M.V. Kuleshova, V.A. Pankov

UDC 613.6: 061.5: 629.7
DOI: 10.21668/health.risk/2020.1.07.eng

ASSESSING OCCUPATIONAL RISKS FOR WORKERS EMPLOYED
AT HEAT-POWER ENGINEERING ENTERPRISES
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Our research goal was to assess occupational health risks and analyze whether it was possible to assess occupational risks
for workers employed at heat-power engineering enterprises applying the same procedures as those used in the our research.

Our research involved basic occupational groups of workers employed at a heat-power engineering enterprise. They
were power generating unit drivers, repairmen, and electricians responsible for electric machinery repair and maintenance.
Hygienic assessment of working conditions was performed according to the valid regulatory and methodical documents.
Occupational morbidity was analyzed on the basis of data arrays that contained data taken from Reports on occupational
diseases (intoxications). Occupational risks were assessed as per Fine Kinney risk assessment method, matrix method, and
Guide R 2.2.1766-2003; we also performed a semi-quantitative risk assessment.

Labor performed by power generating unit drivers belonged to 3.2 hazard category as per related hazards, its hard-
ness, and intensity; repairmen, 3.3 hazard category, electricians responsible for electrical machinery repair and mainte-
nance, 3.3 hazard category. Occupational morbidity among workers employed at enterprises dealing with energy production
and distribution in Irkutsk region was analyzed over 2000-2018; the analysis revealed there was a decrease in first diag-
nosed occupational diseases and the most frequent nosology was sensorineural hearing loss. Occupational risk assessment
performed as per different procedures indicates that obtained results are rather ambiguous. Semi-quantitative risk assess-
ment, Finn Kinney method, and the “Finnish” model turned out to be subjective but it is still possible to apply them provided
that it is done by highly qualified experts in the sphere of labor safety and occupational risks management. The most objec-
tive risk assessment procedure allows assessing probability of damage to health applying parameters that describe devia-
tions in adverse or hazardous occupational factors from maximum permissible concentrations and levels and a cause-and
effect relation with risk (Guide G 2.2.1766-03).

Key words: workers employed at heat-power engineering enterprises, working conditions, occupational morbidity, sen-
sorineural hearing loss, occupationally morbidity, occupational risk, risk assessment procedures, occupational risk factors.

Any labor process involves a worker be-
ing exposed to industrial (occupational) fac-
tors that can cause occupational accidents and
work-related diseases [1, 2]. As per data pro-
vided by the International Labor Organiza-
tion, work-related diseases and occupational
accidents annually result in more than 2.2
deaths [3]. More than 300 million occupa-
tional accidents and more than 150 million
occupational disease cases are registered an-
nually all over the world. At present great ef-
forts are being taken to make working condi-
tions safer for workers and a promising trend
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here is implementation of prevention activi-
ties based on occupational risks (OR) analysis
and assessment.

At present in the RF different types of OR
are controlled and accounted; they are risks
caused by injuries with various degrees of sever-
ity including those with lethal outcomes; risks of
damage to health caused by a work-related dis-
ease; risks caused by industrial accidents and
emergencies at hazardous industrial objects
[4-6]. Experts employed by federal institutions
use a procedure that ranks economic activities as
per categories of occupational risks'; the proce-
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dure is based on calculation of expenses caused
by all the detected work-related disease cases
and industrial injuries in a branch [7]. This cal-
culated parameter is an economic one in its es-
sence and is applied to determine volumes of
insurance payments; therefore, it can’t be used to
communicate work-related risks of health dam-
age to workers.

There are multiple publications on man-
aging OR; however, in order to manage risk
properly, it is necessary to assess health risks
for workers.

At present there is no unified and conven-
tional procedure for OR assessment. Given
that, various schemes and procedures for OR
assessment are applied; they all have certain
advantages and drawbacks and are used de-
pending on specific tasks to be solved and
available information’. However, it is obvious,
that efficient OR management, in an organiza-
tion, region, or a country as a whole, requires
cohort, group, and population parameters of
occupational risk that will allow ranking occu-
pations, organizations, or branches as per risk
levels [4, 8].

