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The present research is vital as it will allow increasing safety of working conditions for workers employed at railway 

transport due to reducing impacts exerted by occupational risk factors.  
Our research goal was to perform comparative analysis of requirements to labor protection provided for railway workers. 
Our research was performed via non-systemic analysis of literature that involved searching through Elibrary, Pubmed 

and Cochrane databases as per certain key words. 
As a result, we showed that railway traffic involved exposure to numerous occupational risk factors; due to it, a sig-

nificant number of workplaces, including those of enginemen and other railway workers, belonged to the 3rd (adverse) haz-
ard category. Basic occupational risk factors included noise and vibration; psychoemotional loads borne by engine team 
workers and traffic controllers; exposure to industrial aerosols; electromagnetic irradiation; fluctuations in microclimatic 
parameters in engines’ cabs. All these occupational factors influence not only workers who are directly employed at railways 
but also people who live in close proximity to them. Therefore, in most countries there is legislative basis on health protec-
tion for people who may be exposed to occupational factors related to railway traffic. Our analysis revealed that in general 
the existing legislation in Russia corresponded to foreign one. Bases for harmonization of the domestic legislation with for-
eign one are fixed by the Federal Law issued on December 27, 2002 No. 184-FZ “On technical regulation”.  

Harmonization of domestic and foreign legislation on reducing total exposure to occupational risk factors allows pre-
serving long-term working ability and preventing work-related diseases. 

Key words: occupational risk factors, railway transport, preventive medicine, engine team, health protection, noise, 
vibration, microclimate, electromagnetic irradiation.  
 

 
 Modern economy can’t develop without 

railways since they are among the largest pas-
senger and cargo transporters. Railways have 
made a substantial contribution into prospering 

economy in many countries and are among the 
most beneficial means of transport that can be 
used regardless of a season and weather condi-
tions. Low transportation costs are their great-
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est advantage since they are approximately 3 
times lower than motor transport ones. Rail-
way transport is a relatively energy-efficient 
mean of transportation [1]. 

At the same time, railway traffic involves 
several occupational risk factors; due to them 
significant number of workplaces including 
those of engine team workers and other rail-
way-related occupations belong to the third 
hazard category, class 3.1 and 3.2 [2]. Most 
common adverse factors are noise, vibration, 
psychoemotional loads borne by engine team 
workers and traffic controllers, exposure to 
occupational aerosols, predominantly chemi-
cal ones, electromagnetic radiation, changing 
microclimatic parameters in engine cabins, 
etc.1 [3].  

All the above-mentioned occupational 
factors exert their influence not only on people 
who directly work at railways but also on peo-
ple who live in close proximity to them. 
Therefore, there are health protection pro-
grams in most countries in the world that are 
to protect health of people who can in this or 
that way be exposed to railways-related occu-
pational factors. Such programs are aimed at 
reducing occupationally induced damage to 
health of workers and/or people who live in 
close proximity to railways. However, given 
common goals, there are discrepancies in ap-
proaches accepted in different countries re-
garding both control over exposure to railway-
related occupational factors and prevention of 
their negative effects. 

Our research goal was to perform 
comparative examination of world experi-
ence in regulating occupationally-induced 
effects produced by railways on a human 
body. Publications on the chosen subject are 

reviewed sequentially for different occupa-
tional risk factors. 

Data and methods. We performed non-
systemic analysis of literature using Elibrary, 
Pubmed and Cochrane databases via searching 
keywords either in Russian or English. Search 
depth was not preset; our chosen keywords 
were railways and railway transport, as well 
as occupational risk factors (noise, vibration, 
electromagnetic radiation, and microclimate). 
Morphologic changes in a word base or use of 
a synonym were allowed. We included only 
full-text articles into our review. In case au-
thors published several similar works, we took 
only the latest one. 

Results and discussion. Noise. «Acous-
tics–Estimation of noise-induced hearing 
loss»2, ISO 1999:2013 standard, is a basic in-
ternational document that determines recom-
mended noise exposure for workers; it was last 
reviewed in 2018 and therefore is still valid. It 
was issued to replace ISO 1999:1990 «Acous-
tics–Determination of occupational noise ex-
posure and estimation of noise-induced hear-
ing impairment»3. A similar standard that is 
valid in the RF is GOST R ISO 1999-2017 
«Acoustic. Assessing hearing loss due to ex-
posure to noise»4. The standard contains data 
on statistic correlations between exposure to 
noise and «a constant shift in hearing threshold 
caused by noise». The standard also includes 
procedures for assessing hearing loss for dif-
ferent categories of people taking their age 
into account including occupational noise-
induced hearing loss. In literature certain is-
sues are discussed that focus on a possibility to 
apply the standard for making objective as-
sessment of exposure to noise existing in an 
engine cabin [4]. 

