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Purpose. To determine the value of the components and the impact of environmental factors on the risk structure of workplace
injuries and occupational illnesses in the mining industry of the Far North of the Russian Federation, conditioned by the com-
bined influence of workplace factors and unfriendly climatic conditions.

Methodology. The methodology for solving this issue is based on a comparative analysis of the dynamics of the risks of occu-
pational injuries and illnesses over a decade, both for Russia at large, for Murmansk region and the Komi Republic in particular,
and for their mining industries, with further calculation of the “background” risk depending on the environmental and climatic
specifics of the northern territories.

Findings. The paper contains a correlation analysis of workplace injuries and occupational illnesses in the Russian Federation,
Murmansk region and the Komi Republic. The background rate of their risk is calculated. It was established that background risks
for the territories of the Far North of the Russian Federation are adequately described by linear correlation. The specific weight of
the background risk at the overall risk of injuries and illnesses for mining industries of Murmansk region and the Republic of Komi
is established.

Originality. A method for calculating the value of the “background” risk and identifying its dynamics over a decade is devel-
oped.

Practical value. The objectivity of assessing the risks of occupational illnesses and workplace injuries in the mining sectors of

the Far North of the Russian Federation by factoring in the value of the “background” risk is increased.
Keywords: occupational morbidity, linear correlation, background risk

Introduction. About 125 million health and safety inci-
dents occur annually in the world. On average, about 220 thou-
sand people die. Mortality from on-the-job injuries today
ranks third in the world [1]. Work-related injuries, including
the cause of fatal accidents, depend on many factors, includ-
ing the geographical location and type of production activity.

Reducing work-related injuries and occupational illness is
one of the most important tasks of modern society, the solu-
tion of which will make it possible to increase the social and
economic security of the working population. This task is par-
ticularly relevant for the mining industry in the Far North of
the Russian Federation. The countries possessing such territo-
ries primarily include: Finland, Norway, Sweden, Denmark,
Canada, North America (Alaska). In the Russian Federation,
about 80 % of Russia’s minerals are mined in the Northern
and North-Eastern regions of the country: Murmansk,
Arkhangelsk, Magadan regions, the Komi Republic, and the
Kamchatka Territory. Coal, gold, various types of ores, oil, gas
and other minerals are mined at deposits located in these re-
gions.

In contrast to regions located in other climatic zones, in
the Far North of the Russian Federation, injuries and occupa-
tional illness are influenced by climatic and environmental
factors unfriendly to humans: low air temperature, heavy pre-

© Gendler S. G., Rudakov M. L., Falova E.S., 2020

cipitation, strong wind, polar night, deficiency of ultraviolet
radiation, and others. These factors affect the psychophysio-
logical state of the population living and working in these re-
gions, which in turn leads to increased occupational illness
and work-related injuries compared with similar indicators for
other regions. This trend is most noticeable for the mining in-
dustry, where the risks of occupational illnesses and work-re-
lated injuries are significantly higher than the average for other
regions.

In this regard, the establishment of the structure of the
risks of injuries and occupational illnesses for the mining in-
dustry of the Far North of the Russian Federation, by identify-
ing the so-called “background” risk characterizing the envi-
ronmental impact, makes it possible to increase the accuracy
of determining the risk associated with organizational and
technical factors, which will result in improving management
methods.

Materials and methods. Assessment of the consequences of
occupational injuries and work-related illnesses is based on
the use of various risk categories. A significant amount of re-
search has been devoted to the development of methods for
calculating these risks, both in our country and abroad |2, 3].

