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The paper focuses on impacts exerted by occupational biological factors on railway transport workers. The
authors showed that these impacts resulted in significant social and economic losses and caused about 40 % of
overall morbidity with temporary disability. It was also proved that a basic parameter of biological safety in a
working zone was full conformity of air in it to requirements set forth by the existing standards. The authors jus-
tify the necessity to improve working conditions for railway transport workers allowing for adverse biological
impacts. The following devices were created and patented: 1) a device to disinfect air indoors, with its basic
working principle being combined influences exerted on air being disinfected, namely ionization and high fre-
quency  ultrasound  exposure  with  frequency  being  within I to 3  MHz  range;
2) a shock absorber for an elevator shaft made up of materials unsusceptible to pathogenic microorganisms. The
paper contains two variants of designed specifications for an air-disinfecting device: for small volume rooms (up to
300 m’) and for greater ones, their volume being up to 5.000 m’. If shock absorbers which we suggest are applied
instead of bio-destructive ones, it will allow to eliminate a major source of pathogenic microorganisms and mold
fungi in administrative, communal, and passenger premises. Besides, the authors showed that the developed shock
absorber was more efficient in emergency cases due to being made of materials with different density, two-layer
structure, and vertical layout of its elements. A predicted social and economic effect which we can expect due to
implementation of the proposed working conditions improvements was assessed in conformity with the guidelines
approved by the Federal Law No. 255-FL issued on December 29, 2006.

Key words: working conditions, biological factor, working conditions assessment, labor protection, risk,
occupational hygiene, railway transport, morbidity.

Social and economic development
in Russia is linked directly to the demo-
graphic situation in the country and, above
all, to the quality of the state's labor re-
sources, determined by the number, health
status and social well-being of the employ-

able population. Taking into account spe-
cial working factors of the railway industry
staff, one can say that a significant part of
them are in the risk zone of exposure to
pathogenic microorganisms (working envi-
ronment biological factor). Representatives
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How to reduce risks related to biological factor impacts on railway transport workers

of railway workers' professions are in con-
tact with media that do not meet standards
not only in terms of microbiological pa-
rameters, but also of parasitic indicators [1,
2]. The exposure to biological factor in the
railway sector, by more than 40%, deter-
mines negative dynamics of morbidity with
temporal disability (MTD).

The formal professional approach
adopted for special assessment of working
conditions (SAWC) does not allow identify
the biological factor in most of the work-
places at railway transport enterprises,
since it 1s not included in the Federal Law
"On Special Assessment of Working Con-
ditions"' and the Procedure for SAWC [3—
6]. All of the above has a negative impact
on employees’ safety, and reduces func-
tional intensity of the industry's labor pro-
tection services for ensuring personnel bio-
logical safety. So, for example, the facts of
workers diseases and deaths due to infec-
tions carriers and products of their vital ac-

tivity are completely excluded from the le-
gal framework. For a number of jobs, the
effect of pathogenic microorganisms [7-9]
has not been taken into account.

One of the most informative criteria
in assessing the cause-effect relationships
of workers' health loss and working condi-
tions is the incidence of temporal disability
(MTD). Based on Russian Federal State
Statistics Service (Rosstat) data, it’s been
proved that the cause of MTD cases among
the Russian Federation working popula-
tion, in the period between 1990 and 2016,
in 38 to 41% were the consequences of ex-
posure to pathogenic microorganisms by
airborne transmission [10, 11]. At the rail-
way industry enterprises, according to the
Central Directorate of Healthcare, a branch
of OJSC «Russian Railwaysy, this percent-
age is even higher, which is due to the in-
dustry features of working conditions.

Table 1 shows MTD analysis fig-
ures for West Siberian Railway.