__________________________ 
 
1 On the sanitary-epidemiologic situation in railway transport in 2018: The state report. Moscow, Rospotrebnadzor’s 

Railway Transport Office, 2019, 56 p. (in Russian). 
2 ISO 1999:2013 «Acoustics – Estimation of noise-induced hearing loss». ISO: International Organization for Standardi-

zation. Available at: https://www.iso.org/home.html (09.08.2020) (in Russian). 
3 ISO 1999:1990 «Acoustics – Determination of occupational noise exposure and estimation of noise-induced hearing 

impairment». ISO: International Organization for Standardization. Available at: https://www.iso.org/standard/6759.html 
(09.08.2020) (in Russian). 

4 GOST R ISO 1999-2017. Acoustic. Assessing hearing loss due to exposure to noise. KODEKS: an electronic fund for 
legal and reference documentation. Available at: http://docs.cntd.ru/document/1200157242 (09.08.2020) (in Russian). 
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Here we should note that occupational 
noise-induced hearing loss is detected in ap-
proximately 37 % of adult employable popu-
lation all over the world. 97 % of people who 
suffer from this disorder are males. As a rule, 
the disease develops without any symptoms 
or with very few ones. Despite there are re-
search works on the matter, occupational as-
sociations in foreign countries, as a rule, pay 
very little attention to protecting workers’ 
acoustic organs [5]. For example, in the USA 
up to 10 % age-related hearing problems are 
considered to be caused by exposure to noise 
[6]. Sensorineural hearing loss is thought to 
be the most widely spread occupationally-
induced disease among railway transport 
workers, first of all, enginemen and their as-
sistants [7–9]. It has been proven that exces-
sive exposure to noise does not only result in 
hearing loss in future but also leads to mis-
takes during work being much more probable. 
And such mistakes can even result in pre-
emergency or emergency [10].  

Basically noise caused by trains and their 
movement is related to overall feeling of un-
ease, discomfort, and irritation that are de-
tected both in railway workers and people liv-
ing in close proximity to it [11]. Apart from 
hearing disorders, exposure to noise increases 
risks of cardiovascular diseases, neurological 
diseases, and gastric diseases [12, 13]. A per-
son who is exposed to loud noise can’t con-
centrate properly, gets tired rapidly, and con-
sumes more calories with food [14, 15].   

We should note that most research works 
that were accomplished in western countries 
and focused on impacts exerted by noise on 
health dealt with this problem among musi-
cians, builders, and agricultural workers [16]. 
In the RF, workers employed by «Russian 
Railways» PLC account for approximately 
1 % of the total employed population; build-
ers, 7.3 %; agricultural workers, 5.8 % (as per 
data taken from rzd.ru and gsk.ru web-sites 
on August 09, 2020).   

In the RF, Rospotrebnadzor is a compe-
tent organization responsible for assessing ex-
posure to occupational risk factors [17]. The 

existing regulatory documents fix maximum 
permissible noise level (MPL) at 80 dBA.  

Meanwhile, exposure to noise in an en-
gine cabin can reach 92 dB even in devel-
oped countries and it is louder than a gun-
shot (87–89 dB). The authors of the cited 
study recommend using protective equip-
ment for enginemen’s acoustic organs [18]. 
Over recent years, there is a trend in devel-
oped countries for resolving noise-related 
issues via engine park modernization. New 
engines are constructed with up-to-date sus-
pension, sound insulation systems, etc. In the 
Western Europe special attention is paid to 
assessing technical condition of any vehicle, 
including noise it makes [19]. Therefore, at-
tention is paid to examining noise genera-
tion, noise sources detection, noise suppres-
sion and insulation, etc. [20]. A study per-
formed in Norway in 2013 initially didn’t 
reveal more frequent hearing loss in modern 
engine drivers in comparison with people 
from other occupational groups [21]. How-
ever, later the authors showed that there was 
significant hearing loss among engine team 
workers older than 45 in comparison with 
people from other occupational groups; this 
loss was detected for 3–5 kHz frequencies 
and 3–5 dB intensity [22].   

