotrebnadzor.ru/documen/state_reports on_RB/ (March 11, 2022) (in Russian).

7O sostoyanii sanitarno-epidemiologicheskogo blagopoluchiya naseleniya v Rossiiskoi Federatsii: Gosudarstvennyi dok-
lad (2011-2020 gg.) [On sanitary-epidemiological welfare of the population in the Russian Federation: The State Report
(2011-2020)]. The Federal Service for Surveillance over Consumer Rights Protection and Human Wellbeing. Available at:
https://www.rospotrebnadzor.ru/documents/documents.php?back_url admin=%2Fbitrix%2Fadmin%?2Fiblock _admin.php%3Ft
ype%3Ddocuments%26lang%3Dru%26admin%3DY &clear_cache=Y &arrFilter ff%5BNAME%5D=%EE+%F1%EE%F1%F2
%EE%FF%EDY%E8%E8+%F 1%E0%ED%E8%F2%E0%F0%EDY%EE-%FD%EF%E8%E4%ES5%EC%ES8%EE%EB%EE%
E3%E8%F7%ES5%F1%EA%EE%E3%EE+%E1%EB%E0%E3%EE%EF%EE%EBY%F3%F7%E8%FF&arrFilter pf%5BVID
_DOC%5D=97&arrFilter pf%5BNUM_DOC%5D==&arrFilter pf%5BDAT DOC%5D==&arrFilter pf%5BGOD%5D%5BLEF
T%S5D==&arrFilter pf%5BGOD%5D%5BRIGHT%5D=&set_filter=%CD%E0%E9%F2%E8&set filter=Y (March 11, 2022)
(in Russian).
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air in such zones contained silica dust (cement)
aerosols with weak fibrogenic effects. When
dried cement powder was poured into sprayers
and then mixed with water, concentrations of
silica dust were by up to 2.1 times higher than
its permissible level in workplace air.

Powerful up-to-date equipment used in
technological processes produced vibration
and acoustic effects. Noise generated at work-
places of workers from all the examined occu-
pational groups exceeded permissible hygienic
levels for this type of activity and this con-
cerned both open-pit and underground mining.
Working conditions were considered hazard-
ous as per exposure to noise and their hazard
category varied from 3.1 to 3.3.

Microclimate in mine faces was deter-
mined by rather low air temperature (from +12
to +16 °C) and elevated humidity (80-90 %)
due to dust suppression by using water.

Working conditions for workers in under-
ground mines were characterized with absence
of any natural light and therefore were consid-
ered hazardous as per this factor. Devices that
compensated for ultraviolet deficiency were
installed in mines and this made it possible to
achieve a reduction in the hazard category at
these workplaces, from 3.2 to 3.1.

Since the mined ores contained chemical
admixtures with natural radiation, dosimetric
control of radiation at workplaces was imple-

mented at relevant underground locations and
in production workshops. Levels of ionizing
radiation did not exceed the existing hygienic
standards for mining operations.

We compared hazard categories of work-
ing conditions determined as per results pro-
duced by our hygienic studies and by SAWC
and revealed certain differences as per such
factors as vibration and work heaviness. They
did not exert any significant influence on the
overall assessment (Table 1).

A hazard category as per each harmful oc-
cupational factor detected at the analyzed work-
places varied from permissible (category 2) to
hazardous, from category 3.1 to category 3.4.

The results produced both by SAWC and
our hygienic studies indicated that the overall
assessment of working conditions at work-
places of workers from the basic occupational
groups dealing with underground ore mining
allowed assigning them into the hazard cate-
gory 3.2-3.4, occupational risks varying from
average to very high (Table 2).

Workers dealing with open-pit mining
were mostly exposed to vibration and noise at
their workplaces together with copper-sulfide
dust, unfavorable microclimate and work
heaviness. Their working conditions were as-
signed into hazard categories 3.2 and 3.3 with
occupational risks being high at their work-
places (Tables 1 and 2).