Table 1

Share of the diseases per categories and ICDs, and their rank in the structure of temporal disability
among the West Siberian Railway employees

No Disease category and individual 1995 2005 2010 2017
nosological forms % Rank % Rank % Rank % Rank

; [A-R.V.I (airborne droplet 371 1 | 4334 1 | 4e2n 1 | 4062 | 1
transmission of infection)

p |Diseases of musculoskeletal 1479 | 1 | 1802 | m | 1728 | U | 1702 | 1
system and connective tissue

3 |Diseases of respiratory system 9,60 11 8,62 11 8,77 111 8,69 111

4 |Imjurics and poisoningin every- | 55y | 1y | 757 | v | ge4 | IV | 874 | IV
day life

5 |Cardiovascular diseases 571 | IV | 509 | VI | 340 | VI | 345 | VI
including:

6 |Diseases of digestive system 5,32 \% 5,74 \Y 6,15 \Y 6,11 \Y%

7 |Infections of skinand subcuta- |31 | yp | 987 | vm | 275 | vm | 265 | vo
neous tissue

8 |Other 12,05 - 8,75 - 10,3 - 12,62 -

9 Total for all diseases (in 100,0 B 1000 B 1000 B 1000 B
percent)

'O spetsial'noi otsenke uslovii truda: Federal'nyi zakon Ne 426-FZ ot 28.12.2013 g. [On a special assessment of working

conditions: Federal Law No.

426-FZ

of December 28, 2013].
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Currently, using materials that are
resistant to biodegradation, especially the
ones used for passenger cars finishing, is
topical. Materials exposed to microorgan-
isms are the medium for their growth,
which in turn leads to an increase in the
level of air bacterial contamination [12,
13].

It turned out that microorganisms
destroy a shock absorber made of foam
rubber, used as a backup protection system.
Such shock absorber is located in the bot-
tom of an elevator shaft and is necessary to
mitigate the fall of an elevator car in case
of emergency. Biodegradation of foam
rubber is accompanied by an increased
concentration of pathogenic microorgan-
isms in the air due to regular movements of
an elevator car in a shaft. The intensity of
biodegradation increases with dampness,
insufficient ventilation in an elevator shaft.

JSCo «Russian Railways» uses pas-
senger and freight-passenger elevators in
administrative and passenger buildings.
«Russian Railways» is actively involved in
equipping the passenger infrastructure fa-
cilities with elevators and lifts for low-
mobility population groups, which is dic-
tated by the state program "Accessibility"
for 2011-2020.

The purpose of this paper is to de-
velop ways to reduce risk and exposure
level to the negative biological factor in
production environment on the railway in-
dustry employees with the estimation of
predicted benefits from the proposed
methods to be introduced.

Material and methods. Viral dis-

eases of respiratory organs form a consist-
ently high level of MTD at the enterprises
of JSCo «Russian Railwaysy». Viral diseas-
es are frequently observed among the road-
lines service workers, in particular. In or-
der to ensure safe working conditions, spe-
cial attention should be paid to microbial
indices of the air in the working zones, rest
areas and common areas on site. It is nec-
essary to introduce modern decontamina-
tion and operational air quality control sys-
tems, which are permitted for use at rail-
way transport facilities. At present, there
are devices introduced that implement ul-
traviolet air disinfection technology. For
some working zones, one can use equip-
ment that functions with the combined ef-
fect of ionization and high-frequency ultra-
sound in the frequency range from 1-3
MHzZ” [14]. Ultrasonic effect makes it pos-
sible to obtain an excessively fine dis-
persed aerosol in a liquid-gas system, and
also to enhance disinfection capacity of the
device [15, 16]. Within the specified fre-
quency range, airborne ultrasound does not
have negative effect on humans [17]. The
patented device provides: high efficiency
of air disinfection for individual working
areas; absence of negative impact on the
worker's organism when used; low power
consumption, versatility from the point of
installation and connection to mains.

Table 2 presents the designed
technical specifications of the developed
device for working areas disinfection.

Results and discussion. A two-layer
shock absorber’, made of flexible elasto-
meric foam and neoprene has been

2 Shehetinin A.N., Khamanov 1.G., Latyshov D.A., Evstegneeva A.A. Ustroistvo dlya obezzarazhivaniya atmosfernogo
vozdukha v pomeshchenii: patent 150551, Rossiiskaya Federatsiya, MPK A61L 9/16 (2006.01) [Device for disinfection of at-
mospheric air in the room: patent 150551, Russian Federation MPK A61L 9/16 (2006.01)]. No. 2014115041/15; zayavl.
15.04.2014; opubl. 20.02.2015. Byul. Ne 5. Novosibirsk, SGUPS.(RU) (in Russian).