As it is well known, OR assessment usu-
ally involves a five-stage procedure that in-
cludes identification of hazards that result in
risks; risk assessment and risk “ranking”;
working out preventive activities; implemen-
tation of protection and preventive activities;
monitoring [9]. At the stage when hazards are
identifies, one can use legal and normative
acts, instructions, standards, reports on in-
spections aimed at checking adherence to la-
bor protection requirements, statistical data
on injuries, reviews of past accidents and in-
juries, data on occupational and qualification
properties and health of workers, monitoring
results, and other reliable information sources
[4, 5, 8—11]. OR assessment can be performed
with variable techniques and procedures, and
sometimes a combination of those is applied.
Basically, there are three groups of tech-
niques and procedures:

— statistical procedures based on deter-
mining how probable specific risks are or on
examining statistical data on risks;

— expert techniques based on collecting,
examining, and generalizing risk assessment
results;

—calculation and analytical procedures
that allow assessing a risk in case there are no
statistical data on it and obtaining a quantita-
tive assessment [5].

Use of statistical procedures allows ob-
taining the most reliable risk assessment pro-
vided that there is thorough monitoring and
reliable data. Expert techniques can be applied
practically in any activity sphere; however,
their universality can sometimes be extremely
low, especially when a risk is analyzed in a
specific situation. Calculation and analytical
procedures are the most widely spread and
simple in use.

When assessing risks, one can apply both
direct and indirect techniques; choice on them
depends on available statistical data, purposes,
and qualifications and professional skills of
personnel responsible for labor protection. Di-
rect quantitative risk assessment is possible
only in a case when there are accumulated data
on occupational injuries and their gravity.
However, in real life conditions data on health
damage are frequently either insufficient or
unavailable. Should there be not enough data
for statistical analysis, we should use direct
qualitative assessment based on analysis that
takes into account scores given to working
conditions by experts or assessment teams.
Some direct techniques for risk assessment are
Fine-Kinney method; a technique applying
weighing coefficients; a matrix method when
ranking parameters related to gravity and
probability are given in a matrix; Monte-Carlo
modeling and Bayesian technique that apply
mathematical tools of probability theory. Indi-
rect techniques for health risk assessment ap-
ply parameters that characterize deviations in
existing parameters from their standard values

2 GOST R 12.0.010-2009. The system of occupational safety standards (SOSS). Systems for labor protection manage-
ment. Hazard determination and risk assessment. KODEKS: the electronic fund for legal and reference information. Available

at: http://docs.cntd.ru/document/1200080860 (30.11.2019).
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and have a cause-and-effect relation with risks.
Indirect techniques for risk assessment are a
technique involving use of control “checklists”
that contain a list of hazards or risks; inter-
viewing; assigning risk into categories as per
categories of working conditions; analyzing
true causes of accidents; ELMERI method.

There aren’t sufficient data in literature on
how to calculate OR for workers in multiple
brunches of industry and transport [12-14],
including workers employed at heat power-
stations [15, 16].

Our research goal was to assess occupa-
tional health risks and analyze whether it was
probable to apply certain risk assessment tech-
niques to assess actual risks for workers from
basic occupational groups existing at a heat-
and-power enterprise.

Data and methods. We accomplished our
research on basic occupational groups existing
in heat-and-power engineering; chosen occu-
pations included power generating unit driv-
ers; repairmen; electricians responsible for
electric machinery repair and maintenance.

Working conditions were hygienically as-
sessed in conformity with the existing stan-
dards and procedures accepted in the RF (sani-
tary rules and standards; State Standards; me-
thodical guidelines). We examined working
conditions for workers employed at a heat-
and-power enterprise and analyzed the ob-
tained results.

Occupational morbidity was analyzed us-
ing a database containing data from Occupa-
tional diseases (intoxications) charts drawn up
over 2000-2018 in Irkutsk region’.

OR was assessed as per Fine-Kinney
method [17, 18]; matrix method [19, 20];
Guide R 2.2.1766-2003 “Assessment of occu-
pational health risks for workers™; we also
performed a semi-quantitative risk assessment
[20]. We also analyzed workers’ health as per
data obtained via periodical medical check-ups

(n=63, average age was 39.6£1.5; average
working experience was 13.6+1.5 years) and
calculated to what extent health disorders were
work-related. Our reference group was made
up of people who were not exposed to hazard-
ous occupational factors and factors related to
labor process; they were comparable with the
test group in terms of their age and length of
working experience (n=50). Authenticity of
relative risk parameters was assessed with x>
criterion.