In Finland, for example, the method of Elmery system risk
assessment [4, 5], which makes it possible to establish the like-
lihood of conditions that lead to injuries and occupational ill-
ness, has gained great popularity. The method is based on ob-
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servations that cover all the most important components of
occupational safety, such as: the use of protective equipment,
order at the workplace, safety when working with equipment,
occupational health and ergonomics, which are grouped into
seven areas of assessment: production process; tidy and well-
ordered; safety at work with machinery; environmental fac-
tors; ergonomics; passages and driveways; opportunities for
salvation and first aid. Each item is evaluated based on the
good/bad principle. An item is deemed “good” if it meets the
minimum level of legal requirements, as well as good experi-
ence in ensuring security in a particular enterprise. The El-
mery index is calculated as the ratio of the number of points
rated “good” to the total number of points analyzed and varies
in the range from 0 to 100. For example, a 60 % result indicates
that the potential risk of consequences of failure to meet spec-
ified requirements is 40 %.

The Canadian Occupational Safety and Health Center
(CCOHYS) recognizes the potential use of various methods and
techniques for risk assessment. The main task in this case is the
choice of the method that best suits the specific situation. The
center’s staff are suggested an approximate procedure for cal-
culating risks [6, 7]. Based on it, risk assessment forms have
been developed that allow documenting the procedure used
and decision-making methods.

In the USA, methods such as FMEA (Failure Mode and
Effect Analysis), HAZOP (Hazards and operability analysis),
FTA (Fault tree analysis) are used to assess risks. The HAZOP
method, for example, is a risk analysis procedure consisting of
a process of detailing and identifying operational failures and
deviations in the operability of equipment, a process unit, or a
system, leading to various undesirable consequences |3].

In Norway, the risk assessment system has three simple
questions:

1. What could go wrong?

2. What can be done to prevent this?

3. What can be done to reduce the consequences if this
happens?

Risk assessment is carried out in collaboration with em-
ployees, security officials and trade union representatives. To
assess the risks, maps of all hazards and problems at the work-
place are filled in, then an analysis is made of how often the
employee is exposed to a particular risk, and possible scenarios
for solving the problem are considered. After the analysis, the
employer builds a risk-to-delivery matrix, where they receive a
complete overview of all the hazards at the workplace, after
which an action plan is drawn up to implement measures for
labor protection and risk prevention [8].

A distinctive feature of risk assessment in Russia is the use
of not only qualitative criteria (high, medium, low risk), but
also quantitative indicators characterizing various types of risk
(individual risk, collective risk, economic damage, expected
value of damage) [9, 10].

Much attention is paid to determining the magnitude of
the risks of injuries and occupational illnesses, depending on
its causes [11, 12]. So, for example, A. M. Grishina has shown
that reducing the risk of injury can be achieved by reducing
violations associated with errors during technological opera-
tions [9, 10]. In a number of works, the risk structure at coal
mining enterprises was proposed to be determined as the sum
of the background risk due to the level of development, added
individual risk, and added systemic risk associated with viola-
tions of safety requirements [11].

Karnachev I. P. argues that the transition to the concept of
occupational risk management involves shifting the emphasis
from responding to accidents after the event to preventive
measures, i.e. risk management of an employee’s health dam-
age. It is necessary to implement the concept of key risk indi-
cators in the process of managing safety and labor protection
in the organization [13].

At the same time, the degree of knowledge of the problem
of the adverse environmental parameters impact in severe cli-

matic conditions on injuries and occupational illnesses of in-
mine personnel cannot be considered satisfactory. Among the
available studies, first, the works by N.N. Dal can be used.
N. N. Dal first introduced the concept of “background risk” of
occupational illness and calculated its value for the mines of
Vorkuta. However, the lack of statistical data characterizing
the risks of injuries and occupational illness for a representa-
tive time did not allow her to assess the dynamics of their
“background” values and to reveal patterns of change in this
important parameter [14].

The lack of evidence-based methods for assessing the
“background” values of the risks of injuries and occupational
illnesses of in-mine personnel prompted the authors to write
this article.