3 Shchetinin A.N., Khamanov L.G., Tokareva N.E. Amortizator dlya lifta: patent 169344, Rossiiskaya Federatsiya, MPK
V66V 5/28 (2006.01). Zayavitel' i patentoobladatel' Sibirskii gosudarstvennyi universitet putei soobshcheniya [Elevator shock
absorber: Patent 169344 Russian Federation, IPC B66B 5/28 (2006.01). Applicant and Patent holder Siberian State Transport
University] appl. 01/04/2016; publ. 15.03.2017, Bul. Ne 8, 1 p. (in Russian).
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Table 2

Specifications of the device for working areas disinfection

Device developed

N Specificati ) i-
0 pecifications For working zones For supp!y (supply and exhaqst) venti
lation systems of working
1 |Capacity, m*/hour 310 5106
2 |Power consumption, Wt 45 250
3 Frequency range of the emitted 13 1-3
ultrasound, MHz
4 |Room volume, m’ Below 300 below 5000
5 |Feeding electrical power, V/Hz 220/50 220/50
Working cycle duration
6 (work/technical break), h 6/0.5 6705
7 |Volume of water to be poured, 1 10 o 100
ionizer 711 x 660 x 457,
8 |Dimensions, mm 360 x 295 x 290 emitter 390 x 353 x353,
capacity 500 x 505 x 505
9 Welght, including water to be filled 15 below 137
in, kg
10 |Noise level, dBA 41 max 50 max

Y o e

”,
Lo I A
5 ;s £ o,

I

Figure. 1. An elevator shaft with a proposed
two-layer shock absorber: / — elevator shaft; 2
— elevator car; 3, 4 —sliding guide-ways;

5, 6 — double-layer absorber

developed. These materials, unlike the ones
used, are immune to the effects of microor-
ganisms, hence if applied it will reduce
concentration of pathogenic microorgan-
isms and mold fungi in the air in public
places of administrative, communal, and
passenger premises.

ISSN (Eng-online) 2542-2308

ISSN (Rus-print) 2308-1155

The utility model sketch is shown in
Figure 1. Characteristics of the proposed
and applied materials for shock absorber
are given in Table 3.

Such absorber is made as a three-
dimensional body consisting of different
density layers. Layers are being placed
with the possibility to be shifted relative to
each other; each layer of volumetric body
is made in the form of prismatic elements,
installed vertically. Such arrangement of
elements enables more efficient shocks ab-
sorption and bounce minimization. The
proposed absorption layers are placed in
the pit of an elevator shaft. The obtained
values of thickness and cushioning layers
area for the proposed materials do not ex-
ceed pits sizes for typical elevators shafts,
so no technical modifications will be re-
quired at installation.

The proposed shock absorber in use for
the elevator contributes to solving two prob-
lems:

ISSN (Rus-online) 2308-1163 81
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Table 3
Specifications for materials used and proposed
Materials
No Specification Polyurethane foam Flex1blef:;iitomerlc Neoprene
1 | Apparent density, kg/m’ 25-30 40-65 66200
) 112/[})(2)1du1ator of direct elasticity, 3,545 ] 10-15.5
3 |Elasticity high high high
4 | Operating temperature range | Ot —15 5o 100 °C | Ot 50 g0 105 °C Ot —55 110 90 °C
5 |Moisture resistance dgstroygd in a hu- waterproof waterproof
mid environment
6 |Combustibility combustible low-combustible low-combustible
7 | Wear resistance nondurable durable durable
o . destroyed when
8 isslrlzgep tibility to microorgan- exposed to micro- resistant resistant
organisms
Table 4
Initial data for calculating economic effect of the proposed ways to improve working conditions
Normative sali Vei)afgaennelg?t?éyee Number of temporal disability
Number of period for Y Doy cases at JSCo «Russian
Index . at JSCo «Russian . . .
employees calculating . . Railways» due to biological
: Railways» and its
average earnings branches factor, for a calendar year
Value | 756 000 people' | 7>° df}‘yl:?dar 25 th. Rub. 178 315 cases’
Notes:

' As 0f 01.01.2017, based on analysis data of labor protection status and conditions at JSCo «Russian Railways» for 2016.

