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The paper dwells on generalized analysis of morbidity which is characteristic for conductors working in
passenger carriages of locomotive-driven trains. Working conditions train conductors had to work in were ex-
amined as per results of sanitary-hygienic research on intra-carriage environment, specific working conditions
assessment, and questioning. Hazards caused by working environment factors for train conductors to a certain
extent depend on a carriage type, its technical and hygienic state, as well as on a route a train goes by.

Our research revealed that impacts exerted by various working environment factors, namely physical,
chemical, biological, and psychophysical ones, caused respiratory diseases, increased allergic reactivity,
changes in hearing sensitivity, and overall morbidity growth among people from this occupational group.

Unordered regime resulting from constant trips and unfavorable living conditions in a carriage lead to the
following diseases: varix dilatation in legs, ischemic heart disease together with primary hypertension, and
chronic rheumatic heart diseases. More precise classification of conductors' working conditions can be obtained
via a mathematical model creation as it enables precise estimation of occupational diseases probability. Such
models should be based on a relationship between diseases frequency (or probability) and working conditions as
per specific hygienic factors.

We worked out methodical guidelines on providing safe working conditions at conductors' working places
which include efficient activities aimed at prevention of hazardous impacts exerted by working environment fac-
tors. It will help to improve working conditions substantially, to preserve workers' health, and to ensure safe
passengers traffic.

Safe working conditions for conductors can be secured due to a set of activities aimed at equipping new carriages
and those afier capital repair with air-conditioning, disinfection systems, heating, ecologically clean toilets, modern fur-
nishing materials, as well as at improving sanitary and living conditions, providing comfortable uniforms, and better
regulation of work and rest regimes.

Key words: conductor, passenger carriage, working environment factor, morbidity, sanitary-hygienic re-
search, labor protection.
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Russian Railways PLC pursues a con-
sistent policy concerning labor protection;
the policy is aimed at minimizing risks for
occupational injuries and accidents and at
maintaining maximum possible safety of all
the technological processes in the company.

In 2009 Russian Railways PLC set a
technical task to manufacture a range of two-
storey passenger carriages for locomotive-
driven trains; the main purpose was to im-
plement innovative life support systems, to
achieve greater labor productivity of train
conductors, to increase constructional speed,
to lower life cycle costs per one passenger-
place, to decrease energy consumption, and
to ensure high social and economic perfor-
mance figures [3,13].

"On railways rolling stock safety" Cus-
toms Union Technical Regulations (TP TC
001/2011)1 were based on the RF Federal
law "Technical Regulations on fire safety
requirements" dated July 22, 2008 No.
123-FL (last edited on July 02, 2013)?
these regulations set forth all the require-
ments to railway rolling stock and its com-
ponents in order to ensure people's life and
health safety. But provision of safety work-
ing conditions for train conductors in-
volves working out and updating regulato-
ry-technical and methodological grounds,
sanitary-hygienic assessment of environ-
mental factors inside a carriage, and devel-
oping recommendations on working condi-
tions improvement.

It is known that carriages costs amount
to 20% of all the railways fixed assets; per-
sonnel occupied with passenger carriages
maintaining and technical support has ap-
proximately the same share among all the
railway employees; 60-80% of this car-

riages maintenance staff are women [8].

A train conductor is one of the most
widely spread occupations in railway
transport; their quantity amounts to approx-
imately 41,000 employees. But still working
conditions for these people, both in old and
modern carriages, have not been given suffi-
cient attention. Hazard caused by occupa-
tional factors for train conductors to a certain
extent depends on a carriage type, its tech-
nical and hygienic state, as well as on a route
a train goes by.

According to the existing data, impacts
exerted on workers by physical, chemical,
biological, and psychophysical occupational
factors cause respiratory diseases, increased
allergenic reactivity, changes in auditory
sensitivity, and increase in overall morbidity
among them. Female workers, beside all
that, suffer from disorders in specific female
body functions, namely gynecological dis-
eases, and complications during pregnancy
and childbirth. A train conductor occupation
belongs to a group with the highest occupa-
tional risks [5, 6, 9, 10, 12]. All the above
stated proves that a problem of providing
safe working conditions for train conductors
is truly vital.

As per research data, overall morbidity
with temporary disability among train con-
ductors is two times higher than in the
branch on average.

Impacts exerted by occupational factors
mostly depend on specificity of work tasks a
train conductor has to perform as well as on
peculiarities of labor organization and work-
ing conditions which are characteristic for
this occupation only. And here a number of
detected adverse occupational factors which
exist at conductors' workplaces can't be elim-

' On railways rolling stock safety: Customs Union Technical Regulations (TP TC 001/2011). Available at:
http://webportalsrv.gost.ru/portal/GostNews.nsf/acaf7051ec840948¢22571290059¢78{/31df4d876b7¢c282244257a3

7003¢01d3/$FILE/TR_TS 001-2011_text.pdf (07.08.2017).
?Federal law dated July 22, 2008 No. 123-FL. Available at: http:/docs.cntd.ru/document/902111644

(07.08.2017).
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inated directly by any organizational or pre-
vention activities [7, 17].

