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PREFACE

During the early months of the revitalized Barents initiative in 2006, a group from
Department of Occupational and Environmental Medicine (AMA) at the University Hospital
of North Norway (UNN) decided to explore what opportunities this initiative could have for
cooperation, development and eventually science. We embarked on a fact-finding mission to
Murmansk Oblast (MO), visiting key persons in the administration and in the academic
institutions. This led us to the mining town of Kirovsk and the Kirovsk Research Laboratory
of Occupational Health (KRLOH) where joint interests and mutual understanding led to an
intention to conduct some work together. With plans and Russian partners, it was possible to
apply for funding. Soon we found ourselves on new visits to Kirovsk, carrying out exposure
measurements and studying medical reports with Russian colleges. Those were colourful
times, full of discovery, excitement and Russian hospitality. Long hours in the office were
mixed with hiking trips and social life in Kirovsk. I got new friends and saw Russian life
through them. This was inspiring and energizing. So with letters of great intentions, I decided
to embark on a more extensive study, suited for a PhD. With help from supervisors, the
protocol was approved for the EPINOR programme, and the work could begin. Some years
and several PhD and Russian language courses later, I look back on a project which started
from scratch with network building and turned out to be a large epidemiological study of mine
workers. It has indeed been a remarkable journey. The experience I have acquired during this
project period can serve as a foundation for future initiatives for studies in occupational
health. Indeed, the current EU project termed ‘MineHealth’ collect data in high north mine
workers in four countries by use a modified version of the questionnaire developed for this
epidemiological study. In Kirovsk, that can serve as a follow-up study of mine workers health.
The development in the Barents region will most likely call for more knowledge on the
connections between occupation, exposure and health, as the work continues in order to

safeguard the mine workers of the high north.



The author at the Kirovsk mines in 2009. (Photo: Arild @vrum)
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SUMMARY IN ENGLISH

The largest mining communities in Europe are located in the Murmansk Oblast (MO) in
North Russia. Exposure to whole body vibration (WBV) from operating heavy vehicles and
cold working conditions in the mines is frequent for many mine workers in the north.
Musculoskeletal conditions such as low back pain (LBP) have been reported as frequent
problems particularly in professional drivers of heavy vehicles. Knowledge about miners’
health in the high north, particularly in cold working conditions, is essential in order to meet
the challenges of operating in these areas. The aim of this study was to describe how
occupational health is assessed in miners in the MO, assess the frequency and character of

LBP in miners, and investigate the associations between occupational exposures and LBP.

In the MO, several institutions are involved in assessing miners’ health, calculating exposure
levels as hazard grades and making recommendations for further employment, as described in
Paper 1. Risk assessment is based on measured exposures which are weighted in accordance
with national regulations and graded from 1 to 4. In Paper II we describe how we measured
WBYV exposure during work cycles in a mine in Kirovsk in MO, and performed a risk
assessment by expressing the exposure values in accordance to European and Russian risk
assessment systems as means to quantify and communicate risk. This illustrates how WBV
exposure assessment in the Russian system relates to the action and limit values in the
European system. It is by our knowledge the first time that risk assessment of WBV exposure

by both European and Russian systems has been published.

The central institution in this work in the MO is Kola Research Laboratory of Occupational
Health (KRLOH) to which miners are summoned to a periodical, obligatory medical
examination. In Paper I we describe how this is determined and how, based on a wide set of
exposure and clinical information, decisions are made on topics as the ability to continue
work, the grading of disability, determination of occupational disease and qualification for
economic compensation. The emphasis is more on control and repair than on prevention of

disease. Since recommendations from the health assessment may be experienced as



unfavourable by the employees, they may be motivated to underreport their health problems

at the examination.

The large numbers of workers employed in the mines in MO provide great opportunities for
epidemiological studies on miners’ health. In 2010 3680 workers employed in four mines in
Kirovsk were summoned for periodic health examination at the KRLOH and were invited to
take part in this epidemiological study. Our hypotheses were that WBV from driving heavy
vehicles, heavy lifting, working with wet clothes and cold working conditions affect the risk
of LBP. In total, 3530 (96%) signed an informed consent to participate. Data in this cross-
sectional study were collected by questionnaire, filled in by 3530 workers who had given
informed consent. Workers were asked about exposures in their current and past occupations,
whether they had experienced LBP during the last 12 months, and inquired about pain
characteristics. Work place characteristics were also observed on site. The aim of the study
presented in Paper III was to investigate the association between work tasks that involve
WBYV, cold environment, heavy lifting and wet clothing and the occurrence of LPB in a
cohort of miners, adjusted for individual factors. Workers who reported that they drove a
vehicle in a typical work week were defined as exposed to WBV. One-half of the workers in
the mines reported LBP. This is higher than previously reported for workers in the mines in
Kirovsk but closer to numbers reported in other studies. Heavy lifting was reported by more
than half of the workers and two thirds had worked in a cold environment on a weekly basis.
One-half reported working with wet clothes for at least five hours per week. Despite levels of
WBYV above action values, wet clothing, cold working conditions, heavy lifting, and previous
work as a driver were more strongly associated with LBP. The strongest adjusted association
was found for working with wet clothes (OR=1.82). For WBV exposure defined as driving
time per week the adjusted OR for LBP per category increase in time was 1.08. Driving
TORO 400 trucks and K10 and K14 underground trains were the only vehicles associated
with LBP, these drivers are exposed to both a twisted working position and low temperature

in the open cabins, underlining the importance of vehicle-type specific analyses.

The second part of the epidemiological study, described in Paper IV had a two-fold study aim:
to investigate characteristics of LBP symptoms (frequency, intensity, duration and radiation to

the leg) in miners, and how back pain with radiation relates to occupation, type of vehicle
9



driven, past driving, heavy lifting, wet work clothes and cold work environment among
miners with LBP. Paper IV describes characteristics of LBP with and without pain radiation
in the population of miners. Pain intensity, frequency duration and radiation were assessed by
questionnaire. LBP was classified as LBP without and LBP with radiation. The associations
were assessed in bivariate and multiple logistic regression analyses among the workers who

reported LBP.

Cold environment was the most prevalent of the studied exposure factors in several groups of
the miners. More than 80% of the train drivers, Toro 400 drivers and blasters reported
exposure to temperatures below 10°C. Drill-rig operators, blasters, and drivers of Toro 40,
Toro 400 and trains reported the highest prevalence of working with wet clothing. Of those
with LBP, 34.8% reported LBP with radiation, most frequently among blasters (49%), drill rig
operators (40%) and drivers (36.5%), in particular drivers of Toro 400 and trains, 77.9% and
66.0% respectively. In the adjusted analysis, LBP with radiation was statistically significant

for wet clothes (OR=1.44), cold environment (OR=1.49) and past driving (OR=1.50).

The main shortcoming of the epidemiological part of the study was its cross-sectional design,
which does not provide cause-effect relationships. Our results show that many workers in
these mines are exposed to several possible risk factors. Information was self-reported, and
thus subjective. The cut-offs chosen for some study factors may have the outcome of the
analysis. Healthy worker effect is always present when work populations are studied, and its
magnitude is generally unknown. Our study suggests that cold work environment contributes
to the risk of LBP. For better prevention of LBP, we recommend increased emphasis on

improved cabin conditions and clothing.
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SAMMENDRAG (SUMMARY IN NORWEGIAN)

De storste gruvesamfunnene i1 Europa ligger 1 Murmansk oblast (MO) nord 1 Russland.
Eksponering for helkroppsvibrasjon fra tunge kjoretoy er karakteristiske yrkeseksponeringer
for gruvearbeidere samt kaldt arbeidsmiljo i nord. Muskelskjelett tilstander som
korsryggsmerter er beskrevet som vanlige, s@rlig blant sjdferer av tunge kjoretoy. Kunnskap
om gruvearbeideres helse 1 nord ber fremmes for & mete utfordringene knyttet til gruvedrift 1
disse omradene. Hensikten med studien var & beskrive hvordan gruvearbeideres helse
vurderes 1 MO, bestemme forekomsten og karakteristika ved korsryggsmerter blant

gruvearbeidere og undersgke sammenhenger mellom yrkeseksponering og korsryggsmerter.

I MO er flere institusjoner involvert i vurderingen av gruvearbeiders helse, gjennom
risikovurdering, helseundersgkelser og bedemmelse av arbeidsevne. Risikovurdering baserer
seg pa malte eksponeringer som vektes 1 henhold til nasjonale forskrifter og graderes fra 1 til
4. Artikkel II beskriver hvordan vi malte helkroppsvibrasjons- eksponering fra tynge kjoretoy
i en av gruvene i byen Kirovsk i MO. Artikkelen beskriver ogsd hvordan verdiene i en
risikovurdering kan relateres til tiltaks- og grenseverdier i det europeiske systemet og
risikogradering 1 det russiske systemet. Artikkelen viser ogsd hvordan risikograder i det
russiske systemet samsvarer med tiltaksverdi og grenseverdi i det europeiske systemet. Etter
var kjennskap er det forste gang vibrasjonseksponering er publisert med en risikovurdering

ved bruk av begge disse to systemene.

Den sentrale institusjonen for vurderinger av eksponering og helse hos ansatte i MO er Kola
Yrkeshygieniske Institutt (KRLOH), dit alle gruveansatte kommer for en obligatorisk
helseundersgkelse med regelmessige mellomrom, vanligst som en é&rlig undersokelse, som
beskrevet 1 Artikkel 1. Basert pa et bredt sett av eksponeringsfaktorer og klinisk informasjon
treffes det anbefalinger for det videre arbeidet, eventuell uferhetsgrad eller om en medisinsk
tilstand kvalifiserer for yrkessykdomserstatning. Det er langt mer vekt pd kontroll og
reparasjon enn forebygging av sykdom. Ettersom anbefalinger fra helsekontrollene kan
oppleves som ugunstige av den enkelte arbeidstaker kan det motivere til en underrapportering

av heleplager under helseundersgkelsen.
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Det store antall ansatte i gruveindustrien i MO gir gode muligheter for epidemiologiske
studier av gruvearbeideres helse og yrkeseksponering. I 2010 ble 3680 ansatte i de fire
gruvene 1 Kirovsk innkalt til sin regelmessige, obligatoriske helseundersekelse og ble invitert
til & delta 1 denne epidemiologiske undersokelsen. Vére hypoteser var at helkroppsvibrasjon
under kjoring av tunge kjeretoy, tunge loft, arbeid med vate kler og kaldt arbeidsmilje

pavirker risikoen for korsryggsmerter.

Data i denne tverrsnittsundersgkelsen ble innsamlet ved bruk av sperreskjema som ble fylt ut
av 3530 (96%) ansatte etter informert samtykke. De ansatte ble spurt om deres naverende og
tidligere yrke, eksponeringer og om de hadde opplevd LBP i lgpet av de siste 12 méinedene
samt smertekarakteristika. Karakteristika ved arbeidsplassene, typer kjoretoy og organisering
av arbeidet ble observert 1 gruvene og innhentet fra arbeidsgiver. Formélet med studien som
presenteres i Paper III var & underseke sammenhengen mellom arbeidsoppgaver som
involverer WBYV, kaldt arbeidsmilje, tunge loft og vate kler og forekomsten av LBP i en

kohort av gruvearbeidere, justert for individuelle faktorer.

Vi beskriver i Paper III at halvparten av de ansatte svarte at de hadde korsryggsmerter. Dette
er hoyere enn tidligere rapportert for gruvearbeidere i Kirovsk, men narmere tall som er
rapportert 1 andre studier. Tunge loft var rapportert av mer enn halvparten og tre av fire hadde
arbeidet i kalde omgivelser pa hver uke. To av tre rapporterte at de arbeidet 1 vate kleer minst
en time i uka og nesten halvparten hadde jobbet i vate klar 1 minst fem timer i uka. Til tross
for malte nivaer av helkroppsvibrasjoner over tiltaksverdi, var vate kler, kalde omgivelser,
tunge loft og tidligere arbeid som sjdfer sterkere assosiert med korsryggsmerter. Den sterkeste
assosiasjonen ble funnet for vate kler (OR=1.82). For helkroppsvibrasjon definert som
kjeretid per uke var den justerte OR for korsryggsmerter per okning i tidskategori 1.08. Blant
dem som oppgav & vere ndvarende sjaforer var det kun arbeid med lastekjoretayet Toro 400
og de sma undergrunnslokomotivene K10 og K14 som var assosiert med korsryggsmerter.
Forere av disse kjeretoyene sitter 1 rett vinkel til kjoreretningen 1 dpne forerhus med bade en

rotert stilling 1 overkroppen og eksponering for de kalde arbeidsforholdene i gruva.
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Paper IV beskriver forekomsten korsryggsmerter i mer detalj, med og uten smerteutstraling, i
den samme populasjonen av gruvearbeidere. Smerteintensitet, frekvens, varighet og utstraling
ble rapportert i sporreskjema. Korsryggsmerter de siste 12 méneder var klassifisert som med
og uten utstraling. Analysene ble gjort med bivariat og multippel logistisk regresjonsanalyse
av de ansatte som rapporterte lave ryggsmerter. Kalde omgivelser var den hyppigst
forekommende av de studerte eksponeringsfaktorene i flere grupper av gruveansatte. Mer enn
80% av de som forte gruvelokomotiver, sjaforer av Toro 400 og sprengere rapporterte
eksponering for temperaturer under 10°C. Boreriggoperaterer, sprengere og sjaferer av Toro
40, Toro 400 og gruvelokomotivene K10 og K14 rapporterte ogsa den hoyeste utbredelsen av

arbeid med vate kler.

Blant ansatte med korsryggsmerter rapporterte en av tre ryggsmerter med utstraling. Blant
ansatte med korsryggsmerter var andelen som hadde opplevd smerter med utstriling hoyest
blant sprengere (49%), operaterer av boreplattformer (40%) og sjaferer (36.5%), saerlig dem
som kjerte Toro 400 og gruvelokomotiv, henholdsvis 77.9% og 66.0%. I den justerte analysen
var assosiasjonen med LBP med utstraling statistisk signifikant for véite kler (OR=1.44),
kalde omgivelser (OR=1.49) og tidligere arbeid som sjifer (1.50). Assosiasjonene med
tidligere arbeid som sjafer antyder at det & kjore kjoretoy er en risikomarker og at noen

ansatte kan ha endret yrke fra sjifor til andre yrker grunnet korsryggsmerter med utstréling.

Den viktigste svakheten ved denne epidemiologiske studien er dens tverrsnittsdesign som ikke
gir mulighet for a trekke konklusjoner om arsak-virkning sammenhenger. Vére resultat viser
at mange ansatte i disse gruvene er eksponert for mange mulige risikofaktorer. Informasjonen
gitt 1 sperreskjemaet var selvrapportert og derfor subjektiv. Avgrensningene som ble valgt for
studiefaktorene kan ha fort til feilklassifikasjon av eksponerte og ikke eksponerte og kan slik
ha pévirket resultatene av analysene. Derfor ma de beregnede OR for eksponering for véte
kleer og kalde omgivelser tolkes med forsiktighet. Seleksjon av friske ansatte i en arbeidsstokk

er alltid til stede nar populasjoner av ansatte studeres, og omfanget av dette er ukjent.

Resultatene fra studien tyder pa at kalde omgivelser og vate kler bidrar til risiko for
korsryggsmerter, ogsd med utstrdling. For & bedre forebygging ber det vare okt fokus pé

utforming av kjeretoy og bekledning.
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1. INTRODUCTION

1.1 Background for the study

Mining is one of the prerequisites for modern society, in delivering minerals and metals for
construction and production. It provides employment and creates values that are important for
many communities. The mining industry is expanding as global demands increase. Mining
consists of several operations and processes (exploration, drilling and development, mine
operation with extraction, and hauling and transport) and is a multidisciplinary industry which
employs numerous professions and trades. It is carried out under very diverse conditions in a
world-wide perspective. As demands for commodities increase, new mines are opened,
existing ones are expanded and more people are employed. This is also the situation in the
Barents region (northern Finland, Norway and Sweden, and northwest Russia), where some
30000 people are employed in the industry. Existing mines are expanding and new mines are
opened. The region has some of the largest mining enterprises in Europe. The mining industry
in northwest Russia is far more extensive than in the rest of the region, by far the largest
population of workers in the mining industry is in Murmansk Oblast (MO) in the Russian

Federation (RF) with some 22000 employees.

Norway has had the lowest number of workers employed in the mining industry in the region.
With new mineral extraction legislation in place from 2012 and extensive on-going
prospecting, the mining industry in Norway, and particularly in the north, is expected to grow
in the years ahead. This will affect the environment and local communities. It is important to
increase competence on the impact of mining on a wide number of fields in order to meet
future challenges and opportunities. Several factors are different between the countries, while
others are similar, such as remoteness and cold climate. Knowledge about mining in the high

north should be promoted in order to meet the challenges of operating in these areas.

Mining poses several concerns over the health and safety of the workers. Working in mines

has long been recognised as associated with elevated risk of traumatic injuries and disease,
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despite technological improvements [1]. Some health and safety challenges are specific for
certain types of mining, others are shared across the industry and across borders. The efforts
to prevent mining disasters and fatalities are currently often supplemented by a broader

occupational health and safety focus [2].

Worldwide, mine workers’ health differ among types of mining, underground or over ground
operations, or according to the commodity being mined. Physical hazards like falls, fires,
explosions, collapse of shafts and heat remain a problem and can cause incidents that may be
fatal. Continued systematic work has reduced the risk from these events. One of the most
common exposures in mining is noise, causing hearing loss [3]. Heat and humidity are
encountered in tropical regions, whereas low temperatures can be challenging in northern
locations. Vibration is commonly experienced from operating heavy vehicles and vibration

from hand-held tools can cause hand-arm-vibration syndrome [4, 5].

In some mines, the presence of silica has long been a hazard, causing silicosis and chronic
obstructive pulmonary disease COPD) [6, 7]. Prolonged exposure to silica may also increase
the risk for lung cancer [8]. Technical improvements have reduced this risk, but the problem
remains in developing nations. Mineral dust has been a major hazard to mine workers, in
particular those working in coal mines, causing pneumoconiosis and COPD [6]. Improved
respiratory protection and ventilation have improved the exposure situation. The mining of
asbestos continues in some countries although it is now banned in most industrial countries.
The exposure to asbestos increases the risk of asbestosis, pleural plaques and pulmonary
cancer [9]. In concealed mining environments, diesel particulates stem from vehicles and
generators. It is a probable carcinogen and can pose a possible excess risk of pulmonary
cancer [10, 11]. Arsenic, which can be encountered as contaminant in metal ores also carries a
risk of pulmonary cancer [12]. Metal ores with lead, platinum, manganese, cadmium and
cobalt pose a health risk especially during metallurgical processing. In coal mines, methane
gas represents a health risk by explosion. In some developing nations, mercury is still used in
mercury-amalgam gold extraction, and the vapour can be toxic when fumes are inhaled [13].
Biological hazards to the health of mine workers can be infectious agents in the general
environment or in water used in the industrial processes. Increased risk for tuberculosis in

mine workers has also been reported in some areas [14].
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Despite an increased mechanization in the mining industry, manual handling, trauma and
awkward postures remain a challenge, causing musculoskeletal distress and disorders. Longer
shifts, fatigue sedentary work, increased loads in fixed positions and whole body vibration
(WBYV) have been identified as possible risk factors for reduced health and safety but the
effect of combined exposure is not clear [4, 15]. Fatigue from sleep deprivation can cause
cognitive and motor impairments. In addition, psychosocial factors, stress, drug and alcohol
abuse add to the combined load of possible exposures that increase the risk for accidents and

disease [1].

In the high north, some major aspects of mining are shared, and some differ from mining in
other parts of the world. Working in cold conditions is one major dimension that is
characteristic in the region. Musculoskeletal problems are frequently reported health problems
and have costs for the employed, the employer and society. Their causes are believed to be
multifactorial [16]. The independent impact from cold climate as co-exposure is
undetermined. To meet the future with better prevention practices, more knowledge is
required about the health problems of high north mine workers, their combined exposures and
risk factors. Norwegian mining activities are on the rise but there are still few existing mines
and small worker populations. Knowledge should thus be promoted through international
cooperation with occupational medicine specialists and particularly across the Barents region,
both by learning from previous epidemiological studies on high north miners and by carrying
out new joint studies. As mining companies plan to recruit more workers from all four
countries in the region, there is a growing need to promote knowledge about several aspects
of health and work environment of mine workers across the Barents region. By identifying
regional similarities and differences, new knowledge is relevant in a broader regional and

international context.

The largest mining region in Europe is the cluster of mines and processing facilities in the
Kola Peninsula in Murmansk Oblast (MO), in the north-western part of the Russian
Federation (RF). MO has 794.800 inhabitants and is the least populated region in Russia
(0.6%), but the largest population in the circumpolar north (21% of the total). The region is
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also the most urbanized in Russia, with 92.8% of it population living in cities or towns,
compared to 73% in the RF [17]. Thirty-seven percent of the MO population live in
Murmansk city, the rest live in industrial towns (monogorods) (Figure 1), where single
industrial plants provide employment and community services. Workers are employed in

mines in several industrial towns, extracting a wide array of minerals and metals (Tablel).

Republic of Karelia

Figure 1. Industrial towns and Murmansk city in Murmansk Oblast.

20



Table 1. Main industrial towns and industry in Murmansk Oblast

Industrial Main industry

town

Polarnye Zori Nuclear power plant

Nikel Nickel mine and smelters

Monchegorsk Nickel and copper refineries

Kirovsk Apatite-nepheline mines

Apatity Ore processing plant

Kovdor Iron, apatite, mixed ore mines, ore processing plant
Olenegorsk Iron mines, smelters

Khandalaksja Aluminum smelters

Zapoljarny Nickel mine, concentrate production plant
Revda Rare earth metals, titanium mines

An industrial cluster is formed by the apatite mining and processing complex in Kirovsk and
Apatity, and the mining company JSC Apatit is currently one of the largest producers of
phosphate in the world.

The MO region is located in the high north, characterized by short, cool summers and long,
cold winters. This pose challenges to the health and safety of the mine workers, in addition to
the working conditions. For five decades, the health and work place exposures of mine
workers have been studied and assessed by the Kola Research Laboratory of Occupational
Health (KRLOH) in in the town of Kirovsk. KRLOH is a branch of Northwest Public Health
Research Centre (NWPHRC) in St Petersburg. Annual health examinations have revealed
increasing numbers of occupational disease and compensation claims since 2000.

Occupational accidents and diseases are increasing, but probably underreported. The
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prevalence of occupational musculoskeletal disorders is higher than reported for Russian
Federation [18, 19]. In 2006 the incidence of occupational disease in MO was twice that in
1999. This is also the trend in the industrial towns of MO [20]. On the other hand, from 1991
to 2003 the number of accidents decreased [21]. Noise and vibration have been reported as the
most common causes (36.6%) of occupational disease in MO mine workers [22]. Only 12%
of miners working underground and 13.6% of miners working in open pit mines had never
been diagnosed with some form of medical condition, and musculoskeletal problems and
diseases caused by mechanical vibration have been identified as the most frequent health
problems [23]. Direct comparison is very difficult from national statistics. Numbers for
Norway for the same period does not show high numbers of occupational disease of
musculoskeletal type, since the category is not generally approved as an occupational disease.
By employing similar criteria and tools for data collection across the high north, the data can

more easily be compared between countries.

Compared with the relatively small mining communities in North Norway, the many more
mine workers in Kirovsk provided an excellent setting for large-scale epidemiological study.
Through cooperation with Russian specialists, we could learn about the challenges to the
health of mine workers. This can be beneficial for the development of better prevention
procedures and standards. Medical records of workers in the Kirovsk mines, official statistics
and previous publications on the health of the workers were studied together with Russian
specialists. We made several technical visits to the different mines in Kirovsk to experience
and learn about the mining process, the enterprise and the daily work. Several weeks were
spent in underground and open pit mines. This gave a first-hand experience of the physical
work conditions, work garment, safety equipment, the shifts and work cycles. We also spent
several days riding along in heavy trucks, experiencing the working conditions first hand as
we measured the exposure to WBV. Reports were written about the levels of WBV exposure
and risk assessment in both underground mines and open pit mines on the most used vehicles.
The reports were also presented to the leadership of the mining company JSC Apatit.
Together with the specialists at KRLOH, we chose to focus on musculoskeletal pain and the
complex of possible contributing exposure factors as the most relevant issues for a large
study. In order to understand the context for this investigation, we also decided to study in

detail how occupational health is assessed in mine workers in MO.
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1.2. Low back pain

Low back pain (LBP) is a frequently occurring pain condition in the general population [24-
27]. Studies from around the world show that most adults will experience an episode of LBP
during their lifetime; reported at 60-84% in industrialized countries [28, 29]. Studies have
shown that 20 to 30% of adults report LBP at a given point of point of time [30-32]. More
suitable than such than point prevalence numbers to describe the population burden of LBP
are period prevalence numbers, due to the episodic nature of LBP. The 12-months LBP
prevalence is reported in the 40 to 60% range in several studies and 6-months LBP at 50%,
dependent on the definition of LBP [30-32]. In Norway and Sweden lifetime prevalence has
been reported at 60 and 69%, one-year prevalence at 41 and 47% and point prevalence at 13
and 18% respectively [33]. LBP with duration up to 4 weeks is often described as acute, and
sub acute if the duration lasts from 4 to 12 weeks. LBP is labelled chronic if the duration
exceeds 12 weeks. The majority of cases are short term or not severe, but annual prevalence
of severe LBP has been reported as 10-12% [34]. A study has shown that the incidence of
LBP is highest in the third decade of life [35]. The prevalence of LBP increase until age 60 to
65 years, and then decline gradually [31]. Among persons under age 65, low back pain is the
most common condition [36, 37]. Some studies have reported higher prevalence of LBP in

women; others have not found any sex difference [32, 38].

As a cause of healthcare consultations, work absence and disability, LBP poses a large burden
to individuals, employers, and health, social and welfare systems [34, 39]. In the UK and
Sweden, 12-19% of all sick days have been attributed to LBP [36]. In Norway, LBP accounts
for 11% of sick leaves and 9% of medical disability cases [40]. Some 25% of Swedish
construction workers reported that LBP had hindered their work during the last year [41].
Most cases of LBP resolve within 12 weeks, but in some 15% of patients it may become
chronic with significant physical impairment and activity limitations. The chronic LBP cases

accounts for a majority of disability and costs associated with LBP [36].
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LBP episodes may present with various duration and intensity. For the majority of persons
who experience LBP, the condition improves over time; a minority recovers completely but
70 to 80% report recent pain one year after the debut. Some studies indicate that the presence
of radiating pain and severe loss of function are indicators for poor prognosis [42, 43]. High

pain intensity has also been cited as associated with poor prognosis [44].

A specific cause of LBP can usually not be established, despite current diagnostic methods.
Many patients have degenerative changes or abnormalities in their spine without LBP
symptoms. Other patients suffer from chronic LPB without any visible abnormalities. Only in

6-10 % of all cases of LBP has an underlying pathological process been determined [45, 46].

1.3 Low back pain with radiation

Some persons experience back pain only, others experience back pain with radiation to the leg
below the knee and may radiate into the foot and toes, a condition often termed sciatica.
Sciatica is a symptom, rather than a specific diagnosis. Clinical findings as muscle weakness
and reflex changes may be present. The radiating pain follows a dermatomal pattern and
patients may also report sensory deficits. A clinical picture with typical radiating pain in one
leg combined with a positive neurological test (the straight-leg-raising test, Lasegue, is most
commonly used) is considered typical for sciatica. The clinical course of acute sciatica is
favourable, with pain and disabilities resolving within two weeks. Within a year the majority
(70%) have recovered with conservative treatment [47]. LBP with radiation is a common
condition [48, 49]. A study on municipal workers found that radiating pain was predicted by
manual labour in both sexes and by previous pain in the lower back in men, while

psychosocial and physical working conditions had no predictive value [50].

Radiating pain is considered associated with disc hernia, still, the risk factors for LBP with
radiation are not well understood. Inflammatory processes close to the nerve roots may cause
radiating pain in the absence of a herniated disc [47]. The most effective treatment of LBP

with radiation is still undetermined. Analgesics, muscle-relaxant and anti-inflammatory
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medication, physical therapy and light exercises are the major conservative treatments. For

LBP with radiation disc herniation, surgery may be indicated [37]

1.4 Risk factors for low back pain

LBP seems to be a multi-factorial condition. Both work-related and not work-related factors
appear to cause or contribute to LBP. Although LBP is common in the general population, it
is often more frequently reported in some occupations. Work-related risk factors [51],
psychosocial factors [52, 53] and individual characteristics and life style factors [28, 50] may
be involved in causing or contributing to LBP. Employment and workplace factors have been
associated with LBP, both physical (vibration, heavy lifting, awkward postures) and
psychosocial factors (job demands, control, stress and dissatisfaction). A review concludes
that there is a possible causal relationship between operating heavy industrial equipment and
LBP [54]. Also, some professions have been reported to increase the risk of LBP. Professional
driving has been reported in several studies to increase the risk of LBP [55-57]. A high
prevalence of low back pain has also been reported in mine workers [58, 59]. In a Finnish
register study of people hospitalised for back pain, mine workers were the second largest

profession category [60].

Several studies have indicated an association between professional driving and LBP [61-64].
Driving heavy vehicles is a multifactor exposure, involving WBYV, prolonged sitting,
awkward postures, different ambient work temperatures and sometimes lifting. The relative

contribution from the various factors to the risk of LBP is still undetermined.

Exposure to WBV or sudden mechanical shocks from driving are reported to be associated
with LBP in several studies [54, 62, 65, 66], especially in drivers of heavy vehicles [67, 68].
A dose-response relationship between WBYV and the risk of LBP has not been established, but
both the characteristics and the duration of vibration exposure may play a role [16]. A review
concluded that driving-related WBYV is associated with LBP, sciatic pain and degenerative

changes in the spine [69]. However, there are contradicting results. LBP in drivers may also
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be influenced by other factors in the work environment, such as type of work process and
machinery, heavy lifting, work postures, cold working conditions, biodynamic factors as well
as various individual characteristics and stress [51, 63, 70]. Another review concluded that the
evidence for whether LBP is due to driving-related WBYV alone or other factors such as heavy
lifting or working postures, is inconclusive [71]. A Swedish study found that the associations

between WBYV and LBP might be confounded by lifting and posture [27].

The changing practices in mine work also change the exposures for workers in mines.
Increased mechanization has led to more sedentary work, making the workers less fit for the
lifting of heavy loads which is still part of this work. One study has reported association
between daily heavy lifting and back pain, and a weak association with driving industrial
vehicles [51]. A Finnish cross-sectional study reported a prevalence of physician-diagnosed
sciatica at 5.4% and no relationship with professional car driving in general (OR 1.42 (95%
CI 0.92-2.18), but driving combined with strenuous physical work increased the risk for
sciatica threefold and for LBP in general twofold. [46]. Other studies have reported a strong
association between heavy lifting, prolonged sitting, twisting and bending and LBP [51, 63].
Increased risk of LBP from heavy physical workload and awkward postures has also been
found in adolescents [72]. A review states that no causality has been demonstrated between

WBYV exposure and abnormal spinal imaging findings [73].

An increased rate of injuries has been described in other populations of mine workers
operating in low temperatures [74]. Subjective musculoskeletal symptoms have also been
found more frequently in cold indoor working environment, and symptoms have been
reported to be more frequent in winter than summer [75, 76]. A recent study on Swedish
construction workers showed an increased risk of developing LBP and neck pain by
decreasing outdoor temperature [41]. A review concluded that there is reason to believe that
cold is a risk factor for developing musculoskeletal disorders at the workplace. The impact
and effects of low temperature on short term muscular function are quite well understood, but
long term function gas received little attention [77]. Increased frequency of musculoskeletal
symptoms by longer working time in cold environment has been reported [78]. Some studies

have addressed the impact of wet clothes on health and human function [79-81]. One study
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reported elevated levels of perceived job stress from exposure to wet clothes in cement

construction workers [82].

In addition to risk factors at work, pre-disposition, obesity and smoking may also increase the
risk for LBP [52, 53, 83]. Psychosocial factors such as anxiety, stress, depression, job
dissatisfaction and somatisation have been suggested as risk factors [84-86], however, this is
disputed in later reviews [53, 87]. The association with leisure time physical activities has
been reported as weak and conflicting in several reviews [62, 88, 89] and another review

found no reduced level of physical activity in persons with LBP [90].

Risk factors for LBP with radiation

Although sciatica is considered to be associated with disc hernia, the risk factors for LBP with
radiation are not well understood. Obesity seems to be associated, and the onset of LBP with
radiation may be affected by low physical activity and smoking [49, 50]. A twin study did not
find more disc degeneration among occupational drivers than in their non-exposed siblings
[91]. A study on municipal workers found that radiating pain was predicted by manual labour
in both sexes and by previous pain in the lower back in men, while psychosocial and physical
factors in the working conditions had no predictive value [50]. A review concludes that cold
exposure in work seems associated with increased risk for degenerative changes in the

intervertebrate discs but seems associated with other physical factors as well [78].

Since LBP is a diverse and nonspecific condition, it is important to study the association of
work-related exposures and types of LBP. This applies to LBP with and without radiation, as
it implies different pathophysiological processes and clinical developments [46]. Various

factors may affect the duration and intensity of LBP.