Table 1

Key occupational factors and categories of working conditions for workers from basic
occupational groups at the copper-sulfide ore mining enterprise

Micro-

Adverse Work Work

Occupations | Vibration | Noise climate PFA Lighting chemicals | heaviness | intensity Result
Open-pit mining
Drilling unit 2/2% | 33/33 | 3.1/2 2/2 2/2 2/2 | 3.1/3.1 | 3.1/3.1 | 33/33
operator
Excavator driver| 2/3.1 | 3.1/3.1 | 2/2 2/2 2 2/2 | 3.1/31 | 31/3.1 | 32/32
Underground mining

Shaft sinker 2/3.1 | 34/34 | 31/31] 2/2 [3.1/31] 2/2 |31/31] 2/2 | 34/34
Drilling unit 2/2 | 33/33 [ 3.1/31 | 2/2 |31/31] 2/2 2/3.1 2/2 | 33/33
operator
Timberer 2/2 | 3.1/31 | 31/3.1 | 3.1/3.1 | 3.1/31 | 2/2 |3.1/31]| 2/2 |32/32
LHD operator 2/2 | 32/32| 2/2 2/2 | 31/31] 2/2 2/2 | 3.1/31 | 32/32
USPM operator | 2/2 | 3.1/3.1 | 2/2 2/2 | 31/31] 2/2 2/2 | 3.1/31 | 32/32

Note: * means working conditions category as per SAWC / working conditions category as per results of

our hygienic studies.
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Table 2

Personified occupational risks for basic occupations at the copper-sulfide ore mining enterprise

Open-pit mining Underground mining
Indicators Drlll.l "€ | Excavator Shaft Dnll.l ne . LHD USPM
unit . . unit Timberer
driver sinker operator | operator
operator operator

Category of working 33 3.2 3.4 33 3.2 3.2 3.2
conditions ]
Risk category high average eXtﬁ?;;lely high average average average
Average annual occupa-
tional morbidity over 10 98.1 134.5 333.0 108.1 47.1 222 14.9
vears, %o |l

. . . . . above above
Risk category high high high high average Sverige average
Occupational diseases 0.38 0.22 0.50 0.49 0.49 0.32 0.30
indexlop” | oo\ T b T T
Risk category high average eXt}rli;llely high high high high
Work-related morbidity”

RR 3.1 3.0 4.3 3.1 2.7 1.8 1.9
 EE% ] 66l | 652 | 778 | 66.1 | 650 | 453 | 475 |
Causation high high extﬁ?;llqlely high high average average

2 _ $‘high’,’ 1 _ $‘high,”
The resulting number of 2 —“high”, | 3 — “extre- 1 —“above | 1 — “above | 1 — “high”,
indicators with a specific | 4 — “high” | 2 —“aver- |mely high”,| 4 — “high” | average”, | average”, | 3 — “aver-
risk category age” 1 — “high” 1 —“aver- | 2 — “aver- age”
age?’ ageﬂﬂ

Note: means the assessment accomplished as per R 2.2.1766-03°; ™", as per the Guide edited by N.F. Izmerov’.

Occupational morbidity is known to be a
direct indicator showing how working condi-
tions influence workers’ health [10, 11]. Given
that, we analyzed occupational morbidity at
the enterprise as a whole and in specific occu-
pational groups involved in open-pit and un-
derground ore mining.

Over the period from 2011 to 2021, an-
nual detected occupational morbidity varied
from 5.6 to 29.31 cases per 10,000 workers;
this meant the morbidity rate corresponded to
average—high occupational risks and was by
10.0-19.0 times higher than overall morbidity
in Bashkortostan and by 4.5-15.3 times higher
than the morbidity in the RF as a whole. Aver-
age annual morbidity over 10 years amounted
to 1.7 cases per 10,000 workers at the enter-
prise as a whole and corresponded to low oc-
cupational risk.