The choice of measures to minimize the risks of work-re-
lated injuries and occupational illnesses should be based on
information about the structure of these risks and their dy-
namics for past periods and at the current time. Determining
the structure of risks makes it possible to establish a correlation
between the controllable and uncontrollable factors that de-
termine them. The first should include all factors associated
with production activities, and the second should include ex-
ternal conditions, depending, for example, on environmental
parameters, characterized by the degree of air pollution of the
residence of the mining personnel, the geographical location
of the enterprise, including the ratio between the duration day
and polar night, the intensity of ultraviolet radiation, meteoro-
logical conditions of the area, and so on. External conditions
affect the psychophysiological state of the personnel of the
mining enterprise.

The procedure for determining risk structures is based on
the assumption that the general risk of injuries (occupational
illnesses) is the result of the combined action of two types of
risk: the general risk for the territories of the Far North (£ N.z.)
Rpy, is calculated by the average risk in Russia (Rz,,) Rrpavs
and risk due to external conditions (EX7.C.) characterizing
these territories Rpy;c; overall risk to mining enterprises
(M.1.t.) Ry, is calculated by risk value Rgyy and risk deter-
mined by industrial activities (/.4.), (R;,). Formulas (1, 2)
relating these risks are obtained based on the dependence for
the probability of the sum of joint events and have the follow-
ing form

REN,I = RRRav + REXTC' - RR.Eav : REXT.C.; (1)

RM.LL = REXT.C. + RI.A4 - REXTC. ! RLA.' (2)

When solving these equations with known common risks
of injuries (occupational illnesses) in the territory under con-
sideration Rgy,, mining enterprise R,,,,, as well as the average
risk for the Russian Federation Rgg,,, it is easy to calculate the
risk values for the territory under consideration, due to the in-
fluence of external conditions, Ry and the risk determined
by the industrial activities R;,. The values of risks Ry y,, Ry,
and Rgp,, are determined on the basis of statistical reporting
data and their subsequent correlation analysis for the period
under review.

Determination of the dynamics of injuries and occupational
illnesses in the mining industries of the Russian Federation and its
northern regions. The magnitude of the risks of occupational
illness and work-related injuries is calculated as the ratio of the
occurrence of injuries or occupational illnesses to the total
number of working population or mining personnel. To deter-
mine them, we used statistical data characterizing injuries and
occupational illnesses, respectively, for Russia as a whole and
for its mining enterprises located in Murmansk region and the
Komi Republic [15, 16] (Figs. 1—4).

The calculation results indicate that the dynamics of the
risk of injuries and occupational illnesses for all considered
cases is satisfactorily described by a linear dependence with
correlation coefficients exceeding 0.75 with a statistical reli-
ability of 0.95 [17]. The linear correlation regression coeffi-
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Fig. 1. The dynamics of the risk of work-related injuries in the
Russian Federation, Murmansk region and the Republic of
Komi
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Fig. 2. The risk dynamics of occupational illnesses in the Rus-
sian Federation, Murmansk region and the Republic of
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Fig. 3. The dynamics of the risk of work-related injuries in the
mining sectors of the Russian Federation, Murmansk region
and the Republic of Komi

Y

=

SN b o® O
B

Risk of occupational diseases
for the mining industry (107)

2008 2010 2012 2014 2016 2018 2020

« Russia W Aurimansk Oblast & Komi Republic Years

Federalion

Fig. 4. The dynamics of the risk of occupational illnesses in the
mining industry of the Russian Federation, Murmansk re-
gion and the Republic of Komi

cients determine the annual rate of change in the risks of inju-
ries and occupational illnesses [18, 19]. Moreover, a negative
value of the regression coefficient corresponds to a decrease in
risk (Fig. 1), and a positive value — to its increase (Figs. 2—4).

Determination of the structure of risks of work-related inju-
ries and occupational illnesses. As follows from the above
graphs, an increase in the risk of work-related injuries during
the period under review occurs for the mining industry of
Murmansk region (Fig. 2), and an increase in the risk of oc-
cupational illnesses both for the Komi Republic as a whole and
for its mining industry (Figs. 2, 4). It also follows from the
graphs in Figs. 1, 2 that the risks of work-related injuries and
occupational illnesses in Murmansk region and in the Komi
Republic are higher than in the Russian Federation.