Results and discussion. Occupational fac-
tors were examined at workplaces of power
generating unit drivers; repairmen; electri-
cians responsible for electric machinery re-
pair and maintenance. Hygienic assessment of
working conditions revealed that noise reached
88—100 dBA and it was 7-13 dBA higher than
the hygienic standard in average- and high-
frequency ranges. As workers from these occu-
pational groups didn’t have a permanent work-
place, we calculated equivalent noise levels for a
work shift. They amounted to 83 dBA for power
generating unit drivers; 93 dBA, for repairmen;
92 dBA, for electricians responsible for electric
machinery repair and maintenance.

Equipment applied at a heat-and-power
enterprise (transporters, mills, turbogenerators,
and grinders) produces not only noise, but also
overall vibration that is equal to 81-83 dB.

Microclimate at workplaces (tempera-
ture, relative humidity, and air speed) con-
formed to hygienic standards during warm
seasons. As for cold seasons, temperature de-
viated from hygienic standards during them
and was 8.0-14.0 °C; relative humidity and
air speed were within acceptable limits. [1lumi-
nation mostly conformed to hygienic standards
and amounted to 60-310 luxmeter-candela.

Ash and coal dust concentrations in work-
ing area air didn’t exceed MPC at basic work-
places and amounted to 1.05-5.90 mg/m’ and
7.1-14.3 mg/m’ accordingly.

? On improving the system for investigating and accounting occupational diseases in the Russian Federation (with
alterations and supplements): The Order by the RF Public Healthcare ministry dated May 28, 2001 No. 176. Appendix 5.

An occupational disease (intoxication) chart.

Garant.

Information and legal database. Available at:

http://base.garant.ru/4177627/c9¢989f1€999992b41b30686f0032f7d/ (30.11.2019).
4P 2.2.1766-03.0ccupational hygiene. Guide on assessing occupational health risks for workers. Organization and
methodical basics, assessment principles and criteria: Guide. Moscow, 2003, 18 p.
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Hardness of labor process for workers
with the examined occupations was deter-
mined by dynamic physical loads with pre-
dominantly used hand, arm and shoulder mus-
cles when a weight was moved from a place to
place over 1 meter (up to 7,000 kg*min); static
loads when a weight was held with two arms
(more than 70,000 kg*sec); uncomfortable
and/or fixed body pose (up to 50 % of a work
shift); body bends (more than 100 per a shift);
moving around due to necessities related to a
technological process (up to 8 km horizontally
and up to 2.5 km vertically); all these factors
ranked working conditions into 3.1 and 3.2
hazard category (hard physical labor). Labor
intensity (intellectual, sensory, and emotional
loads; monotony and working regime) were
acceptable (average labor intensity).

According to parameters characterizing
hazards, labor hardness, and labor intensity,
working conditions correspond to 3.2 hazard
category for power generating unit drivers;
3.3 hazard category, for repairmen; 3.3 hazard
category, for electricians responsible for elec-
tric machinery repair and maintenance; higher
hazard category is due to workers being ex-
posed to high noise levels.

Apart from occupational factors, working
environment, and workplace ergonomics, risk
factors can also occur due to moving machin-
ery and mechanisms, moving parts of indus-
trial equipment, surfaces of equipment and
tools, and a workplace being located high
above the ground or workshop floor.

We analyzed occupational morbidity in
Irkutsk region in “Energy production, transfer,
and distribution” over 2000-2018 and revealed
that there was a decrease in detected occupa-
tional disease cases; over recent years they
amounted to 1.7-6.9 cases per 10,000 workers
employed in the branch. We also analyzed the
structure of occupational morbidity and re-
vealed that sensorineural hearing loss was a
basic nosology detected in workers with the
examined occupations (RR =18.92, EF =95 %,
x> =16.71 for repairmen; RR = 13.16, EF =92 %,
x* =742 for electricians; RR = 28.57, EF =97 %,
x> = 16.95 for power generating unit drivers).