The data analysis revealed the highest oc-
cupational morbidity rates among workers

112

dealing with ore mining. They accounted for
85.7 % of all the occupational diseases regis-
tered at the enterprise. Average annual OM
among workers dealing with ore mining varied
from 14.9 to 333.0 cases per 10,000 over
10 years (Table 2). We should note that these
rates were by 8.8-195.9 times higher than at
the enterprise as a whole.

We calculated this indicator for specific
occupational groups considering actual num-
bers of workers in them. The results showed the
highest OM rates among timberers, 333.0 cases
per 10,000 workers; they were followed by ex-
cavator drivers, 134.5 cases per 10,000 work-
ers; and drilling unit operators, 108.1 per
10,000 workers. These results confirm that the
indicator is much more informative for specific
occupations in comparison with the same indi-
cator calculated for the enterprise in general.

Overall, 61 cases of occupational diseases
were registered at the examined enterprise

Health Risk Analysis. 2022. no. 2
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over the observation period. Diseases of the
musculoskeletal system prevailed in the struc-
ture of accumulated occupational morbidity
(26.9 %), the next were sensorineural hearing
loss (25.0 %) and vibration disease (23.3 %).
They were followed by diseases of the periph-
eral nervous system (17.3 %) and diseases of
the respiratory organs (7.5 %).

We analyzed how cases of occupational
diseases were distributed in specific occupa-
tional groups. Figure 1 provides the results.

The index |op that considered a probability
of an occupational risk and severity of an occu-
pational disease amounted to 0.33 for sen-
sorineural hearing loss; 0.33, polyneuropathy;
0.25, vibration disease; 0.13, chronic bronchitis.

Chronic non-communicable diseases de-
tected in workers during periodical medical ex-
aminations (PME) belonged to the following
main groups: diseases of the musculoskeletal
system (33 %); diseases of the nervous system
(17.6 %); diseases of the circulatory organs
(13.3 %); diseases of the respiratory organs
(12.5 %); diseases of the ENT organs (11.3 %).

The leading role belonging to occupa-
tional factors and factors related to labor
process was confirmed in workers from vari-

ous occupational groups only for diseases of
the musculoskeletal system (dorsopathy and
arthropathy), circulatory diseases (hyperten-
sion) and respiratory diseases (chronic bron-
chitis). Occupational causation of these dis-
eases varied from 1.6 to 4.3 as per a relative
risk and from 42.3 to 77.8 as per etiological
fraction. This means that occupational causa-
tion varied from average to extremely high
(Table 3).

Frequency of other chronic non-commu-
nicable diseases in ore miners did not have any
authentic differences from the same indicators
in the reference group.

Shaft sinkers had the highest occupational
risk rates as per all the analyzed indicators
(three indicators rated “extremely high” and
one indicator rated “high”); drilling unit opera-
tors followed (four indicators rated as “high”);
then, timbereres (two indicators rated as
“high”, one as ‘“above average” and one as
“average”); excavator drivers (two indicators
rates as “high and two as “average”); LHD op-
erators (one indicator rated as “high”, one as
“above average” and two as ‘average”); and
USPM operators (one indicator rated as ‘high”
and three as “average”).