To assess the subgroups of LBP and their associations with exposure factors, large population
studies are required. Our study allowed for a detailed description of LBP, both in character

and duration, as well as analysis of associations with combined work-related exposures.
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1.5 Planning and management of the project

A group from AMA at UNN had meetings with occupational health specialists at KRLOH in
June 2006 during which it was concluded that a joint Norwegian-Russian project proposal
should be created. We decided to focus on musculoskeletal conditions and WBV for mine
workers operating in cold conditions, since this was an occupational health problem shared in
both countries and in need for more scientific investigations. In late 2006 we made the first
visit to the Kirovsk mines, conducting pilot measurements of WBV and HAV. New exposure
measurements were carried out in the Kirovsk mines in spring 2007. An agreement of
scientific collaboration between UNN and Northwest Public Health Research Centre
(NWPHRC) in St Petersburg was signed at the initiative of this author. During the project
period, these agreements were reiterated twice. The funding for the early visits to Russia was
granted by UNN. Later we applied for, and received, funding from several sources (see
Acknowledgements). I was the main person in the planning, grant application, grant
management and contract negotiations which turned the initial ideas into a funded bilateral
research project. During several visits to KRLOH and the Kirovsk mines, I took part in
exposure measurements and risk assessment as well as observations of work conditions and
characteristics in the mines, over several weeks. Together with specialists at KRLOH we
compiled reports from these investigations in the mines and presented the reports to the
management of the mines, with whom it was agreed that our project group would be granted
access to further investigations of the occupational exposures and health of the workers. I also
spent much time with Russian specialists studying medical records at the KRLOH archives.
Knowledge about how occupational health is assessed in MO was also developed during these
week-long study periods at KRLOH. This was the background for the project description
leading to my enrolment in the EPINOR PhD programme. In order to create the
questionnaire, I spent time with scientists who had created the VIBRISKS questionnaire [66,
92, 93]. The questionnaire was then adapted to the context in the Kirovsk mines in close
cooperation with the KRLOH scientists and other specialists in the field. Together with the
KRLOH scientists and my supervisors I decided to use the regular medical health examination
of the miners as the platform for data collection procedures. Ihad the main role in developing

these information letters, project proposals and application documents to the regional
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committee for medical and health research ethics North (REK Nord) and the regional
committee for medical and health research ethics in Northwest Russia. This also applied to the
testing and revisions of the questionnaire and the instruction of the team ahead of and during
the first week of the data collection by questionnaire. The database was created by scientists
at KRLOH and entered by their experienced personnel. I received the dataset mine by mine as
the data collection proceeded throughout 2010, and checked the dataset for inconsistencies,
extreme and missing values. These were checked with the filled-in original questionnaires in
paper format and corrected when possible. The data analysis and writing of the manuscripts
were carried out with advice from my supervisors. In addition to the scientific work, I
believed it was necessary to develop skills in Russian language by studying Russian for two

years, from basic training via an intensive language course in Russia to a university exam.
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2. AIM OF THE THESIS

The aim was to describe how occupational health is assessed in mine workers in Murmansk
Oblast, assess the frequency and character of LBP in miners, and investigate the associations

between occupational exposures and LBP.
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3. MATERIAL

3.1 Context

The main mining communities in the MO are the neighboring boroughs Apatity and Kirovsk,
which have a combined population of 110000. The population has decreased 20% since 1990
[17]. The apatite-nepheline mining and processing enterprise JSC Apatit operates four mines,
mine transportation lines and two concentrate plants in the middle of Kola peninsula. The
mines are located in the Khibiny mountains, with two underground mines (Kirovsky and
Zentralny) and three open pit mines (Vostochny, Zentralny and Rasvumchorrsky). Apatite is a
phosphorous-rich mineral used in fertilizers, and JSC Apatit is the largest producer of apatit in
the world. After the ore is extracted in the mines, it is transported by train to the concentrate
factories nearby where the ore is crushed and apatite extracted by a flotation technique. The
product from this process, the apatite concentrate white powder, is the transported to the
markets by train. The company employs 13500 workers (20% of all industrial workers in the
MO) in the Apatit-Kirovsk area, of which 3947 were employed in four mines in early 2010
(Table 2).

Table 2. Mines and number of mine workers in Kirovsk.

Mine Type Number of workers (2010)
Kirovsky Underground 2034

Vostochny Open pit 650

Zentralny Open pit/underground 587

Rasvumchorrsky Underground 676

Total 3947
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Women constitute 5.5% of the employees and 85% are ethnic Russians [21]. The employees
work 8 hour shifts in the underground mines 5 days per week and 12 hour shifts in the open

pit mines. The mines are operated round the clock, every weekday throughout the year.

Underground mines

In the underground mines, workers are organized in teams with several professions (mine
drivers, truck drivers, mine workers, drill rig operators, electricians, blasters, timbermen) and
a foreman. This team advances the extraction tunnels by first drilling bore holes at rock wall
at the end of the tunnel with a drill rig (of the brand Simba). The drill rig operator works
standing in a semi-covered hut on a parked platform operating several drilling arms that are
water cooled. The drilling typically takes place in the second half of the work week.
Timbermen secure the tunnels with supports to roof and walls. Electricians wire the tunnels,
providing energy to the drilling rigs and several electrical vehicles. After holes have been
drilled, the blasters install the explosives and fuses. On Fridays, the explosions are set off,
allowing fumes and dust to settle and be removed by ventilation during the weekend. Starting
on Mondays, rocks from the blast are removed by mine drivers and truck drivers from the site
by use of Sandvik Tamrock Toro 400 load haul dump (LHD) vehicles; these are low trucks
with a bucket and drives in both directions, some powered by electricity, others by diesel. The
operator sits in a semi-covered cabin, perpendicular to the driving directions. The ore is
transported in the Toro 400 bucket to a nearby shaft where it is dumped to a lower level in the
mine where ore is loaded on small mine trains (pulled by K10 and K14 locomotives) or

Sandvik Tamrock Toro 40 trucks.
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Figure 2. Toro 400 in operation in an underground mine (Photo: Arild @vrum)

The Toro 40 is a diesel truck where the driver sits in a covered, temperate cabin, on a
cushioned seat in the driving direction. The professional labels mine driver, mine truck driver,
mine load driver and truck drivers do not precisely define which vehicle they operate, they
can operate both Toro 40 and Toro 400 as well as other vehicles. Even workers in the
professional category mine workers may operate a variety of vehicles in their work, although

this not frequent and not their primary task.

The K10 and K14 are low locomotives pulling trains carrying ore on steel tracks in narrow
tunnels. The K10 and K14 (also called trains) are from the Soviet era, they are the oldest
vehicles used in the underground mines and the only vehicles in this study not operating on
rubber tyres. The electric train drivers sit in a semi-covered cabin, perpendicular to the driving
direction on non-cushioned seats. The Toro 40 and K10 and K14 trains bring the ore to the
cracker machine, crushing it to smaller parts which are transported by conveyor belt to the

tumbler machine where the ore is crushed into even smaller size.
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Figure 3. K10 and K 14 trains operating in narrow underground mines. (Photo: Morten

Skandfer)

This ore is then transported out of the mine to the concentration plant by larger mine trains,
operating day and night all year round. Underground mine workers are transported into the
mines by elevators and by small passenger trains, also pulled by K10 and K14 locomotives on
a five minute journey at the start and end of the shift. Mechanics and welders mostly work in
repair shops above ground, performing supportive maintenance tasks for the underground

mines.

Workplace exposure levels and characteristics were obtained from onsite inspections and
measurements together with Russian specialists in the field. The temperatures in the
underground mines are at a stable + 5 to 8°C, this is the ambient work temperature for all
underground workers not sitting in covered heated cabins. The surfaces on which the vehicles
operate are uneven and consist of rocks and gravel. Ground water and water from drill rigs
make the tunnels humid with wet ground, ponds and streams. Water is dripping from the roof

of the tunnels.
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Open pit mines

Contrary to the underground mines, the open pit mines are in continuous operation. Drill rigs
prepare the holes for the blasters to carry out the explosions, and excavators load the ore on
large surface haul dump (SHD) trucks. There are two models of such trucks from different
producers in use: the US-made Caterpillar and Belorussian-made Belaz trucks. The drivers
operate the trucks from a covered, heated cabin, sitting on a cushioned seat. The work shifts
are 12 hours. The trucks run on heavy gravel and dirt roads running steep into the bottom of
the open pit. The surface conditions vary through the seasons, from ice- or snow-covered to

wet and muddy. Dozers are used to level the road surface.

Figure 4. Open pit mine Vostochny (Photo: Arild @vrum)

Rocks not used for ore is transported out of the open pit to dumping areas, whereas ore is
transported to the concentrate plant by trains. In the open pits there are seasonal weather
variations, characterized by short, cool summers and long, cold winters with temperatures
down to -40 °C. The open pit mines are located in the mountains, at high altitudes (400 to
1000 meters). There are repair shops at each open pit mine, where mechanics and welders

maintain the machinery and vehicles indoors in temperate halls. Some drivers operate other
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smaller vehicles of various brands used for maintenance and supervision, like lorries and cars.

Bus drivers carry workers to and from the mines.

JSC Apatit also runs public transport, several leisure and sports complexes in Kirovsk, and a
nearby sanatorium for restitution of its workers. There is also an educational programme for
future miners at the Khibiny Technical College in Kirovsk. In contrast to the early years of
mining with use of forced labor (1929-1950), Kirovsk is now a more demographically diverse

community.

3.2 Assessment of mine workers health in MO

Occupational medicine deals with the health of workers with regards to workplace exposures,
and it is a field of medicine which is affected by the technological development of work life in
general and industrial development in particular. Occupational medicine is also a part of the
national systems of work place protection, including exposure standards, prevention strategies
and financial compensation in the case of occupational disease. National legislation
differences can therefore affect how occupational health is assessed in the countries of the
Barents region. In order to interpret available statistics and the results of epidemiological
occupational health studies, it is therefore not sufficient to understand the exposure factors
and biomedical mechanisms, but also needed to know how occupational health is assessed in

a population of a given country.

The assessment of occupational health performed by the Kola Research Laboratory of
Occupational Health (KRLOH) is the background for the official numbers of mine workers
health in MO; such as categories, prevalences and relative distributions. In addition, medico-
legal systems that involve consequences for employment and compensation may affect the
degree to which health problems are reported, and thus influence the data. All employees in
the four mines in this study are summoned to a periodical, obligatory medical examination at

the KRLOH. In MO there are three centers for epidemiology and hygienic surveillance which
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measure and assess risk factors (physical, biological, chemical and psychosocial) in

workplaces. [94, 95].

Information about occupational health in Northwest Russia was obtained by search for articles
available on PubMed, as well as through manual search in relevant publications which were
not indexed in PubMed. The majority of articles found in online search were in Russian
language, with English abstract and not available in full text online. These articles were
collected in analogue full text in Russian occupational health institution libraries and their
relevant content was translated to English language. In addition, search was carried out in
online sources for reports, regional and federal statistics. Because the assessment of
occupational health is influenced by national legislation, knowledge of the laws, orders,
decrees, standards and regulations governing the assessment of occupational health in RF, it
was necessary to collect information on these matters. This was carried out at KRLOH, the
central institution for occupational health in MO, from documents and reports important to

this topic but not available online.

3.3 Study population and population under study

Recruitment of participants

In early 2010, 3947 workers were reported to be employed in mining in the four JSC Apatit
mines and these constituted the study population. All workers are subject to periodic health
examinations, but at different intervals. Depending on the risk assessment of the work
exposures, some categories of workers are summoned for mandatory health examinations
each year. This is the case for most categories workers in the mines. Other categories, such as
administrative staff are summoned for health examinations every fifth years [94]. The 3680
workers summoned for periodic health examination at the KRLOH in 2010 were invited on
the day of their examination to take part in our study. The recruitment was carried out through
the same procedures used to summon all workers to the mandatory health examination. Based

on records of workers provided by the employer, groups of workers were assigned for
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examination on predefined days, in groups of thirty to forty workers. The date of examination
and list of workers who should attend was announced to the workers at the workplace by the
JSC Apeatit health care services. All workers attending the health examination were informed
about the study and invited to participate on the same morning as the periodic health
examination, both by written posters, individual handout letters, as well as by the trained staff
present (Appendix III and IV). Care was taken to underline that participation was a voluntary
annex to the mandatory periodic examination. Those who agreed to participate signed a letter
of informed consent. In total, 3530 (96%) signed an informed consent to participate. This was

the population under study (Table 3).

Table 3. Number of workers in the study

Population n

Study population 3947
Workers summoned for periodic health examination in 2010 3680
Workers who gave consent to participate 3530
Population under study 3530

Some 89.3% were males. This figure includes workers who were summoned and did not show
up, but were given a later appointment and after invitation accepted to participate. Failure to
attend the mandatory health examination could lead to a loss of necessary certificates,
incomplete background information for salary calculations and occupational health

considerations.
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4. METHODS OF DATA COLLECTION

4.1 Data collection for description of occupational health assessment in MO

Data and information for description of occupational health assessment in MO was obtained
by online and local sources. We started with a search on PubMed for scientific publications
using combinations of search words (“occupational health”, “north”, “Russia”, “assessment”
and “Kola”). The majority of the publications found were in Russian language, with English
abstracts only. Most of them were not available in full text online. The articles were collected
in full text in analogue libraries in Russian occupational health institutions. Working with
Russian colleges, the content of the articles was translated to English language. Some 20 of
the articles found in the online search were published in Occupational Medicine and
Industrial Ecology/Meditsina Truda I Promyshlennaya Ecologiya. In addition, we carried out
a manual search for the period 2006-2010 in Human Ecology/Ekologiya Cheloveka, for
relevant publications. This journal was not indexed in PubMed. We also carried out search in
other online sources for federal and regional statistics, reports and legal documents (laws,
orders, regulations and standards). At the KRLOH, the central institution for occupational

health in MO, we obtained information from documents and reports which are central to this

topic but were not available online.

4.2 Measurement of exposure factors

Data regarding health and professions were collected by both a questionnaire and
observations in the mines. Work place characteristics and the type of vehicles and machinery
used were observed and recorded, also on video, during several visits to the open pit and
underground mines. This was later used for developing the questionnaire, as described below.
Information about how work was organised and the type of jobs involved was obtained from

the employer JSC Apatit and from the company health services.
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Occupational exposure was also measured in both underground mines and open pit mines.
This collection of data was carried out together with those Russian occupational health
specialists who carry out such measurements and assess the occupational health of mine
workers in MO. Ambient workplace temperature was measured during typical work cycles
throughout daily work shifts. Exposure measurements (n=17) of WBV were performed in the
Vostochny mine in on 14 Surface Haul Trucks (SHD) of models Caterpillar 785C (n=2) and
Belaz 75 (n=12). We performed more than one measurement for 3 of the vehicles.
Measurements were performed on-site in a non-simulated situation, during typical work
cycles, with each measurement period lasting one work cycle and with measurement periods
ranging between 13 to 58 minutes. The WBV measurements were performed in three axis at

the operator seat interface as required in the ISO Standard 8041 [96, 97].

Exposure measurements of WBV were also performed on-site in the Kirovsky mine in on a

series of Toro 40 and Toro 400 LHD vehicles during typical work cycles [98].

Figure 5. Russian-Norwegian team preparing for WBV measurement on a Toro 400 in the

Kirovsky mine.
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4.3 Questionnaire development

The questionnaire was written in Russian language and specially developed by this author for
this study. The questionnaire was inspired from the Nordic Musculoskeletal Questionnaire
[68, 99, 100]. Parts of it were also based on the questionnaire which was developed in the
VIBRISKS multi-centre project [66, 92, 93]. Questions about lifestyle factors were imported
from the Arkhangelsk study and questions concerning working in cold conditions from the
FinRisk study [101, 102]. Items on ergonomic factors were included based on a study by
Porter and Gyi [68]. Authors of the VIBRISKS questionnaire contributed in adapting it for
our study’s purpose. The volume and content were constrained by the need for accurate

questions in an appropriate, short format.

The questionnaire (Appendix I and II) was structured as follows: Section 1 concerned age and
sex. In section 2, the workers were asked about their current and past occupation in 14
specified occupations in the mines. The list of occupations was based on the main occupation
categories in the four JSC Apatit mines in Kirovsk plus one ‘other’ category. There were also
illustrated questions about posture, lifting, sitting and physical demands. Vehicle driven in
their current and past work was inquired by a list of seven vehicle categories, based on the
most frequent used vehicles in the mines. For other vehicles, two ‘other’ categories were
added with the possibility of specifying vehicle. Questions concerning work in a cold
environment were adapted from the FINRISK study [102]. Separate questions addressed
discomfort from mechanical shocks and frostbite and hand problems when exposed to cold.
Initially, more questions concerning hand-arm problems and hand-held vibrating tools were
included, but had to be traded away in the development process due to need to limit the

volume of the questionnaire.

Section 3 contained questions about LBP, shoulder pain and neck pain during the last 12
months. To ease the respondents’ task of reporting, questions concerning all three locations
had identical structure. Details about pain characteristics (localisation, radiation, debut,
duration, and frequency of episodes), sick leave duration and accidents were included. A

visual analogue scale VAS with ten points was chosen to measure pain intensity [103, 104].
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Finally, information about personal characteristics, life-style factors and stress were collected
using questions concerning body weight, height, stress level and physical activity from the

Arkhangelsk study in section 4 [101].

The questionnaire was translated to Russian language and back-translated to check for
inconsistencies. The translated questionnaire was tested out by a panel of mine workers, and
their feedback used for modifications. The employed version was named ‘Workers health

2010’ and 3popoBbe uenoBeka 2010 roga in Russian.

4.4 Data collection by questionnaire

The data collection took place throughout the year 2010. Each worker filled in the
questionnaire individually in a room set aside for the purpose. Trained staff was present to
clarify uncertainties and to check for inconsistencies and completeness when the
questionnaire was returned at the end. The questionnaire took between 20 and 30 minutes to

answer, and was completed by all 3530 workers who had given consent to participate.

4.5 Reporting low back pain

The presence of LBP was measured with the following question: Have you felt pain or
discomfort during the last 12 months in the body area shown in the figure (as depicted in the
questionnaire)? (Yes/No), hereafter named 12-month LBP. Localisation was measured with
the question: If yes, where was the pain or discomfort localised? Answer options were: back
only, radiating in the leg only and back and radiating in the leg. Pain intensity was reported on
a 10 grade, visual analogue scale (VAS). The frequency and duration was measured in
predetermined time and frequency categories by the questions: How many episodes have you
had? and How long did they typically last? The respondents were also asked to report the first

experience of an episode with back pain (year and month).
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Measurement of shoulder pain and neck pain was also included in the questionnaire, with
questions asked in a similar way as for low back pain. These health outcomes have not been

subject for analysis in the papers presented in this study, and are not elaborated further upon.

4.6 Exposure assessment

Driving a vehicle was used as a marker of exposure, and workers who responded that they
were presently driving a vehicle during a typical work week were defined as exposed to
WBYV. Cumulative exposure was defined as hours of driving reported per week, classified into
four categories: 1 to19 hours, 20 to 29 hours, 30 to 39 hours and 40 or more hours per week.
According to the observed, combined work exposure depending on the type of vehicle, the
workers were categorized in subgroups based on the vehicle operated. Vehicles driven were
classified into six categories: Toro 400 LHD trucks, Toro 40 dump trucks, Caterpillar and
Belaz SHD trucks, K10 and K 14 trains, lorries and buses and cars of various brands. This last
heterogeneous group was merged with the remaining vehicles to form an extended ‘other’

category (Table 4).

Table 4. Vehicle categories in the four mines in Kirovsk

Vehicle category Type of vehicle

Toro 400 LHD truck

Toro 40 Dump truck

Caterpillar, Belaz SHD truck

K10, K14 Electrical locomotives

Other Lorries and buses, cars of various brands and other

The workers were classified by their current and past occupation, by the question: What is

your current and past occupation? Only one current occupation was reported for each worker.
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The workers were also asked when they were employed in their present job. Past job as a

driver was chosen as a measure of past WBV exposure.

Operators of open pit excavators were not included as a separate category (low numbers), and
were defined into the ‘other’ category. Drill rig operators in underground mines and open pit

mines were defined as a separate category.

Lifting was measured by the questions How many times in a typical working day do you lift
loads greater than 15 kg and 30 kg, respectively? with five frequency categories for each
question. In addition the following question was posed: Does your work ever involve lifting or

moving loads more than 50 kg?

Working with wet clothes and in a cold work environment was recorded by the questions:
How many hours per week have you been exposed to cold environment (below +10° C) during
this/last winter, indoors or underground? and with wet clothing? [102, 105]. Questions were
included where respondents should report as hours per week whether they were working with

wet clothing and touching cold objects, respectively.

4.7 Life style factors

Information concerning weight, height, stress level and physical activity were also obtained,
as adjustment factors. Stress was reported as a five level ordinal variable. Physical exercise in

leisure time was reported as yes/no response to four described levels [101].

44



5. STATISTICAL ANALYSES

In Article III we used two models (1 and 2) in the binary logistic-regression analysis to
analyse for possible associations between LBP and the exposure factors. In the main analysis
(model 1), the WBV-exposure time in current profession was classified according to the four
categories as hours driven per week (0 hrs, 1 to 15 hrs, 16 to 30 hrs and above 30 hrs).
Relevant interaction variables between the individual exposure factors (except past WBV) and
between duration of employment in present job and current driving were included in the
model. In model 2 each vehicle category (six groups defined by vehicle types) was included
as the WBV exposure. In both models, the associations between the study factors and LBP
were adjusted for stress, physical exercise, BMI, duration of present occupation (in years) and
sex as possible confounders. Stress was reported as a five level ordinal variable, the cut-off
was set at the level termed ‘a little’ in the analyses. Physical exercise in leisure time was
reported as yes/no response to four predetermined and described levels in the questionnaire
[101]. The cut-off for physical exercise in the analyses was set at recreational sports at least 4
times per week. We chose to not adjust for age since this was highly correlated with the
duration of present occupation. In model 2, driving other vehicles was also included as a

confounder.

In Article IV the exposure factors included the type of vehicle driven (Toro 40, Toro 400,
trains and other vehicle) and the following occupations: driver, mechanic, blaster, electrician,
foreman, drill-rig operator, and other occupation. These exposure factors were included as
exposure categories in the analysis. As dependent variable LBP was classified as LBP without
radiation and LBP with radiation (including pain radiating in the leg only). The associations
with the different exposure and worker categories were assessed in bivariate and multiple
logistic regression analyses of the workers who reported LBP. Only occupation categories that
were associated with LBP with radiation in the bivariate analyses were included in the
multiple regression model. Adjustment was made in the multiple model for the factors:
duration of employment, BMI, physical activity and stress level. We chose not to adjust for
age since this was strongly correlated with the duration of employment. Heavy lifting, cold

and wet clothing were dichotomised, with cut-offs set at more than 15 kg ten or more
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times/day for heavy lifting, over 20 hours/week for cold, and over 5 hours/week for wet
clothing. Stress was included as a five level ordinal variable, and physical activity and BMI
were dichotomised with more than 4 hours/week and 30 kg/m? as reference categories
respectively. Duration of employment in years was categorised as below 2, 2 to 5, 6 to 14 and

above 14.

For the analyses in both Article III and IV the significance level was set at five percent. The
associations were reported as odds ratio (OR) with 95% confidence interval (CI). 78
questionnaires were missing information about one or more of the included factors. IBM

SPSS version 18 was used for the analysis.
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6. SUMMARY OF PAPERS WITH MAIN RESULTS

Paper |

How occupational health is assessed in mine workers in MO

The paper describes the system for assessing occupational health in MO, based on available
literature, statistics, current practice, laws and decrees, as well as by personal communication
with employees at KRLOH. Several institutions are involved in assessing mine workers
health, calculating exposure levels as hazard grades and making recommendations for further
employment. Hazard grades are calculated from combined measured values of exposures
(levels 2, 3.1 to 3.4 and 4) and affect the frequency of medical examinations, salary level and
recommendations concerning fitness to work. Health is assessed at a mandatory regular
medical examination annually and every second or fifth year, depending on the hazard grade.
The aim of the examination is to diagnose latent or manifest occupational disease. Based on a
wide set of information, a committee of specialists can give three possible outcomes: a) the
employee can continue to work; b) the employee must be relocated because of suspected
development of occupational disease in a work environment with hazard grade of 3.1 or
above; and c) the employees must be relocated due to diagnosed manifest occupational

disease.

Disability is graded in four levels, also with recommendations for further work. For a medical
condition to be approved as occupational disease, a consultative group of doctors in
specialized institutions decide whether four criteria are present: a) the condition must be
among the qualifying diseases; b) the exposure must be known to be present in the work
environment; c) there must be a causal link between exposure and disease; and d) the
exposure must precede the onset of disease by a reasonable amount of time. Being diagnosed
with an occupational disease will also lead to a lower retirement age, a higher pension, free
treatment of the occupational disease and qualifies for applying for compensation as a one-
time payout, decided by the local Special Medical Social Committee (MSEK). The ruling can
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be reconsidered at a regional and central level. The emphasis is more on control and repair
than on prevention of disease. The recommendations from the health assessment may be
experienced as unfavourable by the employee, such as forced relocation to a position with
lower salary, which may motivate workers to underreport their health problems at the

mandatory periodic health examination.

Paper 11

European and Russian methods for exposure assessment applied on whole body

vibration values in short haul dump trucks.

The systems of risk assessment of WBV (termed general vibration in Russia) and its
consequences differ between Russia and other European countries. Understanding how these
systems relate to each other and to measured values is important for the interpretation of
exposure levels. The aim of this study was to determine WBV exposure levels from heavy
vehicles in an open mine, perform the corresponding risk assessment levels by applying
European and Russian WBYV risk assessment methods and study how the values in the two

systems relate.

Exposure measurements of WBV (n=17) were performed in an open mine in Kirovsk, Russia
on fourteen Surface Haul Trucks (SHD) of models Caterpillar 785C (n=2) and Belaz 75
(n=12). For three vehicles, more than one measurement was performed. Measurement periods
ranged between 13 to 58 minutes. Measurements were performed on-site in a non-simulated
situation, during typical work cycles, with each measurement period lasting one work cycle.
The WBV measurements were performed in three axis at the operator seat interface when
operating in non-simulated work situations adhering to the requirements of ISO Standard
8041 [97]. The processing, analysis and exposure assessment methods followed the
guidelines of the ISO standard and Russian methods and standards [106, 107]. In the Russian
system, levels of exposure of all kinds are categorized in the general system of hazard classes
from 0 to 4, which are used to grade the level of exposure [107].
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Grade 1 is not harmful exposure and grade 2 refers to a level termed allowable. Grade 3 is
subdivided into four (3.1 to 3.4) levels of increasing hazard. Level 4 refers to extreme
exposures which is dangerous to health. In the Russian system high hazard grades lead to
increased salary, higher pension or possibly relocation. In the European system, exposure
values above action value are considered possible harmful to health, and such values would
lead to practical preventive measures at the workplace; seeking to reduce the exposure level
below action value. Exposures above limit value would cause immediate preventive action to

reduce exposure levels at the workplace.

In our analysis, WBV vibration was first expressed as frequency weighted root mean square
acceleration level over 8 hours: A(8)rms. In order to compare these calculated A(8)rms values
to hazard categories in Russian regulations, the dB values used to differentiate the hazard
categories in the Russian regulations were converted (A (m/s®) = 20 log X (dB), A =
acceleration value expressed as m/s’, X = acceleration value expressed as decibel. Risk
assessment terms Above action value and Above limit value and hazard categories were
designated to the actual measured exposure values. The mean A(8)rms WBV exposure
(frequency-weighted rms) on the most severe (z) axis was 1.0 m/s* (SD+0,23). By comparing
corresponding exposure levels, the Russian system of hazard grades considers WBV levels
below 0,56 m/s® in the vertical (z) axis as allowable (hazard grade 2). WBV exposure levels
in the z axis between 0.56 m/s* and 8.9 m/s” are termed hazardous by the Russian assessment
method, on a graded scale (3.1 to 3.4). WBV levels in the z axis above 8,9m/s” are termed
extreme and dangerous with hazard grade 4. The limits for the hazard grades are ranges, not
single values as in the European system, so the action and limit values fall within the ranges.
Exposures at action value are in the range that defines hazard grade 3.1 (0.56 tol.12 m/s?).
Exposures at or above limit values is in the range that defines hazard grade 3.2 (1.12 to 2.23
m/s%), and close to the lower limit of this range. Thus it can be claimed that limit value (1.15
m/s?) and hazard grade 3.2 are corresponding expressions of risk levels, though the Russian
system, however, is a more fine-graded system. The two systems differ in the consequences
from the risk assessment. Both systems are, however, efforts to categorize the risk and ease

the process of assessing and communicating risk.
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Paper III

Low back pain among mine workers in relation to driving, cold environment and

ergonomic factors

Mine workers driving heavy vehicles are exposed to multiple factors in the work
environment. LBP is frequently reported, but the prevalence differs between populations. Our
hypotheses were that WBV from driving heavy vehicles, heavy lifting, working with wet
clothes and in cold working conditions affect the risk of LBP. We aimed to investigate the
association between jobs that involve WBYV, cold environment, heavy lifting and wet clothing

and the risk of LPB in a cohort of mine workers in north Russia.

Health and personal data were collected by a questionnaire (Workers health 2010”) specially
developed for the study, based on previously used questionnaires. The study was cross-
sectional and performed throughout 2010 among full-time employed workers in the mines.
Altogether, 3530 workers from four mines agreed by informed consent to participate in the
study during the winter season and they all completed the questionnaire. The presence of LBP
was measured with a question of whether the respondents had experienced pain or discomfort
in the lower back during the last 12 months. They were also inquired about present and past
occupations, vehicles operated and exposure to cold, lifting, posture, wet clothes and personal
factors. Work place characteristics, organization, type of occupations, vehicles and machinery

were also observed in the mines or obtained from the employer.

We used two models in binary logistic-regression analysis to analyse for possible associations
between LBP and the exposure factors. In both models, the associations between the study
factors and LBP were adjusted for physical exercise, stress, sex, BMI, and duration of present

occupation (in years) as possible confounders.

Some 51% of the workers reported LBP within the last 12 months. The majority of drivers

(59.0%), blasters (65.2 %) and drill-rig operators (61.7 %) reported LBP. The prevalence of
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LBP among those who worked with wet clothes for at least one hour per week was 61.2% and
65% among those working with wet clothes at least 5 hours/week. The crude odds ratio for
having worked with wet clothes (OR = 2.38) in cold environment (OR = 1.88) and lifting
heavy (OR = 2.01) showed an association with LBP, whereas for WBV the crude OR was
1.14. Crude OR for drivers of load-haul-dump vehicles (Toro 400) was 3.63 and for trains
crude OR was 1.98.

These associations remained when adjusted. The strongest adjusted association was found for
wet clothes (OR=1.82). Cold working conditions and heavy lifting were also associated with
LBP. Wet clothes and cold working conditions were independently associated with LBP and
we found no interaction between the two factors. There was also an adjusted association for
previous job as a driver (OR= 1.79), whereas the adjusted OR for WBV was 1.08 per category
increase in time driving a vehicle, which suggests that driving time is a weak risk factor. Still,
the association between previous work as a driver and LBP suggest that drivers are at some
elevated risk of LBP. Levels of WBYV in Toro 400 and K10 and K 14 had been determined
previously as above action values. Driving the TORO 400 (OR=2.65) and the K10 and K14
trains (OR=1.69) were the only vehicles associated with LBP, which may in part be explained
by the twisted working position combined with low temperature in the open cabins, features
that are particular for these vehicles. This indicates that vehicle-type specific analyses are
needed when assessing the risk of musculoskeletal problems due to occupational driving. For
better prevention of LBP, we recommend that improved cabin conditions and clothing should

be emphasised.

Paper IV

Low back pain symptoms in relation to self-reported physical exposures among arctic

mine workers: a cross-sectional population study

High prevalence of LBP has been reported in mine workers. LBP episodes may show various

manifestations, intensities and durations. Operating heavy vehicles in mines expose the
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drivers to several factors. We have reported (Paper III) that wet clothing, cold working
conditions, heavy lifting and previous work as a driver are associated with LBP. Some
persons experience back pain only, others experience back pain with radiation to the leg, a
condition often termed sciatica. Our hypothesis was that working in wet clothes increase the
risk of LBP with radiation. This warranted a more detailed study of subgroups of LBP with

and without pain radiation as well as other characteristics.

The study aim was twofold: to investigate characteristics of low back pain symptoms
(frequency, intensity, duration and radiation) in mine workers, and how back pain with
radiation relates to occupation, type of vehicle driven, past driving, heavy lifting, wet work
clothes and cold work environment among workers with LBP. The study was cross-sectional,
and data were collected throughout 2010 by both observations in the mines and the
questionnaire ‘Workers health 2010°, which was completed by the workers at their periodical
medical examination. Workplace characteristics and the types of vehicles and machinery used
were observed and recorded for inclusion in the questionnaire, and the groups of professions
were defined. The population under study consisted of 3530 workers employed in four mines
in Kirovsk, participating after giving their informed consent. The presence of LBP during the
last 12 months and its localisation, frequency, duration, intensity and whether it was radiating
was assessed by questionnaire, using predetermined categories for frequency and duration,
and visual analogue scale (0 to 10) to assess pain intensity. The workers were classified by
their reported current occupation, driving a vehicle in a typical work week was defined as
being exposed to WBV. Duration of driving was recorded in predetermined categories, and
lifting, cold environment and wet clothing was inquired. Stress and physical activity was

assessed by questionnaire. Height and weight was measured.

The associations of LBP with and without radiation to the different exposures and worker
categories were assessed in bivariate and multiple logistic regression analyses of the workers
who reported LBP. Only occupation categories that were associated with LBP with radiation
in the bivariate analyses were included in the multiple regression model. Significance levels
were set at five percent. Adjustment was made for the following factors in the multiple model:

duration of employment, BMI, physical activity and stress level.
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Cold was the most prevalent of the exposure factors studied; 85.8% of the train drivers, 81.6%
of the Toro 400 truck drivers and 84.8% of the blasters reported exposure to temperatures
below +10°C more than 20 hours/week. Of those 51% reporting LBP, 34.8% reported LBP
with radiation. Among workers with LBP the proportion that experienced back pain with
radiation of pain to the leg was highest among blasters (49%), drill rig operators (40%) and
drivers (36.5%). Radiation to the leg was most commonly reported by drivers of Toro 400
trucks (44%) among those with LBP.

The mean VAS rating of worst pain was 2.3 (median 2) among workers with back pain only
during the last month, and 4.2 (median 4) for those with back pain radiating to the leg. A
crude risk above unity for LBP with radiation (including radiating pain to the leg only) among
workers with LBP was observed for wet clothes, cold environment, heavy lifting, being past
driver, driving Toro 400 and working as blaster. This suggests that several factors contribute
to LBP with radiation. The adjusted association was statistically significant for wet clothes
(OR=1.44), cold environment (OR=1.49) and past driving (OR=1.50). The results suggest that
cold and wet work environment were the main risk factors for radiating pain. The association
with being a past driver suggests that driving vehicles might be a risk factor or a marker, and
that some workers may have changed profession from driver to other professions due to

painful, radiating back problems, as a healthy worker effect.

The highest prevalence of LBP with radiation was found among the blasters, who work in the
open and do not operate vehicles, but are exposed them to wet and cold conditions. Our
results show that many workers in these mines are exposed to several possible risk factors, but
the study did not allow for further specification of the temporal relationship of the exposure
factors and the outcomes. The main weakness of this study was the cross-sectional design,
which does not allow for analysis of cause-effect relationships. Information was self-reported,
and thus subjective. The lack of an association with heavy lifting may be due to our
classification of exposure or a healthy worker selection. The study suggests that cold work

environment and wet clothes contribute to the risk of LBP with radiation.
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7. GENERAL DISCUSSION

7.1 Study design and methodological considerations

In the cross-sectional epidemiological study, the aim was to study the population of workers
employed in the four mines in Kirovsk: Rasvumchorrsky, Vostochny, Zentralny and
Kirovsky. These workers were defined as the study population. Since there already was a
system of mandatory, periodical medical examination of these workers, this was chosen as the

framework for enrolment into the study.