We calculated OR as per Fine-Kinney
method based on analyzing three factors: an
extent to which a worker was exposed to im-
pacts exerted by adverse factor at a work-
place (P), a probability of a threat to health
occurring at a workplace (V), and conse-
quences for a worker’s health and/or safety
in case such a threat comes to life (C) [14, 17].
The calculation revealed that OR for the ex-
amined workers was rather serious (substan-
tial) (R =108) and it required planning and
accomplishing activities aimed at reducing
this risk (Table 1).

Semi-quantitative risk assessment calcu-
lated as per the formula R + Q x p where Q is
a probability of a damaging event and p is
consequences, severity, or a volume of losses
[20] revealed that OR was acceptable for all
three examined occupational groups (R <40
scores) (Table 2).

Table 1
Occupational risk assessment as per Fine-Kinney method
A stage 1n assessment
Occupation A worker being | Probability of | Consequences Comments
P exposed to adverse| a threat at for a worker’s | Risk (R)
factors (P) workplace (V) | health (C)
Power generating unit Regular Very probable | Injury (TD) 108 Substantial
drivers 6 scores 6 scores 3 scores risk
Repairmen Regular Very probable | Injury (TD) 108 Subs.tantlal
6 scores 6 scores 3 scores risk
Electricians responsible . .
for electric machinery Regular Very probable | Injury (TD) 108 Subs.tantlal
: ! 6 scores 6 scores 3 scores risk
repair and maintenance
Note: TD means temporary disability.
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Table 2
Semi-quantitative occupational risk assessment
: o . Risk (R), Risk
Occupation Probability, Q Severity, p score level
. . Temporary disability
very probable
quer generating unit Very probable for less than 4 weeks 32 Acceptable
drivers 8 scores
4 scores
Temporary disability
. ry probable
Repairmen Very probable for less than 4 weeks 32 Acceptable
8 scores
4 scores
Electricians responsible Verv probable Temporary disability
: . Iy p
for electric machinery for less than 4 weeks 32 Acceptable
. . 8 scores
repair and maintenance 4 scores

We also applied a so called “Finnish” risk
management model to analyzed OR [19]; the
analysis revealed that risk index corresponded
to unacceptable risk for all the examined oc-

cupations (Table 3).
We assessed a p

tained via special assessment of working
conditions and sanitary-industrial control as
well as occupational morbidity index (ac-
cording to G 2.2.1766-03); the assessment

riori risk as per data ob-

revealed that OR taken as per working con-
ditions were average (substantial) for power
generating units drivers; and high (intoler-
able) for repairmen and electricians respon-
sible for electric machinery repair and main-
tenance (Table 4).

We calculated occupational morbidity in-
dex and revealed that risks were extremely
high for all three examined occupational
groups (Table 5).

Table 3
Occupational risk assessment as per “Finnish” model
. Frequency Hazard Risk Risk
Occupation . . o
of accidents category index criterion
quer generating unit Probable Substantial B Unacceptable
drivers B 2
Repairmen % w 2B Unacceptable
Electricians responsible _ .
for electric machinery % W 2B Unacceptable
repair and maintenance
Table 4

Working conditions and occupational risk categories

Working conditions cate-

. Occupational Urgency of activities
Occupation goy asp erO(S} 2.2.2006- risk category aimed at reducing risks
Power generating unit 3.2 (hazardous, Average (substantial) Activities aimed at re-
drivers the 2™ degree) risk ducing risks are required
. 3.3 (hazardous, High (intolerable) Urgent acj[ 1V1t1§ s aimed
Repairmen rd . at reducing risks are
the 3™ degree) risk -
required
Pl o |3 ndows, | High ottty | Uil
Y the 3" degree) risk &

repair and maintenance

required
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Table 5
Occupational morbidity index and occupational risk categories
Occupation Occupational Occupational Urgency of activities aimed
p morbidity index risk category at reducing risks
Power generating unit 0.5 Extremely high It is forbidden to start or continue
drivers ) (intolerable) risk any work before risks are reduced
Repairmen 05 Extremely high It is forbidden to start or continue
P ' (intolerable) risk any work before risks are reduced
Electr1c1qns resp(?ns1ble Extremely high It is forbidden to start or continue
for electric machinery 0.5 . - .
. . (intolerable) risk any work before risks are reduced
repair and maintenance