In accordance with the above methodological approach,
for each of the regions considered, the risks of injuries and oc-
cupational illnesses associated with the negative environmen-
tal impact of the risk Reyrc; . (“background risks”) and the

risks determined by the production activities R; 4 . Were cal-
culated

REXD.C.j.(o.iI) = (RF.N.I.j.(uil.) - RRFavj.(().il.))/(l - RRF.av.j.(u.iI.)); (3)
Risjoity= Rimsjoiny = Rexr.cjoin)/(1 = Rexrcjoiny)s (4)

where Rgyrc . Stands for “background risks” of injuries (in-
dex j) and occupational illnesses (index o.il); R; 4 ;¢.u —Pro-
duction risks of injuries (index j) and occupational illnesses
(index 0.il); Rgpajeo.n) — average values of risks of injuries ((in-
dex j) and occupational illnesses (0.i/ index) for the Russian
Federation, Ry, — overall risks of injuries (index j) and
occupational illnesses (od index) for mining enterprises;
Rpn .. 1s the overall risk of injuries (index j) and occupa-
tional illnesses (0.i/ index) for the considered territories of the
Far North of the Russian Federation. Formulas (3, 4) are used
to calculate the “background values” of the risks of work-re-
lated injuries and occupational illnesses, and production risks
in relation to mining enterprises of Murmansk region and the
Komi Republic, which can be attributed to the territories of
the Far North of the Russian Federation. The results of calcu-
lating the “background values” of risks are presented in Table.
(Background risks of work-related injuries and occupational
illnesses (R - 1073).

Fig. 5 shows the proportion of “background risk” in the
overall risk of injuries in Murmansk region for 2013 and the
proportion of “background risk” in the overall risk of injuries
in the Komi Republic for 2016. Figure 6 shows the proportion
of “background risk” in the overall risk of occupational ill-
nesses in Murmansk region for 2009 and the proportion of
“background risk” in the overall risk of occupational illnesses
in the Komi Republic for 2009 as well.

In general, background risk values were calculated from
2009 to 2018. It turned out that the background risk of injuries
for Murmansk region and for the Komi Republic is decreasing
over the years, as is the risk of occupational illnesses in Mur-
mansk region. The background risk of occupational illnesses
for the Komi Republic changes slightly over the years, within

[N}
>

Fig. 5. The proportion of “background risk” in the overall risk
of injury:
a — in Murmansk region; b — in the Republic of Komi; 1 — back-
ground risk; 2 — risk caused by organizational and technical factors

Fig. 6. The proportion of “background risk” in the overall risk
of occupational illnesses:
a — in Murmansk region; b — in the Republic of Komi; 1 — back-
ground risk; 2 — risk caused by organizational and technical factors
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Table

Background risks of work-related injuries and occupational
illnesses (R - 1073)

In Murmansk region In the Komi Republic

Year Injuries Ocﬁﬁl pee;tsieosnal Injuries Ocﬁll; iis:snal
2009 0.19 0.6 0.74 0.65
2010 0.15 0.39 0.44 0.68
2011 0.16 0.3 0.39 0.74
2012 0.16 0.27 0.45 0.65
2013 0.12 0.34 0.4 0.70
2014 0.16 0.33 0.43 0.79
2015 0.26 0.35 0.39 0.80
2016 0.17 0.2 0.58 0.72
2017 0.17 0.22 0.39 1
2018 0.12 0.29 0.32 0.78

the limits of calculation accuracy. Thus, assuming that the val-
ues of the “background risk” of injuries and occupational ill-
nesses in the mining industry correspond to these values for
the region under consideration, to calculate the risk of work-
related injuries due only to organizational and technical fac-
tors, the overall risk of injuries (Fig. 3) should be reduced by
10—15 %.