Recruitment and inclusion

When the medical examination for 2010 was being planned by KRLOH, the JSC Apatit
reported having 3947 employees in the four mines. Through 2010 the numbers of employees
were adjusted down, due to changes in the workforce. The recruitment was carried out by the
same procedures used to summon all workers to the health examination. Included in the study
were those summoned and attending the health examination at KRLOH who also signed the
letter of informed consent to participate (Appendix III and IV). Working in the mines,
transport or production lines has combined exposure levels that give hazard grades above 2;
employees with hazard grade 2 or below are administrative staff. Workers with hazard grades
2 or below (low risk exposure) are summoned only every fifth year. This explains the
discrepancy of 267 employees between the initial numbers from JSC Apatit and the 3680

summoned to the KRLOH for examination.

Since the health examination is mandatory, regulated by law, and the workers receive full pay
for the day of examination, a very high attendance rate is the norm for these examinations. In
total, 3530 (96%) of the 3680 summoned agreed to participate in the study, this was 89% of the
population of workers (n=3947) who initially were reported as employed in early 2010. The
participation rate was high for questionnaire studies. There is no record of what characterised

those 4% who were summoned but chose not to participate in the study.
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This is a population previously not exposed to this kind of study, so ‘fatigue’ towards data
collection by questionnaire was presumably not an issue in this population. Also, the
framework in which the data collection took place has likely contributed to the high level of
consent to participate: the filling in of the questionnaire was a part of the day’s programme,
with time set aside for this activity. The day of periodic health examination included some
waiting time, so filling in a questionnaire may not have been so unattractive to the waiting
workers. In addition, the facilities likely contributed to a setting that was favourable for
consenting to participate in the study. The fact that this was a Norwegian-Russian study also
added some curiosity and enthusiasm among the potential responders, probably making them

more inclined to consent to participate and respond more thoroughly in the questionnaire.

Creating the questionnaire

Based on our observations in the mines, information from the mining company and records in
the medical cards at KRLOH, a list of current and past occupations was defined, including an
other category. Only one current occupation was inquired. Despite our efforts, the category
mechanics was left out of the printed questionnaire, which neither was discovered during the
pre-testing procedures of the questionnaire. Shortly before starting the data collection,
instructions were upgraded, so mechanics would be occupation category 15 and other would

be entered as a new category 16.

Based on information from the mining company, experience and records at KRLOH and our
own observations from several mine visits, a list of main vehicle categories used in the mines
was created. Some categories were vehicle type specific for the larger uniform vehicle groups
such as Caterpillar and Belaz trucks, Toro 400 load haul dump vehicle (LHD) and Toro 40
trucks. The K10 and K 14 trains were also included as a category since they were commonly
used. Although drilling platforms are vehicles that are stationary when in use, Simba drill
platform was also included as a vehicle category since it exposes the operator to WBV. Other

types of vehicles were not specified other than lorry or bus and car. Other vehicle categories
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were included for vehicles not mentioned in the predetermined categories. These categories of
occupation and vehicles were specific for this study, and not based on previously used
questions in other studies. The questions regarding activities in your work were based on
previously used categories in the VIBRISKS, but illustrations created specifically for
‘Workers Health 2010° were added, in an effort to help clarify the questions. Collecting
ergonomic information by questionnaire is however, not an optimal method and more
advanced recording by video and positiometers would have been desirable. This was,
however, not technically feasible at the time. Lifting was inquired by mutually exclusive
predetermined weight categories based on experience from VIBRISKS, not on observation of

the work in the mines. The subjective nature of the values reported is a source of uncertainty.

For the collection of information on work in a cold environment, questions used in other
population surveys were used [108]. Applying the cold environment definition of +10° C was
in accordance with the limits defined in the ISO Standard and relevant to the temperature
ranges (+5 — 7° C) we had measured in previous exposure assessments in the underground
mines in Kirovsk [105, 109]. The term underground should avoid having respondents define

underground mines as outdoors.

When we created the questionnaire, we knew from our measurements that the exposure levels
of WBV from operating heavy vehicles were above action value for several major vehicle
categories, possibly increasing the risk for adverse health effects. Based on the assumption of
high prevalence of musculoskeletal pain, the questionnaire focused on low back, shoulder and
neck pain in detail. In addition, questions concerning finger problems in cold environment
were included. Only data concerning LBP was used in the publications presented here (Paper
IIT and IV). Other possible clinical outcomes were traded away in the process, to limit the
volume and complexity of the questionnaire. Questions concerning pain in the neck and
shoulders could also have been removed, making the questionnaire easier to answer overall.
However, we decided to include questions for these outcomes for future analysis. Illustrations
and questions concerning clinical outcomes were developed from previous VIBRISKS

questionnaires.
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Data collection by predetermined categories of exposure and health outcome limits the
variation in possible answers to categories of expected relevance and importance. Care was
taken to make the categories relevant to the actual exposure and health outcomes, including an
other or describe category if the predetermined categories did not fit. Complex questions and
questions which demanded calculations were attempted to be avoided. Still, a question
concerning rating pain on average was included. The term on average may have different
connotations to the investigator and the respondents, which may have affected the response,

but possibly as both over- and underestimation.

Supplementary information was inquired at the last page of the questionnaire. Questions
concerning educational level, stress and physical activity was included as asked in other
relevant questionnaires, and not adapted to the local conditions except for the terms used for
education levels [101]. Stress was defined as a term, since this may be culturally sensitive or

prone to wide interpretation.

The questionnaire draft in English was translated to Russian and retranslated by two different
persons, and except minor details in wording, the content and meaning was intact. The
discrepancies in question was tested on a group of randomly selected mine workers at
KRLOH, and their feedback on wording, complexity and volume of the questionnaire led to
revisions and reductions. The concept of VAS scale seemed, however, not to be a problem,

but reported time fatigue convinced us to reduce the length of the questionnaire.

The use of questionnaire in studies of musculoskeletal health problems

A questionnaire can be defined as a tool designed to record, or guide the recording of recalled
exposures and health related information from subjects in an epidemiological study. A
questionnaire often represents a compromise between a tool that obtains measurements of
variables, a minimum of errors and is easy to use, process and analyse. Basically, a
questionnaires design and content are trade-offs between two factors: the objectives of the

study and the limitations in what is practically feasible, like length and complexity. The

58



objectives determine which factor should be included and the measurement level. A plan for
the analysis should also be used when designing a questionnaire, as it should include potential
modifiers and confounders of the associations between exposures and effects one plans to
investigate. The length of the questionnaire limits the volume of topics and details to be
included. It is necessary to limit the volume of topics and details included to avoid a too
lengthy questionnaire. The compliance and the quality of the answers from the respondents
can also be impaired by questions that demand recall over a long time, questions that are
complex and involve calculations. This can lead to non-completion of a self-administered
questionnaire, reduce the quality of the data, lower response rate and ‘study fatigue’ in the

population making respondents less inclined to take part in future studies.

Questions can be put forward as open-ended or close-ended. Close ended questions are used
more often in self-administered questionnaires because it needs to be simple to complete and
allow for tick-off boxed, which also makes data entry and analyses easier. These answer
options should be simple and brief and mutually exclusive if only one is to be selected. An
‘other’ category should be included so all respondents can select an answer when other
options are not relevant. The answer options should be relevant to the actual situation
inquired, and appear in a logical sequence. Sensitive questions should be put at the end. Too
many response alternatives increase the probability that one of the response options listed first

will be selected [110].

During the development of a questionnaire, specialists should be consulted and the draft
questionnaire should be pre-tested on a test panel of respondents that are representative for the
study population. In a pre-test, unclear questions can be identified for later revision. A
preliminary translation into the language that will be used in the study should be done by
someone who knows the overall objective and intent, and is fluent in both languages. Then, it
should be translated back by someone who does not know the original version translation, and
the original and back-translated versions should be compared for consistency in meaning and
content. Although the reliability and validity of the questionnaire may not be completely
preserved after the translation, this change may in part be due to cultural differences between

two study populations [110].
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One limitation of the questionnaire approach is the subjective nature of the reporting. Still,
questionnaires such as the Nordic Musculoskeletal Questionnaire can be appropriate tools to
sample information about musculoskeletal disorders [99, 100, 111-113]. The pathology
behind musculoskeletal problems is difficult to identify, so subjective reporting on health
problems may be a more appropriate approach. When large cohorts are available for study, it
is inconvenient to use objective testing, and the approach by questionnaire may be more
efficient and cost-effective. For large population studies on clinical problems that are
subjective in nature, questionnaires can be appropriate and the data reported with such
methods may well be in concordance with the actual situation [57]. The Nordic
Musculoskeletal questionnaire has been tested for reliability and wvalidity [114, 115].
Questionnaires may be modified, as in the Archangelsk study where questionnaires were also
translated in order to study a Russian population [101]. The experience of that study was

helpful in planning our study.

Data collection

The data collection by questionnaire took place in a designated room with trained staff present
and time set aside in the program for this data collection. Answering a questionnaire like this
was a new experience to the responders. The trained staff guided and assisted the responders,
but care was made through the instructions to the staff not to aid the responders in such a way
that answers were influenced. Whether this still could happen can not be ruled out completely,
and the magnitude can not be determined. For the completeness of the filling in of the
questionnaire, the staff looked through the questionnaire for unanswered questions, so the
respondents could fill them in. This method of data collection was chosen over other
(distribution by mail, filling in questionnaire at work), as it was considered the optimal

solution in this context.

60



Data entry

Four experienced persons entered the data, working individually, and the work was reviewed
by a senior researcher at the end of every day for inconsistencies. The data were entered in a
database (Epilnfo) and exported to the SPSS database at the end. Variation in interpretation
and amount of random errors between the persons entering the data can not be ruled out.

Thus, random errors can only be assumed for the individual person entering the data.

7.2 Internal validity

Selection bias

When there is a systematic difference between the characteristics of the people selected for a
study and the characteristics of those who are not, selection bias may occur [116]. Such bias
leads to a distortion in the estimate of effect [117]. Investigators may pick populations of
convenience rather than representative ones. An obvious source of selection bias occurs when
participants select themselves for a study, for some particular reasons [116]. To avoid this,
we decided that all employees at JSC Apatits four mines in Kirovsk should be invited to the
study when having their periodic medical examination. This way, the choice of study
population was both convenient and representative. A posteriori check on the information
given on current job in the questionnaire versus the information on current job in the medical

records in KRLOH revealed a discrepancy of 5%.

However, the choice of studying one workplace population makes it less representative of the
other work places and the general population, making generalisation of the results difficult.
The subjects were not informed about the study before they arrived for the periodic medical
examination, providing equal conditions for making the determination whether to participate

in the study or not. Those in the study population who chose to not participate did not
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contribute possible selection bias, but possibly non-response bias. Most of those 4% who
refrained to take part in the study explained it by having profession as administrative staff
and not perceiving their participation as relevant for the study objectives, or being motivated
to participate. Unfortunately, the individuals in the latter category were not counted. The non-

response rates are often much higher than in this study.

Healthy worker effect refers to selection mechanisms when workers who suffer most from the
exposures tend to leave their jobs, so that individuals who are not medically fit for the work
are not employed or are relocated to another job. This can be due to the workers’ own choice,
or decided by the employer. Relocation or retirement is a possible recommendation from the
periodical medical examination itself. In this population, pre-study investigations had showed
that there was about 10% new recruitment to the workforce every year due to workers leaving
their work, changing profession or went into pension for various unknown reasons. Another
source for healthy worker effect may be that persons are too ill to show up for the study. All
those who failed to appear at the examination day at KRLOH were given a later assignment.
No data were available to quantify the possible influence of healthy worker effect on our
results. But we can assume that health problems are underrepresented in the working
population studied, so the prevalence of health problems identified may be underestimated. In
addition, workers may have tended to underreport their health problems due to the risk of
relocation from a well-paid work or eventually entering unemployment. This would reduce
the impact from a healthy worker effect. Thus, determination of the magnitude of the healthy

worker effect is difficult.

Information bias and misclassification

Whenever there are systematic errors in the measurement of subjects or in the information
given by the subjects, information bias is present. Misclassification of exposure variables can
be non-differential and differential. Non-differential misclassification in cohort studies occurs
when the probability of being misclassified is the same for all study subjects (not dependent
of the outcome variable). This usually underestimates the effect estimate. Differential

misclassification occurs when the probability of being misclassified differs between groups of

62



study objects. This can lead to either over- or underestimation of the effect estimate [117].
How this could apply to our data collection by the questionnaire is discussed below in section

524.

In this study, workers were reporting their exposure duration and perceived exposure level as
well as presence and character of muscle pain, so the possibility of answers influencing sub-
sequent response, and thereby inducing bias, was present. The workers were asked to report
occupational exposure as profession and vehicles driven for the years preceding the study.
Also, they were asked to report the presence, duration and character of muscle pain during the
last year. This allowed the workers to let the perceived levels of exposure affect the reporting
of health problems. The up to twelve-month recall time could have resulted in a failure to
accurately remember past exposure or muscle pain and thereby giving inaccurate or false
information, as has been pointed out in the literature [82]. Another information bias occurs
when subjects are asked to report on exposures that are socially desirable or unacceptable,
which may affect how the subject wants to appear. Smoking, level of stress or physical
activity may be such factors affected by subject bias. Based on previous experience with
underreporting alcohol consumption questionnaire based studies in Russia, questions

concerning alcohol were left out during the design phase [118, 119].

Another kind of subject bias is cultural bias. When a questionnaire is created in one cultural
context and translated to be used in another cultural context, cultural differences may apply.
In this case, a western style questionnaire was used in a Russian context. To minimize the
cultural bias the questionnaire was created by a team of Norwegian, Swedish and Russian
scientists, based on existing western questionnaires but modified for local relevance to the
population studied and its work exposure. In order to avoid unclear or incorrect language, the
English language questionnaire final draft was first translated to Russian and then translated
back to English by independent translators. The questionnaire was also tested on a panel of
randomly selected mine workers who after completing it gave feedback on the content.
Personal and lifestyle factor questions were left to the end of the questionnaire, in order to not
let the presumed culturally sensitive questions of stress, physical activity and smoking affect
the attitude towards answering the rest of the preceding questions. For the participants to

understand the term when asking for stress level in the questionnaire, stress was defined as a
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tense, restless, nervous or anxious feeling with troubles to sleep and troubles on the mind.
Trained staff was present in the room where the participants filled in the questionnaires,
instructed to assist the participants and clarify uncertainties. Still, cultural bias can not be

excluded.

Confounding

Confounding arises because non-random distribution of risk factors in the source population
also occurs in the study population, providing misleading estimations of causal and non-
causal relationships [116]. This can occur when an exposure factor is associated with both the
outcome under investigation and another exposure that influence the risk of the outcome. An
appropriate statistical analysis may enable us to discern whether the effect is due to one
variable rather than the other. Confounding may lead to over- and underestimations, as well as
change the direction of an association [117]. We controlled for possible confounding by
adjusting for factors that are known to be associated with the risk of low back pain (BMI,
physical exercise, stress and duration of present occupation) in multivariate regression models
(Paper III and IV). Still, confounding may be present, since some potential confounders were
not measured or had to be left out of the analysis due to the quality of the response, such as
work postures. We chose to not control for age since this was closely correlated with duration
of occupation. We also chose not to control for smoking. For the question concerning daily

smoking there were 1001 missing. Of those 2529 who responded 1738 (49.2%) were smokers.

7.3 External validity

External validity refers to the extent to which the results are possible to generalize and apply
to the source population and to other populations [116]. Internal validity is a prerequisite for a
result to have external validity. The population studied were all Russian workers in a mining
company; those working in the mines and the administrative staff. The age groups and risk
factors studied are thus most relevant to compare with other Russian populations of workers

in mine companies. However, similarities in exposure factors (type of vehicles and low
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temperatures) and ethnicity (Caucasian) make the results most applicable to other populations
of mine workers in the European part of northern Russia. Persons in the study population
working as administrative staff are assumed to be under-represented in the study by not
consenting to participate or not being summoned to the health examination. Administrative
staff is part of the group which is non-exposed to the study factors. Thus, the control groups
would have been larger with their participation. Supposing a lower prevalence of LBP or LBP
with radiation among administrative staff, larger control groups could have increased the
effect estimates. On the other hand, a higher prevalence of LBP or LBP with radiation among
administrative staff could have decreased the effect estimates. This could have differed from
study factor to study factor. Since almost all from the study population participated in the

study, the external validity towards the study population was close to the internal validity.

7.4 Discussion of the main results in Paper |

The fact that the medical examinations of most mine workers in MO were performed by a
single institution implies stable quality and continuity of the work and gives added value to
the numbers. MO adheres to the same legal framework as all of the RF, so our findings
concerning requirements, procedures and standards can be generalized to the rest of the
country. The main limitation of the study was the poor availability of information sources.
Internationally published information is very scarce, and material published in Russia is not
readily located through databases and usually not accessible electronically. Therefore we also
used informants. Methodological factors (improvements in diagnosis, occupational health care
systems, and registration regimes at KRLOH) might explain the observed increase in number
of cases of approved occupational disease in this mining population. To what degree the built-
in mechanisms in the system have led to under-ascertainment of disease and injury would be
difficult to evaluate. The character of the periodic medical examinations was control-based
and mandatory. This does not solve the issue of possible underreporting at periodic medical
examinations. The system did provide employees with extensive health assessments, which
may be regarded as a fringe benefit. Still, this check-up activity might also have taken place at

the expense of prophylactic approaches.
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7.5 Discussion of the main results in Paper II

By comparing corresponding measured levels of WBV exposure, the Russian system of
hazard grades considers WBYV levels below 0,56 m/s® in the vertical (z) axis as unharmful
and thus termed allowable (hazard grade 2). WBYV exposure levels in the z axis between 0.56
m/s” and 8.9 m/s” are termed hazardous by the Russian assessment method, on a graded scale
(3.1 to 3.4). WBV levels in the z axis above 8,9m/s” are termed extreme and dangerous with
hazard grade 4. The limits for the hazard grades are ranges, not single values as in the
European system, so we related the action and limit to the ranges. Exposures at action value
are in the range that defines hazard grade 3.1 (0.56 to1.12 m/s®). Exposures at or above limit
values is in the range that defines hazard grade 3.2 (1.12 to 2.23 m/s°), and close to the lower
limit of this range. Thus it can be claimed that limit value (1.15 m/ s?) and hazard grade 3.2 are
corresponding expressions of risk levels, though the Russian system, however, is a more fine-
graded system. Both systems are efforts to categorize the risk and ease the process of
assessing and communicating risk. The two systems differ in the consequences from the risk
assessment. The series of measurements could have been more extensive, including more

cycles and more vehicles, this would have made the WBYV assessment more representative.

7.6 Discussion of the main results in Paper III and IV

We described the proportion of workers (51%) who reported LBP in the last 12 months in this
population. The proportion was higher than that reported in official figures for mine workers
in Kirovsk, but closer to other studies [20, 33, 57, 68, 69, 120]. Our finding of a self-reported
prevalence in drivers of 59% is similar to that reported in other studies [45, 50, 121]. In Paper
IV the overall prevalence of LBP without radiation (33%) was almost twice as high as that of
LBP with radiation (18%). Of those with LBP, 34.8% reported LBP with radiation. More than
one-third of the blasters, drill rig operators, foremen and drivers, in particular the drivers of
Toro 400, reported back pain with radiation in the last twelve months. The number of
episodes and their duration indicate that LBP and back pain with radiation typically are
recurring conditions of short duration. This coincides with the time frame for acute
inflammation in the musculoskeletal system, which subside after some days.
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Cold environment was the most prevalent of the studied exposure factors in several groups of
the mine workers. More than 80% of the train drivers, Toro 400 drivers and blasters reported
exposure to temperatures below 10°C. Drill-rig operators, blasters, and drivers of Toro 40,

Toro 400 and trains were also those with the highest prevalence of working with wet clothing.

In Paper III working with wet work clothes, working in cold conditions, previous job as a
driver and lifting heavy and were associated with LBP during the last 12 months, the strongest
adjusted association was found for wet clothes (OR=1.82). Wet clothes and cold working
conditions were independently associated with LBP and no interaction was found between the
two factors. Increasing OR for LBP by decreasing working temperature has been showed in a
recent study in Sweden [41]. Finnish studies have reported that painful conditions in the low
back are common in cold storage workers and in the general population in cold conditions

[78, 122, 123].

A study of concrete workers also has reported an association between wet work clothes and
LBP [82]. Wet clothes can aggravate cold exposure through convection (transfer of heat
through a fluid) [124]. Wet clothes close to the skin has a cooling effect on thermoregulatory
responses and thermal comfort [125]. Heat loss attributed to evaporation at 10° C has been
reported as higher than from evaporation at 34° C. This has been attributed to condensation
within the clothing and to increased conductivity of the layers of wet clothing [126]. Cold
exposure reduces tissue temperature and increase muscle tension and exhaustion which may
lead to overuse injuries and a sensation of pain [127]. Our study suggests that wet clothes is
an independent risk factor for LBP. The mining is often carried out under wet conditions
owing to water-cooled machinery, precipitation outdoors and ground water leaking from the

walls and roof of the underground mines, as we observed during several mine visits.

Some 13% of the workers had previously been employed as a driver. The reported association in
Paper III between having worked as a driver previously and LBP (OR=1.79) suggest that drivers
were at elevated risk of LBP. In Paper IV we reported an association between previous job as
a driver and radiating back problems (crude and adjusted risk OR=1.5). The association
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probably did not express the magnitude among current drivers, as workers with persisting
LBP likely will change work or job tasks, often termed ‘healthy worker effect’ [128]. Some
10.1% of the participating workers had been employed for a year or less. This corresponds
with numbers found in a pre-study survey, with about 10% recruitment and 10% termination
of work in the mines annually. Healthy worker effect is always present when work
populations are studied. Its magnitude is generally unknown. Some workers may even be
required to change job dependent on the results from the annual health examinations. With
26.5% current drivers and 12.8 % past drivers, this may indicate some flexibility both by the
work force and the employer with regard to professional tasks. Health problems may require a
change of work, since the health services can relocate workers with health problems away
from a workplace with known high WBYV exposure levels [94]. All these mechanisms may
contribute to a selection of healthy workers to certain jobs over time. Thus, the worker
population in a given profession can be assumed to be healthier than if the general population

was similarly exposed.

Heavy lifting was reported most commonly by drill-rig operators, blasters and drivers of Toro
400, and by the group driving ‘other vehicles’. Heavy lifting was surprisingly common for
drivers but the study did not allow for a detailed description of the lifting. Our finding that
lifting heavy was associated with LBP supports other studies which also report associations
between heavy lifting and LBP [51, 57]. Driving in combination with exposure to physical
work has been reported to increase the risk for physician-diagnosed LBP with radiation [46].
The lack of an association with heavy lifting in Paper IV may be due to our classification of

exposure or a healthy worker selection.

Compared to being cold and lifting heavy, WBV seemed to not be an exposure of importance
in terms of LBP. WBYV exposure was defined as driving time per week. The adjusted OR for
LBP per category (1 to 19 hours, 20 to 29 hours, 30 to 39 hours and 40 hours or more per
week) increase in time was 1.08. This suggests that driving time is a weak risk factor, also
when adjusted for the duration of the present occupation. However, our measurements of
WBYV exposure showed levels acceleration levels root-mean-square over 8 hours [A(8)rms] at
1.00 m/s* in Caterpillar/Belaz and mean vibration dose value (VDV ) at 10.35 m/s""> [96].

The WBYV level in TORO 400 was A(8)rms 0.82 m/s> and in TORO 40 A(8)rms 1.02 m/s’
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[98]. These levels were below limit value (1.15 m/s”) but above action value (0.5m/s?), levels
considered to increase the risk for LBP according to the European Directive on WBV [129].
The WBYV levels we describe in Paper Il are comparable to those found in previous studies in

these mines [23, 95].

When being a driver (in the model 1 in Paper III) was substituted in model 2 with the 6
vehicle groups driven in current work (model 2), the associations between LBP and previous
driving and heavy lifting respectively, did not substantially change. The association between
wet clothes and LBP also remained while the association with cold work environment
decreased from OR = 1.52 in model 1 to OR = 1.30 in model 2. This was probably due to the
introduction of new ‘cold’ variables in model 2; the vehicles with known cold working
conditions (TORO 400, K10 and K14). Since the OR for other exposure variables generally
persisted from model 1 to model 2, we can conclude that being a driver as a factor in model 1
represented well the vehicle categories in model 2 for assessment of the associations between

cold environment, wet clothes, lifting, and previous driving and LBP.

But among the current drivers only operation of TORO 400 and K10 and K14 trains were
associated with LBP. These are only used in the underground mines, operating in
temperatures measured at 4.8 to 8.2°C and with relative humidity at 63 to 91% (@vrum 2007).
Both the TORO 400 and K10 and K14 trains share a particular feature: the drivers sit in 90°
angle to the driving directions in open cabins, exposed to the temperature of the underground

mines.

The drivers work with torso, shoulders and neck in a twisted position. Thus, driving the Toro
400 and trains may be considered a marker for awkward posture. In contrast to the TORO 400
and trains, drivers of Caterpillar, Belaz and TORO 40 trucks, work in temperate cabins
without the twisted position. Other studies have shown an association between professional
driving with awkward working postures and LBP (Hoy et al 2005, Hoogendoorn et al 1999).
The drivers’ position also prevents them from getting proper support from the back rest in the
Toro 400 seats [130]. The drivers’ seats of K 10 and K 14 trains do not even have any springs.
Thus, unlike the drivers of other vehicles, drivers of TORO 400 and K10 and K14 trains have
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a combined exposure of WBV, cold working conditions and awkward postures. The vehicle-
group differences in association with LBP indicate that vehicle-type specific analyses are

needed when assessing the risk of musculoskeletal problems due to occupational driving.

Since cold working conditions was included as a covariate in the model, the particular work
posture in these vehicles seems the most reasonable explanation for the adjusted association
with LBP for drivers of these vehicles. Several studies have reported associations between
heavy lifting, prolonged sitting, twisting and bending and LBP [51, 54, 63]. None of these
studies have considered the possible contribution from cold working conditions. The trains in
the mines operate with steel wheels on steel tracks, as opposed to rubber tyres used by the
heavy trucks such as TORO 400. WBV exposure levels from trains have been shown to
exceed action values [131]. Our measurements of WBYV levels for K10 and K14 trains (0.4

m/sz) however, were not above action value [109].

The Nagelkerke R” from the logistic regression analysis in Paper III indicates that about 15
percent of the variance in LBP was explained by the factors and confounders included in the
models, but this estimate is imprecise. All the included confounders were associated with

LBP, except sex, and in the direction expected.

In Paper IV our results on how LBP with radiation relates to occupation, type of vehicle
driven, past driving, heavy lifting, wet clothes and cold work showed that in the crude
analysis, wet clothes, cold environment, heavy lifting, being past driver, working as a blaster,
and driving Toro 400 were associated with LBP with radiation. This suggests that several
factors contribute to this condition. The OR for Toro 400 is close to that in a Finnish study
which reported a crude risk ratio of OR=1.6 for machine and vehicle operators [132].
However, only wet clothes, cold work conditions and being a past driver remained associated

with LBP with radiation in our adjusted analysis.

Surprisingly, the highest prevalence of LBP with radiation was found among the blasters. A
post hoc analysis of blasters showed a crude OR for LBP at 1.86 (CI 1.36-2.53); the adjusted

OR for radiation was 1.43 (CI: 0.94-2.17). Blasters are in charge of all procedures having to
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do with explosions in the mine. This exposes them to wet and cold conditions. Drill rig
operators were the group that second most frequently reported LBP with radiation to the leg.
They are exposed to mechanical vibration transmitted through their feet, to the low

temperatures in the mine and to water mist from the drills.

The estimated ORs for wet clothing and exposure to cold should be interpreted with care, as
the chosen cut-offs may have caused misclassification of the exposed and non-exposed. For
frequently occurring outcomes, such as LBP and LBP with radiation, the revealed ORs can

overestimate the magnitude of the risks.

Strengths and weaknesses

The cold work conditions of these mines and the large study population allowed for studying
the relationship between cold exposure and back pain. Another advantage with this study was
the high response-rate and the completeness of the questionnaire responses. The main
weakness of this study was the cross-sectional design, which does not allow for analysis with
conclusions of cause-effect relationships. Our results show that many workers in these mines
are exposed to several possible risk factors, but the study did not allow for further
specification of the temporal relationship of the exposure factors and the outcomes. The
validity of self-reported exposure at work has been shown to be reliable [133]. However,
posture was left out in the analysis since the data indicated that the questions addressing work

posture had insufficient validity.

Lifting loads was recorded as the frequency of lifting loads. However, load factors in manual
handling is more than the weight in kilos, it is also influenced by the distance of the load from
the body (moment), the range through which the weight is lifted, the origin and destination of
the lifts, postures assumed in order to lift, and the speed of the movement [15]. This could
have been addressed in more detail through observations, measurements and recordings.
Identification of high risk manual tasks and demands that exceed the workers capabilities

would also have added to a more comprehensive picture of the exposure factors.
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Past driving was chosen as an exposure variable since workers may change their work tasks
while employed in the mining company due to a number of reasons, including health. There is
also 10% recruitment into the workforce annually. At the time of answering the questionnaire,
information on current work task might not well describe exposure in the past; workers may

have changed their work tasks long or shortly before answering the questionnaire.

The variable wet clothing could be subject to interpretation by the responders, in that the
question does not differentiate between what part of the clothing is wet: the inner layer clothes
close to the skin, wet outer layer or wet on the clothes surface only. Wet could also be

interpreted as humid inner layers.

The mean reported number of hours of weekly exposure to cold for drivers of Toro 400 and
underground trains was just over 30 hours. Having observed how the underground work for
these drivers is carried out, the reported duration of exposure to cold is considered a good
estimate. Observations of the work tasks in the mines as well as the exposure measurements

in the relevant mines were advantages when the reported data were interpreted.

The occupation label or profession was ambiguous for the driver categories. Having
information on both occupation and vehicles operated revealed that occupation was not
vehicle specific, even workers with occupations other than drivers reported driving a vehicle.
Vehicle used was, however, specific information, and mutually exclusive. Thus, the exposure
groups for drivers were defined by the vehicle driven in current occupation rather than the
occupation itself. In Paper IV we did not analyse for possible interaction between the factors
under study, but as described in Paper III we did not find statistically significant interaction
between the exposures and the risk of LBP. However, that analysis did not include possible

interaction between the exposure factors and vehicles driven.

For frequently occurring outcomes, such as LBP, ORs likely overestimate the magnitude of

the risks. The exposure factors could have been penetrated in more detail. Information was
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self-reported by questionnaire, and thus subjective. Still, for large population studies on
clinical problems that are subjective in nature, questionnaires can be appropriate and the data
reported with such methods are well in concordance with the situation under study. Healthy
worker selection may have led to an underestimation of the actual odds. Thus, a revealed
association may be stronger than the numbers indicate. Clinical testing by trained physicians

could have diagnosed low back pain in a more objective manner.

Cut offs and definitions

The cut-offs chosen for the study factors wet, cold and lifting may have caused
misclassification of the exposed and non-exposed and affected the outcome of the analysis.
However, the cut-offs in the questionnaire and statistical analyses were chosen a priori.
Lifting was measured by the questions on frequency (five categories) and load (greater than
15 kg and 30 kg) and a question concerning ever lifting or moving loads more than 50 kg. The
weight categories in the questionnaire were not mutually exclusive. By choosing to include heavy
lifting as a binary variable in the analyses with cut-off at lifting loads weighing more than 15
kg ten or more times/day or not our choice may have affected the analysis outcome. A choice
of a higher frequency cut-off for heavy lifting would have led to a smaller heavy-lifting group
and an OR-estimate with lower precision. The same would have been the case for wet
clothing and cold exposure. Thus, the estimated ORs for wet clothing, exposure to cold and

lifting should be interpreted with care.

Current exposure to WBV was defined as driving a vehicle in the present work; we defined
groups by vehicle types. Reported driving time was divided into four categories based on
number of hours of driving during a typical work week (0 hrs, 1 to 15 hrs, 16 to 30 hrs and
above 30 hrs). This allowed for OR for WBV to be calculated per category increase in time
driving a vehicle. Past WBV exposure included workers who previously worked as drivers,

these data were dichotomous, so no choice was made for the analyses.
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Adjustment factors were physical exercise, stress, sex, BMI, and duration of present
occupation. We chose not to adjust for age since this was strongly correlated with the duration
of employment. Physical exercise was set at recreational sports (at least 4 times per week). A
choice of a different cut-off for physical exercise could have influenced the ORs of the
studied factors, since physical exercise was associated with the outcome of the analyses. The

same can be said about stress, BMI and duration of employment.

8. LEGAL AND ETHICAL CONSIDERATIONS

The questionnaire contained no personal identifier, only a running number that linked the
questionnaire to the database. The name list of all workers required to undergo the health
examination was only used for administrative purposes by the KRLOH. The study was
approved by the regional committees for medical research in North Norway and North-West

Russia.
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9. CONCLUSIONS

Several institutions are involved in assessing mine workers health in MO, calculating
exposure levels as hazard grades and making recommendations for further employment.
Medical examinations of most mine workers in MO were performed by a single institution
(KRLOH) and this implies stable quality and continuity of the occupational health assessment
and adds value to the numbers. The emphasis is more on control and repair than on prevention
of disease. Mine workers may be motivated to underreport their health problems at the
mandatory periodic health examination. We showed how WBV exposure levels in a Kirovsk
mine are risk assessed by the Russian system and how this relates to risk assessment in the

European system of risk assessment.

In our epidemiological study, one-half of the workers in the mines reported LBP. Exposure to
cold environment and wet clothes was common. Wet clothing, cold working conditions,
heavy lifting, and previous work as a driver were associated with LBP. Driving the TORO
400 and the K10 and K14 trains were the only vehicle specific exposures associated with
LBP, which may be explained by the twisted working position combined with low
temperature in the open cabins — features that are particular for these vehicles. LBP with
radiation was experienced by more than one-third of blasters, drill-rig operators and drivers.
LBP with radiation was associated with exposure to wet clothes, cold work environment and
being a past driver, and was not associated with current employment as a driver or driving a

vehicle.