In a research work accomplished in the 
USA, it was detected that noise level in an 
engine cabin depended on a year an engine 
was put into operation, its technical condi-
tion, as well as an engine type (electric, die-
sel, etc.) [23]. In Canada noise levels in en-
gine cabins were measured for different 
railway routes. It was shown that in summer 
average noise level (88 dB) was higher than 
in winter (84 dB). Noise level was higher 
than 85 dB in 59 % of all examined cabins 
and it was even higher than 90 dB in 13 % 
[24]. We should note that recently impacts 
on engine team workers’ health under dis-
cussion have not been only those exerted by 
highly intense sounds but also infrasound 
and the role the latter plays in health disor-
ders is extremely difficult to examine [25]. 
Besides, railway landscapes also exert their 
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influence on occurrence of diseases that are 
caused by railways noise. Thus, tunnels 
make hearing loss occurrence more probable. 
Another issue being discussed at the moment 
is probable impacts exerted on enginemen’s 
health by noise shields [26]. 

We should note that engine park is also 
being modernized in the RF at the moment. 
A number of engine cabins with conditions 
inside them being unfavorable as per noise 
is decreasing but still engine park moderni-
zation is far from being completed5. Be-
sides, «Russian Railways» PLC also uses 
retro-trains and their engines can’t be mod-
ernized.   

Foreign authors tend to consider exposure 
to noise as a basic factor causing diseases not 
only among railway workers but also people 
who live or work in close proximity to rail-
ways [27–31]. For example in Norway hearing 
loss was detected among people who directly 
maintained railway beds [32]. A retrospect 
study on railway workers’ audiograms per-
formed in the USA and Europe revealed that 
63 % workers were regularly exposed to noise 
equal to 75–90 dB. 31 % people who are ex-
posed to such noise levels suffer from hearing 
loss in future within 4 kHz range, and men 
tend to have such disorders more frequently 
than women [33]. 

In our opinion, regulation over effects 
produced by noise on railway workers requires 
further development. First of all, it is neces-
sary to take into account duration of exposure 
during working hours and rest. Besides, at pre-
sent impacts exerted by noise are being exam-
ined in standardized conditions. Meanwhile, 
railway bed condition, tunnels, and construc-
tions located in close proximity to railways as 
well as some other factors can change parame-

ters of exposure to noise. Therefore, it is nec-
essary to develop procedures for assessing ex-
posure to noise during switching and line 
movement.   

Vibration. On international level, impacts 
exerted by vibration on a human body are de-
termined in accordance with ISO 2631-1: 
19976, the similar document that is valid in the 
RF is GOST 31191.1-2004 (ISO 2631-1: 
1997) «Vibration and shock. Measuring 
overall vibration and assessing its effects on 
a human body»7. However, contemporary 
research works reveal that this standard does 
not fully take into account overall impacts 
exerted by vibration on a human body espe-
cially when this vibration is related to spatial 
moving [34].  

Standardized vibration MPL is 112 (Zо) -
115 (XоYo) dB. Up to 12 % of engine cabins 
in the RF do not correspond to hygienic stan-
dards as per vibration; and here vibration ex-
ceeds MPL by 2 times in 87 % cases and by  
2–3 times in 30 % cases [35]. Given excessive 
noise and vibration, working conditions at 
most enginemen’s workplaces belong to 3.1 
and 3.2 hazard categories [36]. Meanwhile, 
there are practically no studies accomplished 
in developed countries that would focus on 
examining vibration levels in an engine cabin. 
Exposure to vibration for an engineman is be-
lieved to be reduced via a specifically de-
signed seat with proper ergonomics and vibra-
tion-absorbing elements [37]. However, a 
small comparative study didn’t reveal any sig-
nificant influence exerted by technical mod-
ernization on how workers subjectively per-
ceived effects produced by vibration on their 
bodies [38]. At the same time it was shown 
that non-optimal ergonomics at a workplace 
did not only caused higher risks that the vibra-

__________________________ 
 
5 Yu.V. Pronnikov. Updating vibroacoustic calculation procedures and engine cabins design: Abstract of the thesis … for 

the Candidate of Technical Sciences degree. Rostov-na-Donu, 2012, 18 p. (in Russian). 
6 ISO 2631-1:1997. Mechanical vibration and shock — Evaluation of human exposure to whole-body vibration – 

Part 1: General requirements. ISO: International Organization for Standardization. Available at: https://www.
iso.org/ru/standard/7612.html (09.08.2020) (in Russian). 