Similarly, to find the risk of occupational illness, deter-
mined only by production factors, the overall risk of occupa-
tional illness risk (Fig. 4) should be reduced by 8—9 %.

Conclusions. The dynamics of the risk of injuries and oc-
cupational illnesses for all considered cases is satisfactorily de-
scribed by a linear dependence with correlation coefficients
exceeding (.75 with a statistical reliability of 0.95.

1. In areas of the Far North of the Russian Federation, in
addition to organizational and technical factors, environmen-
tal factors leading to increased risks of work-related injuries
and occupational illnesses, determined by organizational and
technical factors, should be taken into account.

2. Environmental factors can be taken into account based
on the use of “background risk” calculated by comparing the
risks of injuries and occupational illnesses specific to the min-
ing industry (coal mining and mining enterprises).

3. The presence of “background” risk allows us to clarify
the structure of the risks of work-related injuries and occupa-
tional illness that characterize the mining industry of Mur-
mansk region and the Komi Republic.
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Metonuka. MeTonuka pillieHHS 1IbOTO 3aBIaHHS 3aCHO-
BaHa Ha MOPIBHSJIbHOMY aHasli3i IMHAMiKU PU3MKiB BUPOO-
HUYOTO TPaBMATU3MYy Ta Mpod3axBOPIOBAHb 32 NECSITUPId-
HUli niepion gk y wiomy mist Pocii, MypmaHcbKoi o6sacTi i
Pecnyoniku Kowmi, Tak i mist ix TipHMu0omo0yBHUX rany3eit 3
MOJABIINM OOYKCIIECHHSAM «(pOHOBOTO» PU3MKY, IO 3ajie-
JKUTh Bill €KOJIOrO-KJIIMaTUYHOI XapaKTepUCTUKU MTiBHIYHUX
TEPUTOPIIA.

Pesyabrat. ¥ po0OOTi BUKOHAHO KOPEISUiMHUN aHai3
BUPOOHUYOIO TPAaBMAaTU3MY Ta MpodeciiiHOi 3aXBOpIOBAHOC-
Ti B Pociiicekiit @enepatii, MypmaHcbKiii obiacTi it Pecry-
ol Kowmi. Po3paxoBaHi (hoHOBi 3HaueHHS iX pu3uky. Beta-
HOBJICHO, 1110 (POHOBI PUBMKM [IJIs1 TepUTOPiit KpaitHboi [1iB-
Houi P® 3amoBiIbHO OMUCYIOTHCS JIIHITHOIO KOPEJSIIIEIO.
Bussiena nutoma Bara oOHOBOTO PU3UKY B 3araJlbHOMY pH-
3UKYy TpaBMaTU3MYy Ta Tpo(3aXBOPIOBAHb ISl TipHUIOI00YB-
HUX rany3eit MypmaHcbKoi oosacTi it Pecniyouini Kowmi.

HaykoBa HoBm3Ha. HoBu3Ha TpoBeneHUX MOCTIIKEHb
MOJISITAa€ B pO3pOO0LIi METOAYy OOUMCIICHHST BEIMYMHU «(hOHO-
BOTO» PM3WKY U BUSBJICHHSIM MOTO AWHAMIKM TIPOTSITOM
10-piuHoro nepiony.

IIpaktuyna 3Haummictb. [losngrae B MiOBULIEHHI
00’€KTUBHOCTI OLIIHKU PU3UKIB TpaBMaTU3My Ta Mpod3axBo-
pIoBaHb y ipHUYOI00YBHUX rajly3s1X TEpUTOpIii KpaiiHboi [TiB-
Houi PD 3a paxyHOK 006J1iKy BeJIMYMHU «(POHOBOI0» PU3KKY.