The study suggests that exposure to cold and wet clothes contribute to the risk of LBP and
LBP with radiation. The cross-sectional study design did not allow for cause-effect
conclusions. The study also did not characterize the exposure to wet clothes, cold conditions
and posture in great detail; this should be emphasised in further studies. For better prevention
of LBP and LBP with radiation in mine workers, we recommend focusing on improved cabin

conditions and clothing.
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The ‘Miners health 2010’ questionnaire was easy to administer and generated data that are
useful for screening and epidemiological purposes. Despite being based on existing

questionnaires, validation of the ‘Miners health 2010° questionnaire is recommended.

The study brought together scientists in occupational medicine in the far north of Europe. This
group has expanded and initiated a project termed ‘Mine Health’ which uses a modified
version of the ‘Miners health 2010’ questionnaire, in an ongoing investigation of mine
workers’ health in northern Norway, Finland, Sweden and Russia. This includes data
collection in Kirovsk as a follow-up to the study presented here. Increased knowledge of mine
workers’ health and work environment should promote health, work ability and well-being

and prevent sick-leave among mine workers and other related professions.
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Objectives. We aimed to describe how work exposure and occupational health is assessed for mine workers in
Murmansk Oblast, Russia.

Study design. A descriptive study based on current practice, laws and available literature.

Methods. The information and data were obtained from scientific publications, reports, regional and federal
statistics, legal documents, through personal visits and onsite inspections.

Results. Several institutions are involved in these assessments, but all mine workers have been examined
by specialists at one institution, which helps to ensure that the work is of stable quality and adds reliability
value to the numbers. Workplace risks are assigned hazard grades, which influence the frequency of periodic
medical examinations and salary levels. The examinations are aimed to diagnose latent or manifest
occupational disease. This may lead to relocation to a workplace with lower exposure levels, free medical
treatment, compensation and a lower pension age.

Conclusions. Regulations and systems to protect the health of mine workers have more emphasis on control
and repair than on prevention. Since relocation can lower the salary, some workers may under-report medical
problems. To what degree this happens is unknown. The mining enterprises pay the medical service provider
for periodic medical examinations, which could potentially weaken their independent role. This framework is
important to understand when studying and assessing the health of working populations in the circumpolar
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region.
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orking as a miner is associated with health

\ " / impairment and mortality from factors in the
work environment (1). This affects the indivi-

dual, the mining enterprise and society as a whole.
The Barents region is the most important mining area
in Europe. The many large mines located in the Kola
Peninsula make this region (Murmansk Oblast, MO) the
most heavily industrialised region in the Russian Federa-
tion (RF). The MO’s population of 794.800 constitutes
only 0.6% of the total population of RF (2), but 21%
of the population in the circumpolar north. Industrial-
isation and militarisation have urbanised the MO with
92.8% living in cities and towns (3) compared to 73% in
the RF (2). Thirty-seven percent of the MO population
lives in Murmansk city; the rest of the urban population
lives in industrial towns or “monogorods” based on a
single industrial plant, which provides employment and

community services (Table I). Considering the relative
magnitude of this industrial population, the health
implications of working conditions in MO are large in
an Arctic public health perspective.

The apatite mining and processing complex of the
company Joint Stock Company (JSC) Apatit forms an
industrial cluster in Kirovsk and Apatity (Fig. 1). The
company’s activities include the extraction and trans-
port of ore and the physical and chemical processes that
make phosphate-rich concentrate (4). Founded as a state
enterprise in 1929, this industry was later privatized and
adapted to the global market economy. Between 1950 and
1990, the annual ore extraction increased from 3 to 55
million metric tons (5), and the company is currently one
of the largest producers of phosphate in the world.

Both working conditions and climate have posed
challenges to the health and safety of the mine workers.
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Table I. Main industrial towns and industry in Murmansk
Oblast

Industrial town Main industry

Polarnye Zori  Nuclear energy
Nikel Nickel mine and smelters

Monchegorsk  Nickel and copper refineries

Kirovsk Apatite-nepheline mines

Apatity Ore processing plant

Kovdor Iron, apatite, mixed ore mines, ore processing
plant

Olenegorsk Iron mines, smelters

Khandalaksja  Aluminum smelters

Zapoljarny Nickel mine, concentrate production plant

Revda Rare earth metals, titanium mines

After the use of forced labour in the mining industry was
abandoned in the late 1950s, the focus on occupational
health and safety increased (6), with both research on and
diagnosis of occupational diseases. These are medical
conditions considered to be caused by exposures at the
workplace and may qualify the worker for compensation
or have other consequences.

Occupational health in MO

The incidence of occupational disease in MO has
increased during the past decade, after a downwards
trend during the preceding years. The incidence in 2006

Russia

Republic of Karelia

Fig. 1. Industrial towns and Murmansk city in Murmansk Oblast.

was twice that in 1999, passing the level in RF. This is
also the trend in the industrial towns of MO (7). The
most common causes (36.6%) of occupational disease
were noise and vibration (8). Musculoskeletal problems
and diseases secondary to mechanical vibration have
been identified as the most frequent health problems in
Kola mine workers. Only 12% of miners working under-
ground and 13.6% of miners working in open mines had
never been diagnosed with some form of medical condi-
tion (9). The number of accidents decreased over the
period 1991-2003 (10).

An improved understanding of how occupational
health and risk is assessed in MO is crucial in order to
explain mine workers’ health in the region and to be able
to compare different regions within the circumpolar
north in terms of occupational health and overall
morbidity. The aim of this study was to describe how
occupational health and work exposure is assessed for
mine workers in MO.

Material and methods

Information and data were obtained starting from search
on PubMed for scientific publications, using com-
binations of the search words “occupational health,”
“Russia,” “north,” “Kola” and “assessment.” Of the
articles available on PubMed, the majority were in
Russian language, with English abstracts only, and not
available in full text online. Some 20 were published in
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Occupational Medicine and Industrial Ecologyl Meditsina
Truda i Promyshlennaya Ecologiya. The articles were
collected in full text in analog libraries at occupational
health institutions in Russia and, working together with
Russian colleges, their relevant content was translated
to English language. In addition, we carried out a
manual search for relevant publications issued during
the last 5 years (2006-2010) in Human ecology!Ekologiya
cheloveka, which is another major journal for occupa-
tional health in northwest Russia, but not indexed in
PubMed. In addition to information from scientific
journals, search was carried out in other online sources
for reports, available regional and federal statistics and
legal documents governing the assessment of workers’
exposure and occupational health in the RF (laws,
orders, standards and regulations). Information was
also obtained at the central institution for occupational
health in MO from documents and reports that are not
online but are central to this topic. Information on
workplace condition evaluation and assessment was also
obtained from onsite inspections in the mines together
with those Russian occupational health specialists who
are carrying out the assessment of occupational health in
mine workers in this region. We describe the system and
principles for diagnosis and assessment of occupational
disease and the principles for workplace risk assessment
and hazard grading. However, a full description of the
procedures for diagnosing occupational diseases and
calculating hazard grades is beyond the scope of this
study. The legal framework is only mentioned in general
terms. No ethical approval was needed for this study
since no observation of individuals was included in the
material.

Context

Apatity and Kirovsk have a combined population of
110,000; a decrease of 20% since 1990 (2). The apatite-
nepheline mining and processing enterprise JSC Apatit
operates 4 mines, transportation lines and 2 concentrate
plants in the area. JSC Apatit employs 13,500 workers
(20% of all industrial workers in MO), of which some
4,000 are directly employed in mining (Table IT). Women
constitute 5.5% of the employees and 85% are ethnic
Russians (10).

Table II. Mines and number of mine workers in Kirovsk

Number of
Mine Type workers (2010)
Kirovsky Underground 2,034
Vostochny Open pit 650
Zentralny Open pit/underground 587
Rasvumchorrsky Underground 676
Total 3,947

How occupational health is assessed in mine workers

Joint Stock Company Apatit also runs public trans-
port, several leisure and sports complexes and a sanator-
ium for recreation and rehabilitation of its workers. There
is also an education program for future miners at the
Khibiny Technical College in Kirovsk. In contrast to the
early years of this mining community, Kirovsk is now a
more demographically diverse community.

Results

Work exposure risk assessment, disease prevention, diag-
nosis of occupational disease and adjudication of com-
pensation issues are central elements in the health care
system for workers in MO. Several institutions are
involved. The mine workers undergo an annual health
examination with thorough anamnesis and clinical in-
vestigations and tests involving physicians specialized on
various organ systems. A committee of doctors concludes
whether a medical condition should be classed as a
confirmed occupational disease, a suspected occupational
disease (person in an “at risk group”), or a non-
occupational disease. For the worker, this can lead to
relocation, compensation or coverage of medical treat-
ment. These health and workplace assessments are
performed on both a local and regional level and involve
the institutions described below.

Rospotrebnadzor

This is the regional body of the Russian Board of Health
Supervision and has the authority to intervene to
improve conditions in a workplace and to shut it down
(11). The institution provides annual reports for every
region and education programs in occupational health.

Centers for epidemiology and hygienic surveillance
These centers exist on local and regional levels (located
in Kirovsk, Monchegorsk and Murmansk) and assess
risk factors in workplaces. The findings are used in the
characterization of workplace environment and then
related to health conditions (details follow below).

Kola Research Laboratory for Occupational

Health (KRLOH)

The KRLOH is the Kola Peninsula branch of the
Northwest Public Health Research Center in St.
Petersburg and is the central institution for competence
and assessment regarding workers’ conditions and health
in MO. The KRLOH also runs out- and in-patient
clinics, a research department and a clinical chemical
laboratory. The staff includes physicians specialized in
occupational health. It is funded through the budget of
the federal Northwest Public Health Research Center
and by payments from the enterprises that make use
of the specialist services. The KRLOH receives workers
from several mines in the region: the 4 apatite mines
in Kirovsk (Table II), the Kaula Kotselvaara mine in
Nikel, the Severny mines in Zapoljarny and from mines
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in Kovdor. The workers spend 1 day at the KRLOH
with full pay. The examination includes laboratory tests
and clinical examination by organ specialists and specia-
lists in occupational medicine; data are recorded on
a standardized chart and entered into an electronic
database. Information on the exposure characteristics of
each type of workplace is also available at KRLOH. This
is used for assessments of associations between exposure
and disease. KRLOH cooperates closely with specialists
at the municipal hospital in Kirovsk in diagnostics and
treatment and can refer workers to the local sanatorium.
KRLOH also sends specialized staff and equipment
to carry out periodical medical examination in nearby
industrial towns (so-called “komandirovka’). KRLOH’s
access to the industry, the workplaces and the workers is
regulated through federal law (12), and it reports
occupational health statistics to the Federal State Statis-
tics Service (Goskomstat) and to Rospotrebnadzor.

Medical institutions authorized for medical
examination of workers in MO

In addition to KRLOH, the municipal hospitals in
Monchegorsk, Zapoljarny and Olenegorsk are author-
ized to perform regular medical examinations of workers.
However, no miners are examined in the Monchegorsk
hospital (as no miners live and work in the Monchegorsk
area). The assessment of workers’ health consists of both
an initial medical examination and periodic check-ups.
These are conducted according to federal laws (12,13)
and decree (14). These medical examinations include
all employees, though at different intervals. Potential new
employees undergo pre-employment examinations to
check if whether they fill the medical requirements. The
assessed risk in the work environment determines the
frequency of later periodic examinations: every year or
every fifth year. If municipal hospitals do not have the full
team of specialists to fulfill the legal requirements, they
must invite specialists from other qualified institutions.
Miners who have their check-ups at municipal hospitals
are also examined by specialists from KRLOH every fifth

year, as a minimum requirement (14). Approved institu-
tions outside MO can also compete for the contract to
conduct periodic medical examinations. Although this
has not yet happened, Rospotrebnadzor has expressed
concerns over the possibility that such examinations
might be of lower quality (11). The central documents
governing the field of occupational health are presented
in Table III. Note that a guideline has been developed
for the assessment of occupational health in a regional
context.

Assessment of work environment

The Center for Epidemiology and Hygienic Surveillance
carries out characterization of working conditions. For
each profession and workplace, there is a list of factors
(physical, biological, chemical and psychosocial) that are
measured or quantified. This characterization provides
the basis for the KRLOH’s assessment of workplace risk.
The weighted sum of the factors is used to calculate
hazard grades from 0 to 4 (15). The interpretation of the
numerical values of hazard grades is listed in Table IV.
Additional details concerning hazard grades in the
mining industry have been presented by Chaschin and
Askarova (16).

Calculated hazard grade for WBV has been 3.1-3.2 for
load-haul-dump vehicle drivers in an underground mine
in Kirovsk (17). For other groups of underground mine
workers, vibration levels corresponded to hazard grade
2-3.3 (18). The hazard grades do not correspond directly
with the European limit and action values. However, yet
unpublished comparative studies indicate that the whole
body vibration exposure levels classed as hazard grade
3.2 in load-haul-dump vehicles are similar to the limit
value in the European system (19). The Order Ne 90 (14)
states which hazard grades can be allowed for various
professions and workplaces. Hazard grades are also part
of the basis for calculation of salary, with higher hazard
grades rendering higher pay. Work at hazard grade 4 is
only allowed for short time periods, as in emergency
situations.

Table I11. The main regulations governing the occupational health issues in Russian Federation

Type of document

Title

Federal laws
Federal decree order
Federal sanitary norm

Federal Law Ne 181-FL on November 24 1995 (12); Federal Law of March 30 1999, Ne 52-FZ (13).
The order of the Ministry of Public Health and Medical Industry Ne 90 on 14.03.1996 (14).
Guide on Hygienic Assessment of Factors of Working Environment and Work Load. Criteria and

Classification of Working Conditions, Guide P 2.2.2006 — 05 (15).

Regional methodical medical
recommendations

Methodical recommendations: Organization of pre- and periodic examinations of the people
who are working for enterprises and institutions and being exposed to dangerous and harmful

industrial factors. Methodical recommendations for treatment- and prophylactic institutions, state
sanitary-epidemiological supervision centers and departments of labour protection and safety of
the Murmansk region enterprises (20).
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Tuble IV. Grading system for assessment of health hazard

Hazard grade Interpretation

0 No exposure to health hazardous factors
1 Exposure without health hazard

2 Exposure with acceptable health hazard
3.1,3.2,33,34 Exposures with increasing health hazard
4 Exposure with high/extreme hazard

Medical examination of mine workers
Pre-employment examination

This is carried out to assess whether an applicant is
medically fit. All categories of workplaces are listed in the
Order Ne 90 with corresponding medical recommenda-
tions and conditions that disqualify for employment (14).
As mentioned, all workplaces are characterized in terms
of hazard grades, and these grades are compared with the
medical profile of the person seeking employment. The
Order Ne 90 also specifies which clinical and laboratory
tests and specialist examinations are required. A medical
profile is compiled from the results. The document
follows the worker throughout his or her carecer and is
updated at later medical examinations.

Periodic medical examination

All workers have to undergo periodic medical check-
ups to renew their work certificates at a frequency that
depends on the hazard grade of the individual’s work-
place. Employees with an overall hazard grade of 3.1
or more undergo medical examination annually, while
employees with hazard grade 2 or below have an ex-
amination every fifth year. The Order Ne 90 lists the
examinations, equipment, clinical and laboratory tests
and specialists required for these check-ups (14).
KRLOH has assembled and published the methodical
recommendations for medical examinations, how to
interpret the results of the periodic medical examinations
and how to prepare individual medical advice (20). The
purpose of the check-up is to identify possible occupa-
tional disease during the period of employment. The
findings may affect the worker’s possibility to continue
in the work position. There are 3 possible outcomes
(recommendations) from this periodic check-up: (a) if no
work-related health problems are found, the employee
can continue to work, (b) if the check-up suggest that
the employee may be developing occupational disease,
the employee cannot continue to work in the current
work environment and should be relocated and (c) if a
condition is diagnosed and approved as being occupa-
tional disease, the employee should be relocated and can
apply for compensation. These final decisions are based
on a wide set of information, evaluated by a consultative
group of 8 doctors. The group consists of the chief and
deputy physician and physicians in several specialties,

How occupational health is assessed in mine workers

as specified in the Order Ne 90. Their main tasks are to
identify pathological conditions at an early stage and to
prevent a condition from progressing through advice and
relocation. The examining institution receives payment
from the workers’ employer for the work (14).

For a medical condition to be approved as occupa-
tional disease, 4 conditions must be present: (a) the
condition must be among the diseases that may qualify,
as listed in the Order Ne 90, (b) the exposure must be
known to be present in the work environment, (¢) this
exposure must have a recognized causal link to the
disease in question and finally, (d) the exposure must
precede the onset of disease by a reasonable amount
of time. These conditions must be considered and as-
sessed in institutions that are specialized in occupational
medicine (14), such as KRLOH in the case of mine
workers in MO. The consultative group of doctors
decides whether the criteria are met. If the condition
is considered to meet the criteria and is approved as
an occupational disease, the worker must apply for
occupational disease compensation from the government.
Workers who have private insurance may apply for
compensation as well, but such insurance is not manda-
tory. A person with an occupational disease is entitled to
a 1-time compensation payout. The decision whether to
grant compensation is made by the local special medical
social committee MSEK (Russian abbreviation MC2K).
A negative local ruling can be reassessed at the regional
level in MO or appealed to the MSEK committees in
St. Petersburg or Moscow (14). The level of disability is
graded as: (a) disability that precludes work, (b) disability
that does not preclude work and (c) reversible disability
that does not preclude work but necessitates relocation.
Doctors may be subject to compensation claims if a
worker who is exposed to hazardous factors at the
workplace is not relocated due to mistakes or negligence
on the part of the doctors and goes on to develop an
occupational disease.

Hazard grades of 3.1 and above can motivate reloca-
tion of persons at particular risk of developing an
occupational disease to a workplace where exposure
to the harmful factor is lower. If possible, the worker
is relocated within the same company. The employee is
obliged to accept relocation. Failure to do so may lead
to loss of rights to receive compensation. If no suitable
position is available, the person can be laid off. If
relocation or loss of job leads to a reduction or loss of
salary, this is partly compensated by monthly payments
(14). Being diagnosed with an occupational disease will
also lead to a lower retirement age and a higher pension.
However, the pension is less than the salary of a mine
worker, especially if the workplace environment has high
hazard grades. The diagnosis will qualify the worker
for free treatment of the occupational disease, also
in sanatoriums (12,13). Workers with an occupational
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disease that is considered to be in an early stage can be
referred for early intervention to prevent further progress
or to reverse a pathological process. Workers may also be
referred by physicians to other sanatoriums or to health
resorts.

Discussion

This study provides insight into how occupational health
is organized and assessed in MO, both in general and in
mine workers specifically, and how the official figures on
occupational health are collected. Given the large and
growing number of mine workers in the region, this is a
topic of high relevance when studying health issues and
interpreting health indicators in this population. Occupa-
tional health of mine workers in MO is investigated
through a battery of tests and examinations of individual
health and workplace. These systematic procedures can
affect the mine workers medically and economically, as
there are both advantages and disadvantages to being
diagnosed with occupational disease or working in an
environment with a health hazard. If a work environment
is declared hazardous to health, this would increase the
worker’s salary or cause relocation, rather than obliging
the employer to reduce the exposure to safe levels, as in
most other European countries. Relocation might be an
expression of a greater focus on recuperation from than
on prevention of health problems.

Since relocation to a work environment with lower
hazard grades leads to lower salary, the system could
make the workers prone to conceal their health problems
by under-reporting or even taking medication prior to the
examination to improve test results. This applies espe-
cially to medical conditions for which the diagnosis is
based on information from the employees themselves and
not on objective tests. To what degree the built-in mech-
anisms in the system have led to under-ascertainment
of disease and injury would be difficult to evaluate. The
character of the periodic medical examinations is control
based and mandatory rather than based on trust. This
does not solve the issue of possible under-reporting.
The system does provide employees with extensive health
assessments, which may be regarded as a fringe benefit.
Still, this check-up activity might also take place at the
expense of prophylactic approaches (21). Some employ-
ers, feeling they have little to gain from the annual
examination, might have made little effort to facilitate
the examination. In practice, many smaller firms have
not been offering the medical examinations as legislated
(11). In the mine industry in the MO, however, the
medical examinations have been a part of the workplace
routine and the participation rates of both employers
and employees have been high. In KRLOH, the MO
appears to have a well-qualified center to perform peri-
odic medical examinations of mine workers and diagnose
occupational disease, as the staff at KRLOH has the

required skills and experience. However, since the occu-
pational health institutions receive payment for these
examinations from the employer, there is a risk of
financial dependency in this relationship. Thus, the
free and independent status of the medical institutions
performing the medical assessment of workers could
be undermined. The number of workers diagnosed
with occupational disease might therefore depend not
only on hazardous exposure levels in the workplaces
but also on factors arising from the relationships
between the enterprise, employees and the medical
institutions (18).

Despite the past decade’s improvements in work con-
ditions due to more modern technology, exposure levels
have remained high. The Russian norms for exposure
levels were exceeded in MO for 39% of male and 25%
of female workers (9). In addition, methodological
factors (improvements in diagnosis, occupational health
care systems and registration regimes at KRLOH) might
explain the observed increase in number of cases of
approved occupational disease in this mining population
(7). However, the fact that the medical examinations of
most mine workers in MO have been performed by a
single institution implies stable quality and continuity of
the work and gives added value to the numbers. MO
adheres to the same legal framework as all of the RF, so
our findings concerning requirements, procedures and
standards can be generalized to the rest of the country.
The main limitation of the study has been the poor
availability of information sources. Internationally pub-
lished information is very scarce, and material published
in Russia is not readily located through databases and
usually not accessible electronically. Therefore, we also
have used informants.

Our findings concerning the regulations, procedures
and institutions involved in the assessment of occupa-
tional health and work places in MO show the impor-
tance of understanding this framework when studying the
health of working populations and interpreting official
health statistics in the circumpolar regions and countries.
Our study disclosed the existence of thorough regulations
and well-established systems to protect and follow up
the health of workers in mines and industry in Russia.
However, the system appears to emphasise control and
repair more than prevention of occupational disease and
injury. The economic incentives for the workers and the
close economic ties between the medical institutions that
provide the check-ups and the mining enterprises in MO
may not be optimal for protection of health of this
population of workers.
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EBPOMEMCKUA U POCCUACKWA METOADI OLIEHKM
OBLLEH BUBPALUK Y BOAUTEJIEA BOJIbLLUErPY3HbIX
HAPbEPHbIX CAMOCBAJIOB

© 2012 r. A. OBpym, M. CkaHadep, *C. A. CiopuH,
*J1. B. TanbikoBa, *A. H. HukaHos

OTzen npotheccHoHanbHOM M 3KONOTMYECKOH MeLULMHBI,
Yuusepcutetckas 6onbHuua CesepHoii Hopeeruu, 1. Tpomcé, Hopeerus.
*HayuHo-uccnenosatensckan nadoparopus ObYH «Cesepo-3anagHbiii Ha-
YYHbIA LEHTP FUTUEHbl U 00LEeCTBEHHOTO 370poBbAY, T. Kuposck, Poccus

BosneiictBue MmexaHHueckol BUOpaLIMH, BOSHHKAIOLLEH NIPH 9KCIITyaTaldK
TPAHCIOPTHBIX CPEICTB, XapaKTEePHO WIsi paGOTHUKOB rOPHO-1006bIBaIOLLIECH
MPOMBILLJIEHHOCTH, U 0COOEHHO /I BoauTesel. B cooTBeTeTBMH € poc-
CHUUCKOH TePMHUHOJIOTHEN TAKOE BO3/IEHCTBHE HA BECb OPraHU3M YeJIOBeKa
onpenensercs Kak o6uas Bubpauus (OB). C BosnefictBuem OB cBsA3bI-
BaeTCsl Pa3BUTHE psijla HapyLUEHUH 3/0poBbs, MpuyeM HauboJlee 4acTo —
3a60JieBaHUH KOCTHO-MbIIIEUHOH CHCTEMBI [3].

B uHocTpaHHOl JiMTEpaType oTpaKeHbl HEKOTOPbIE MPOTHBOPEUMS], Ka-
catouldecst ypoBHs SKCMO3ULMH K BUOPALMH, BbI3bIBAIOILIETO PA3BUTHE Ha-
pyuleHui 310poBbsi. HecmoTpst Ha To, uto B Poccuu cyliiectByet o61mrpHas
JTepaTypa 10 JaHHOMY BOIIPOCY, TOJIbKO HEMHOTHE U3 3TUX paboT XOPOLLIO
M3BECTHBI 3a NpejiesiaMi cTpaHbl. HacTHUHO 9TO 0ObACHACTCS Pa3/IMUHSAMHU
METOJMK OLIeHKH PUCKOB 3/0POBBIO MPH BO3AEHCTBHU BPEIHBIX (PaKTOPOB.
B noctynHoit HaM JiuTepaType Mbl He HALLIK OMUCAHUS OTJMUUI H CXOACTBA
9TUX MeTOo/IoB. [IpakTHuecKue H SKOHOMUUECKHE TTOCEACTBUS Pe3yJ/IbTaTOB
OLIEHKH CTENEeHH PUCKOB 3/10POBbIO TAKXKE OTJIHYAIOTCS B HALIMX CTPaHaX.
B Hacrosilee Bpemsi HabJofaeTcst pocT FOPHO-A0OLIBAIOLLEH [1POMBbILL -
ngenHoctn B EBpo-Apkrndeckom bapeHir-pervione (ceBepHble paioHBI
Hopseruu, [lIBetyn nu @unasinauu, a rakke EBponeiickuii ceep Poccun).
B Takux yc/i0BHsX Jyulliee MOHUMaHKUE ABYX CUCTEM OLIEHKH PUCKOB BPEIHbIX
MPOM3BOJICTBEHHBIX BO3AECHCTBUI HA pabOUUX MeCTax sIBJSETCS KH3HEHHO
BaXKHbIM (PAKTOPOM, HEOOXOAUMBIM JI/Is1 YJIyUllleHUsl 3alUThl 310POBbS pa-
60THUKOB oTpacJu. [IpumMeHenre NPUHIMITOB ABYX CUCTEM OLIEHKH PUCKOB
B cepuu HccienoBanui yposueit OB naet xopoliyio BO3MOYKHOCTb /IS HX
CpaBHEHHsl, TOHUMAHUSl U HHTEpPIpPeTaLMH.

Les1b HcesieoBaHUs 3aKJ/04asach B ONpeie/ieHHH YPOBHEH BO3ACHCTBHUS
OB, BosHuKalollel NMpH 100blue anaTUTOHEMENHHOBOH PY/Ibl OTKPBITHIM
cnoco6oM, U HUX cpaBHeHHH ¢ nokasaressmu OB npu no6blue pynHoro
CbIpbsl B MOA3EMHBIX pyaHUKax. TakxKe Hallell LeJblo ObLIO CPaBHEHHE
€BPOIEHCKOro U POCCHACKOro MeTOI0B oLleHKH Bozaeicteus OB npu npo-
BEJICHUM CEPUIAHBIX U3MEPEHHUH.

Mertoapl

Wamepenust yposHeit OB 6b11 poBesieHbl B OTKPBITOM pyaHHKe «Boc-
tounbli» (OAO «Anatut»), pacrnoso:keHHoM BOau3M T. Kupocka Myp-
MaHcKo# obJiactu. Beero nogsepranucs Boznetricteuio OB 250 paGoTHrHKOB
pyHHKA, CPelH KOTOPBIX OblIM BOAMTENH OGOJbLIErPY3HBIX KapbepHbIX
camocBasoB (BKC). Ha pynnuke skcniyatupoBannch 65 BKC mapok
BenA3 n Caterpillar rpysonogbemuoctbio 120—130 1. Mamepennss OB
6111 BeIMoMHeHB! Ha 14 Mammnnax. [Ipogo/mkurensHocTs pabouell cMeHbl
cocTaBdsiia 12 yacoB ¢ 8-4acoBbIMHU NepHofaMu BoxKaeHUs. Vamepenus
OCYLIECTBJISIHCH HOPBEXKCKO-POCCHICKOH IPYIINOH CrIelHa nCTOB B 06/1aCTH
TMTHEHBI TPy/la U3 OTiesa NPOdeCCHOHANBbHON H SKOJNOTHYECKOH MEIHLHU-

Okpyxatowas cpena

B Hactoswee Bpemsa B bapeHu-
permoHe HeT YHUGULUPOBAHHbIX
METOZ0B OLEHKWU PUCKOB 340POBbIO,
CBA3aHHbIX C BO3eNcTBMEM 0bLeit
Bubpaumn (OB). 3apaya uccnegosanus
3aKoYanach B M3MepeHuu
xapaktepuctuk 0B, Bo3HMKatowe
npu 3KCnyatauum 6onbLerpy3HbIx
KapbepHbix camocsanos (BKC),

a Takxe B OOCYXLEHUU U CPABHEHUM
pe3yNbTaToOB OLEHKW PUCKOB
340POBbI0 METOLAMM, MPUHSATBIMM

B cTpaHax Esponbl u Poccuu. beino
BbinonHeHo 17 usmepeHuinn OB

Ha NOBEPXHOCTU CUAEHbA BOAUTENS
Ha 14 pasHbix bKC Ha ogHoM

U3 OTKPBITbIX pyaHUKoB CeBepo-
3anaga Poccun. MpofonKuTensHOCTb
nepuopos n3mepenus OB coctaBnana
0T 13 po 58 MUHYT B peasbHbIX
NPOM3BOACTBEHHbIX LIMKNAX B TEYEHUe
8 4acoB ynpasneHus aBToMobuIEM.
Mo AaHHbIM NpOBefeHHbIX
MCCNef0BaHuWi, CPeaHU ypoBEHb

0B (3KBMBaNEHTHLIN ypoBEHb
BubpoyckopeHus — A8) coctaBun ans
14 BKC (1,0 + 0,23) m/c? cpegHee
3HayeHue nuk-aktopa — 12,78 +
5,26, CpeAHAsA BeIUYMHA [03bl
Bubpauun — (10,35 + 2,61) m/c'”.
YCTaHOBNEHO, YTO HUXKHASA TPaHULA
3HayeHuit 0B, onpepenstowmx Knacc
BpefHocTn 3.2 (Poccus), 6nuska

K 3HadyeHuto npepenbHoro yposHa 0B,
coctasnsiowero 1,15 m/c? (cTpaHbl
Esponsl).

KnwoueBble cnoBa: subpauus,
BOAWTENN KapbePHbIX CaMOCBAJIOB,
OLEeHKa pUCKoB

11



Okpyxatowas cpena

Hbl YHUBepcuTeTcKoil GosibHulbl CeBepHoit Hopeerun
(r. TpoMC&) 1 HayuHO-HUCCIEI0BATENLCKOH JJa00paTOpUm
CeBepo-3anajHoro HaydHoOro LEeHTpa F’UrUeHbl U o01ile-
CTBEHHOTO 3/10poBbs (. KupoBck MypmaHckoii 06/1acTH )
B TeueHHe pabouell CMeHbl MPH LUKJIUUHOM BbIMOJIHE-
HUU peasibHbIX TIPOU3BOJICTBEHHBIX 3aa4. YpoBeHb OB
onpesiesisiics Ha OBEPXHOCTH culieHbs BoauTedist. [1po-
JIOJKUTENLHOCTD MepuoioB uamepenuss OB cocrapsiia
ot 13 10 58 MUHYT BO BpeMs OHOTO pabouero 1MKJa,
KOJIMYECTBO KOTOPBIX Kosebasnock oT 2 jo 7. Obiiee
KOJIM4eCTBO u3MepeHuit — 17 (taba. 1). Mamepenus
BhinoJiHsiineh Ha syx BKC Tuna Caterpillar 785C u
npenanath bKC tuna BenA3 75 (monenu 121, 131,
141 u 145) B 3umHuil nepuoy roga. Mertoanku uamepe-
HuUs1, 06paboTKH U aHasnu3a napameTpoB OB nosHoCTbIO
OTBEUaJIM TMOJIOXKEHHUSAM CTaHIapToB MeKiyHapoaHOH
opranuzdaiuu no cranaaprudauu (ISO) [10, 11] u co-
OTBETCTBYIOLIEro poccuiickoro cranpapra [1]. Mcnosb-
3oBaJicsi uaMepuresib BuGpaiuu y Jiojer (Larson-Davis
Model HVM 100, WBV Triaxial Seat Pad Accelerometer
Larsen Davis), otBeuatouinii TpeGoBaHUAM CTaHaapTa
[SO 8041 [11]. O6uast Npoao/KUTETBHOCTD HCCIEN0-
BaHWi coCTaBHJ/Ia OJHYy Helesio. Bee yncoBble naHHble
npejicTaBjeHbl Kak mean + SD.

Tabauya 1
O61was xapakrepucTiKa MpPOBeAeHHbIX U3MEPEeHUi
oOlwei BUOpauun

Jlnurennb-
HOCTb Yucsio
Uuceno ca- | Yuceao ms-
Tun camocsana oesanos | mepenmii nepuosa pa6ourx
p M3MepeHHUH, | 1HKJIOB
MHH
Caterpillar 785C 2 2 31-37 1
BEJIA3 75 121 2 2 34—45 1
BEJIA3 75 131 4 6 21-25 1
BEJIA3 75 145 6 7 13—58 1

Memoduka oyenku pucka sozdeiicmsus OB, npu-
mensenas 6 cmparax Esponel. EBponefickas cucrema
MCIOJb3YET JIBA OCHOBHBIX KPHUTEpHS OLLEHKH YPOBHS
BozzericTBusi OB B BUjie cpeiHeKBaipaTHUHON BEJIHUHHBI
BUOPOYCKOPEHHUS, PACCUUTAHHON IS TIPOJIO/IKHUTE b=
HoCTH paboueii cMeHbl 8 yacoB. Yposenb OB 0,5 m/c?
cunTaetcst omycTuMbiMu, a 1,15 M/c2 — npeesbHbIM.
C HUMH CpaBHUBAOTCSl (PAKTHUECKHE TTApAMETPbI YPOB-
Heil BoaneficTus: ke 0,5 m/c2, B npejenax 0,50—
1,15 m/c? nmu Boie 1,15 M/c?, Kak perJiaMeHTHpPOBAHO
Jupekrusoit 2002/44/EC [9]. UnTeHCHBHOCTb 9KCIO3H -
MU BbILLIE JI0MYCTHMOTO yPOBHS 03HAYAET MOBbILLIEHHbIH
PHCK Pa3BUTHSI HapyLIeHHH 3110poBbs. B Takux caydasx
paboTonaTtesib 06513aH PUHATb MEPbI JJ151 €r0 CHUKEHHUS.
MHTEHCUBHOCTb 9KCTO3ULMH BbIlLIE MPEAEIbHOTO YPOBHS
HEJIOMYCTHMA, U PAaOOUHH MPO1LeCcC N0/KeH ObITh OCTaHOB-
JieH. B takux cutyauusx paboToaatesib 06s3aH NPUHATD
BCe HEOOXOMMMbIE Mepbl Ul CHUXKEHHSI 10 MHHUMyMa
(3a cyeT KaK yKOPOUEHHs! MPOJOJIKHTEJNbHOCTH, TaK U
YMEHBLIEHUSs] HHTEHCUBHOCTH BO3/IEHCTBUS ) SKCIOZULIUK K
MexaHHuecKoi BUOpauyu. OHU BKJIIOUAIOT ONpeie/ieHue
BO3MOKHOCTH HCIOJb30BAHUS HHBIX TEXHOJOTHIH, HHOTO
06OPY/IOBaHHS U CPEICTB MHIMBHAYaJbHOH 3allUThI,
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HOBbBIX 9PrOHOMHYECKHUX pelleHHi, ONTUMU3UPOBAHHOTO
rpacuka paboThl, MOBbILIEHHS HHPOPMHPOBAHHOCTH
paGoTHUKA O XapaKTepe JeHCTBHSI BPEIHOrO NPOU3BO/L-
CTBEHHOTO (DaKTOpa U Mepax TeXHUKH 0Ge30TMacHOCTH.