7 GOST 31191.1-2004 (ISO 2631-1:1997). Vibration and shock. Measuring overall vibration and assessing its effects on 
a human body. KODEKS: an electronic fund for legal and reference documentation. Available at: http://docs.cntd.ru/docu-
ment/1200060904 (09.08.2020) (in Russian).  
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tion disease might occur but also resulted in 
greater number of complaints from enginemen 
about pains in the neck, lumbar spine, etc. 
[39]. Excessive vibration can also lead to 
overall health deterioration [40]. 

However, vibration level in an engine 
cabin depends not only on its design but also 
railway bed condition and engine speed (meas-
urements taken in the same engine cabin under 
different movement modes can yield different 
results). It was proven that when speed ex-
ceeded 70 km/hour, most technical devices that 
should absorb vibration do not accomplish their 
task completely [41]. Besides, vibration in an 
engine cabin can also depend on a train length, 
its overall mass, and some other external factors 
[42, 43]. Exposure to vibration also changes 
depending on a posture an engineman has to 
maintain (sitting or standing) [44]. 

There are also data on long-term exposure 
to vibration, even within MPL limits, can re-
sult in occupationally-induced vitamin D and 
testosterone deficiency in enginemen [45, 46]. 
Such hormonal disorders may be an additional 
risk factor that causes occurrence or more 
rapid development of cardiovascular diseases 
among engine team workers [47]. Recently it 
has been reported that vibration produces cer-
tain effects on the cardiac muscle contracti-
bility regardless of other risk factors being 
present or absent. These effects can be medi-
ated via the autonomous nervous system [47]. 
When vibration in an engine cabin was mod-
eled in laboratory conditions, it was accompa-
nied with the sympathetic nervous system ac-
tivation that resulted in drowsiness [48]. 

Elevated risks of pains in the lumbar 
spine, neck, and knee were detected for work-

ers who maintained railway beds; these risks 
were related to vibration caused by moving 
trains [49]. Another issue under discussion is 
a possibility that vibration might influence 
passengers’ health [50]. 

Besides, vibration that occurs due to train 
movement can influence proper operation of 
seismological stations or stability of capital 
constructions located in close proximity to 
railways [51, 52].  

We should note that regulation over im-
pacts exerted by vibration on an engineman 
both in Russia and abroad involves using stan-
dardized conditions. As it is clear from the 
data given above, actual conditions in which 
engines are used can yield different results. 
Besides, duration of exposure to vibration has 
great significance even if this vibration is 
within MPL limits. This fact should also be 
taken into account in future studies and in de-
veloping new standards.  

Electromagnetic exposure. Standards 
for safe electromagnetic exposure for a hu-
man body differ greatly in different coun-
tries. In the RF electromagnetic radiation 
produced by railways is regulated by re-
quirements fixed in the SER 2.2.4.3359-16 
«Sanitary-epidemiologic requirements to physi-
cal factors at workplaces»8, SER 2.2.4.1191-03 
«Electromagnetic fields at workplaces»9, 
SNR 2971-84 «Sanitary norms and rules for 
protecting population from exposure to elec-
tromagnetic fields created by air transmis-
sion lines that transmit alternating current 
with industrial frequency»10 and GOST 
12.1.045-84 «Electrostatic fields. Permissi-
ble levels at workplaces and requirements to 
control activities»11. Besides, it is necessary 

__________________________ 
 
8 SER 2.2.4.3359-16. Sanitary-epidemiologic requirements to physical factors at workplaces. KODEKS: an elec-

tronic fund for legal and reference documentation. Available at: http://docs.cntd.ru/document/420362948 (09.08. 2020) 
(in Russian). 

9 SER 2.2.4.1191-03. Sanitary-epidemiologic requirements to physical factors at workplaces. KODEKS: an electronic 
fund for legal and reference documentation. Available at: http://docs.cntd.ru/document/901853847 (09.08.2020) (in Russian). 

10 SNR 2971-84. Sanitary norms and rules for protecting population from exposure to electromagnetic fields created 
by air transmission lines that transmit alternating current with industrial frequency. KODEKS: an electronic fund for legal 
and reference documentation. Available at: http://docs.cntd.ru/document/5200214 (09.08.2020) (in Russian). 