(Ref.-5305 dated March 24, 2017).

? According to Part 1, Article 14, No. 255-FZ of 29.12.2006 "On Compulsory Social Insurance for Tempory Disability and

Cases related to Maternity"*.

3 According to the Central Directorate of Healthcare, a branch of JSCo «Russian Railways».

- reducing the risk of biological factor’
negative impact on workers in administra-
tive and passenger buildings by eliminating
one of the sources;

- increasing the effectiveness of backup
protection system of lifting and transport
mechanism to save people's lives in case of
elevator car falling into a shatft.

The forecasted economic component

is estimated according to the procedure
approved by the Federal Law "On
Compulsory  Social  Insurance  for
Tempory Disability and Cases related to
Maternity" dated 29.12.2006 No. 255-F*.
Economic efficiency is achieved by
reducing payments for tempory disability
due to illness with acute respiratory viral
infections (A.R.V.I). The initial data for

4 Ob obyazatelnom sotsial'nom strakhovanii na sluchai vremennoi netrudosposobnosti i v svyazi s materinstvom:
Federal'nyi zakon Ne 255-FZ ot 29.12.2006 g. [On Compulsory Social Insurance for Tempory Disability and Cases related to

Maternity: Federal Law ddt. 29.12.2006, No.

255-FZ].

Konsul'tantPlyus. ~ Available at:

http://www.con-

sultant.ru/document/cons doc LAW 64871/ (18.02.2018) (in Russian).
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calculations are given in Table 4.

The daily average earnings E; . is
determined according to Part 3, Article 14,
No. 255-FZ of 29.12.2006 *:

g - S earnings
da 730
where S earnings is the sum of a worker’s
earnings for a settlement period (during
recent 730 calendar days).

The daily allowance for temporal
disability A4 1s determined according to
Part 4, Article 14, No. 255-FZ of
29.12.2006":

DAt.d.:Seamings Pa.e. (2)
where P,. is the percentage of average
earnings, depending on a worker’s
employment period.

The percentage of average earnings is
calculated depending on a worker’s
employment period and makes, in
accordance with Part 1, Article 7 No. 255-
FZ of December 29, 2006 *:

—100 % of the average earnings with
an insurance period of 8 years or more;

— 80 % of the average earnings with an
insurance period from 5 to 8 years;

— 60 % of the average earnings with an
insurance period of up to 5 years.

To calculate the daily allowance, the
value of 80% of the average earnings is
taken.

The amount for temporal disability
allowance A4 is determined in accordance
with the Part 5, Article 14 No. 255-FZ of
29.12.2006*

Ara=DAd Dig, (3)
where D, 4 — the days of temporal disability
according to a sick leave. For calculations,
7 days are taken as temporal disability
period due to biological factor.

The calculation results are given in
Table 5.

In accordance with the current legisla-
tion, payment of temporal disability allow-
ances 1s made from the funds of the Rus-
sian Federation Social Insurance Fund
(SIF) and at the expense of an employer.
The first three days of a sick leave, in case
of correct filling and registration, are paid
by an employer, the rest days — from SIF.
Taking into account the accepted condition
(7 days are taken as temporal disability pe-
riod due to biological factor), we will de-
scribe the distribution of a financial burden
of paying allowances due to temporal disa-
bility between SIF and JSCo «Russian
Railways» in Figure 2.

As a result of a set of activities to re-
duce exposure to biological factor on the
railway industry workers, MTD level due
to biological factor will decrease by 15—
35%.