Memoduka oyernku pucka eozdeticmsus OB, npu-
mensemas 8 Poccuu. CorniacHo pocCHHCKON cHCTeMe
YPOBHH HHTEHCHBHOCTH BO3J€HCTBHS BCEX BPEIHBIX
MPOM3BOJACTBEHHBIX (PAKTOPOB KJAACCHPUIUPYIOTCS MO
KJ1accaM BPeIHOCTH: OT MepBoro (kaace 1) 1o uetBeproro
(knace 4) [5]. Komace 1 o6o3Hauaer ontumasibHble, a
Kaacc 2 — JIoNycTHMble ycaoBus Tpyaa. Kmace 3 o6o-
3HauaeT BpeIHble YCIOBUS TPy/la U MOApasiesseTcs Ha
yetbipe crenenu (ot 3.1 no 3.4) no mMepe yBesuueHus
MHTEHCHBHOCTH JIEHCTBHUS POU3BOACTBEHHOTO (haKTOpA.
Kunace 4 xapaktepusyeT yc/10BHsl TPy/la KaK 9KCTpeMaJsibHO
onacHble Jyist 3/10poBbsi paboTHHKA. PeryisipHas paboTa
B YCJOBUSIX KJacca 4 He JOMycKaeTcsi, HO BO3MOXKHO
BbINOJIHEHHE KPATKOBPEMEHHBIX 3aJaHuil (JIHKBUAALMS
MOCJIE/ICTBUI aBapuil WK TylLIEHHE T0KAPOB).

Crenenb BpefHOCTH YCJOBHI TPy OMpeJessieT st
paGOTHUKA PsiJ MOCJEACTBHI: 4aCTOTY MepPHOJNIECKHX
MEJMIIMHCKHX OCMOTPOB, YPOBEHb 3apaGOTHON MJaThl
W [EeHCHH, NEHCUOHHBIA BO3pACT, pagMep KOMIIeHCaluh
B cjyyae pasBUTHs 3aboJieBaHUsl MPOQecCHoHaNbHOM
9THOJIOTHH. TakKke BO3MOXKeH MepeBoj Ha paboTy B
JIOMYCTUMbBIX YCJIOBHSIX TPYyAa, ¢ 6oslee HU3KHM, HO KOM-
NeHCUpyeMbIM pa3MepoM 3apaboTHOH muiathl [6, 7.

B kauecTBe eMHHLbI U3MEPEHHsT YPOBHSI BHOpaLUK
B Poccuu HapaBHe co 3HaueHUSIMH BHOPOCKOPOCTH H
BUOpPOycKopeHusi ucnogb3yercss dB. Jlas cpaBHeHus
paccuMTaHHBIX 3HadeHHH A(8) ¢ poccHiCKUMM KJacca-
MH ycJIoBHE Tpyna BesnunHa dB Gblia npeoGpasoBaHa
caenyiomum o6pasom: A (m/c?) = 20 log X (dB), e

Tabauya 2

Yposenb BUGpoyckopenus (M/c? ), COOTBETCTBYIOLIMIT
poccHiicKoMy Kaaccy yCaoBHil Tpyaa

Kuace BpentocTn yenoBuit Tpyna Z X, Y
1. OnrumaJibHbli 0 0
2. JlonyCcTuMblii <0,56 <0,4
3.1. Bpenublii nepBoii crerneHu 0,56—1,12 | 0,4—0,79
3.2. Bpennblii BTopoii creneHu 1,12—2,23 | 0,79—1,6
3.3. Bpennblii TpeTbeil crenenu 2,23—4,46 1,6—3,2
3.4. Bpennbiii ueTBepTOH CTENneHN 4,46—-8.,9 3,2—6,3
4. DxcrpeMasbHbIH (HeOMYCTHMbIN ~8.9 6.3
JUIs BBITOJIHEHUST PYTHHHBIX paboT)

Tabauya 3

Poccuiickue knaccbl ycioBUil Tpyaa B CpaBHEHUU
C NpeebHbIMU M J0MYCTUMbIMU YPOBHSIMU BUOPOYCKOpPEHHUSI
(eBponeiickas nupektua 2002/44/EC)

Knaccel yesoBuit Tpyaa no
crenenu BpeaHoct (Poccust)

Epponeiickas aupextupa 2002/44/
EC (Espornetickuii coto3)

4 |kcrpemasibHble yCI0BHS

Kpacuwiii| 3.4

3.3 |Bpembie yesnosusi ¢ noj-
pasjiesieHHeM Ha CTereHH

3.2
JKentblit 3.1-3.4
3.1

[Ipenenbublil ypoBeHb
1,15 m/c?

g%nilﬂc/l?wbm ypobeHb 2 |HdonycTuMmble yC/10BHSI

3eJieHbli

1 |Onrtumaisbhble ycaoBHs
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A — ypoBeHb YCKOpeHHsl, TpejcTaB/eH bl Kak M/c?,
X — ypoBeHb BUOpauUuu, BbipaxeHHblit B dB (Tabu. 2).

B rtaba. 3 npejacraBieHO cpaBHEHHE MCMOJIb3YEMbIX
B Poccuu KiaccoB ycJoBHiH Tpy/la cO 3HAUEHUSAMHU JIOTTY -
CTHMOTO U TpesiesibHoro YpoBHel OB B COOTBETCTBHH C
eBporneiickuM crannaptom ([Iupekrusa 2002/44/EC).

PesyabraThbl

YpoBHH 00111el BUOpalnu usyuernbl Ha 14 BKC (a6 4).
BosnefictBre oueHHBasoCch M0 03¢ BMOpALIMHM, paccyl-
TaHHOH YISl 8-4acoBOro BOXKIEHHS MallnHbl. CpenHuit
ypoBeHb Bo3zaekictBusi OB, npeacra/ieHHblil B BeJMuMHAX
9KBUBAJIEHTHOTO BUGpOycKoperusi (A8) ro ocu Z, coctaBui
(1,00 + 0,23) m/c2. Yepeanennas BesunHa nuK-dakropa
(I'1d — oTHOlLIEHHE MAKCHMAJILHOTO M CPEIHEKBAPATHY -
Horo 3HaueHuit BuGpoyckopenusi) aisi 14 BKC pasusiics
12,78 + 5,26. Tak Kak MeXIyHapoJHbIN CTAHAAPT PEKO-
MeH/IyeT UCIO0JIb30BaHUe BeJMUHHbI 103kl BUGpatmu (B/IB)
B caydae, kora [1d Gosiee 9, Obuia paccuntaHa cpeiHsis
BJIB, cocraeusiuas (10,35 + 2,61) m/c!75.

Ouenka pucka, OCHOBAaHHAsl HAa CEPUH peasibHO M3-
MEpEeHHbIX YpOBHEH BUOpallMu, MpeAcTaBjgeHa B TadJl.
5. 1151 OLeHKH UCIoJIb30BaHbl POCCUHCKHE HOPMATHBbI
no OB u eBponeiickue craupaptbl. TepMHHBI <Bbillle
JIOMYCTUMOT0» U «BbILLE MPEIETLHOr0» YPOBHEH MpeHa-
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3HaueHb! Jisl OLEHKH (DaKTHUECKH H3MEPEHHbIX 3HAUCHHUH,
BbIpaskeHHbIX B dB 1 m/c2.

O6cyxneHue pe3ybTaToB

3adukcupoBaHHble YPOBHH BUOpALlMM B OTKPBITOM
pynnrke Boctounbiit (cM. Ta6J1. 4) ¢ COOTBETCTBYIOLUIMMU
KJ1aCCaMU BPEJIHOCTH YCJIOBUE Tpy/a (CM. Tabul. 5) BIOJIHE
COMOCTAaBUMbI C pe3yJbTaTaMi JIPYyruX UCCJAEI0OBAHUI B
POCCUHACKOH TOpHO-100bIBAIOLLEH MPOMBILLJIECHHOCTH,
nosyuenubimu M. T1. KapnaueBbim ¢ coaBT. [2, 3],
B. I'. Hammubiv u 3. @. Ackaporoii [8]. EcTb ocHoBaHust
CYUTATb MOJIyYeHHbIE JIAHHbIE PENPE3eHTaTUBHBIMHU, U OHU
BIOJIHE CPABHUMbI C Pe3yJIbTaTaMH JIPYTHX HHOCTPAHHbIX
ucesenoBanui [12—14].

CpasHeHue esponeticko2o t pocCcuiicko2o memodoos
oyenku pucka. CorJacHo pocCHHCKON CHCTEME KJaccoB
BpenHoctH yposHu OB, cooTBercTByiOLIMe BUOpOyCKOpe-
uuio ke 0,56 M/c2 B BepPTHKA/ILHOI (Z) OCH, CUMTAIOTCS
HEBPEIHBIMHA U HAa3BaHbl JIOMYCTUMbIMU (KJIaCC BPEIHO-
ctu 2). Yposuu Boazeiictust OB 1o ocn Z mexay 0,56 u
8,9 M/c? oTHOCSTCST K BPEIHBIM H OLICHMBAIOTCS M0 KJaccam
BpenHoCcTH B uHTepBasie oT 3.1 1o 3.4. ¥Yposuu OB no
ocH Z Bhitiie 8,9 M/c? Ha3bIBAIOT YPe3BbIYANHO BPEHBIMH.
Yposuu OB, KoTOpbIe OMpeesiioT KJaace onacHOCTH 110
ocd X W ocd Y, HUXKe, yeM YPOBHU MO ocH Z.

Tabauya 4
B3BeleHHbie Mo yacToTe 3HaYeHUs] BUOPOYCKOPEHHs U 103bl BUOpaluu Ha pa3aununbix Tunax BKC
Yucsio BKC [Iponosku- Ocb HaubOJIbLIETO YCKOPEHHs, M/c? rms | Ocb HaHGOUIbLLEH 103bl BUOpALUH, M/c!78
Tun camocBana | (uncsio uamepe- | TeJbHOCTb H3- . ]
wuit) (n=14) | mepenuit, mun Cpeansist Min Max SD Cpeansist Min Max SD
Catepillar 785C 2(2) 31-37 1,12 1,09 1,15 0,04 13,65 13,5 13,8 0,21
benA3 75 121 2(2) 34—45 1 1,05 0,96 0,06 10,95 10,4 11,5 0,78
benA3 75 131 4 (6) 21-25 0,83 0,7 0,92 0,1 8,26 6,89 9,91 0,99
benA3 75 145 6 (8) 13—58 1,1 0,73 1,57 0,29 11,04 7,24 14,4 2,92
Tabauya 5

YpoBHU BUOpauuu npu aKcnayatauuu pasianunbix TunoB BKC B oTkpbiToM pynHuke (6e3onacHble W MpeaeabHO 10MyCTUMBbIE),
COOTBETCTBYIOILME PA3JMUYHbIM KjaccaM ycaOBHH Tpyaa

VposeHnb skBHBasenTHOTO BUOpoycKopenns A(8) | IMpemensnoii (1,15 m/c2) Knacce Bpemnoctn
Tun camocBana u ponycrumbiit (0,5 m/c2)

A(8)X A(8)Y A(8)Z  |OcHoBHast ocb yposerb A(8) Z X Y
0,71 0,43 1,15 Z [TpenenbHblit 3,2 3,1 3,1
Catepillar 785C, 136 0,64 0,43 1,09 Z JlonycTumbiit 3,1 3,1 3,1
0,48 0,55 0,96 Z JlornycTumbiit 3,1 3,1 3,1
BEJIA3 75 145 0,71 0,74 1,05 Z JlonycTumblit 3,1 3,1 3,1
0,45 0,49 0,72 Z Jlonyctumbiii 3,1 3,1 3,1

0,6 0,6 0,92 Z Jlonyctumbiii 3,1 3,1 3,1

7 Z bl 1 1 1

BEJIA3 75 131 0,6 0,55 0, Jonyctumbiii 3, 3, 3,
0,8 0,57 0,9 Z JlonycTumbiii 3,1 3,1 3,1

0,57 0,62 0,85 Z JlonycTumpiii 3,1 3,1 3,1

0,53 0,56 0,88 Z JlonycTumbiii 3,1 3,1 3,1

0,36 0,47 0,68 Z JlonycTumbiit 3,1 3,1 3,1

0,52 0,62 0,96 Z JlonycTumbiit 3,1 3,1 3,1

0,44 0,55 0,73 Z JlomnycTumbiit 3,1 3,1 3,1

0,7 0,84 1,57 Z Berie npenesbHoro 3,2 3,1 3,1

BEJIA3 75 145

0,4 0,58 0,8 Z JlornycTumbiii 3,1 3,1 3,1

0,85 0,74 1,12 Z JlonycTumbilii 3,1 3,1 3,1

0,71 0,76 1,27 Z Bbitie npejesibHOro 3,2 3,1 3,1

0,57 0,68 1.25 Z Bbiiiie npejesibHOro 3,2 3,1 3,1
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OueHka PUCKOB € HMCIOJb30BAHHEM POCCHHCKHUX M
€BPOTIEHCKUX CTaHAAPTOB CO37ada BO3MOXKHOCTH JJIsI
NPOBEJCHUSl CPaBHEHUs JBYX cuUcTeM (cM. TabJ. 4).
BaykHO OTMETHTB, UTO KJacC BPEIHOCTH YCJIOBHH TPyAa
XapaKTepU3yeTCsl ONpe/e/ieHHbIM ManasoHoM MoKasa-
Tesiel, a He OJHUM 3HAYeHHeM, KaK 3TO YCTaHOBJEHO
B €BPOIEHCKON CUCTEMe, a TaKXKe TO, YTO JONYCTHMbIE
v TipefesbHble 3HaueHus OB yknanbiBatoTes B 3TH
nuanasoHbl. B tabs. 5 mokasaHo, 4TO 3KCIO3HLMS Ha
JIOTTyCTHMOM YPOBHE COOTBETCTBYET 10Ka3aTessiM KJac-
ca 3.1 (0,56—1,12 m/c?). DKcnoauLus Ha npeaeabHOM
YPOBHE WJIM TpeBbIIAIOLIAsT €r0 COOTBETCTBYET T0-
KaszaTessim Kaacca 3.2 (1,12—2,23 m/c?), naxonsichb
Ha HWKHEH TpaHHlle yKasaHHOTO auanasoHa. MoxHO
yTBEPK/IATh, UTO MpejeibHblil ypoBeHb OB u knace 3.2
XapaKTepU3YIOT OfHY M Ty »Ke CTeMeHb pHCKa pa3BH-
TUS1 HapyuleHuil 3nopoBbs. B eBponeiickoil cucteme
OLLCHKM PHCKOB 3[0pPOBbI0 O€30MACHBbIH YPOBEHb TpH-
HATO Ha3blBaTb «3eJeHbIM», Bbllle 0€30MacHOro, HO
HUXKE MPEJIENIBHOTO — <«IKEJIThIM», BbIlIE MPEAEJbHOTO
YPOBHA — «KpacHbIM». Takoil Noaxoj, 3ajgyMaHHbIi 115
o6sieryenus nepefadn HHPOPMALMH, UMEET CXOACTBO C
POCCUHCKON CUCTEMOH Ipafallid yCejaoBUi Tpyaa. XoTs,
HaJl0 TIPU3HATb, POCCUHCKUI METOJ MO3BOJISET JaTh UM
6osiee TOHKYIO OLEHKY. CXOfHble pe3yJ/bTaThl OLEHKH
CBSI3U MEXKIy JIOMYCTUMbIMH W TIpEeJbHbIMU YPOBHS-
mMu OB u knaccamu ycjioBuil Tpyaa ObliM MOJyY€Hbl
A. @vrum at al. [4] npu uccnenoBanusix OB, Bo3Hu-
Kalollel Mpu KCJyaTallid TPAHCTIOPTHBIX CPEACTB B
YCJIOBHSIX MOJI3EMHOTO armaTHTOBOTO PyAHHKA.

BblnoJsiHeHHbIE HCe/1e10BaHNs OKA3bIBAIOT, YTO 3HAYe-
nust OB Ha ypoBHe poccriickoro kiacea 3.2 Ui ero npe-
BbILLAIOLLHE, COOTBETCTBYIOT €BPOIEHCKOMY MPeebHOMY
yposuio (1,15 m/c?). B Poccun ans s, paGoTaiouiyx
B YCJOBHSX KJacca BPEIHOCTH 3.2, yCTaHABJIMBAIOTCS
JIbFOTBl B BHJE YBEJMUEHHOTO pa3Mepbl 3apaboTHOM
nJ1athl, 6oJiee MPOAOIIKUTENBHOTO €XKErOAHOI0 OTIyCKa
M BbIXOJA Ha TIEHCHIO B OoJiee paHHeM Bo3pacTe. Takxke
BO3MOXKEH T€PEeBOJL HAa Jpyrue padoThl € JOMYCTUMbIMU
WK ONTHMAJIbHBIMH YCJIOBUAMH Tpyla. B eBponeickux
CTpaHax KCMO3ULHMS BhILIE JOMYCTUMOTO YPOBHS CYHTA-
€TCsl MOTEHIIMAIbHO BPEIHON ISl 3710POBbS, UTO BEJET K
MPAKTHUECKOMY BHEPEHUIO TPOPUIAKTHUECKUX Mep Ha
paGoyeM MecTe, HAMPABJIEHHBIX Ha CHIKEHHE SKCTIO3HLINH
J10 JI0MyCTUMOTO YPOBHS1. DKCMO3ULUS BbILLIE MPEAETLHOTO
YPOBHSI BJIeUET NPUMEHEHHE HEOTJIOKHbIX TPOUIAKTHYE -
CKMX Mep /151 ee CHUKEeHHsl. B 9ToM acnekre Be cucTeMbl
OTJIMYAIOTCST MO MOCJIEJCTBHSM OLEHKH pHcKoB. OaHaKo
M Ta M Jpyras CUCTeMbl HamlpaBJeHbl HA YJydlleHHe W
obJierueHue mpoiecca OLeHKH PUCKOB 30POBBIO OT BO3-
JefcTBUS BUOpALIMK Ha paboyeM MecTe.

3akaoueHune

B pesyJibrate npoBe/IeHHbIX B OTKPLITOM PYJIHHKE HCC/Ie-
JIOBaHHiT ObLIH BbIsiBJIeHbI ypoBHH OB, KOTOpbIE ABASIOTCS
perpe3eHTaTUBHBIMH 1 COMOCTABUMbBIMHU C JIAHHBIMH H3Me-
PEHHIl B IPYTHX PYJIHHKAX C OTKPBITHIM CIIOCOGOM JIOGBIUM
pyabl. TlosydeHHble JaHHBIE MMOKA3bIBAIOT, UYTO YPOBEHb
OB, COOTBETCTBYIOIIMI HUXKHEH paHuIle JUarasoHa Jyisi
Knacca 3.2, 6JM30K K 3HAUEHHIO TPEEJBHOr0 YPOBHS
OB, cocrasasiouero 1,15 m/c2 Hecmotps Ha cylie-
CTBYIOLLIME MEXITy JBYMsI CUCTEMAMH Pas/HUUsi, KOTOpbe
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ObIM TpeJCTaB/IeHbl B JaHHOH padoTe, OLEHKa PHCKOB
3/10POBbIO 110 €BPOMNEHCKON U POCCHICKON METOIMKAM JaeT
cxoxKue pesyJbraThbl. OHAKO MPaKTHYeCKHE MOCIEACTBHS
CYLLECTBEHHO oTyMyatoTesl. Bosiee riryGokoe noHumanue
JIByX OLIEHOUHBIX CHCTEM T10JIE3HO MPH MPOBEJIEHUH CPaB-
HEHMSI Pe3ysbTaTOB OLIEHKH PHUCKOB. DTO CHPABEIMBO
NpU M3yUeHUH Kak 4acTHOro ciydast skerno3utuu K OB,
TaK W B 11€JIOM BO3JIEHCTBHSI PA3JIMUHBIX BPEIHBIX MPOU3-
BOJICTBEHHbIX (DAKTOPOB Ha paboueM MecTe.

[TostyueHHble 3HAHHSI TPUMEHHUMbI KaK B Hay4UHbIX, TaK
M B MPAKTHYECKHUX LEJsIX B CUTyalluH, Koraa paboTHHUKH
1 paborojare/ii MeHblle OrpaHHYeHbl HalHOHAJIbHBIMH
rpanduamd. OHU MOTYT YJy4LIMTb NPEACTaBJCHUS O
npoueaype MpoBeJeH!sT OLIeHKH PHCKOB, HEOOXOAUMbIE
B MPAKTHYECKOH paboTe Mo NpouIakTHKe HapylleHHH
3110POBbS M €r0 YKPETIEHHs B YCJIOBHSIX PaIbHOTO MPOH3-
BojcTBa. TakKe npejcraBieHHasi paboTa MOXKET MOBBICHTD
MHTEpeC K JasbHellleMy M3y4eHHI0 PUCKOB 3/I0POBbIO,
CBSI3aHHBIX C BO3JICHCTBHEM OOLIECH BUOpPALMH.

baarogapum pykosoactso OAO «Anatut» 3a npeao-
CTaBJIEHHYIO BO3MOXKHOCTb TPOBEAEHHsT HCCIEI0BAHUM
Ha pynHUKe «BoCTouHbIl» U conelicTBHE.

[IpHHSTHST STHYECKOrO pelleHust Mo NPOoBeJeHHI0 pa-
60Tbl He TpeOOBaJIOCh, TAK KAK OHA He MpelycMaTpuBaJa
UCIT0JIb30BAHHE TePCOHAJBHBIX JAHHBIX.

ABTOpBI He UMEIOT KOHMJINKTHBIX HHTEPECOB.
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EUROPEAN AND RUSSIAN METHODS FOR EXPOSURE
ASSESSMENT APPLIED ON WHOLE BODY VIBRATION
VALUES IN SHORT HAUL DUMP TRUCKS

A. @vrum, M. Skandfer, *S. A. Syurin, *L. V. Talykova,
*A. N. Nikanov

Department of occupational and environmental medicine,
University Hospital of Northern Norway, Tromsg, Norway

* Scientific and Research Laboratory of FBUN "North-West
Scientific Center of Hygiene and Public Health", Kirousk,
Russia

Operating Surface Haul Trucks (SHT) exposes mineworkers
to whole body vibration (WBV), but risk assessment meth-
ods are not uniform in the Barents Region. We intended to
measure WBV exposure from SHT, and discuss and compare
risk assessment outcome by European and Russian methods.
17 WBV measurements were performed at the operator seat
interface on 14 SHTs in an open cast mine in Northwest
Russia. Measurement periods ranged from 13 to 58 minutes
in real work cycles during 8 hours of driving. It was found
that mean WBV exposure (A(8) rms) for the 14 SHT’s was
(1.0 + 0.23) m/s2, mean crest factor - (12.78 + 5.26) and
mean vibration dose value — (10.35 + 2.61) m/s'™. The
study shows that WBV levels defining the lower limit of
hazard class 3.2 (Russia) is close to the limit value 1.15 m/s>
(European countries).

Keywords: vibration, dump truck drivers, risk assess-
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ABSTRACT

Operating Surface Haul Trucks (SHT) expose mineworkers to whole body vibration (WBYV), but risk
assessment methods are not uniform between several countries. We intended to measure WBV
exposure from SHT, and discuss and compare risk assessment outcome by European and Russian
methods. Some 17 WBV measurements were performed at the operator seat interface on 14 SHTs in
an open cast mine in Northwest Russia. Measurement periods ranged from 13 to 58 minutes in real
work cycles during 8 hours driving. The measurement, processing, analysing and exposure
assessment methods follow the guidelines of the ISO standard (ISO 2631-1 1997), and Russian
methods and standards (The Russian vibration regulation, 1997 and Russian Hazard class, 2006).
Mean WBV exposure (A(8)rms) for the 14 SHT’s was 1 m/s* (SD+0,23). Mean crest factor (CF) for
the 14 SHTs was 12.78 (SD=£5.26). Since the ISO standard recommends using vibration dose value
(VDV) if the crest factor (CF) is above 9, mean VDV was also calculated: 10.35 m/s""”* (SD+2.61).
The material was used to compare exposure assessment by Russian hazard classes and European
action and limit values. The study shows that WBV levels defining the lower limit of hazard class
3.2 is close to the limit value 1,15m/s>. A similar pattern has previously also been described in

underground apatite mines.



BACKGROUND

Exposure to mechanical vibration from vehicles is common for workers in the mining industry,
particularly those working as drivers. This whole body vibration (WBV) exposure is termed general
vibration in Russia. The exposure is associated with several health complaints, most commonly in the
musculoskeletal system [1]. Some controversy exists in the international literature concerning the level of
exposure needed for the development of health problems. Despite a large body of literature in Russia on
the subject, few of these studies are well known outside Russia. This is partly due to differing methods of
assessing the risk. How these methods differ and relate to each other has not previously been described in
the literature, to our knowledge. The practical and economic consequences from the outcomes of the risk
assessments also differ between the two systems. Both have profound implications on the workplaces. In
a situation with a growing mining industry in the Euro-Arctic Barents region (Northern Sweden, Norway,
Finland and Russia) better knowledge of the system of workplace risk assessment is vital to improve the
safeguarding of mineworkers health. Employing the principles of risk assessment in the two systems on a

set of WBYV exposure values provides an opportunity to compare, understand and interpret them.

OBJECTIVES

The aim of this study was to determine WBYV exposure levels in an open cast mine and study whether
these were comparable to levels in similar mines. We also aimed to compare European and Russian risk

assessment methods of WBV exposure when applied on this series of WBV measurements.

METHODS
The exposure measurements were performed in the Vostochni open cast mine run by Joint Stock
Company (JSC) Apatit, close to Kirovsk, Murmansk Oblast. 250 mine workers were exposed to WBV in

this mine. These workers were drivers of Surface Haul Trucks (SHT) vehicles.



The total number of SHTSs in operation in this mine was 65. WBV exposure measurements were carried
out on 17 of these. The SHTs were the models Caterpillar 785C and Belaz 75, both with 120-130 tons
loading capacity. The lengths of the shifts were 12 hours, with driving periods 8 hours. Measurements of
WBYV were carried out by a Norwegian—Russian group of occupational hygienists and specialists from the
Department of Occupational and Environmental Medicine at the University Hospital of North Norway
and Kola Research Laboratory for Occupational Health (KRLOH) in Kirovsk, Murmansk Oblast, Russia.
The WBYV exposure was measured on a number of the most frequently used open pit SHT vehicles that
were available for measurement on the shifts during one week. Measurements were performed in a non-
simulated situation, during typical work cycles, on site, with gravel and wet mud surface conditions.
Measurement periods ranged between 13 to 58 minutes. The number of measurements were n=17 (Table
1). Measurements were performed onboard 2 Caterpillar 785C trucks and 12 Belaz 75 (models 121, 131,
141 and 145) trucks The time measurement period ranged from 13 to 58 minutes, each measurement
period lasting one cycle. The number of cycles varied from 2 to 7. The measurements, processing,
analysis and exposure assessment methods followed the guidelines of the ISO standard and Russian
methods and standards [3, 4, 7]. The WBV measurements were performed at the operator seat interface
when operating in non-simulated work situations using human vibration meter (Larson-Davis Model
HVM100, WBYV Triaxial Seat Pad Accelerometer Larsen Davis), adhering to the requirements of ISO
Standard 8041 [8].

Table 1: Vehicle types, numbers of vehicles and numbers of measurements including time of

measurements and number of work cycles.

Vehicle Numbers of | Number of | Time of | Work cycles pr.
vehicles measurments measurment measurment
periode periode
Caterpillar 785C | 2 2 31-37 min 1
Belaz 75 121 2 2 34-45 min 1
Belaz 75 131 4 6 21-25 min 1
Belaz 75 145 6 7 13-58 min 1




Employing European methods for risk assessment

WBYV vibration was measured according to European ISO standard 2631-1:1997 [7]. The European
system use the terms action value (0.5 m/s”) and limit value (1.15 m/s*) to which exposure levels A(8) are
related (below, at or above) in the risk assessment, as described by the EU Directive 2002/44/EC [2].
Exposure levels above action value implies elevated health risk, in this situation action should be taken by
the employer to bring the level down. Exposure levels above limit value are not allowed, and work can
not continue at these levels. In this situation, the employer is obliged to take all the necessary measures to
reduce to a minimum the exposure to mechanical vibrations, taking into account in particular other
working methods, ergonomic design, equipment, information to workers, limitation of duration and

intensity of exposure, work schedules and provide appropriate clothing.

Employing Russian methods for risk assessment

In the Russian system, levels of exposure of all kinds are categorized in the general system of hazard
classes [4] from O to 4, which are used to grade the level of exposure. Grade 1 — no exposure and grade 2
refers to a level considered unharmful and allowable. Grade 3 is subdivided into four (3.1 to 3.4) levels of
increasing hazard. Level 4 refers to extreme exposures which is dangerous to health. This is generally not
allowed, but may be so in short or very specialized work tasks (as for fire fighters). The grades have
several possible consequences: the frequency of health controls of workers, salary level, pension age,
pension level, relocation to a lower exposure level and benefits for the exposed workers who are
diagnosed with occupational disease [5, 6]. The Russian regulation use dB as a unit. In order to compare
the calculated A(8) values to hazard categories in Russian regulations, the dB values in the Russian
regulations were converted (A (m/s2) = 20 log X (dB), (A = acceleration value expressed as m/s2, X =

acceleration value expressed as decibel) (Table 2).



Table 2: Vibration exposure in m/s” related to hazard classes in the Russian regulations.

Russian standard z (m/s?) X, y (m/s’)
1: No harmful exposure, optimal 0 0
2: Not harmful, allowable <0,56 <0,4
3.1: Hazardous, grade 1 0,56 -1.12 0,4-0,79
3.2: Hazardous, grade 2 1,12-2,23 0,79 -1,6
3.3: Hazardous, grade 3 2,23 -4.46 1,6 —3,2
3.4: Hazardous, grade 4 4,46 -89 3,2-6,3
4. Extreme, dangerous, not allowed for | > 8,9 >6,3
routine work

Figure 1 is a visual presentation of the comparison of the Russian hazard grades system and the limit and

action values in the EEC Directive 2002/44/EC.

Limit valve: 1.15 m/s?

EEC Directive 2002/44/EC

Action value: 0.5 m/s?

3.4

3.3

3.2

3.1

Extreme, dangerous, not
allowed for routine work

Hazardius,
sub groups 3.1-3.4

Unharmful, allowable

No exposure, optimal

Figure 1: Russian hazard grad system and limit — and action values.

sappIb PIDZIDH upIssnNy




RESULTS

WBYV exposure values are reported for 14 SHTs (Table 3). The exposure represents the vibration dose
related to 8 hour of driving. The Mean A(8) WBV exposure (frequency-weighted rms) on the most severe
axis was 1.0 m/s” (SD+0,23). Mean crest factor (CF) for the 14 SHTs was 12.78 (SD+5.26). Since the
ISO standard (ISO 2631-1, 1997) recommends using vibration dose value (VDV) if the crest factor (CF)
is above 9, mean VDV was calculated: 10.35 m/s"” (SD+2.61).

Table 3: Frequency-weighted rms acceleration and vibration dose value measured at the operator/seat
interface for 4 types of SHT s large transport trucks (120/130 ton) in “Vostochni” open mine JSC Apatity,
Kirovsk,. (Murmansk Oblast, Russia.)

Number of Most severe axis Vibration dose
Vehicle type | vehicles Most severe axis acceleration | value

(number of Measurmen | (m/s2 rms) (m/s-1,75)

measurments |t duration

) (min.) Mean | Min. | Max | St.Dev. | Mean |Min. |Max St.Dev.
Catepillar
785C 2(2) 31-37 1,12 11,09 | 1,15 | 0,04 13,65 |13,5 |13,8 |0,21
Belas 75 121 | 2 (2) 34-45 1 1,05 {0,96 | 0,06 10,95 |10,4 |11,5 |0,78
Belas 75 131 |4 (6) 21-25 0,83 (0,7 {092 0,1 8,26 6,89 (9,91 0,99
Belas 75 145 | 6 (8) 13-58 1,1 0,73 | 1,57 10,29 11,04 |[7,24 |14.4 2,92

*Crest Factor (CF) (SHT Dumpers n=14): Mean=12,78 (SD=5,26)

Based on the actual measured set of exposure values, risk assessments are presented in Table 4,
performed by the use of the two systems: Russian regulations for general vibration and European
Directive 2002/44/EC, 2002. Risk assessment terms Above action (value) and Above limit (value) and

hazard categories are designated to the actual measured exposure values, presented in m/s”.



Table 4: Vibration exposure SHT’s open mine related to hazard grades in the Russian regulations and action and

limit values in the European regulations.