11 GOST 12.1.045-84. Electrostatic fields. Permissible levels at workplaces and requirements to control activities. KO-
DEKS: an electronic fund for legal and reference documentation. Available at: http://docs.cntd.ru/document/9051575 
(09.08.2020) (in Russian). 
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to remember that current used for railways 
electrification has different properties in dif-
ferent countries. Thus, in the RF railways are 
electrified with direct current equal to 3,000 
W and alternating current equal to 25 kW 50 
Hz and 25 kW·2 50 Hz; in Europe, direct 
current equal to 1,500 W and alternating cur-
rent equal to 15 kW 162/3 Hz; in the USA, 
alternating current equal to 11 kW 25 Hz. Cur-
rent may also have different properties de-
pending on landscape peculiarities (for exam-
ple, in pits). There is also specific electricity 
supply inside depots. All this makes it more 
difficult to perform comparative studies on 
impacts exerted by electromagnetic radiation 
on enginemen’s bodies. Besides, we should 
bear in mind that exposure to electromagnetic 
radiation depends on an engine type. 

In the RF electromagnetic field intensity, 
both as per its electric and magnetic compo-
nent, was lower than MPL at all examined en-
ginemen’s workplaces. However, older en-
gines (produced prior to 2008) tend to create 
electromagnetic fields with higher intensity 
than modern ones. We should note that greater 
electromagnetic field intensity is usually de-
tected at electrified parts of railways [53]. En-
gine park modernization that is now being per-
formed in the RF will allow decreasing elec-
tromagnetic field intensity in an engine cabin 
[54]. Similar technical solutions are also im-
plemented abroad [55]. However, existing 
MPL for electromagnetic radiation do not take 
its cumulative effects into account. Therefore, 
there is still an open issue related to long-term 
exposure to electromagnetic field and its ef-
fects on health even if parameters of this field 
are within permissible levels [56]. 

We managed to find only one work 
where the authors stated that electromagnetic 
exposure caused elevated risks of heart rate 
disorders and sudden cardiac death [57]. 

However, this study was not a multi-centered 
one, and therefore, its results seem rather 
doubtful. Besides, according to our own data, 
an engine type (electric or diesel) does not 
influence risks of sudden cardiac death for 
enginemen or their assistants [58]. There are 
also works that focus on negative effects pro-
duced by alternating current on enginemen’s 
immune system [59]. 

Another issue under discussion is influ-
ence exerted by electromagnetic fields on 
train passengers, railway bed repairmen, 
and people living in close proximity to 
railways [60, 61]. There was a 31-year 
study performed in Sweden; it revealed that 
electromagnetic exposure caused by rail-
ways might have cumulative effects thus 
resulting in higher risks of Alzheimer dis-
ease, myeloid leucosis, and Hodgkin lym-
phoma both among enginemen and railway 
beds repairmen [62, 63]. It was revealed 
that railway electrification system might 
influence operation of electric appliances 
located close to railways, in particular, elec-
trocardiographs [64]. 

In our opinion, issues related to electro-
magnetic exposure being safe for engine-
men’s bodies have not been studied enough. 
It is unclear to what extent foreign experience 
in electromagnetic exposure regulation can be 
used in the RF due to currents with different 
properties used to electrify railways in our 
country and abroad. An open issue is also 
cumulative effects produced by electromag-
netic exposure. Probably, standards for total 
exposure will have to be developed in future. 

Microclimate in a cabin. Chemical fac-
tors. On international level microclimate in-
side an engine cabin is regulated by ISO 
19659-1: 201712 and ISO 19659-2: 2020 
«Heating, ventilation and air conditioning 
systems for rolling stock»13. These regulatory 

__________________________ 
 
12 ISO 19659-1:2017. Railway applications – Heating, ventilation and air conditioning systems for rolling stock – Part 1: 

Terms and definitions. ISO: International Organization for Standardization. Available at: https://www.iso.org/standard/65762.html 
(09.08.2020) (in Russian). 