Figure 1. The structure of occupational diseases among workers form basic occupational groups
at the copper-sulfide ore mining enterprise
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Table 3
Occupational causation of health disorders among workers from the basic occupational groups
. . . Range N .
Mining type, occupation Disease RR (95 % CI) EF, % Causation
1 2 3 4 5 6
Open-pit mining
Dorsopathy 3.1 1.6-4.7 66.0 high
- . Arthropathy 3.1 1.74.6 66.1 high
Drilling unit operator - “oronchitis 1.9 0.93.0 473 average
Hypertension 1.8 0.7-3.0 453 average
Dorsopathy 3.0 1.5-4.6 65.2 high
. Arthropathy 2.5 1.1-4.0 61.0 high
Excavator driver Chronic bronchitis 1.6 0.5-2.7 433 average
Hypertension 1.6 0.5-2.7 433 average
Underground mining
Dorsopathy 43 3.1-5.5 77.8 extremely high
. Arthropathy 33 1.84.8 67.3 extremely high
Shaft sinker Chronic bronchitis 2.7 1142 64.2 high
Hypertension 1.8 0.7-3.0 453 average
Dorsopathy 3.1 1.6-4.7 66.0 high
- . Arthropathy 3.1 1.74.6 66.1 high
Drilling unit operator - “oronchitis 1.9 0.93.0 473 average
Hypertension 1.8 0.7-3.0 453 average
Dorsopathy 2.7 1.2-4.2 65.0 high
. Arthropathy 2.6 1.1-3.9 61.5 high
Timberer Chronic bronchitis 1.8 0.7-3.0 43.0 average
Hypertension 1.7 0.8-3.1 423 average
Dorsopathy
Arthropathy 1.8 0.7-3.0 45.0 average
LHD operator Chronic bronchitis
Hypertension 1.8 0.7-3.0 453 average
Dorsopathy
Arthropathy 1.8 0.7-3.0 472 average
USPM operator CM Chronic bronchitis
Hypertension 1.9 0.9-3.0 47.5 average

Therefore, our research results made it
possible to assess occupational health risks
considering hygienic and biomedical indica-
tors and to determine risk categories both for
the enterprise in general and for the basic oc-
cupational groups.

We established that working conditions for
workers dealing with copper-sulfide ore mining
belonged to the hazard category 3.2-3.4 and
occupational risks at these workplaces were av-
erage and extremely high.

Average annual occupational morbidity
varied from 14.9 to 333.0 cases per 10,000 for
different occupational groups over the analyzed
10 years. It was by 8.8-195.9 times higher than
the same indicator taken for the enterprise as a
whole. This means it is quite reasonable to de-
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termine this indicator for specific occupations.
Consequently, assessment of personified occu-
pational risks for specific occupational groups
provides data that are more authentic.

Although occupational risks taken as per
average annual occupational morbidity over 10
years were assessed as high (more than 50 cases)
for shaft sinkers, drilling unit operators (open-pit
and underground mining), and excavator drivers,
numeric values of this indicators were by
2.5-22.0 times different in various occupational
groups. We believe that the aforementioned cri-
teria could become more significant if their more
precise and more profound quantification was
performed and their gradation was given accord-
ing to relevant assessment scales described in the
Guide edited by N.F. Izmerov.’

Health Risk Analysis. 2022. no. 2
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Figure 2. The system for assessing and managing occupational health risks for workers employed
at copper-sulfide ore mining enterprises

We also think that occupational risk as-
sessment requires using not only indicators
that describe how many occupational diseases
have been detected in the current year but also
“accumulated” occupational morbidity that
makes it possible to establish peculiarities in
formation of its structure.

Intensity of exposure to occupational
factors as well as work heaviness determines
the maximum values of etiological fraction
in the development of such diseases of the
musculoskeletal system as dorsopathy and
arthropathy.

Shaft sinkers had the highest occupational
health risk as per all the analyzed indicators;
they were followed by drilling unit operators,
timberers, excavator drivers, LHD operators
and USPM operators.
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Conclusion. We have established high
occupational health risks for workers from the
basic occupational groups dealing with cop-
per-zinc ore mining. These risks need to be
mitigated immediately.

Given that and based on the systemic ap-
proach to health risk analysis, we have devel-
oped a system for assessing and managing
occupational health risks for workers em-
ployed at copper-sulfide ore mining enter-
prises (Figure 2).

The system for OR management involves
technical, technological, organizational, medi-
cal and preventive activities. Their urgency is
to be determined as per detected categories of
occupational risks.

Periodical medical examinations that in-
clude physical fitness testing, creation of groups
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with elevated “risks” of occupational diseases
and dispensary observation are important com-
ponents in prevention.

Implementation of the system will
depend on effective interactions between
employers, workers, and medical organiza-
tions responsible for providing medical as-

sistance to workers employed at mining
enterprises.
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