I

Diseases of the
eye and its
accessory
apparatus

Circulatory
system diseases

Digestive organs
diseases

Endocrine
system diseases

Power generating unit B Repairman

Respiratol

¥ Musculoskeletal
organs diseases

TUrogenital N
system diseases

system diseases

SKin diseases

a Electrician responsible for electrical

driver machinery repair and maintenance

Figure 1. Frequency of chronic common diseases revealed in workers due to periodical
medical examinations (per 100 workers)

In addition to a priori assessment of occupa-
tional risks as per working conditions, we ana-
lyzed frequency of common chronic diseases
revealed in workers due to periodical medical
examinations and assessed to what extent they
were work-related (as per Guide 2.2.1766-03).

We established that power generating
unit drivers, repairmen, and electricians re-
sponsible for electrical machinery repair and
maintenance most frequently suffered from
diseases of the musculoskeletal system and
connective tissue; most common diseases
were low-back pains, neck pains, and pains in
the thoracic spine (75.7 cases, 68.4 cases, and
85.7 cases per 100 examined workers accord-
ingly) (Figure 1).

We revealed almost complete occupa-
tional causality of these nosologies among
workers with the examined occupations
(RR=7.57, EF =87 %, x> =36.22; RR = 6.84,

ISSN (Print) 2308-1155 ISSN (Online) 2308-1163

EF =85 %, x” = 21.44; RR = 8.57, EF = 88 %,
x*=18.00 accordingly). Besides, we estab-
lished practically complete occupational cau-
sality of diseases of the eye and adnexa its ac-
cessory apparatus for repairmen and electricians
(RR =22.97, EF =96 %, x* =22.42; RR = 13.16,
EF = 92 %, y* = 7.42 accordingly). We should
note that there was also almost complete occu-
pational causality for all three occupational
groups regarding health disorders in the endo-
crine system, namely, obesity, diabetes melli-
tus, and diffuse thyroid gland enlargement
(RR =27.03, EF =96 %, x*=28.69 for re-
pairmen; RR = 14.29, EF =93 %, Xz =4.18 for
power generating unit drivers; RR =15.79,
EF =94 %, x> =10.17 for electricians). Circu-
latory system diseases were also rather widely
spread among workers from the examined oc-
cupational groups as per data obtained via pe-
riodical medical examinations; despite that,
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comparative analysis didn’t reveal any statisti-
cally significant discrepancies from the refer-
ence group as per these nosologies.
Conclusion. Therefore, our research re-
vealed that applying different procedures for
assessing OR for workers employed at a heat-
and-power enterprise yielded somewhat con-
tradictory results. OR assessment as per Fine-
Kinney method and “Finnish” model doesn’t
involve either instrumental or laboratory
measurements or clinical, physiological,
medical-biological, and epidemiologic re-
search; however, it does allow determining
whether there is a risk to get injured. Besides,
semi-quantitative OR assessment, Fine-
Kinney method, and “Finnish” model have a
serious drawback as they employ rather sub-
jective approach to occupational risk assess-
ment; at the same time, they should be given
some attention, especially provided that there
are skilled experts in labor protection and OR
management who have relevant knowledge in
specific industrial brunches. In our opinion,
the most objective procedure for assessing
occupational health risks is a procedure that

allows assessing probability of damage to
health and employs such parameters that
characterize deviation of occupational and
industrial factors (concentrations, doses, lev-
els, etc.) from hygienic standards and have a
cause-and-effect relation with risks. When
OR are calculated as per this procedures, ex-
perts take into account factor values, duration
of exposure to them, and workers’ health;
however, should there be no long-term occu-
pational morbidity in an organization, it be-
comes rather difficult to qualitatively assess
OR. Besides, OR assessment as per Guide
2.2.1766-03 doesn’t allow assessing risks of
injuries but at the same time it is quite possi-
ble to assess to what extent diseases are work-
related or occupational and it provides much
better insight into OR essence.
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