Directive
Vehicle types Vibration standardized to an eight-hour reference. 2002/44/EC Haza.rd categ?rles -
Russian regulations
AE) A®) AE) Limit value: 1.15
X z 2
v Major axis | m/s z x y
Action value:
2
0.5m/s
related to A(8)
Catepillar 785C, | 0,71 0,43 1,15 z At limit 3,2 3,1 3,1
136
0,64 0,43 1,09 z Above action 3,1 3,1 3,1
BENA3 75 145
0,48 0,55 0,96 z Above action 3,1 3,1 3,1
0,71 0,74 1,05 z Above action 3,1 3,1 3,1
BENA3 75 131
0,45 0,49 0,72 z Above action 3,1 3,1 3,1
0,6 0,6 0,92 z Above action 3,1 3,1 3,1
0,6 0,55 0,7 z Above action 3,1 3,1 3,1
0,8 0,57 0,9 z Above action 3,1 3,1 3,1
0,57 0,62 0,85 z Above action 3,1 3,1 3,1
0,53 0,56 0,88 z Above action 3,1 3,1 3,1
BENA3 75 145
0,36 0,47 0,68 z Above action 3,1 3,1 3,1
0,52 0,62 0,96 z Above action 3,1 3,1 3,1
0,44 0,55 0,73 z Above action 3,1 3,1 3,1
0,7 0,84 1,57 z Above limit 3,2 3,1 3,1
0,4 0,58 0,8 z Above action 3,1 3,1 3,1
0,85 0,74 1,12 z Above action 3,1 3,1 3,1
0,71 0,76 1,27 z Above limit 3,2 3,1 3,1
0,57 0,68 1.25 z Above limit 3,2 3,1 3,1




DISCUSSION
The results compared to other studies:

The WBYV exposure levels in this open pit mine (Table 3) with corresponding hazard grades (Table 4) are
comparable with findings in other studies of the Russian mining industry as presented by Chachin and
Askarova in 2008 [9] and Karnatchev, Efimov and Nikanov in 2006 [10], and are considered
representative. The results are also comparable to exposure values found in other international studies [11,

12, 13].

Comparing the European and the Russian risk methods

According to the Russian system of hazard grades, WBV levels below 0,56 m/s” in the vertical (z) axis
are considered unharmful and thus termed allowable (hazard grade 2). WBV exposure levels in the z axis
between 0,56 m/s* and 8,9 m/s” are termed hazardous in this assessment, on a graded scale (3.1 to 3.4).
WBYV levels in the z axis above 8,9m/s” are termed extreme and dangerous. The exposure levels that

define the hazards grade limits in the x and y axis are lower than those in the z axis.

Note that the limits for the hazard grades are ranges, not single values as in the European system, and that
the action and limit values fall within the ranges. Table 4 shows how exposures at action value are in the
range that defines hazard grade 3.1 (0,56-1,12 m/s*). Exposures at or above limit values is in the range
that defines hazard grade 3.2 (1,12 — 2,23 m/s%), and close to the lower limit of this range. Thus it can be
claimed that limit value and hazard grade 3.2 are corresponding expressions of risk levels. In European
risk assessment, it is common to term safe exposure levels “green”, levels above action level but below
limit value “yellow” and values above limit value “red”. This labeling, meant to ease the communication
of risk levels has some resemblance to the use of hazard grades in the Russian system, which is however a
more fine-graded system. A similar result of corresponding levels for hazard grades and limit- and action
values has been presented on WBYV data for vehicles in an underground apatite mine by @vrum and co-

workers in 2009 [14].

For WBYV, a hazard grade at or above 3.2 corresponds to WBV levels above limit value (1,15 m/s). In the
Russian system this would lead to increased salary, higher pension or possibly relocation. In the European
system, exposure values above action value are considered possible harmful to health, and such values

would lead to practical preventive measures at the workplace; seeking to reduce the exposure level below



action value. Exposures above limit value would cause immediate preventive action to reduce exposure
levels at the workplace. In this way, the two systems also differ in the consequences of the risk
assessment. Both systems, however, are efforts to categorize and facilitate the process of assessing risk

from vibration at the workplace.

CONCLUSION

The WBYV levels reported in this study from the open apatite mines are representative and comparable to
levels in other open mines. The study shows that WBV levels defining the lower limit of hazard class 3.2
is close to the limit value 1,15m/s”. Despite differences in the two systems described here, comparing the
outcomes from European WBYV risk assessment and Russian hazard grading in this material provide
corresponding expressions of assessments, although the practical consequences are not similar. A deeper
understanding of the two systems of risk assessment is useful when comparing the risk assessment from
WBY specifically and workplace exposures in general. This applies for both scientific and practical
purposes in a situation where employees and employers are less restricted within national borders. It can
improve the understanding of risk assessment procedures in practical prevention and health promotion at

the workplaces, and help promote further studies of WBV exposure and health risks.
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Abstract

Objectives: We aimed to study the association between low back pain and exposure to low
temperature, wet clothes, heavy lifting and jobs that involve whole body vibration (WBV) in a
population of miners.

Methods: Health and personal data were collected in a population study by a questionnaire. 3530
workers from four mines participated in the study.

Results: 51% of the workers reported low back pain within the last 12 months. The adjusted odds ratio
for low back pain was above unity for working with wet clothes (1.82), working in cold conditions
(1.52), lifting heavy (1.54), having worked as a driver previously (1.79), and driving Toro400 (2.61) or
train (1.69).

Conclusion: Wet clothing, cold working conditions, heavy lifting, previous work as a driver, and
driving certain vehicles were associated with LBP, but vehicles with WBYV levels above action value
were not. For better prevention of low back pain, improved cabin conditions and clothing should be

emphasised.
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Vehicle ergonomics, whole body vibration, back pain, thermal comfort, injury/illness epidemiology



1. Introduction

Self reported musculoskeletal pain in general and low back pain (LBP) in particular are widespread in
the general population (Picavet and Schouten 2003, Picavet and Hazes 2003, Manchikanti et al. 2009,
Hagberg et al. 2006). Studies have reported that back pain is frequent among professional drivers
(Picavet, Schouten and Smit 1999, Robb and Mansfield 2007). Occupational exposure to whole body
vibration (WBYV) appears to be associated with LBP (Bovenzi 2002, Burdorf and Sorock 1997,
Tiemessen, Hulshof and Frings-Dresen 2008), especially in drivers of heavy vehicles (Bovenzi and
Betta 1994, Porter and Gyi 2002, Bovenzi and Hulshof 1999). A dose-response relationship between
WBYV and LBP is not established but both the characteristics of vibration exposure and the duration of

exposure may play a role (Burstrom, Nilsson and Wahlstrom 2010).

LBP in drivers may also be influenced by other factors in the work environment, such as type of work
process and machinery, work postures, heavy lifting, and biodynamic factors, cold working conditions,
as well as various individual characteristics and stress (Hagberg et al. 2006, Palmer et al. 2003, Hoy et
al. 2005, Hoogendoorn et al. 1999). The ISO 15734 2008 standard defines temperatures below 10°C
as an unfavourable condition for human function and may lead to increased risk of musculoskeletal
symptoms and injuries (ISO 15734 2008, Hassi et al. 2000, Bang et al. 2005, Inaba and Mirbod 2010,
Burstrom et al. 2012, Pienimaki 2002). Cooling affects all components of muscular performance;
power, velocity, endurance and co-ordination (Oksa 2002). Cold stress causes shivering response, and
can lead to a loss of dexterity and manual strength as well as exhaustion from increased energy costs
(Thompson and Hayward 1996). Musculoskeletal related symptoms and complaints from cold
exposure include pain, stiffness, swelling and restriction of movements (Makinen and Hassi 2009).
Exposure to cold may be aggravated by wet clothes and increased convective heat loss, and wet
clothes has also been reported to impact the risk of LBP (Makinen and Hassi 2009, Goldsheyder ef al.
2004). Our hypotheses were that WBV from driving heavy vehicles, heavy lifting, working with wet
clothes and cold working conditions affect the risk of LBP.

In the mining industry, the workers’ tasks have been increasingly mechanized with more time spent

operating machinery and driving vehicles (McPhee 2004), but still physically demanding, adding to a



complex of exposure factors. One of the largest mining populations in Europe is in the Kola Peninsula
(KP) in North-West Russia. Thousands of workers are working in open pit and underground mines.
The systematic health surveillance at these workplaces and the large populations provide unique
possibilities for studying the health of mine workers (Skandfer et al. 2012). Occupational accidents
and diseases are increasing in KP, but probably underreported (Dudarev, Karnachev and Odland 2013).
The prevalence of occupational musculoskeletal disorders is higher than reported for Russian
Federation (Dudarev, Talykova and Odland 2013). Self reported musculoskeletal pain has been
reported at 30% of which 8% was considered to be due to mechanical vibration (Kola Research
Laboratory of Occupational Health 2009). Vibration has been recognized as a frequent cause of
reduced health among these mine workers (Skripal 2008). The multiple exposures can also include
low temperatures, unlike for miners in temperate parts of the world. Thus, it is important to
investigate the association between several exposure factors present in the work environment and LBP.

The present study, which is the first part of a large investigation in this population, facilitated for that.

2. Aim

The aim of our study was to investigate the association between jobs that involve WBYV, cold
environment, heavy lifting and wet clothing and the occurrence of LPB in a cohort of mine workers,

adjusted for individual factors.

3. Material / Methods
3.1 Context

The main mining communities in the Kola Peninsula (KP) in North-West Russia are the neighboring
boroughs Apatity and Kirovsk, which have a combined population of 110 000. The apatite-nepheline
mining and processing enterprise JSC Apatit operates four mines (two underground and two open pits),
mine transportation lines and two concentrate plants in the area, and employs more than 13 000

workers (20% of all industrial workers in the KP). The annual turnover of workers in the mines has



been about 10%. The employees work 8 and 12 hour shifts. All employees in these four mines are
summoned to an annual, obligatory medical examination at the Kola Research Laboratory of
Occupational Health (KRLOH). We have previously described the context and the regional
occupational health system in detail (Skandfer et al. 2012). Temperatures in the underground mines
are at a stable 5-8°C, whereas in the open mines there are seasonal and latitudinal variations, with
some locations qualifying for a true arctic climate, characterized by short, cool summers and long,

cold winters with temperatures down to -40 °C.

3.2 Study Design

The study was cross-sectional and performed throughout 2010 among full-time employed mine
workers who participated after giving an informed written consent. The questionnaire contained no
personal identifier, only a running number. The study was approved by the regional committees for

medical research in North Norway and North-West Russia.

3.3 Study population and enrolment

The study population was all 3680 workers employed in four mines, whereof 3530 (96%) signed an

informed consent to participate (89.3% males).

3.4 Data collection

Data were collected by questionnaire. Work place characteristics, organization, type of occupations,
vehicles and machinery were observed in the mines or obtained from the employer. The questionnaire
was specially developed for this study, based on the Nordic questionnaire (Dickinson et al. 1992,
Kuorinka et al. 1987) and the VIBRISKS questionnaire (Tiemessen, Hulshof and Frings-Dresen 2008,
Lundstrom et al. 2004). Section 1 concerned age and sex. In section 2, the workers were asked about
their current and past occupation, posture, lifting, vehicle driven in their current and past occupation

and work in a cold environment (Raatikka et al. 2007). Section 3 contained questions about LBP



during the last 12 months. Details about pain characteristics (localisation, radiation, debut, duration,
and frequency of episodes) were also inquired. Information concerning weight, height, stress level and
physical activity were obtained in section 4. The questionnaire was translated to Russian language,
back-translated, and tested out by a panel of mine workers. The employed version was named
‘Workers health 2010°. The data collection took place as a voluntary annex to the annual medical
examination at the KRLOH. Each worker filled in the questionnaire individually with trained staff

present. The questionnaire was completed by all 3530 workers who had given consent to participate.

3.5 Determination of low back pain

The presence of LBP was measured with the following question: “Have you felt pain or discomfort

during the last 12 months in the body area shown in the figure (as depicted in the questionnaire)?”

(Yes/No), hereafter named LBP.

3.6 Vibration exposure

Workers reporting that they drove a vehicle in a typical work week were defined as exposed to WBV.
Cumulative exposure was defined as hours of driving reported per week, classified into four
categories: 1-19 hours, 20-29 hours, 30 — 39 hours and > 40 hours per week. Since the observed
combined work exposure depended on the type of vehicle, the workers were categorized in subgroups
based on the vehicle operated. Vehicles driven were classified into six categories: TORO 400 load
haul dump (LHD) vehicles, TORO 40 dump trucks, Caterpillar and Belaz heavy trucks, K10 and K 14
trains, lorries and buses and cars of various brands. This last heterogeneous group was merged with
the remaining vehicles to form an extended ‘other’ category. Belaz is a Belorussian made equivalent to
the Caterpillar 700 series heavy truck. Past WBV exposure was defined as driving in the previous job

(yes/no).



3.7 Exposure to cold environment, wet clothing and lifting

Cold working conditions were expressed in hours per week exposed to cold environment during
this/last winter, with cold environment defined as below +10°C (ISO 15743 2008) and as used in other
studies of cold work conditions (Raatikka et al. 2007). Questions were included where respondents
should report as hours per week whether they were working with wet clothing and touching cold
objects, respectively. Lifting was measured by the questions “How many times in a typical working
day do you lift loads greater than 15 kg and 30 kg, respectively? ”, with five frequency categories for

each question.

3.9 Data analyses

The exposure factors were present or past WBV, heavy lifting, wet clothing, and cold working
environment. Current exposure to WBV was defined as driving a vehicle in current work, divided into
four categories based on number of hours of driving during a typical work week (0 hrs, 1-15 hrs, 16-30
hrs and above 30 hrs) and in six groups defined by vehicle types. Past exposure included workers who
previously worked as drivers. Heavy lifting was included as a binary variable: lifting loads weighing
more than 15 kg ten or more times/day or not. Cold working conditions and working with wet clothes

were both dichotomized, with 20 hours/week as the cut-off for cold and 5 hours/week for wet clothes.

We used two models in binary logistic-regression analysis to analyse for possible associations between
LBP and the exposure factors. In the main analysis (model 1), the WBV-exposure time was classified
according to the four categories (hours driven per week) described above. Relevant interaction
variables between the individual exposure factors (except past WBV) and between current driving and
duration of employment in present job were included in the model. In model 2 each vehicle category
was included as the WBV exposure. In both models, the associations between the study factors and
LBP were adjusted for physical exercise, stress, sex, BMI, and duration of present occupation (in
years) as possible confounders. Stress was reported as a five level ordinal variable, cut-off was set at ‘a

little’ in the analyses. Physical exercise in leisure time was reported as yes/no response to four



described levels (Averina et al. 2003). The cut-off for physical exercise in the analyses was set at
recreational sports (at least 4 times per week). We chose to not adjust for age since this was highly
correlated with the duration of present occupation. In model 2, driving other vehicles was also
included as a confounder. IBM SPSS version 18 was used for the analysis. The significance level was
set at five percent. The associations are reported as odds ratio (OR) with 95% confidence interval (CI).

78 questionnaires were missing information about one or more of the included factors.

4. Results

There were 936 (26.5%) drivers defined by occupation. Their mean age was 38.9 (standard deviation
10.7) and all were men. Their median employment time in the present job was 10 years. A higher
proportion of the drivers reported heavy lifting than among the other occupations in total. Some 451
(12.8 %) had been drivers in their previous job. The other two major groups of occupations were
mechanics (17.9 %) and electricians (17.7 %). In addition 634 workers in other occupations operated
vehicles one or more hours in at typical work week. By vehicle category, the most frequently operated
category was K10 and K 14 electrical trains which were reported by 309 drivers, followed by

Caterpillar/Belaz trucks (250) and TORO 400 vehicles (217).

Heavy lifting was reported by 2025 (57.4%) and 2643 (74.9%) had worked in a cold environment on a
weekly basis. 1674 (63.3%) had wet clothes for at least one hour per week and 1196 (45.3%) for at

least 5 hours (33.9% of all workers). Characteristics of drivers and non-drivers are presented in Table

L.

LBP was reported by 1801 workers (51%). The majority of drivers (59.0%), blasters (65.2 %) and
drill-rig operators (61.7 %) reported LBP. The prevalence of LBP among those who worked with wet
clothes for at least one hour per week was 61.2% and 65% among those working with wet clothes at

least 5 hours/week.



Table 1. Characteristics of drivers and non-drivers employed in the mines in Kirovsk.

Characteristic Drivers Other occupations

n % sD* n % sp*
Number of workers 936 . : 2594°
Duration of present occupation (median years) 10 . . 9
Mean age (years) 389 . 10.7 40.0 : 12.0
Work in cold environment (<10°C)“ 514 549 . 1154 44.5
Lifting heavy (>15kg >9 times/day) 648 69.2 . 1377 53.1
Working with wet clothes " 358 382 . 838 323
Body mass index (kg/m®) 26.5 . 4.0 26.5 . 4.3
Males 936 100 . 2219 85.5
Females - - : 375 14.5
Stress level above “a little’ ® 102 109 . 306 11.8
Physical activity level - 617 659 . 1692 65.2
Education level 299 319 . 1335 51.5
Ever smoked 729 779 . 1804 69.5

A Standard deviation. ®The main occupations were mechanics (n=632), electricians (n=623) and foremen (n=267). <>20 hours
per week. ° Information missing for 2 drivers and 6 others. ® Physical activity as recreational sports or training.

F Completed education beyond secondary school. Information missing for 1 driver and 5 others.

Detailed results of the statistical analyses of models 1 and 2 are presented in Table 2. All five exposure
variables in model 1 were associated with LBP. The strongest adjusted association was found for
wearing wet clothes (OR=1.82, 95% CI: 1.55 — 2.15) and previous job as a driver (OR= 1.79, 95% CI:
1.49 — 2.14). The OR for WBV was 1.08 (95% CI: 1.02 — 1.14) per category increase in time driving a
vehicle. No interactions between the exposure factors included in model 1 were detected. The adjusted
ORs for wet clothes, previous job as a driver, heavy lifting, and cold were attenuated in model 2, but

all four remained associated. Of the vehicle types (model 2), driving TORO 400 (OR=2.61 [95% CI:



1.83 — 3.72]) and the K10 and K14 trains (OR=1.69 [95% CI: 1.29 — 2.22]) were most strongly

associated with LBP.

Table 2. 12 month LBP in 3530 mine workers with each exposure compared to the non-exposed, with

crude and adjusted odds ratios (OR)

Crude Adjusted * Adjusted B

Exposure factor (number exposed) OR 95% C.1.¢ OR 95% C1° OR 95% C.1.6
Lifting heavy (2025)

(lifting >15kg >9 times per day) 2.01 1.76-2.30 1.54 1.31-1.80 1.54 1.31-1.81
Wet work clothes at least
5 hours/week (1169) 2.38 2.06-2.75 1.82 1.55-2.15 1.81 1.54-2.14
Cold working conditions (<10°C) "
(1668) 1.88 1.64-2.15 1.52 1.30-1.78 1.30 1.10-1.53
Previous job as a driver (760) 1.88 1.60-2.22 1.79 1.49-2.14 1.80 1.50-2.16
Whole body vibration

(driving time/week) 1.14 1.08-1.21 1.08 1.02-1.14
TORO 400 E/D LHD vehicle (217) 3.63 2.62-5.04 2.61 1.83-3.72
TORO 40 truck (93) 1.54 1.01-3.35 1.28 0.80-2.03
K10 or K14 train (309) 1.98 1.55-2.53 1.69 1.29-2.22
Caterpillar 700 or Belaz truck (250) 0.68 0.52-0.88 0.83 0.62-1.11
Bus or lorry (98) 0.68 0.46-1.03 0.90 0.58-1.39
Car (48) 1.05 0.60-1.85 1.21 0.66-2.20

AModel 1. Adjusted for physical exercise, stress, sex, body mass index, duration of present occupation. Hosmer-Lemeshow
test: p=0.58. Nagelkerke R>=0.14. ® Model 2. Adjusted for physical exercise, stress, sex, body mass index, duration of present
occupation, and other vehicle. Hosmer-Lemeshow test: p=0.17. Nagelkerke R*=0.15. CConfidence interval. ®>20
hours/week. In both models, 78 (2.2%) observations fell out of the analyses due to missing values for one or more factors

and/or confounders.



5. Discussion:

The proportion of workers (51%) who reported LBP in this population is higher than that
reported in mine workers in Kirovsk (KRLOH 2009) and cold storage room workers
(Piedrahita et al. 2008, Dovrat and Katz-Leurer 2007), but closer to that reported in other
studies (Porter and Gyi 2002, Bovenzi and Hulshof 1999, Robb and Mansfield 2007, Inaba
and Mirbod 2010). Working with wet work clothes, lifting heavy, previous job as a driver,
and working in cold conditions were associated with LBP during the last 12 months. In our
study, the strongest adjusted association was found for wet clothes (OR=1.82). Wet clothes
and cold working conditions were independently associated with LBP and we found no
interaction between the two factors. A recent, large study in Sweden showed an increasing
OR for LBP by decreasing working temperature (Burstrom ef al. 2012), and wet work clothes
was associated with LBP in a study of concrete workers (Goldsheyder et al. 2004). Our
findings support these results. Cold exposure reduces tissue temperature and increase muscle
tension and exhaustion, (Oksa 2002) which may lead to a sensation of pain. Wet clothes close
to the skin has a cooling effect on thermoregulatory responses and thermal comfort (Bakkevig
and Nielsen 1994). Heat loss attributed to evaporation at 10° C has been reported as higher
than from evaporation at 34° C. This has been attributed to condensation within the clothing
and to increased conductivity of the layers of wet clothing (Richards et al. 2008). Wet clothes
can aggravate cold exposure through convection (Makinen and Hassi 2009). Our study

suggests that wet clothes is an independent risk factor.

Other studies have also shown associations between heavy lifting and LBP, with a contribution greater
than that from WBYV (Palmer et al. 2003, Robb and Mansfield 2007, Kaila-Kangas et al. 2011). Lifting
heavy loads, defined as more than 15kg more than 10 times per day, may also include lifting over 30

kg and 50 kg since the weight categories in the questionnaire were not mutually exclusive.
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Some 13% of the workers had previously been employed as a driver, and an elevated proportion of
this group reported LBP during the last 12 months (OR= 1.79). Since WBYV exposure was defined as
driving time per week, the adjusted OR for LBP per category increase in time was 1.08, which
suggests that driving time is a weak risk factor, also when adjusted for the duration of the present
occupation. Measurements of WBYV exposure levels, which we carried out in the mines, showed WBV
as acceleration levels root-mean-square over 8 hours [A(8)rms] at 1.00 m/s” in Caterpillar/Belaz, with
mean vibration dose value (VDV ) at 10.35 m/s"” (@vrum et al. 2012). This is comparable to levels
found in previous studies in these mines (Chachin and Askarova 2008, Karnachev, Efimova and
Nikanov 2006). The WBV level in TORO 400 was A(8)rms 0.82 m/s* and in TORO 40 A(8)rms 1.02
m/s> (@vrum 2009). These levels were above action value (0.5m/s”) but below limit value (1.15 m/s%)
(EU Dir 2002). WBV levels for K10 and K14 trains (0.4 m/s®) were not above action value (@vrum
and Skandfer 2007). Compared to being cold and lifting heavy, WBV seemed to not be an exposure of
importance in terms of LBP. However, the revealed associations, especially with previous work as a
driver, suggest that drivers were at elevated risk of LBP. The association did probably not express its
magnitude among current drivers, as workers with persisting LBP likely will change work or job tasks,
often termed ‘healthy worker effect” (Li and Sung 1999). Some may even be required to change job
dependent on the results from the annual health examinations. Healthy worker effect is always present

when work populations are studied, and its magnitude generally unknown.

Substituting being a driver in the model with the 6 vehicle groups driven in current work did not
substantially change the associations between LBP and previous driving, heavy lifting and wet
clothing, respectively. But among the current drivers only operation of TORO 400 and K10 and K14
trains were associated with LBP. These were used in the underground mines, both operating in
temperatures measured at 4.8-8.2°C, and relative humidity at 63-91% (@Qvrum and Skandfer 2007). A
particular feature of these vehicles is that the drivers sit in 90° angle to the driving directions in open
cabins, working with the torso, shoulders and neck in a twisted position. Thus, these workers have a
combined exposure situation of WBYV, cold working conditions and awkward postures. Since cold

working conditions was included as a covariate in the model, the particular work posture in these
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vehicles seems the most reasonable explanation for the elevated prevalence of LBP among these
drivers. The vehicle-group differences in association with LBP indicate that vehicle-type specific

analyses are needed when assessing the risk of musculoskeletal problems due to occupational driving.

When we substituted being a driver (model 1) with specific vehicles (model 2), the association
between wet clothes and LBP remained while the association with cold work environment decreased.
The observed reduction in OR for cold working conditions (from 1.52 in model 1 to 1.30 in model 2)
was probably due to the introduction of new ‘cold’ variables in model 2, namely the vehicles with
known cold working conditions (TORO-400, K10 and K14). Since the OR for other exposure
variables generally persisted from model 1 to model 2, we can conclude that being a driver as a factor
in model 1 represented well the vehicle categories in model 2 for assessment of the associations
between lifting, cold environment, wet clothes and previous driving and LBP. The trains in the mines
operate with steel wheels on steel tracks, as opposed to rubber tyres used by the heavy trucks such as
TORO 400. WBYV exposure levels from trains have been shown to exceed action values (Johanning et
al. 2006). Drivers of TORO 40 trucks, Caterpillar and Belaz trucks work in temperate cabins, without
the twisted position described for TORO 400 and the trains. Other studies have shown an association
between professional driving with awkward working postures and LBP (Hoy et al. 2005,

Hoogendoorn et al. 1999).

The high (96%) response rate was an advantageous feature, achieved by incorporating the
investigation in the framework of the annual medical examination. The validity of self-reported
exposure at work has been shown to be reliable (Stock, Fernandes, and Delisle 2005). However,
posture was left out in the analysis since the data indicated that the questions addressing work posture

had insufficient validity. Only 4% refrained from signing the informed consent.

Some 10.1% of the participating workers had been employed for a year or less. This corresponds with
numbers found in a pre-study survey, with about 10% recruitment and 10% termination of work in the

mines annually. Termination may be due to change of employer, retiring, or ending work in the mine
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due to health problems. It has not been possible to quantify these causes. With 26.5% current drivers
and 12.8 % past drivers, this may indicate some flexibility both by the work force and the employer
with regard to professional tasks. Health problems may require a change of work, since the health
services can relocate workers with health problems away from a workplace with known high WBV
exposure levels (Skandfer et al. 2012). All these mechanisms may contribute to a selection of healthy
workers to certain jobs over time. Thus, the worker population in a given profession can be assumed to

be healthier than if the general population was similarly exposed.

The main shortcoming of the study was its cross-sectional design, which does not provide cause-effect
relationships. The estimated ORs for wet clothing and exposure to cold should be interpreted with care,
as the chosen cut-offs may have caused misclassification of the exposed and non-exposed.
Nevertheless our study revealed associations between some work place exposures in the mines and
LBP. Observations of the work on-site aided our understanding of the combined exposure. For
frequently occurring outcomes, such as LBP, the revealed ORs can overestimate the magnitude of the
risks. The Nagelkerke R* from the logistic regression analysis indicate that about 15 percent of the
variance in LBP was explained by the factors and confounders included in the models, but this
estimate is imprecise. All the included confounders were associated with LBP, except sex, and in the

direction expected.

In future studies impact from ergonomic factors on the development of LBP should be addressed in
more detail, supported by measurements. Further studies should also address the issues of wet
clothing, both as an independent risk factor and by differentiating between wet inner and outer layers

of clothing.
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6. Conclusion:

One-half of the workers in the mines reported LBP. Despite levels of WBV above action values, wet
clothing, cold working conditions, heavy lifting, and previous work as a driver were more strongly
associated with LBP. Driving the TORO 400 and the K10 and K14 trains were the only vehicle
specific exposures associated with LBP, which may be explained by the twisted working position
combined with low temperature in the open cabins — features that are particular for these vehicles. For
better prevention of LBP, we recommend that improved cabin conditions and clothing should be

emphasised.
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Table 2. 12 month LBP in 3530 mine workers with each exposure compared to the non-exposed, with

crude and adjusted odds ratios (OR)

Crude Adjusted * Adjusted B
Exposure factor (number exposed) OR 95% C.LC OR 95% C.L° OR 95% C.LC
Lifting heavy (2025)
(lifting >15kg >9 times per day) 2.01 1.76-2.30 1.54 131-1.80  1.54 1.31-1.81
Wet work clothes at least
5 hours/week (1169) 2.38 2.06-2.75 1.82 1.55-2.15 1.81 1.54-2.14
Cold working conditions (<10°C) "
(1668) 1.88 1.64-2.15 1.52 1.30-1.78 1.30 1.10-1.53
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Previous job as a driver (760)
Whole body vibration

(driving time/week)
TORO 400 E/D LHD vehicle (217)
TORO 40 truck (93)
K10 or K14 train (309)
Caterpillar 700 or Belaz truck (250)
Bus or lorry (98)

Car (48)

1.88

1.14

3.63

1.98

0.68

0.68

1.05

1.60-2.22

1.08-1.21

2.62-5.04

1.01-3.35

1.55-2.53

0.52-0.88

0.46-1.03

0.60-1.85

1.79

1.08

1.49-2.14

1.02-1.14

1.80

2.61

1.28

1.69

0.83

0.90

1.21

1.50-2.16

1.83-3.72

0.80-2.03

1.29-2.22

0.62-1.11

0.58-1.39

0.66-2.20

AModel 1. Adjusted for physical exercise, stress, sex, body mass index, duration of present occupation. Hosmer-Lemeshow

test: p=0.58. Nagelkerke R?=0.14. ® Model 2. Adjusted for physical exercise, stress, sex, body mass index, duration of present

occupation, and other vehicle. Hosmer-Lemeshow test: p=0.17. Nagelkerke R*=0.15.

hours/week. In both models, 78 (2.2%) observations fell out of the analyses due to missing values for one or more factors

and/or confounders.
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Abstract

Background: We aimed to investigate characteristics of low back pain symptoms in mine
workers and how low back pain (LBP) with radiation to the leg relates to occupation and
occupational exposures. Methods: Cross-sectional study on 3530 mine workers in North
Russia, with data collection by questionnaire. Results: LBP with radiation was experienced by
more than one-third of blasters, drill-rig operators and drivers, and was associated with
exposure to wet clothes, cold work environment and having worked as a driver. LBP was not
associated with current employment as a driver or driving a vehicle. Cold environment and
wet clothes were common exposures. Conclusions: The study suggests that cold work

environment contributes to the risk of LBP with radiation.
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Background

The mining industry is expanding as global demands for minerals increase. Despite
technological improvements, working in mines is still associated with elevated risk of disease
and traumatic injuries. The efforts to prevent mining disasters and fatalities are currently often
supplemented by a broader occupational health and safety focus [1]. The work in mines has
changed with increasing mechanization; physically demanding work has become more
intermittent but long working hours still expose workers to fatigue and stress [2]. Mining is
nowadays a multidisciplinary industry that employs people with numerous professions and
trades. The operations include several tasks and processes (exploration, drilling, mine
development and operation with extraction, hauling and transport), and the term “mine
worker” can denote people with a wide range of jobs. A large proportion of mine workers are
drivers of heavy vehicles. Operating vehicles such as load-haul-dump (LHD) vehicles, trucks
and trains in the mines exposes the driver to whole body vibration (WBV) [3]. The WBV
exposure level is magnified through poorly maintained vehicles, high speed, unfavourable
seat conditions and uneven roads, and WBV may also occur as sudden shocks [4]. Action and
limit values for WBV are defined in the ISO 2631-1 standard and reiterated in the European
Directive [5, 6]. In some regions miners are exposed not only to WBV and heavy work loads,
but also to low temperatures. In addition, working in humid locations with water leaks and
water-cooled machinery may cause the workers’ clothes to get wet. The ISO 15734 standard
defines temperatures below +10°C as an unfavourable condition with increased risk of
negative effects on human function, which may lead to increased risk of injuries and

musculoskeletal symptoms [7-15].

High prevalence of low back pain (LBP) has been reported in mine workers [16, 17]. In a

Finnish register study of people hospitalised for back pain, mine workers were the second



largest profession category [18]. LBP imposes a heavy burden on individuals, employers and

society [19].

Most LBP has no known cause; only in 6-10 % of all cases of LBP has an underlying
pathological process been determined [20, 21]. Several studies have reported an association
between WBV and LBP  [22-25]. A possible causal relationship between operating heavy
industrial vehicles and LBP has been reported [4, 26]. Low temperatures, awkward postures,
pre-disposition, lifestyle, obesity, smoking and psychosocial factors may increase the risk [27-

30]. Few studies of the impact of wet clothes on LBP have been published [31].

LBP episodes may show various manifestations, durations and intensities. Some persons
experience back pain only, others experience back pain with radiation to the leg, a condition
often termed sciatica. Although it is considered associated with disc hernia, the risk factors for
LBP with radiation are not well understood. Obesity seems to be associated, and the onset of
LBP with radiation may be affected by low physical activity and smoking [32]. LBP with
radiation is a common condition [33, 34]. A study on municipal workers found that radiating
pain was predicted by manual labour in both sexes and by previous pain in the lower back in
men, while psychosocial and physical working conditions had no predictive value [32]. We
have previously reported that wet clothing, cold working conditions, heavy lifting and
previous work as a driver are associated with LBP [35]. These findings warranted a more
detailed study of subgroups of LBP with and without pain radiation as well as other
characteristics. Our hypothesis was that working in wet clothes increase the risk of LBP with
radiation. Increased understanding of the association between occupational exposures and
LBP with and without pain radiation may promote better prevention strategies. This requires

studies on large populations.



Methods

The study aim was twofold: to investigate characteristics of low back pain symptoms
(frequency, intensity, duration and radiation) in mine workers, and how back pain with
radiation relates to occupation, type of vehicle driven, past driving, heavy lifting, wet work

clothes and cold work environment among workers with LBP.

Study population, enrolment, data collection

The population under study consisted of all workers (3680) employed in four mines in
Kirovsk, Russia. In total, 3530 (96%) signed an informed consent to participate, of which
89.3% were males. Data were collected throughout 2010 by both observations in the mines
and the questionnaire Workers health 2010, completed by the workers at their periodical
medical examination, which took place at the outpatient clinic of the Kirovsk Research
Laboratory of Occupational Health (KRLOH) [36]. Workplace characteristics and the types of
vehicles and machinery used were observed and recorded for inclusion in the questionnaire.
The professional groups were defined based on observation and information obtained from
the employer about the types of jobs in the mines. The enrolment and data collection have

previously been described in detail [35].

Assessment of outcomes

The presence of LBP was assessed with the following questions: Have you felt pain or
discomfort during the last 12 months in the body area shown in the figure (as depicted in the
questionnaire)? (Yes/No). Localisation was measured with the question: If yes, where was the
pain or discomfort localised? Response options were: back only, radiating in the leg only and
back and radiating in the leg. Pain intensity was assessed on a 10-step, visual analogue scale

(VAS). The frequency and duration of the pain was assessed in predetermined time and



frequency categories by the questions: How many episodes have you had? (5 categories from
1 to more than 10 episodes) and How long did they typically last? (7 categories from hours to

all year).