Kuouosi ciioBa: npogeciiina 3axeoprosanicme, ainitina Ko-
peasyis, ooHosull pu3uK

AHaM3 CTPYKTYpbl PUCKOB TpPaBMATH3MA
1 npog3ado/ieBaHMii B rOPHOIOOBIBAIOIIETH
NMPOMBILLIIEHHOCTH Kpaiinero Cesepa
Poccuiickoit ®enepanyuu
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eab. YcraHOB/IEHUE 3HAYEHUSI COCTABIISIIONIMX U BIIUSI-
HHUe (aKTOPOB OKpYXAloIIei cpedabl Ha CTPYKTYPY PHUCKOB
MPOMU3BOJICTBEHHOIO TpaBMaTu3Ma U mpod3abosieBaHUil B
TOPHOMOOKIBAIOIIEN TPOMBIIIIEHHOCTH KpaitHero CeBepa
P®, omnpenensieMbIX COBMECTHBIM BIUSHUEM ITPOM3BOII-
CTBEHHBIMU (paKTOpaMU U HEAPYKECTBEHHBIMU ISl UETIOBE-
Ka KIIMMAaTUIeCKUMHU YCITOBUSIMH.

Meroauka. MeToayka pelieHus 3Toi 3aJa4yy OCHOBaHA
Ha COIOCTAaBUTEIbHOM aHalM3e MTUHAMUKU PUCKOB TIPOU3-
BOJCTBEHHOTO TpaBMaTU3Ma U rpod3adoieBaHUIi 3a 1eCITU-
JIETHUM TIepuo Kak B 1esioM 111 Poccuu, MypMaHcKkoii 00-
nactu 1 Pecniyonnku Komu, Tak a1t MIX TOpHOIOOBIBAIOIIIMX
oTpacjieil ¢ MocaenylolUM BbIUYUCICHUEM «(POHOBOTO» pU-
CKa, 3aBUCSIIETO OT 3KOJOro-KIMMaTUYeCKOW XapaKTepH-
CTUKHU CEBEPHBIX TEPPUTOPUIA.

Pesyabpratel. B paGore BbIMOJHEH KOPPEISILIMOHHBIN
aHaJIU3 TIPOM3BOICTBEHHOTO TpaBMaTHU3Ma U Mpodeccro-
HaJIbHOI1 3a001eBaeMocTH B Poccuiickoit @eneparinu, Myp-
MaHcKoii obsactu u Pecriyonuke Komu. Paccuntansl poHo-
Bbl€ 3HAYEHMS UX PUCKA. Y CTAHOBJIEHO, UYTO (POHOBBIE PUCKH
111 TeppuTopuii KpaitHero CeBepa P® ynoBieTBOpUTEIHHO
OIMMCHIBAIOTCS JIMHEIHOM Koppensiuueil. BoisgBiaeH yneiab-
HBII Bec (DOHOBOTO pHcKa B OOIIEM pUCKE TpaBMaTuU3Ma U
npod3adosieBaHUIi 11 TOPHOLOObIBAIOIIMX oTpacieii Myp-
MaHcKoit oonactu u Pecriyonuku Komu.

Hayunaa HoBusHa. HoBu3Ha mpoBeneHHBIX MCCleqoBa-
HHUI COCTOUT B pa3pabOTKe METOIa BHIYMCIICHUS BETUMINHBI
«(pOHOBOTO» pUCKa U BBISIBJICHUEM €ro IMHAMUKU B TeYCHUE
10-neTHero mepuona.

IIpakTHyeckas 3HAYMMOCTD. 3aKJIIOYAETCSI B MOBBILLIEHUN
00BEKTUBHOCTH OLICHKU PUCKOB TpaBMaTU3Ma U Mpod3abo-
JIEBaHU1 B TOPHOAOOBIBAIOLIMX OTPACISIX TEPPUTOPUI Kpaki-
Hero CeBepa P® 3a cuer yyeta BeTUYUHBI «(DOHOBOTO» PH-
cKa.

KmoueBble cioBa: npogheccuonarvhas 3abonesaemocmo,
AUHEHAs Koppeaayus, hoHOBbLI pUCK
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