We should note that previous research
on conductors' working conditions and mor-
bidity didn't allow for properties of life sup-
port systems in up-to-date rolling stock, in-
cluding two-storey passenger carriages.

Train conductors occupation involves
constant travelling, and most conductors
have to make long trips lasting from 3 to 7
days.

Experts at Russian Railways PLC per-
form specialized working conditions assess-
ment as per established procedures in order
to provide safe working conditions for train
conductors [1,4,14-16].

We can highlight the following basic
hazardous and adverse factors related to train
conductors occupation: vibration, noise,
dustiness, adverse chemicals, luminance, un-
favorable microclimate, labor hardness and
intensity. Undoubtedly all these adverse oc-
cupational factors influence conductors'
working conditions and cause their health
deterioration [2,8,18].

Experts at Russian Scientific Research
Institute for Railway Hygiene conducted re-
search on working conditions and morbidity
of passenger carriages conductors. The re-
search results revealed that their morbidity
structure had certain peculiarities: conduc-
tors mostly suffered from respiratory organs
diseases, circulatory system diseases, muscu-
loskeletal system diseases, injuries, and al-
lergy. Those parameters were related not on-
ly to age peculiarities of the examined work-
er but also to specific factors attributable to
occupational activities of these railway
transport workers.

We also noted that working conditions
of passenger carriages conductors involved
influence exerted on their bodies by a set of
adverse occupational factors, namely overall
transport vibration, noise, cooling and heat-
ing microclimate, and high neuro-emotional
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stress. Unfavorable sanitary-hygienic work-
ing conditions of train conductors were basi-
cally caused by the following: some carriag-
es in operation were not fully equipped with
all the necessary components of life support
systems; work tasks were not automated
enough and had to be performed by hand;
carriages interior was not rationally planned
and organized; ventilation wasn't efficient;
sanitary and communal services were unsat-
isfactory; labor, rest, and nutrition regimes
were not rational.

In 2011 "Tverskoy Carriage Works"
PLC started manufacturing various proto-
types of two-storey passenger carriages in
order to conduct performance tests and to
determine sanitary and hygienic standards
for them.

Conductors' working conditions were
analyzed as per sanitary-hygienic research
data and questioning results. Tests were per-
formed in old passenger carriages. Such car-
riages weren't equipped with air condition-
ing, water and air disinfection systems, and
ecologically clean toilets; finishing and heat-
insulating materials in them were of poor
quality or even absent; the carriages didn't
conform to sanitary-hygienic, toxicological,
and fire safety requirements (Figure 1).

There was also comparative research on
working environment conditions for train
conductors, and their labor hardness and in-
tensity in one-storey old carriages (2002) and
two-storey new ones (2013). The research
results are given in Figure 2. The results of
specific working conditions assessment in the
same carriages are shown in Figure 3.

Given all the working environment
factors exerting their influence  inde-
pendently, we calculated an aggregated
risk level and applied a model incorporat-
ing scores of working environment and la-
bor hardness (Figure 4).
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Figure 2. Description of working environment conditions, and labor hardness
and intensity for train conductors

Note: here and in Fig. 3 conventions:

OcB  — luminance (meter-candela); Ap — dynamic work (kg x m);

Mk  —microclimate (0C, %, m/sec); Cru - static load (kg x sec);

11} —noise (dB); Pn  — working posture (%);

B — vibration (Hz); Mr —maximum load (kg);

amn  — electromagnetic fields (W/m2); Ha¢ - analyzing functions strain (h);

Hu  —ionizing radiation (Bg/kg); Bu —attention overload (h);

X¢  —chemical factors (mg/m3); IIc —density of perceived and processed signals (per 1
h);

06 —negative biological factors (CFU/m3); On — working memory volume;;

PrCm — working regime, working shifts sequence and 9u  — emotional stress (risk degree);

duration (h); HUu - intellectual strain;

PrIl — working regime, breaks during a shift (min); M  — work and working environment monotony

(quantity per a shift).
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Figure 3. Specific assessment of working conditions for passenger carriages conductors
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Figure 4. Occupational factors safety for passenger carriages conductors

Though all the scores given to the ex-
amined occupational factors correspond to
acceptable working conditions category, an
aggregated risk level is still rather high. So,
the applied calculation model confirms that
it is necessary to adopt a complex approach
to occupational risk analysis as it allows to
assess influence exerted on health simulta-
neously by several occupational factors.

Our paper also contains an aggregated
analysis of passenger carriage conductors
morbidity.