Assessment of exposures

The workers were classified by their reported current occupation, by the question: What is
your current and past occupation? Only one current occupation was reported for each worker.
Exposure from driving a vehicle was classified by type of vehicle driven, since workers in
occupations other than driver could also operate vehicles. Driving a vehicle was used as a
marker of exposure, and workers responding that they drove a vehicle in a typical work week
were defined as exposed to WBV. Cumulative exposure was defined as hours of driving
reported per week, classified into four categories: 1to19 hours, 20 to 29 hours, 30 to 39 hours
and 40 hours or more per week. Lifting was measured by the questions: How many times in a
typical working day do you lift loads greater than 15 kg and 30 kg, respectively? with five
frequency categories for each question. In addition the following question was posed: Does
your work ever involve lifting or moving loads more than 50 kg? Cold work environment
(hereafter termed ‘cold’) was measured by the question: How many hours per week have you
been exposed to cold environment (below +10°C) during this/last winter, indoors or
underground? and with wet clothing? Stress and physical activity were assessed from the

questionnaire.

Data analysis

The exposure factors included the type of vehicle driven (Toro 40, Toro 400, trains and other

vehicle) as exposure categories. In addition, the following occupations were included as



categories in the analysis: driver, mechanic, blaster, electrician, foreman, drill-rig operator, and
other occupation. LBP was classified as LBP without radiation and LBP with radiation
(including pain radiating in the leg only). The associations with the different exposures and
worker categories were assessed in bivariate and multiple logistic regression analyses of the
workers who reported LBP. Only occupation categories that were associated with LBP with
radiation in the bivariate analyses were included in the multiple regression model. Odds ratios
and 95% confidence intervals (C.I.) are reported. Adjustment was made for the following
factors in the multiple model: duration of employment, BMI, physical activity and stress level.
We chose not to adjust for age since this was strongly correlated with the duration of
employment. Heavy lifting, cold and wet clothing were dichotomised, with cut-offs set at more
than 15 kg ten or more times/day for heavy lifting, over 20 hours/week for cold, and over 5
hours/week for wet clothing. Stress was included as a five level ordinal variable, and physical
activity and BMI were dichotomised with more than 4 hours/week and 30 kg/m” as reference
categories respectively. Duration of employment in years was categorised as below 2, 2 to 5, 6

to14 and above 14. IBM SPSS version 18 was used for the analysis.

Ethical considerations

The workers were provided with information in writing, and gave written informed consent
for participation. The questionnaire contained no personal identifier but had a running number
that linked the questionnaire to the database. The list of the names of all workers required to
undergo the health examination was only used for administrative purposes by the KRLOH.
The study was approved by the regional committees for medical research in North Norway

and North-West Russia.



Results

The mean age of the workers was 40 years (median 39 years). Cold was the most prevalent of
the exposure factors studied; 85.8% of the train drivers, 81.6% of the Toro 400 drivers and
84.8% of the blasters reported exposure to temperatures below +10°C more than 20
hours/week. The highest mean reported number of hours of weekly exposure to cold was for
the drivers of Toro 400 [30.3 hours, standard deviation (SD) 12.8], with a median of 35 hours.
The figures for drivers of underground trains were only slightly lower. The mean duration of
cold exposure for drivers of Toro 40 was 26.0 hours (SD 12.2) with median duration 30 hours.
The mean exposure time to cold for blasters was 30.3 (SD 12.2) and median was 35 hours.
Drill-rig operators (61%), blasters (63%), and drivers of Toro 40 (55%), Toro 400 (53%) and
trains (48%) had the highest prevalence of working with wet clothes more than 5 hours per
week in a typical work week, while the highest prevalence of lifting more than 15 kg 10 times
or more on a typical workday was among drill-rig operators (88%), blasters (85%) and drivers
of Toro 400 (78%). Of the blasters, 35% had worked as a driver in the past. The lowest
prevalence of all study factors was found among mechanics. Additional details are presented

in Table 1. There were no missing values for any of the exposure factors.



Table 1. Workers with exposure to each study factor, stress and physical activity by vehicle and

occupation.
Occupational exposures Individual factors
Cold' Wet clothes”  Heavy lifting®  Past driver Stress Physical
activity °
n n (%) n (%) n (%) n (%) n (%) n (%)
Occupation
Driver 936 514 (54.9) 358 (38.2) 648 (69.2) 292 (31.2) 284 (15.2) 768 (82.1)
Mechanic 632 138 (21.8) 116 (18.4) 217 (34.3) 80 (12.7) 89 (14.1) 515 (81.5)
Blaster 184 156 (84.8) 115 (62.5) 156 (84.8) 64 (34.8) 22 (12.0) 146 (79.3)
Electrician 623 296 (47.5) 209 (33.5) 382 (61.3) 76 (12.2) 52 (8.3) 510 (81.9)
Foreman 267 148 (55.4) 73 (27.3) 113 (42.3) 83 (31.1) 34 (12.7) 223 (83.5)
Drill-rig operator 188 111 (59.0) 115 (61.2) 166 (88.3) 49 (26.1) 23 (12.3) 156 (83.0)
Other occupations 700 199 (28.4) 133 (19.0) 244 (34.9) 96 (13.7) 65 (9.28) 459 (65.5)
Total 3530 1562 (44.2) 1089 (30.8) 1926 (54.6) 740 (21.0) 569 (16.1) 2777 (76.7)
Vehicle’
Toro 40 93 68 (73.1) 51 (54.8) 69 (74.2) 26 (28.0) 14 (15.1) 74 (79.6)
Toro 400 217 177 (81.6) 115 (53.0) 170 (78.3) 84 (38.7) 35(16.1) 156 (71.9)
Train 309 265 (85.8) 149 (48.2) 237 (76.7) 74 (23.9) 37 (12.0) 248 (80.3)
Other vehicle 951 285 (30.0) 312 (32.8) 628 (66.0) 297 (31.2) 98 (10.3) 796 (83.7)
Total 1560 795 (51.0) 627 (40.2) 1104 (70.8) 481(30.8) 184 (11.8) 1274 (81.7)

"'Working over 20 hours per week in temperature <10°C. 2Working in wet clothes > 5 hours per week. 3Lifting
more than 15 kg >10 times per day. *Stress above “a little’, 8 missing. Exercise more than 4 hours per week.
%Vehicles were also driven by workers in other occupations than driver. 7 Including cracker machine operator,
timber man, tumbler machine operator, welder and ‘other’.

Every second worker with LBP was a smoker. Other characteristics of workers with LBP are
presented in Table 2. Of all the workers, 51% reported having had LBP during the last 12 months. Of
those with LBP, 34.8% reported LBP with radiation. The overall prevalence of LBP without
radiation (33%) was almost twice as high as that of LBP with radiation (18%). The proportion
that had experienced LBP ranged from 42.1% among electricians to 65.2% among blasters (Table 3).
Of drivers, 59% reported LBP. Among workers with LBP the proportion that experienced back pain
with radiation of pain to the leg was highest among blasters (49%), drill rig operators (40%) and
drivers (36.5%). The highest reported proportion of radiation to the leg only was among blasters
(4.2%) and the lowest in drivers (1.5%). In the vehicle-specific categories, 78% of the Toro 400
drivers, 66% of the train drivers and 61% of Toro 40 drivers reported LBP, and 44% of Toro 400

drivers with LBP reported radiation to the leg (Table 3).



Table 2. Characteristics of workers with self-reported low back pain with and without radiation

LBP without radiation LBP with radiation

Male n (%) 1059 (90.5) 581 (92.7)
Female n (%) 111 (9.5) 46 (7.3)

Mean age, years (SD) 39.3(11.3) 43.2 (10.1)
Mean weight, kg (SD) 81.7 (14.3) 83.7 (14.2)
Smoking n (%) 575 (49.1) 314 (50.1)
Duration of present employment, years (SD) 12.6 (10.6) 14.5 (10.3)

Table 3. Number and proportion of workers reporting low back pain by occupation and vehicle group

LBP without radiation ' LBP with radiation >  LBP total

(% of all workers by
occupation group)
n (%) n (%) n (%)

Occupation
Driver 349 (63.5) 201(36.5) 550 (58.8)
Mechanic 208 (68.9) 94 (31.1) 302 (47.9)
Blaster 62 (51.7) 58 (48.3) 120 (65.2)
Electrician 184 (70.2) 78 (29.8) 262 (42.1)
Foreman 80 (61.5) 50 (38.5) 130 (48.7)
Drill-rig operator 70 (60.3) 46 (39.7) 116 (61.7)
Other occupations * 217 (68.5) 100 (31.5) 317 (45.3)
Vehicle*
Toro 40 38 (66.7) 19 (33.3) 57 (61.3)
Toro 400 95 (56.2) 74 (43.8) 169 (77.9)
Train 129 (63.2) 75 (36.8) 204 (66.0)
Other vehicle 317 (66.0) 163 (34) 480 (50.6)

! Four removed from analysis due to inconsistent data for pain localisation
? Includes original category ‘radiating in the leg only’
3 Includes cracker machine operator, timber man, tumbler machine operator, welder and ‘other’.
4 . . . . .
Vehicles were also driven by workers in other occupations than driver.

The median number of LBP episodes was 2 to 5 and median duration of pain was 1 to 2 days
for all occupation categories except for blasters, for whom median duration was 3 to 6 days.
For back pain without radiation the median number of pain episodes was 2 (mean 2.8) with
median duration 2 days (mean 2.3 days). The median number of episodes of back pain
radiating to the leg was 4 (mean 3.6) with median duration 3 days (mean 3.5 days).The mean

VAS rating of worst pain was 2.3 (median 2) among workers with back pain only during the



last month, and 4.2 (median 4) for those with back pain radiating to the leg. The median
number of LBP episodes was 3 to 6 days and median duration for drivers of Toro 40, Toro
400 and trains was 3 to 6 days and for drivers of other vehicles 1 to 2 days. Median VAS
score for worst LBP was 4 for drivers of Toro 40 and Toro 400, 3 for drivers of trains and 2
for drivers of other vehicles. Mean VAS score for worst LBP was 3.6 for drivers of trains and

the two Toro vehicles and 2.9 for drivers of other vehicles.

As outlined in Table 4, a crude risk above unity for LBP with radiation (including radiating
pain to the leg only) among workers with LBP was observed for wet clothes, cold
environment, heavy lifting, being past driver, driving Toro 400 and working as blaster. The
adjusted association was statistically significant for wet clothes (OR=1.44), cold environment

(OR=1.49) and past driving (OR=1.50).

10



Table 4. Crude and adjusted OR for low back pain with radiation by occupational exposure factors

and occupations

Occupational Crude risk for LBP with radiation Adjusted risk for LBP with radiation®
exposure OR 95% C.1. OR 95% C.1.
Wet clothes 1.70 1.40-2.07 1.44 1.15-1.81
Cold environment ~ 1.61 1.33-1.98 1.49 1.18-1.89
Heavy lifting 1.34 1.09-1.65 1.00 0.79-1.28
Toro 40 0.93 0.53-1.64 0.81 0.43-1.55
Toro 400 1.52 1.10-2.10 1.13 0.72-1.77
Train 1.10 0.81-1.49 0.95 0.62-1.45
Other vehicles 0.94 0.76-1.17 0.89 0.64-1.22
Driver 1.11 0.90-1.36 1.05 0.76-1.46
Past driver 1.50 1.21-1.85 1.50 1.19-1.89
Blaster 1.83 1.26-2.65 1.43 0.94-2.17
Drill rig operator 1.25 0.85-1.84 1.19 0.73-1.94

* Adjusted for physical activity, stress, body mass index, duration of present occupation, 72 missing.

Hosmer-Lemeshow test: 0.703 Nagelkerke R?= 0.086

Discussion

This cross-sectional study aimed at studying characteristics of low back pain symptoms in
miners in relation to occupation and occupational exposures. Our finding of a self-reported
prevalence in drivers of 59% is close to that reported in other studies [20, 32, 37]. More than
one-third of the blasters, drill rig operators, foremen and drivers, in particular the drivers of
Toro 400, reported back pain with radiation in the last twelve months. The number of
episodes and their duration indicate that LBP and back pain with radiation typically are
recurring conditions of short duration. This coincides with the time frame for acute

inflammation in the musculoskeletal system, which subside after some days.

11



The temperatures in the Kirovsk underground mines are 5-7 °C with relative humidity at 63-91%
(unpublished observation). The mining is often carried out under wet conditions owing to
water-cooled machinery, precipitation outdoors and ground water leaking from the walls and
roof of the underground mines, as we observed during several mine visits. We have
previously found that when operating Toro 400 vehicles in the underground mines, drivers are
exposed to WBV at exposure levels above action value, close to levels reported in Toro 400 in

a Canadian study [3, 5, 38].

Our results on how LBP with radiation relates to occupation, type of vehicle driven, past
driving, heavy lifting, wet clothes and cold work showed that in the crude analysis, wet
clothes, cold environment, heavy lifting, being past driver, working as a blaster, and driving
Toro 400 were associated with LBP with radiation. This suggests that several factors
contribute to this condition. The OR for Toro 400 is close to that in a Finnish study which
reported a crude risk ratio of 1.6 for machine and vehicle operators [39]. However, only wet
clothes, cold work conditions and being a past driver remained associated in the adjusted
analysis. The association with being a past driver suggests that driving vehicles might be a
risk factor or a marker, and that some workers may have changed profession from driver to
other professions due to painful, radiating back problems. The lack of an association with
heavy lifting may be due to our classification of exposure or a healthy worker selection [40].
The magnitude of such selection is hard to determine, but staff turnover through lay-off and
recruitment at these mines is 10% per year. Built-in mechanisms in the procedures of the
annual health examination also allow for relocation of workers who show signs of

occupational disease under current exposure [36].
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Cold environment was the most prevalent of the studied exposure factors in several groups of
the mine workers. More than 80% of the train drivers, Toro 400 drivers and blasters reported
exposure to temperatures below +10°C. Drill-rig operators, blasters, and drivers of Toro 40,
Toro 400 and trains were also those with the highest prevalence of working with wet clothing.
The Toro 400, Toro 40 and K 10 and K 14 trains were all operating in the underground mines,
where the open cabins of Toro 400 and trains expose the drivers to the wet and cold
conditions of the underground mines. Heavy lifting was reported most commonly by drill-rig
operators, blasters and drivers of Toro 400, and by the group driving ‘other vehicles’. Heavy
lifting was surprisingly common for drivers but the study did not allow for a detailed
description of the lifting. Driving in combination with exposure to physical work has been
reported to increase the risk for physician-diagnosed LBP with radiation [21]. Driving the
Toro 400 and trains may be considered a marker for awkward posture since drivers operating
these bi-directional vehicles sit at a right angle to the driving direction and adopt a position
where they twist and bend the torso in order to obtain a clear-line view. The drivers’ position
also prevents them from getting proper support from the back rest in the Toro 400 seats [41].
The drivers’ seats of K 10 and K 14 trains do not even have any springs. Nevertheless, the
results suggest that the cold and wet work environment was the main risk factor for radiating
pain among the drivers of Toro 400. Several studies have reported a strong association
between heavy lifting, prolonged sitting, twisting and bending and LBP [4, 24, 42]. None of

these studies have considered the possible contribution from cold working conditions.

Surprisingly, the highest prevalence of LBP with radiation was found among the blasters. A
post hoc analysis of blasters showed a crude OR for LBP at 1.86 (CI 1.36-2.53); the adjusted
OR for radiation was 1.43 (CI: 0.94-2.17). Blasters are in charge of all procedures having to

do with explosions in the mine. They work in the open and do not operate vehicles, but lift
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and move heavy equipment as they prepare and set off the explosions in boreholes that have
been made with water-cooled drilling rigs. This exposes them to wet and cold conditions.
Drill rig operators were the group that second most frequently reported LBP with radiation to
the leg. They work on fixed platforms with several water-cooled drills that bore holes in the
rock where explosions later take place. They stand on a rig platform, in an open hut, under a
metal roof and are thus exposed both to mechanical vibration transmitted through their feet
and to the low temperatures in the mine. They are also exposed to water mist from the drills.

Our results suggest that these groups should be studied in greater detail.

We did not analyse for possible interaction between the factors under study, but in our
previous investigation we did not find statistically significant interaction between the
exposures and the risk of LBP. However, that analysis did not include possible interaction
between the exposure factors and vehicles driven. The cut-offs chosen for the study factors
wet, cold and lifting may have affected the outcome of the analysis. Our results show that
many workers in these mines are exposed to several possible risk factors, but the study did not
allow for further specification of the temporal relationship of the exposure factors and the
outcomes. The main weakness of this study was the cross-sectional design, which does not
allow for analysis of cause-effect relationships. Information was self-reported, and thus
subjective. Still, for large population studies on clinical problems that are subjective in nature,
questionnaires can be appropriate and the data reported with such methods are well in
concordance with the actual situation [43]. Healthy worker selection may have led to an
underestimation of the actual risk. Thus, a revealed association may be stronger than the
numbers indicate. Clinical testing by trained physicians could have diagnosed low back pain
in a more objective manner. The cold work conditions of these mines and the large study

population allowed for studying the relationship between cold exposure and back pain.
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Another advantage with this study was the high response-rate and the completeness in the

questionnaire responses.

Conclusions

LBP with radiation was experienced by more than one-third of blasters, drill-rig operators and
drivers, and was associated with exposure to wet clothes, cold work environment and being a
past driver. LBP was not associated with current employment as a driver or driving a vehicle.
Exposure to cold environment and wet clothes was common. The study suggests that cold
work environment and wet clothes contribute to the risk of LBP with radiation. Prevention

strategies for this health problem should include improved protective clothing.

List of abbreviations:

LBP - Low back pain

WBYV - Whole body vibration

LHD - Load-haul-dump vehicles
KRLOH -Kirovsk Research Laboratory of Occupational Health
Toro 40 - Truck

Toro 400 - Load-haul-dump truck

K10 - Electrical underground mine train
K 14 - Electrical underground mine train
ISO - International Standard Organization
BMI - Body mass index

SD - Standard deviation

C.L - Confidence interval

OR - Odds ratio

VAS - Visual analogue scale
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Appendix |






To be filled in by the staff:
Serial number: Y
Today: day / month / year Y Y Y I

Questionnaire

Collaborating institutions:

-Department of Occupational Health, University Hospital of North Norway
-Kola Research Laboratory for Occupational Health, Russia

-Institute of Community Medicine, University of Tromsg, Norway
-Department of Occupational Health, Umea University, Sweden

Instructions (Different ways to answer):
Putin a cross [
Fill in number |__|__|

Circle one number on a scale of 0 to10
Describe (fill in)

SECTION 1. Personal information

Age |__|__|Years Sex: M OrF

SECTION 2. Occupational history
2.1 CURRENT AND PAST OCCUPATION

2.1.1. What is your current and past occupation?

Ne  Qccupation Current Past
1 TRUCK DRIVER O O
2 MINE LOADER DRIVER | |
3  MINE TRUCK DRIVER | |
4 MINE DRIVER O O
5 ELECTRIC TRAIN DRIVER | |
6 EXPLOSIONER O O
7 MINE WORKER O O
8 DRILLING RIG OPERATOR | |
9 CRACKER MACHINE OPERATOR. | |
10 ELECTROFITTER (FITTER), ELECTRICIAN | |
11 FOREMAN O O
12 TIMBERMAN O O
13 TUMBLER MACHINE OPERATOR | |
14  WELDER O O
15  OTHER O O

2.1.2. When did you start this job? |_|_ | | _|year



2.2 ACTIVITIES IN YOUR WORK.
Postures (Only one answer to each posture).

2.2.1 How long during an average working day do you work in posture as shown below:

Posture
5
] H aya r iy

Hands placed Twisting (only twisted or Neck is bent forward  Neck is twisted (only ~ Arms raised and

under knee- twisted and bent at the or backwards? twisted or twisted your hand held

level. same time)? and bent/extended above shoulder

at the same time)? height?

0-30 min. O O | O O
30-60 min. | O | O |
1-3 hours. O O O O O
More than 3 hours O O O O O

Lifting

2.2.2. How many times in a typical working day do you lift loads greater than 15 kg?

Never 0-9times 10 -19 times 20 - 40 times More than 40 times
O O O O O

2.2.3. How many times in a typical working day do you lift loads greater than 30 kg?

Never 0-9times 10 -19 times 20 - 40 times More than 40 times
O O O O O
2.2.4. Does your work ever involve lifting or moving loads more than 50 kg? O No O VYes

2.3 VEHICLES USED IN CURRENT WORK
2.3.1. How many hours in a typical week do you normally drive the following vehicles in your current work?

Ne Vehicle Approximately how many
hours per week

1 TORO 400 E/D load haul dump vehicle U1 Hours
2 TORO 40 truck L] Hours
3 K10, K 14 train. L] Hours
4 Simba drill platform. |:||:| Hours
5 Caterpillar, Belaz truck. |:||:| Hours
6 Lorry or bus (as a driver, not a passenger). |:||:| Hours
7 Car (do not include journeys to and from work). L1 Hours
8 Other vehicle type/model, please specify. |:||:| Hours
9 Other vehicle type/model, please specify: |:||:| Hours

2.3.2. Do you experience discomfort by mechanical vibration shocks while driving?
O Not at all O A little bit [ Moderate O Quite a bit [ Extreme



2.4 VEHICLES IN PAST WORK

Complete this section only if you have held other occupations in the past. Otherwise go to 2.5

2.4.1. Did your previous work tasks involve:

1a). prolonged sitting? 1+ No o[ Yes

1b). Physical demands exceeding your capacity? 1 No o[ Yes

2.4.2. We are interested in your previous work that involved professional driving. Please fill in the table below to show all of the

vehicles you have used.

Ne  Vehicle Approximately Approximately how
how many years/ many hours per week
1 TORO 400 E/D load haul dump vehicle. (1] Years L1 Hours
2 TORO 40 truck L1 Years L1 Hours
3 K10, K 14 train. 1O vYears LIC] Hours
4 Simba type drill platform. L] Years LI Hours
5  Caterpillar, Belaz truck. L] Years L] Hours
6 Lorry or bus (as a driver, not a passenger) L[] Years LI Hours
7  Car (do not include journeys to and from work) L] Years L[] Hours
8  Other vehicle type/model, please specify: L[] Years L] Hours
9  Other vehicle type/model, please specify: L] Years L[] Hours

2.5 WORK IN A COLD ENVIRONMENT

2.5.1. How long have you been exposed to cold environment (below +10 °C) during this/last winter?

Ne At work: Approximately how many hours per
week/
1 with wet clothing. |:||:| Hours
indoors /underground below +10 °C |:||:| Hours.
touching cold objects. |:||:| Hours
252 Does cold cause your fingers turn white, episodically? +no .1 yes

253 We are interested in whether you have experienced frostbite. By frostbite
(obmopoxeHue) we mean the medical condition where localized damage is
caused to skin and other tissues due to extreme cold. .1 No
During the last year, have you experienced a mild frostbite which has
caused hardening and whitening of the skin, but no blister formation? [ Yes
If frostbite in hands, please indicate the location of the injury by AN
shading the parts affected. y !

254 During the last year, have you experienced a frostbite which involves [ No [ Yes
the formation of blisters, or is associated with ulcers or tissue
necrosis?

255 Have you ever during your lifetime experienced a frostbite which [ONo [ Yes

involves the formation of blisters, or is associated with wound
formation or dead tissue?

2.5.6 How much trouble do you get in your hands when you are exposed to cold? Rate on a 0 -10 scale (where 0 is ‘no problem’
and 10 is ‘worst possible problems’)
(please circle one number)

no problem Worst possible problems
0 1 2 3 4 5 6 7 8 9 10



SECTION 3: Your health during last 12 months.

This section concerns pain or discomfort you may have had in different parts of the body and at different times, during the last 12
months.

3.1 LOW BACK PAIN, INCLUDING PAIN RADIATING IN THE LEG, DURING LAST 12 MONTHS

3.1.1 Have you felt pain or discomfort in the area shown in
the diagram?

1+ No . Yes

If No, ignore this part of the section and proceed to 3.2

3.1.2 If yes, where was the pain or discomfort localized?
s back only [ radiating in the leg only [0 back and radiating in the leg
3.1.3 How many episodes have you had?
O O 2-3 O 4-5 O 6-10 [ more than 10
3.1.4 How long did they typically last?
[ hours [1 1-2 days [1 3-6 days [ 7-14 days [1 15-29 days [J 1-6 months [ all year
3.1.5 How much time did you have to be on sick leave due to the back pain?
[J None [1 1-6 days [17-14 days .[J15-29 days [J1-6 months [0 more than 6 months
3.1.6 What year did you first experience an episode of low back pain?
|_|_|_|_lyear |_|__|month
3.1.7 How did your low back pain start?
40 suddenly at work 2] suddenly outside work [ gradually at work  ,[] gradually outside work
3.1.8 If suddenly, what were you doing at the time?
Describe:

3.1.9. Rate your present back pain (during the last week) on a 0-10 scale (please encircle one number)

No pain Pain as bad as it could be
0 1 2 3 4 5 6 7 8 9 10

3.1.10. Rate your worst back pain (during the last month) on a 0-10 scale (please encircle one number)

No pain Pain as bad as it could be
0 1 2 3 4 5 6 7 8 9 10

3.1.11. Rate your back pain on average (during the last month) on a 0-10 scale (please encircle one number)

No pain Pain as bad as it could be
0 1 2 3 4 5 6 7 8 9 10

3.1.12 Have you ever experienced an accident followed by 1INo ,[] Yes If No, please go to 3.2
low back pain?

3.1.13 What kind of accident? Describe:
3.1.14 When did it happen? ||| |_|year
3.1.15 Did the accident happen at work? iONo [ Yes



3.2 NECK PAIN , INCLUDING PAIN RADIATING IN THE ARM, DURING LAST 12 MONTHS

3.2.1 Have you felt pain or discomfort in the area shown in

the diagram?

1[1No O Yes AN

If No, ignore this part of the section and proceed to 3.3 / / \
3.2.2 If yes, where was the pain or discomfort localized?

1 neck pain only o[ radiating arm pain only [0 neck and radiating arm pain
3.23 How many episodes have you had?

O L1 2-3 045 Os-10 [ more than 10
3.24 How long did they typically last?

4 hours o1 1-2days :[] 3-6 days [ 7-14 days [115-29days [ 1-6 months [ all year
3.25 How much time did you have to take off work due to the neck pain?

4[] None JL11-6days s[17-14days .[]15-29 days [J1-6 months  s[[] more than 6 months
3.2.6 What year did you first experience an episode of neck pain?

|_I_|_I_Iyear
3.2.7 How did your neck pain start?

40  suddenly at work o1  suddenly outside work  ;[]  gradually at work [0 gradually outside

work
3.2.8 If suddenly, what were you doing at the time?

Describe:

3.2.9. Rate your present neck pain (during the last week) on a 0-10 scale (please circle one number)

No pain Pain as bad as it could be
0 1 2 3 4 5 6 7 8 9 10

3.2.10. Rate your worst neck pain (during the last month) on a 0-10 scale (please circle one number)

No pain Pain as bad as it could be
0 1 2 3 4 5 6 7 8 9 10

3.2.11. Rate your neck pain on average (during the last month) on a 0-10 scale (please circle one number)

No pain Pain as bad as it could be
0 1 2 3 4 5 6 7 8 9 10

3.2.12 Have you ever experienced an accident followed by +J No .[ Yes If No, please go to 3.3
neck pain?

3.2.13 What kind of accident? Describe:

3.2.14 When did it happen? ||| |_|year

3.2.15 Did the accident happen at work? O No ,[]Yes



3.3 SHOULDER PAIN, DURING LAST 12 MONTHS

3.3.1 Have you felt pain or discomfort in the area shown in
the diagram?
1] No O Yes
If No, ignore this part of the section and proceed to section
4
3.3.2 If yes, where was the pain or discomfort localized?
40 shoulder only [0 arm/hand only [0 shoulder and arm/hand
3.3.3 How many episodes have you had?
O O 2-3 O 4-5 O 6-10 O more than 10
3.34 How long did they typically last?
[ hours [11-2days .[]3-6 days [ 7-14 days [115-29days <[] 1-6 months ;] all year
3.35 How much time did you have to take off work due to the shoulder pain?
[J None [J1-6days s[]7-14days .[]15-29days :[11-6 months <[] more than 6 months
3.2.6 What year did you first experience an episode of shoulder pain?
|_I_|_I_Iyear
3.2.7 How did your shoulder pain start?
[0 suddenly at work [0 suddenly outside work  :[]  gradually at work [0 gradually outside
work
3.2.8 If suddenly, what were you doing at the time?
Describe:

3.3.9. Rate your present shoulder pain (during the last week) on a 0-10 (please circle one number)

No pain Pain as bad as it could be
0 1 2 3 4 5 6 7 8 9 10
3.3.10. Rate your worst shoulder (during the last month) on a 0-10 scale (please circle one number)

No pain Pain as bad as it could be
0 1 2 3 4 5 6 7 8 9 10

3.3.11. Rate your shoulder pain on average (during the last month) on a 0-10 scale (please circle one number)

No pain Pain as bad as it could be
0 1 2 3 4 5 6 7 8 9 10
3.3.12 Have you ever had an accident followed by shoulder [0 No .[J Yes IfNo, please go to section 4
pain?
3.3.13 What kind of accident?
3.3.14 When did it happen? ||| |_|year

3.3.15 Did the accident happen at work? ONo .[0Yes



SECTION 4: Supplementary information

5.1 Place of birth (city and region):
5.2 Raised (until 18 years. City and region):

5.3 Height: |_|_ | | cm to be filled in by staff
5.4 Weight: |_|_| | kg to be filled in by staff
5.5 What is your completed educational level? [J Primary school

[] Secondary school
[ Vocational school, College
[0 Higher education

56 Stress means a situation in which a person feels tense, [ not at all
restless, nervous or anxious or is unable to sleep at night
because his/her mind is troubled all the time. Do you feel
this kind of stress these days?

[ only a little
[ somewhat
[ rather much

[ very much

57 Please estimate your level of physical activity in leisure

time.

If the activity varies (for example in summer and winter) then

give an average for the last year.

-Reading, watching TV (mostly sitting activity) [ No . Yes

-Walking, bicycling or other forms of exercise at least 4

hours pr week (including walking to place of work, Sunday

walking) O No [ Yes

-Participation in recreational sports, gardening (at least 4

hours per week) 1 No - Yes

-Training regularly several times a week, participation in

sports activities 1 No -[]Yes
5.8 Do you smoke or have you ever smoked? O No . Yes
5.9 If yes, how many years have you smoked? |__|__| years
5.10 At what age did you start smoking regularly? |__|__| years
5.11 How much did/do you smoke? Cigarettes per day: |__|_|
5.12 Do you still smoke daily? O No .[OYes
5.13 If no, when did you give up smoking? | |_|_|year

We thank you for answering the questions. Please look over your answers to see if you have left anything out. You may also ask the
staff for assistance.
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BanonHsemcsa mednepcoHanom
Homep aHkeTbl: T |
Oarta: peHb/mecau/roq || ||| ||

AHKeTa
3400poBbe
yenoBeka 2010 roaa

CoTpyaHuyaloLme opraHM3aumm:

OTneneHne NpodeCcCMoHanbHOM 1 3KONOrMYeCcKon MeanUuHbl, yHuBepcuteTckas bonbHuua CeepHolt Hopsernm
Hay4Ho-uccnegoBartenbckas nabopatopust ®IryYH «Cesepo-3anagHbint HayYHbIV LEHTP TMrMeHbl U OOLLECTBEHHOIO 310POBbS»
MHCTUTYT obLiecTBeHHOW MeauumHbl, YHuBepcuteT r. Tpomcé, Hopserus

OTgeneHune npodeccroHanbHON MeanLUuHbl, YHUBepcuTeT r. Ymeo, LLseuuns

WHCTpYKUMA ANs 3anonHAILWMNX aHKeTy

Brnmcate X B pamky []

BnucaTb undpbl B COOTBETCTBYOLWMNE KNETKA |__ ||

O6BecTU kpyxKOM Heobxoaumyto Lmndpy B wkane ot 0 go 10
[pyrvue BapvaHTbl 0TBeTa (BNUcaTb B COOTBETCTBYIOLLYIO rpady)

PA3LEIJl 1. NNepcoHanbHble AaHHbIE

Bospacr || et Toi: Om O x

PA3LOEJ1 2. MNpodeccuoHanbHbLIM MapLUpyT

2.1 PABOTA B HACTOSALLEE BPEMA U B NPOLLIOM

2.1.1. Bawa ocHoBHas npodeccus B HacTosiLLee BpeMsi U B NPOLINIOM?

Ne MMpodeccun Hactosiwas B npownom
1 BopuTesb Ha3eMHOM rpy30BOi MaLLUHbI | |
2 MaluMHUCT NOrpy304HO-A0CTABOYHOI MaluMHbI (Tuna TOPO) | |
3 MaluMHUCT NoA3eMHbIX CAMOXOAHbBIX MaLLuH (Tuna Ckanmek, CnipenmMek, TpaHcMUTTEp) | |
4 Tpoxoauuk | |
5  MawuHucT anekTpoBo3a | |
6  BapblBHUK | |
7 TopHopabouunii | |
8  MawmnHucT BypoBOI YCTaHOBKM | |
9  [NpobunbLymk | |
10 3nektpocnecapsb (cnecapb), ANEeKTPOMOHTED | |
11 Macrep | |
12 Kpenunblimk | |
13 Onpoknaunk | |
14 Ceapwwk | |
15 TMpouve O O

2.1.2. C kakoro BpemeHu Bbl paboTtaete B HacTosiwen npocheccum | |_ ||| 200



2.2 XAPAKTEPUCTUKA MPO®ECCUU
Pa6ouas nosa (Tosbko 00uH omeem Onisi kaxdou paboyel Mo3bl):

2.2.1 CKonbko BpeMeHM B 0ObIYHbIN pabouunit AeHb Bbl paboTaeTe B no3ax, NokasaHHbIX Ha PUCYHKaX Huxe?

Pa6ouas Q
nosa
Knctum pyk MoBopoThI TynoBuLLa HaknoH wew Bnepeg MoBopoThI LWeun Moaobem pyk ¢
pacnonoxeHsl (TOnbKO NOBOPOTHI unu Hasap? (TONbKO NOBOPOTHI UMM KUCTSIMU BbiLLE
HWXe YPOBHS Tynosua nnm NMOBOPOTHI C HAKMOHOM  YPOBHS Nney?
KoneHei. NMOBOPOTHI B COYETAHUN 1 BbITTVBAHUEM LUEN
C HaKMoHamMmu Tynosuwia OLHOBPEMEHHO)?
OLHOBPEMEHHO)?
0-30 MUH. O O O O O
30-60 MuH. O O O O d
1-3 uac. O O O O O
Bonee 3 vac. O O O O O

Moabem TAXecTen:
2.2.2. CKonbKo pa3 B TeuyeHue cMeHbl Bam npuxoaurtcsa nogHumathb rpy3bl Maccon 6onee 15 kr ?