13 ISO 19659-2:2020. Railway applications – Heating, ventilation and air conditioning systems for rolling stock – Part 2: 
Thermal comfort. ISO: International Organization for Standardization. Available at: https://www.iso.org/ru/standard/70232.html 
(09.08.2020) (in Russian). 
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documents are partially reflected in GOST 
33463.1-2015 «Life-support systems on rail-
way rolling stock»14. Modern engine cabins 
are specifically designed to achieve maximum 
protection from exposure to temperature fac-
tor [65]. Studies that were performed in the 
RF and focused on microclimate inside en-
gine cabins didn’t reveal any deviations from 
existing standards. But still, most questioned 
engine team workers complain about uncom-
fortable temperature conditions inside an en-
gine cabin [66]. We believe that most such 
complaints are rather subjective; still, we 
have to remember that exposure to too high or 
too low air temperature may result in lower 
working capacity, greater probability of an 
error, deterioration of engine team workers’ 
health that will involve subsequent medical 
rehabilitation [67]. 

Visual loads caused by sleeper and in-
frastructure objects flickering, light from 
signal posts, lamps, etc., changes between 
night and daytime during a trip, moving 
through tunnels, are a microclimatic factor 
that is difficult to assess. For example, it was 
proven that bright sunlight or moving into 
and out of a tunnel created additional visual 
loads [68]. It was detected that visual organs 
of engine team workers were prone to ele-
vated functional fatigue regardless of move-
ment type, switching or main-line one [69]. 
Therefore, it is recommended to use prophy-
laxis aimed at preventing visual organs dis-
eases in people who directly deal with train 
movement [70].  

Modern engines are equipped with air 
cleaning systems; therefore, according to labo-
ratory studies performed over 2012–2016, 
there was a decrease in air samples taken at 
enginemen’s workplaces that deviated from 
hygienic standards as per chemicals MPC. 
However, air inside cabins still can’t be com-
pletely purified from all the substances that 

come from outside. The most significant con-
taminants include nitrogen oxides, sulfur com-
pounds, carbon oxides, hydrocarbons, as well 
as soot [71, 72]. Air contamination becomes 
especially acute issue in closed spaces, for ex-
ample, tunnels [73]. However, total measure-
ments of major contaminants revealed that ef-
fects produced by them on passengers, railway 
workers, and enginemen were negligible. It is 
due to small concentrations of pollutants, even 
inside tunnels [74]. 

We should note that domestic regulatory 
documents fix standards for microclimate in-
side engine cabins to a greater extent than for 
microclimate inside passenger carriages, as 
opposed to foreign regulation. We didn’t man-
age to find any studies focusing on influence 
exerted by microclimate on health of passen-
ger carriage workers. Probably, future works 
in the sphere will allow developing new ap-
proaches to microclimate standardization. 

Conclusion. The Federal Law issued on 
December 27, 2002 No. 184-FZ «On technical 
regulation»15 made substantial alterations into 
legislative documents that regulated sanitary-
epidemiologic aspects of railway traffic safety 
[75]. Most Russian regulatory documents are 
now in conformity with international practices. 
Overall, we should mention that Russian au-
thors tend to pay much more attention to ex-
amining occupational risk factors and effects 
they produce on a human body whereas their 
foreign counterparts try to find solutions to 
health-related issues via various technical in-
novations. 

There are still certain unresolved issues 
that require further investigation for regulation 
system development: 

1. Most occupational risk factors are 
measured in standardized conditions. It is nec-
essary to develop procedures for their measur-
ing taking into account everyday peculiarities 
related to rolling stock operation. 

__________________________ 
 
14 GOST 33463.1-2015. Life support systems on railway rolling stock. KODEKS: an electronic fund for legal and refer-

ence documentation. Available at: http://docs.cntd.ru/document/1200133110 (09.08.2020) (in Russian). 
15 On technical regulation: The Federal Law issued on December 27, 2002 No, 184-FZ. KODEKS: an electronic fund for 

legal and reference documentation. Available at: http://docs.cntd.ru/document/901836556 (09.08.2020) (in Russian). 
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2. Exposure to occupational risk factors is 
limited with absolute values and probable ac-
cumulation of total exposure to an occupa-
tional factor is neglected. In case there is total 
exposure to a factor, time periods between 
shifts. That is, time when exposure is absent, 
are not taken into account or standardized. 

3. Probable impacts on health exerted by 
under-threshold values of occupational risk 
factors are also neglected. Such effects are 
most likely to be related to total exposure ac-
cumulation. 

4. It is necessary to further standardize 
exposure to occupational risk factors; first of 

all, in case there are no such procedures for 
them (visual loads, for example). 

We hope that further development of leg-
islative base for regulation over exposure to 
occupational risk factors and their effects on 
railway workers will allow improving their 
health and extending their active working life 
due to occupationally-induced diseases being 
successfully prevented. 
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