Table 5

The results of calculating the average amount for temporal disability allowance
due to biological factor, at JSCo «Russian Railways»

The amount of | Total amount of temporal dis-
Average Amount of N . .
Index dail dail temporal disability | ability allowance due to bio-
Y y allowance for a | logical factor, at JSCo «Rus-
earnings allowance i ) .
single case sian Railways»
Value 01’:}3{2&]39 2 |0,65754 kRub. | 4.60278 kRub. 820 744,7157 kRub.
ISSN (Eng-online) 2542-2308 ISSN (Rus-print) 2308-1155 ISSN (Rus-online) 2308-1163 83
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351747,7353

B From SIF, kRub

B From OJSC "RZD"
funds, kRub

4689969804

Fig. 2. Distribution of temporal disability allowances’
payments to JSCo «Russian Railways» employees due
to biological factor

1000
800 -

820,745

600 4
400 -
200 4
0
Payouts, Incl. of SIF, Incl. of OISC
min. Rub min. Rub "RZD" funds,
min. Rub
B Befor implementation B After implementation

Fig.3. Forecasted economic effect of a set of activities
to improve working conditions of JSCo «Russian Rail-
ways» employees

178,315

200

133,736

100 -

ARVI, th. cases

W Befor implementation M After implementation

Fig. 4. Forecasted social effect of a set of activities to
reduce impact of biological factor for JSCo «Russian
Railways»

Figures 3 and 4 show the results of as-
sessing social and economic efficiency of
activities to reduce exposure to biological
factors of «Russian Railways» employees.

Social performance of the intro-
duced set of measures to reduce impact of
biological factor for employees of JSCo

«Russian Railwaysy:

- in reducing MTD level among
workers in the railway industry;

- in improving working conditions
(bringing the working zone air in compli-
ance with the requirements set out with the
Order No. 33n of the Ministry of Labor
ddt. 24.01.2014 and SP 2.5.1198-03") and,
as a consequence, in reducing the level of
occupational risk;

- in increasing labor performance.

It’s been proved that exposure to bio-
logical factor of the railway industry work-
ers leads to significant social and economic
losses. We confirmed that the main indica-
tor of biological safety is the compliance of
air environment with the requirements of
effective standards. We justified the neces-
sity and development of new ways to im-
prove working conditions, taking into ac-
count negative biological effects. We did
the prognostic assessment of the socio-
economic effect from the proposed meth-
ods for improving working conditions.

Conclusions. An integrated applica-
tion of the proposed methods to improve
working conditions at the railway industry
enterprises will significantly reduce risk of
the biological factor negative effect on
workers. Implementation thereof will allow
for:

- reducing MTD level;

- reducing payments for temporal dis-
ability;

- improvements in the working condi-
tions (bringing the working zone air into
compliance with the requirements set out
in the Order No. 33n of the Ministry of La-

5 Ob utverzhdenii Metodiki provedeniya spetsial'noi otsenki uslovii truda, Klassifikatora vrednykh i (ili) opasnykh proizvod-
stvennykh faktorov, formy otcheta o provedenii spetsial'noi otsenki uslovii truda i instruktsii po ee zapolneniyu (s izmeneniyami na
14 noyabrya 2016 goda): Prikaz Ministerstva truda i sotsial'noi zashchity Rossiiskoi Federatsii [On approval of the Methodology
for conducting special assessment of working conditions, the Classifier of harmful and (or) hazardous production factors, report
forms on a special assessment of working conditions and instructions for filling it (as amended on November 14, 2016): Order of
Ministry of Labor and Social Protection of Russian Federation]. KODEKS: Elektronnyi fond pravovoi i normativno-
tekhnicheskoi dokumentatsii. Available at: http://docs.cntd.ru/document/499072756 (18.02.2018) (in Russian).

84

Health Risk Analysis. 2018. no. 2


http://docs.cntd.ru/document/499072756

How to reduce risks related to biological factor impacts on railway transport workers

bor ddt. 24.01.2014 and SP 2.5.1198-03) Funding. Our research was not granted
and, as a consequence, reducing the level any sponsors' support.
of occupational risk; A conflict of interests. The authors state

- increase in labor performance by re- there is no conflict of interests.
ducing MTD level and improving working
conditions.
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