He npuxogutcsa 0-9pa3 10 -19 pas 20 - 40 pas Bonee 40 pa3s
O O O O

2.2.3. CKonbKo pa3 B TeuyeHue cMeHbl Bam npuxoaurtcsa nogHumathb rpy3bl maccon 6onee 30 kr ?

He npuxogutcsa 0-9pa3 10 -19 pas 20 - 40 pas Bonee 40 pa3s
O O O O O
2.2.4 Npuxoautbca nu Bam Ha pa6oTe nogHUMaTh rpy3bl Maccom 6onee 50 kr? [] Her O nfa

2.3 TPAHCIMNOPTHBIE CPEACTBA, UCINOJIb3YEMbIE B HACTOSALLEE BPEMA

2.3.1. Ckonbko yacoB Bbl ynpaBnsieTe cnegylowmmm BugaMmm TpaHcnopTa B Te4eHue o6bIvHOro paboyero gHA?

Ne TpaHcnopmHoe cpedcmeo MpuUGIM3NTENBLHO CKOJNBKO
4YacoB B HeAeno
1 Morpy3ouHo-gocTaBoyHas mawmHa (TORO 400 E/D v ap.) L] yac.
2  lopsemHas camoxopHas mawwmHa (TORO 40 v ap.) L] Yae.
3 Onektposos (K 10, K 14) 1] Yac.
4  byposas ycraHoska (Simba, HKP-100 v ap.) L] Yac.
5  BonbluerpysHblit asTomobuns (Caterpillar, Benas u ap.) L] Yae.
6 ['py3oBon aBToMo6Unb nnu aBTobyc (B ka4ecTBe BOAUTENS, @ HE Maccaxupa) |:||:| Yac.
7 NerkoBovi aBTOMOOUIb (He BKMoYaTh Noe3fkM Ao Mecta paboTbl 1 06paTHO) |:||:| Yac.
8  [pyeue sudbl mpaHcriopma (noxarsnytcma, ymoyHume mur u Modesib) L] Yae.
9  [pyeue sudbl mpaHcriopma (noxanyticma, ymoyHume mur u Modersib). L] Yae.

2.3.2. UcnbiTbiBaeTe nNu Bbl Heya06CcTBO NpU ynpaBneHUM TPaHCMOPTOM U3-3a MeXaHM4YeCcKon BUGpaumum m Tpsickn?

[OHukorna [0 HesHaunTensHoe [J YmepenHoe [J OocratouHo BhipaxeHHoe [J Pesko BbipaxeHHoe



2.4 TPAHCNOPTHBLIE CPEACTBA, UCMOJIb3OBABLLUMECS B NPOLUIOM

BanonHume amy yacmb aHkembl, ecriu Bbl pabomanu e npowisiom & dpyaux npogheccusix. Ecnu Hem, nepexodume k 2.5.
2.4.1. Npuxogunocb nu Bam Ha npexHen paboTe:

1a) gonro cuaeTsb ? [ He O pa

16) VcnbiThiBaTb U3NYECKMe Harpy3ku, NpesbilLalLLme BO3MOXHOCTM Balero opraHmsma?  [] Het O na

2.4.2. Mbl XOTUM Nony4MTb CBeAeHns o Bawen npeabiayuien paboTte, cBA3aHHOM ¢ npodeccuoHanbHbiM BoxaeHuem. Moxanyincra,
OoTMeTbTe B Tabnuue Bce BUAbI TPAHCNOPTHLIX CPeACTB, KoTopble Bbl paHee ucnonb3oBanu.

Ne TpaHcnopmHoe cpedcmeo lMpu6nuzumensHo  [lpubnusumesnbHO
@ meyveHue KaKo2o  CKOJILKO Yacoe &
qucna nem Hedenro

1 Morpy3o4Ho-aocTaBouHast MawmHa (TORO 400 E/D u gp.) L] stem L[] Yac.

2 MogsemHas camoxogHas mawmHa (TORO 40 u gp.) L] stem L[] Yac.

3 Onektposos K14, K 10 L] stem L] yac.

4 Byposas ycraHoska (Simba, HKP-10 n ap.) L] stem L] Yae.

5 BonbLuerpyaHbliit asToMobuns (Caterpillar, Benas u ap.) L] stem (11 Yac.

6 py3oBoii aBTOMOGMNIL WnM aBTobyc (B kavecTee Boautens, a He [ |[ | siem L] Yae.

naccaxmpa)
NerkoBov aBTOMOGMITL (He BKMto4aTh MOe3akn A0 MecTa paboTsl 1 o6paTHo) [ ][] flem 11 Yac.

8 [Lpyaue 8udbl mpa+crnopma (noxanyticma, ymoyHume mur u MoOeJib). L] sem L] Yae.

[Lpyaue 8udbl mparcriopma (noxaryticma, ymoyHume mur u Moderib). L] sem 11 Yac.

2.5 PABOTA B YCIIOBUSAAX BO3AENCTBUA XONOJA

2.5.1. Ckonbko BpeMeHu Bbl nogBepranucb BO3a4eNCTBUIO HU3KUX Temnepatyp (Huxke +10 °C) B TeuyeHue aTon/nocrnegHemn
3UMBbI?

Ha pa6ote lNMpu6nu3umesnbHO CKOJILKO Yacoe e
Hedenro
1 Mpu UCMONb3OBaHNUM MOKPOI OAEX b (11 Yac.
BHyTpuW NoMeLLeHust Unn nof semnei nNpu Temnepatype Hike +10 °C (11 Yac.
IMpu KOHTaKTE C XONOAHLIMU NpeaMeTamMu [1[1 Yac.
2.5.2 Bbi3biBaeT nNu oxnaxaeHue nobeneHue nanbLueB, NepuognvecKn? [ Het [ na
2.5.3 Mbi xomenu bkl 3Hamb, bbiganu u 'y Bac obmopoxeHusi. [100
06MOpoXxxeHUeM Mbl MoHUMaem 60/1e3HeHHOe COCMOsIHUE, MPOosi8sUeecs 1 Het
MeCmHbIM Mo8pexX0eHUeM KOXU U Opyaux mkaHel 8 pe3ysibmame |
8030elicmeus xos100a. O fa {

B TeueHue nocnegHero roga 6b1nu nu y Bac nerkme o6mopoxeHus,
NposABnsAOWMecH 3aTBepAeHMeM u nobeneHnem Koxwm, Ho 6e3
obpa3oBaHus Bongbipen? Ecnu 661 o6MopoxkeHbl KUCTU PYK,
noxanymncra, ykaxuTe MecTo nopaxeHus (3awTpuxoBaTb
COOTBETCTBYHOLUMIA YHACTOK KMCTU HA PUCYHKE).
2.5.4 B TeuyeHue nocnepHero roga 6uinu nuy Bac o6mopoxeHus,
nposiBNsABWNECsT OOGpa3oBaHusi BONAbIpen, U3bsA3BIIEHUEM KOXMU, O Her .[poa
OoMepTBIieHMeM TKaHen?
2.5.5 B TeyeHue Bcer XU3HM ObiBanu nuy Bac o6mopoxeHus,
nposiBNsABWMNECs OO6Gpa3oBaHusi BONAbIpen, paH UM omepTBreHueM COHet [ na
TKaHen?

2.5.6 B kakon cTteneHn Bac 6ecnokoAT KUCTU pyK, €CNN OHU NOABEPraloTCA BO3AENUCTBUIO XONoA0M?
OueHume no 10-6annbHoU wkarne, 20e 0 o3Ha4aem omcymcmaue xasob, a 10 — ux Haubonbwyto cmerneHb 8bIPaXeHHOCMU).
lMoxanytlicma, 0603Ha4Ybme KPYXKOM HYXHYH Uugpy).

Haunbonee BbipaxeHHbIe
HeT xarnob *anobbl

0 1 2 3 4 5 6 7 8 9 10



PA3LEJ] 3. CocTtosiHMe Ballero 340poBbsi B Te4YeHue nocrneaHux 12 mecsiLes.

B amom pa3dene paccmampusaromcsi 80Mnpochl, C8si3aHHble ¢ 60/bI0 U HeNMPUSIMHLIMU OWYWEHUSMU 8 pa3fuyHbIX Yacmsix mesna u
pasnuyHoe epems 3a nocnedHue 12 mecsiyes.

3.1 6OJfb B MOSACHULE, BKNIOYAA BONU C UPPAOUALIMEN B HWXKHUE KOHEYHOCTW, 3A MOCNEQHMUE 12 MECSLIEB

3.1.1 Bbl ucnbiTbiBanu 60nm unmM HenpuATHblE OLLYLEeHUs
B o6nacTAx Tena, yka3aHHbIX Ha PUCYHKe?
OHer O fa / I

Ecnu Hem, nponycmume amy 4acmb pasdena u

nepexooume K 3.2 T

3.1.2 Ecnu [a, rae 6b1nv nokann3oBaHbl 60Mb U HENPUATHbIE OLYLLIEHUA?
[0 Ttonbko B o6nactv cnuHbl  -[]  Tonbko pacnpocTpaHsiowmecs B Horm 5[] B 06nacTv CnvHbl ¢ pacnpocTpaHeHneM B
Horu
3.1.3 CkonbKo 6bIN10 cnyvyaeB Nnogob6HbIX 6onen?
11 O 2-3 O4-5 Os-10 [ 6onee 10
3.1.4 Kak gonro o6b14HO npoaomkalTca 6onn?
[ vachi [d1-2 gns - 3-6 gHen [ 7-14 gren [ 15-29 gHeir <[] 1-6 mecsueB ,[1 B TeueHue roga
3.1.5 Kakas 6b1n1a npogomKkMTenbHOCTb 60NIbHMYHOIO NUCTa M3-3a 6onen B 06nacTu NOACHULUbI?
O ne6bino [ 1-6 gHeit s[17-14 ganen .[115-29 gHeit  :[11-6 mecsueB <[] Gonee 6 mecsaues
3.1.6 B kakom rogy Bbl BnepBbie no4yBCTBOBanu nepuoguyeckme 6onv B o06nactym nosicCHULbI?
_l_l_I_lroa |_|_|wmecau
3.1.7 Kak HauMHanucb 6onu B o6nact nosicCHULbI?
[J eHesanHo Ha pabote [ sHesanHo BHe paboThl [ nocteneHHo Ha paboTe [J nocreneHHo BHe paboThbl
3.1.8 Ecnu BHe3anHo, 4YTo Bkl Aenanu B MOMeHT BO3HUMKHOBEHUs bonen?
Onuwume:

3.1.9. OueHunTe BbipaXeHHOCTb 6onen B o6nacTy NosACHULbI B Te4eHue nocrnegHen Hegenu no 10-6annbHoM wkane
(noxanyicTta, o6BeauTe TONBKO OOHY HYXHYIO LUMdpy)

Haubonee sbipaxeHHble
Hem 6oneil 6onu

0 1 2 3 4 5 6 7 8 9 10

3.1.10. OueHuTe Hanbonee BbipaXkeHHYI 605b B 06nacTy NosicHULbI (3a nocneaHun mecsud) no 10-6annbHoOM WKane
(noxanyicTta, o6BeguTe TONBKO OOHY HYXHYIO LUMdpy)

Hem 6onel Haubonee 8bipaxeHHble
6onu
0 1 2 3 4 5 6 7 8 9 10

3.1.11. OueHuTe cpeaHIOI0 BbipaXeHHOCTb Gonen B o6nacTu NnosicHuubI (3a nocnegHuin Mecsy) no 10-6annbHOM WKane
(noxanyicTta, o6BeauTe TONBKO OOHY HYXHYIO LUMdpy)

Hem 6onel Haubonee 8bipaxeHHble
6onu
0 1 2 3 4 5 6 7 8 9 10
3.1.12 lMpepwecTBoBana nv kakas-nm6o TpaBMma
nosiereHuio Goneii B 06N1acTM NOACHULLI OHer .00 da Ecnu HeT, noxarnyicra, nepexogute K 3.2

3.1.13 Yr1o npounsowno ¢ Bamn? Onuwume:

3.1.14 Korga ato npousowno? ||| |_|rog

3.1.15 310 npousowno Ha pa6oTe? OHer .0 AOa



3.2 BOMY B OBJNIACTU LWEW C UPPAOUALIMEN B PYKU (3A MOCNEQHMUE 12 MECSLIEB)

3.2.1 Bbl ucnbiTbiBanu 60nb UNv HENPUATHbIE  OLLYLIEHUs
B 06nacTAX Tena, yka3aHHbIX Ha PUCYHKe?

O Her O fa / // \
\

Ecnu Het, nponycTute 3Ty 4yacTb pasgena v nepexoamte k

T T

3.2.2 Ecnu [a, rae 6b1nv nokann3oBaHbl 60Mb U HENPUATHbIE OLYLLIEHUA?
[0 Ttonbko B o6nactv weun .[] Tonbko 6onu, uppaguupylume B pyKy [0 6o0nu B obnactu wewu ¢ uppaanauvein B

pyky
3.2.3 CkonbKo 6bIN0 cnyvyaeB Nnogob6HbIX 6onen?

01 O 2-3 O4-5 Os-10 [ 6onee 10
3.2.4 Kak gonro o6b14HO npoagomkalTca 6onn?

O yacel [ 1-2 gns [ 3-6 gHen [ 7-14 gren [ 15-29 gHeir <[] 1-6 mecsiues ;[] B Teuenue

roga
3.2.5 Kakas 6b1na npogomKkMTenbHOCTb 60NbHMYHOrO NUCTa U3-3a 6onen B o6nacTu wen?

[ He 6bino  ,[11-6 gHeit -[17-14 gnen  ,[115-29 gHeir  :[11-6 mecsue [ ] Gonee 6 mecsues
3.2.6 B kakom rogy Bbl BnepBbie no4yBCTBOBaNnu nepuoguyveckme 6onv B obnactu wen?

I I_|_lroa |_|_[mecsy
3.2.7 Kak HauMHanucb 6onu B obnactu wen?

[J eHesanHo Ha pabote [ sHesanHo BHe paboThl [ nocreneHHo Ha pa6oTe [J nocteneHHo BHe paboTbl
328 Ecnu BHe3anHo, 4YTo Bkl Aenanu B MOMeHT BO3HUMKHOBEHUs bonen?

Onuwume:

3.2.9. OueHuTe BbIpaxeHHOCTb Goren B obnacTu Wwewn 3a nocnegHo Hegeno no 10-6annbHON WKane
(noxanyicTta, o6BeguTe TONBKO OOHY HYXHYIO LUMdpy)

Haubonee 8bipaxeHHble
Hem 6oneli 6onu

0 1 2 3 4 5 6 7 8 9 10

3.2.10. OueHuTe Han6onee BbipaXeHHbIe 60N B o6nacTu weun (3a nocnegHun mecsy) no 10-6annbHOWM wWkane (noxanymncra,
o6BeauTe TONbKO OOHY HYXHYI0 LUMdpy)

Hem 6onel Haubonee 8bipaxeHHble
6onu
0 1 2 3 4 5 6 7 8 9 10

3.2.11. OueHuTe cpeaHIOI0 BbipaXeHHOCTb Gonen B o6nacTu wewu (3a nocnegHun Mmecsau) no 10-6annbHoM WKane
(noxanyicTta, o6BeguTe TONBKO OOHY HYXHYIO LUMdpy)

Haubonee 8bipaxeHHble

Hem 6onel onu
0 1 2 3 4 5 6 7 8 9 10
3.2.12 lMpepwecTBoBana nv Kkakas-nm6o TpaBma
nosiBfieHuio 6oneil B 0611acTM NOACHULE COHet .[J0a Ecrnu Hert, noxanyiicta, nepexoaute K 3.2
3.2.13 Yr1o npounsowno ¢ Bamn? Onuwume:
3.2.14 Korga ato npousowno? ||| |_|rog

3.2.15 310 npousowno Ha pa6oTe? O Her .0 AOa



3.3 BOJIX B MNNIEYEBOM NOACE (3A NOCJIEAHME 12 MECSALEB)

3.3.1 Bbl ucnbiTbiBanu 60nb Uy HeNPUSITHbIE  OLLYLIEHUs
B obnacTAx Tena, yka3aHHbIX Ha PUCYHKe?

[ Her [0 oa
Ecnu Het, nponyctute 3Ty 4YacTb pasgena n nepexogute K
pasgeny 4.
3.3.2 Ecnu [a, rae 66111 nokanu3oBaHbl 60Mb U HENPUATHbIE OLLYLIEHUA?
[0 Tonbko nneumn [0 Tonbko kncTb U pyka [0 nneuu, knctb 1 pyka
3.3.3 CkonbKo 6bIN10 cnyvyaeB Nnogob6HbIX 6onen?
O 1 O 2-3 O4-5 Os-10 O 6onee 10
3.34 Kak gonro o6b14HO npoagomkalTca 6onn?
O yacel [d1-2 gna - 3-6 gHen [ 7-14 gren [ 15-29 gHeir  [] 1-6 mecaues ;[ 1 B TeueHue roga
3.3.5 Kakas 6b1na npogomkMTenbHOCTb 60NbHMYHOrO NUCTa U3-3a 6onen B o6nacTu nnevyen?
O nve6bino  .[11-6 gHeit 5[] 7-14 gnen .[115-29 gHeit  :[11-6 mecsueB [ ] Gonee 6 mecsaues
3.3.6 B kakom rogy Bbl BnepBbie no4yBCTBOBanu nepuognyeckue 6onm B nre4yeBom nosice?
_l_l_I_lroa |_|_|wmecau
3.3.7 Kak HauMHanucb 6onu B nne4yeBoM nosice ?
[0 eHesanHo Ha pabote [0 sHesanHo BHe paboTbl [0 nocrteneHHo Ha paboTe [ nocreneHHo BHe paboThbl
3.3.8 Ecnu BHe3anHo, 4YTo Bkl Aenanu B MOMeHT BO3HMKHOBEHUs bonen?
Onuwume:

3.3.9. OueHuTe BbipaxeHHOCTb Gornen B nrnevyeBOM Mosice 3a NocreaHo Hegento no 10-6annbHOM WKane (noxanyncra,
o6BeaunTe TONbKO OOHY HYXHYI0 LUMdpy)

Haubonee s8bipaxeHHble
Hem 6oneti 6onu

0 1 2 3 4 5 6 7 8 9 10

3.3.10. OueHuTe Han6onee BbipaXeHHYI0 60nb B Nne4YeBOM Mosice (3a nocnegHoo Hegento) no 10-6annbHoOM WKane
(noxanyiicTta, o6BeguTe TONBKO OOHY HYXHYIO LMdpy)

Haubonee s8bipaxeHHble
Hem 6oneti 6onu

0 1 2 3 4 5 6 7 8 9 10

3.3.11. OueHuTe cpeaHIOI0 BbIpaXXeHHOCTL 6Gonen B Nne4YeBOM Nosice (3a nocneaHun Mecsu) no 10-6annbHOM WKane
(noxanyicTta, o6BeguTe TONBKO OOHY HYXHYIO LUMdpy)

Haubonee 8bipaxeHHble

Hem 6oneli onu
0 1 2 3 4 5 6 7 8 9 10
3.3.12 lMpepwecTBoBana nv Kkakas-nm6o TpaBMma O Her .[J AOa Ecnu Het, noxanyncra, nepexoauTe Kk
nosiBrieHuio 6onen B nne4yeBOM nosice? pasgeny 4
3.3.13 Yr1o npounsowno ¢ Bamn? Onuwume:
3.3.14 Korga ato npousowno? ||| |_|rog

3.3.15 310 npousowno Ha pa6oTe? O Her .[Aa



SECTION 4: JononHuTtenbHasa nHdopmMauums

4.1
42
43
44
45

4.6

4.7

4.8
4.9
4.10
4.11
4.12
4.13

MecTo poxaeHusa (ropog 1 obnactb):
Poc u BocnutbiBancs go 18 ner (ropog n obnactb):

Pocm: CM (3anomnHsieTca MeanepcoHanom)

Bec: |__|__|_ | kr (3anonHsieTca MmeanepcoHanom)
Baw ypoBeHb o6pa3oBaHuA?

Moa CTpeCCOM NOHMMaeTCA CUTyauund, Korga 4YernoBek UCnbiTbiBaeT
©6ecnokoincTBo, HEepBHOE BOSﬁy)Kﬂ,eHVIe unun Tpesory, HapyLweHua HOYHOro CHa
1n3-3a NOCTOAHHOIO HEPBHOIO HAMpPAXeHUA. Bbl ncnblTbiIBAETE TAKOE COCTOSIHNE
B HacTtodllee BpeMﬂ?

MoxanyuncTa, oueHuTe cteneHb Bawen pusnyeckon akTMBHOCTU B
cBo6oaHoe OoT paboTkl Bpems?

Ecnu ¢usuyeckasi akmusHOCmMb CywecmeeHHO U3MeHsemcsi 8 3UMHee U
nemHee epemsi, 0alime CPeOHH OUEHKY 3a rnocedHul 200.

-Yurato, CMOTPIO TENEBN3NOHHBIE Nepeaayu (rmaBHbIM 06pa3om cuasummn obpas
XKN3HN).

-Xoabba, e3ga Ha Benocunege v apyrne opmbl n3M4ECKON akTUBHOCTU HE
MeHee 4 YyacoB B Hegento (BkMtoyasi xoabby 4o MecTa paboTbl M NPOrynku
BbIXOOHOrO AHS).

-Y4yacTue B 0300POBUTENBHBIX CMIOPTUBHBLIX MEPONPUSATUSIX, paboTa Ha cagoBOM
y4acTKe He MeHee 4 4YacoB B HEAEN!O.

-PerynsipHble TPEHUPOBKW HECKOMbKO pa3 B HeAeso, y4acTue B CMOPTUBHBIX
COPEBHOBAHMSIX.

Bbl KypuTe unu Kypunu paHble?

Ecnu Oa, ckonbko net Bbl kypute (kypunu)?

B kakom Bo3pacTe Bbl cTanu perynsipHo Kyputb?
CkonbKo curapet Bbl BbIkypuBaeTe exeqHeBHO?
Bbl npogomkaeTe KypuThb exxeqHeBHO?

Ecnu HeT, korga Bbl npekpaTtunu Kyputb?

[ HayanbHas wkona

[] Cpeanss wkona

O nTy

[ CpeaHee cneunansHoe obpasoBaHue
[ Beicwee obpasosaHue

[ Het

[J HeaHauuTenbHble NposiBneHns

[J B onpepeneHHoli cteneHu

[J 3HaunTenbHble NpossneHus

[J OueHb BbipaxeHHble NposBReHUs

[ Het .1 Oa

[ Het .1 Oa
[ Het .1 Oa

[ Het .1 Oa
[ Het . Oa

|__|__| net
||| net
|__|__| curapet

[ Het . Oa
| rog

Bnarogapum Bac 3a 10, 4To Bbl cornacunucb 3anonHnTb AaHHY0 aHkeTy. [oxanyicra, npocmMoTpuTe elle pa3 3anofHeHHbIe
CTpaHuLbl, TaK Kak, BO3MOXHO, Kakme-To MyHKTbl ocTanuck 6e3 oTeeTa.

Ecnu y Bac ecTb Bonpochl, noxanyincra, obpaTutech 3a NOMOLLbIO K HALWMM COTPYAHUKaM, KOTOPbIM HY>XHO nepegavite 3anofHEHHYIO
aHkeTy. Mbl ¢ 6narofapHocTbio yuTeM Baluy 3amevanns u noxenaHusi, kacatoLmecsi COAepKaHUs aHKeTbl.
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INFORMATION CONCERNING PARTICIPATION IN A SCIENTIFIC STUDY:

Project title: Health problems in miners exposed to vibration in cold climate
Vibrating tools and vehicles can cause health problems in workers. Reduced blood circulation
and nerve function, as well as problems in the musculoskeletal system are associated with
vibration in the work place. More knowledge is required on the relationship between the
exposure to vibration (type, intensity and effect), cold climate and health problems. This can
provide better basis for preventive measures. We want to conduct a joint Norwegian-Russian
project in Kirovsk. You are asked to participate in the study. The Norwegian partner must
comply with Norwegian standards for medical research. In order to use individual medical
information for scientific purpose, we need your informed consent. This means: if you agree
that data (made anonymous) from your examination is used in the project described, please
sign this paper.
The participating partners and coordinators are:

e Kola Research Laboratory for Occupational Health in Kirovsk (dr L Talykova)

e Dept of Occupational and Environmental Medicine, University Hospital North

Norway (dr M Skandfer +47 77 62 65 55)

In the first half of 2007 workers exposed from vibration will be routinely examined (general
health and examination including sensory and circulatory function in fingers) at the Research
Lab in Kirovsk, which has selected the group to be included in the study and will also
distribute and collect the letters of informed consent. Data for the study will be collected from
the medical records, and data from corresponding temperature and vibration exposure
situations at the work places will also be collected. The project is intended to last five years,
ending in 2012. The examination itself is harmless, painless and without discomfort. Data will
be stored in archives in Kola Research Laboratory for Occupational Health in Kirovsk. Personal
medical data will be identified by numbers. Such data may also be computed abroad, but will
be archived there beyond 2017, when they only will be archived in Kirovsk. The results will
be published in scientific papers. The researchers are working under full medical
confidentiality. Only your doctor in Kirovsk can link the code to your person.
Participation in the project is voluntary. You may withdraw your registrated data from the
study until the data have been processed in 2009. Data can not be removed from the clinic
medical records. Reserving yourself from participation will not have any negative
consequences regarding your routine medical examination, treatment or employment. Only
the Norwegian and Kirovsk project coordinators will know your response to this letter,
treating it with confidentiality. Clinical results will be communicated to each participant, with
the purpose of improving the health of each participant. The participants will be informed on
the results of the study.

The plans have been approved by the Regional Committee for Medical Research Ethics,
North Norway and are funded by the Barents Secretariat, Troms Fylke/Oblast, and The
Norwegian Science Board. If you accept to be included in the study, please sign below, and
return the paper to the Kola Research Laboratory for Occupational Health in Kirovsk as soon
as possible. You can also get more information there.

Declaration of consent:

I have received and read the information on the project. On this basis, I allow the researchers
to include data from my medical records and corresponding vibration measurements in the
project.

Place Date Name Signature
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MHQCEHMIEMOHﬂoe oMCeMO-—IIpUIJIAlleHNMEe K y4YacCTMUMIO B HAY4YHOM MCCIJIeOOBAHUM

HasBaume npoexkrTa: I[pobisieMbl 3LO0POBLS Yy WMAXTEPOB, BOSHMKAKIME B CBSI3M C BUOPALMSIMU
B YCJIOBMSAX XOJIOHA

CneumasibHBlE MHCTPYMEHTH M I[IPMCIOCOOJIEHMS B TOPHONOOBBAlE) IPOMBIIJIEHHOCTHU
MOT'YT SBUTBCH IIPUUMHOM NPOodeCCHOHAJIbHHX 3aboJieBaHMM WaXTepoB.

[IpoBJieMbl CEPHOEeUHO-COCYIMCTOM ¥ HEPBHOM CUCTEMH, TakK Xe KkKaK OQYyHKLUMM OIOPHO-
IOIBMTATEIBHOTO aNlapaTa, acCCoOUMMPYITCHS C BUOPALMOHHEIM BO3IOEMCTBUEM B YCJOBMAX
TOpHOIOOHBAKIIEN OTpachau. HeobxommuMmo ©OoJjee TIyDokoe IOHMMaHME O B3aMMOCBSA3M MexXIy
BMOPALMOHHEM  B3aMMOIENCTBUEM, XOJIOOHEIM  KJIMMAaTOM M  BO3MOXHEIMM HOpoOJjieMaMy  CO
300pOBbeM. Bce 53TO DOCHOCOOCTBYET CO3IaHMIO KOMIJIEKCa NPOQMIIaKTUMUECKMX Mep C LeJibo
npenynpexneHmns pPa3sBUTUA BEPOSTHEIX OCJIOXHEHUMN BhHIlIEyKa3aHHEIX npodeccroHaJlbHEIX
BpPEeOHOCTEN.

Mel  npenjiaraeM IIPOBECTM  COBMECTHEIM HOPBEXCKO-POCCUMCKMM IIPOEKT B  Iopole
Kuposck, M HOpuIviallaeM Bac NPMHATE ydacTHE B BTOM MCCJEOOBaHUM.

OeMicTBMS 110 [NPOBELNEeHUI0 MCCJIeOOBaHMSA CO CTOPOHBL HOPBEXCKMUX CIEUMaJIMCTOB IOJDKHEL
COOTBETCTBOBATH HOPBEXCKMUM CTaHmapTaM. UTOoOk MCIIOJIb30BAaTh VHIOVBUIOYaJlb HElE
MeIMUVMHCKME IaHHBIE B HAyUYHBIX LeJax, HaM HeoOxXoOuMMmoO Bame corjacue Ha [IoJiydeHHue
yHbOpMaUMM. 32TO 3HAUMT: e€CiM Bel corJiacHbl, dYTOOB IaHHEE Bamero obcjenoBaHUsA (B3ATHE
QHOHMMHO) OBUJIM MCIOJIB30BaHEl B ONMCaHHOM IIPOeKTe, [oXajlyyucTa, NOOOIMIMTE STOT
IOOKYMEHT.

Y4aCcTHMKM [IpOeKTa:

- Koja nabopaTopusa MCCIJIeOOBaHMA NPOPECCUMOHAJIbBHOTO 3I0POBbSA B I'. Kuporck (Ip.
JI. TaneikoBa)

- Kabdempa mnpodeccmoHaANBHOTO M DSKOJOIMUECKOTO 3I0POBbS IIPHU YVHUBEPCUTETCKOM
BonbHulle CeBepHOM HopBerum (Op. M.Cxaumbep, +47 77 62 65 55).

B neppon nojsoBuHe 2007 roma padoume, [OIBEPXEHHEE BUOPALMOHHOMY BO3IEMCTBUIO,
BbynyT o6cJyienoBaHbl B KJMHMKE B OOBYHOM IMopsanke (oLeHKa ofmero COCTOSHMS 3I0POBbLS,
BKJIOUAKIAas OLEHKY aHIMO-HEBPOJIOTMYECKOTO CTaTycCa) B MCCJIEeNOBaTEeJIbCKOM JabopaTopumn
r. Kwmporcka, koTopasd oTobOpajla TIpynny JOOeM 5IOJd MCCJIemoBaHMA, a Tak xe Oyner
PacOpoCTPaHATE M COOMpaTh NOATBEPXIEHHBE MHOOPMALMOHHBE JIMCTH .

IaHHEIe OynyT coOpaHbBl M3 MeOIMLIMHCKMX KapT, a Tak Xe OymeT cobpaHa uHOopMaumsa O
TEeMIEPATYPHBEIX YyCJOBUAX, OGakTopax pHUCKa ¥ BUOPALUMOHHOM BO3IEMCTBMM Ha OpPITaHMU3M
yeJjioBeka B YCJOBMAX pabouel cpensl. IlIpoekT OyIneT NPOBOAMTBCA B TedueHMe 5 JeT,
3akaHuMBaschk B 2012 romy. Camo ob6ciemoBaHme SBJISIeTCs Oe30MacHEM, 06e360JI€3HEHHEM U
He NPUYMHSOIUM OUCKOMPOPT.

IaHHEIE OynyT XPaHUTbCHA B apxuBax B Koma JabopaTopun MCCJIeNOBaHUA
npobeccmoHalpbHOTO 3I0POBbA B Kuporcke. JlaHHEIe oOCjHenmoBaHusa OynyT oOpabaTelBaTbCsa U
xpaHuTeca no 2017 rToma B Kupomcke, wu mnocye 2017 ©. B 1. Tpomce (Hopeerwusa).
PesynbTaTE OyOyT ONyOJIMKOBAHEL B MEXIYHAPOINHBIX HayUHHX M3OaHUAX. JccrnemoBaTenu OyOyT
paboTaTs kKOHOMIeHLUMAaNIBHO. TOJIBKO Bpau OyIeT paclhojaraTtTh MHbOopMaumel o BalMx JIMUHEIX
IOAHHBIX .

YyacTMe B [OpPOEKTe HBJSAeTCd »OOPOBOJIBHEIM. BE mMMeeTe @IpaBO OTKasaTbCa OT
VCCJIenoOBaHUsA, IMpPexne ueM IaHHele OynyT obpaboranu B 2009 rTomy. OTkas oT ydyacTus HEe
Byner MMEeThb HMKAKUX HeT'aTUBHBIX IIOCJIEenCTBUM, Kacapmmxcsa Bamero IIJIaHOBOT'O
obcylenoBaHMs, JedeHMS U TPyIOyCTpOMCTBa. Baml oOTBeT Ha HDaHHOe OUCbMO OyIOyT 3HAThb
JIMIIE HOPBEXCKUM U KUPOBCKUNM KOOPIMHATOPE IIPOEeKTa, M OHUM 0043ylTCH IepXaTb €TI0 B
cTpoxaMmeM CcekKpeTe. PesynbTaTe oOCJaenoBaHusa OynyT OOCYXIHAaTbCsa MHIMBMAYAJIBHO C
KaXIEM YyYaCTHMKOM C LeJIb0 YJydlleHUS €TI0 3IOOPOBbH.

[lpoexT Owvl OnobpeH PermMoHaJNbHEIM JITuueckuM KommreroMm B CeBepHOM Hopeeruwu,
OCHOBAHHEIM BapeHUeBeM CekpeTapmaToMm (objnacTts Tpomc dwonbke), u HopBexckum HaydHEM
CoBeToM. Ecyam BH COIVIACHE y4YaCTBOBATb B MCCJENOBAaHMUM, IOXaJlyMCcTa, NOINMIIMTECH BHUBY
VI  BEPHUTE 3TO IIOOTBEPXIEHNKE o) corjlacum B Koma  nabopaTopMuio  MCCIEeOOBaHUSA
npobeccrmoHalIBbHOTO 3IOOPOBbSA KakK MOXHO OrvlcTpee. Tam xe Bel MOXeTe NOJydMTh OoJblie
nHdopMaL U .

[logTBEepXOeHMEe COIJIaCHA:
A monyumi (a) m npoumTal (a) mMHbOopmMaumio O npoekTe. Ha OCHOBe 3TOTO, £ Akl paspeleHue

MCCJIegOoBaTEeNAM BKJIOUMTL B I[IPOEKT INaHHBEE M3 MOEM MEeIMUMHCKOMN KapTH M COOTBETCTBYIIME
V3MepeHus BUOPALMOHHOTO BO3IEMCTBUS.

[Toonuce
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