Morbidity with temporary disability
amounts to 113.1 cases and 1,505.8 days
per 100 conductors. Morbidity parameter
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related to taking care after a sick family
member amounts to 13.4 cases per 100
workers; sick leaves related to childbirth
are 15.3 cases per 100 workers. Overall
morbidity with temporary disability among
train conductors is two times higher than
the same parameter in the branch as a
whole. 89% of all morbidity cases belong
to 7 basic nosologies: respiratory organs
diseases, circulatory system diseases, nerv-
ous system and sense organs diseases,
musculoskeletal system diseases, digestive
organs diseases, and injuries.

Respiratory organs diseases among
train conductors account for 56% of all the
morbidity cases, and their share is the big-
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gest. Respiratory organs diseases cause
more than a half of temporary disability
cases; they are mostly acute respiratory
diseases, rhinitis, bronchitis, and pneumo-
nia; it is obviously related to influence ex-
erted by hazardous temperature differ-
ences, especially during a cold season
when train conductors have to exit from a
warm carriage onto a platform. It all indi-
cates that working conditions for train con-
ductors need to be improved. Besides, res-
piratory organs diseases among train con-
ductors cause loss of occupational fitness
due to poor health authentically more fre-
quently (by 12.5%) in comparison with
other railway workers. Most frequent dis-
eases here are bronchial asthma and other
recurrent bronchial-lungs system diseases
caused by high bacterial contamination of
the air inside a carriage, various chemicals
contents in it, as well as by unfavorable
microclimate.

A so called "share of workers who
were ill" parameter prevails among train
conductors and is equal to 46.8% (while an
average branch one is equal to 40% only).
Besides, a number of workers who have
this occupation and can be included into a
group of "frequently and long sick people"
is also higher than in the branch on average
(8% against 6.7%).

Results of sociological questioning
conducted among this occupational group
reveal there are objective conditions and
risk factors causing acute and chronic dis-
eases in train conductors:

- influence exerted by a number of
working environment factors during round-
the-clock staying inside a carriage (micro-
climate, noise, vibration, ultrasound, lumi-
nance, and chemicals);

- physical loads and significant neuro-
emotional stress;

- unordered working regime;

- night and day shifts;
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- unfavorable sanitary and communal
conditions (insufficient motor activity
(hypokinesis), constant violation of nutri-
tion, sleep, and rest regimes, absence of
possibility to maintain personal hygiene).
We also detected that possibilities for
physiological and psychological functions
recovery were not properly provided and
this process organization had a number of
drawbacks.

Results of research conducted by A.A.
Prokhorov, and V.A. Kudrin [11], which
considered conductors' health disorders in
view of their occupational activity contain
very interesting data on how fast conduc-
tors' biological ageing is; the data show
that the speed of the process increases
greatly at the age from 18 to 27, and from
38 to 42. The discrepancy between a true
age and a calendar one amounts to 2-3
years during first 10 years of working as a
train conductor; when working experience
amounts to 16-20 years, this discrepancy
grows up to 9 years and remains stable at 3
years when working experience is between
20 and 36 years.

As we studied morbidity structure as
per various temporary disability causes
taking data from the results of complex
medical examinations conducted by ex-
perts from Russian Scientific Research In-
stitute for Railway Hygiene, we were able
to determine that morbidity among passen-
ger carriages conductors was rather high. It
was especially high among people aged 30-
39 and 40-49.

Respiratory organs diseases (ARVI,
angina, laryngitis, tracheitis, and flu) had
the greatest specific weight in all age
groups.

Rank places in morbidity structure are
as follows:

1 rank place belongs to respiratory or-
gans diseases (56%);

2 rank place belongs to circulatory
system diseases (6,9%);

Health Risk Analysis. 2017. no. 4
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3 rank place, to musculoskeletal sys-
tem and connective tissue diseases (6,6%);

4 rank place, digestive organs diseases
(4,9%);

5-6 places are held by skin and subcu-
taneous tissue diseases, injuries and intoxi-
cations (4,4%).

We can clearly determine a group of
diseases which are closely related to pecu-
liarities of train conductors work in the
overall morbidity structure; these diseases
are acute respiratory viral infections, flu,
angina, nerve plexus diseases, osteoarthri-
tis, radiculitis, stomach and duodenum ul-
cer, acute gastritis, pyoderma and fungus
skin diseases.

Unordered working regime involving
a lot of travelling and unfavorable com-
munal conditions in a carriage obviously
causes the following diseases: varix dila-
tation in legs (1.0 case per 100 workers),
ischemic heart diseases with primary hy-
pertension (1.1 cases per 100 workers),
primary hypertension (4.4 cases per 100
workers), chronic rheumatic heart disease
(1.1 cases per 100 workers). Skin diseases
among train conductors occur 3 times
more frequently than in the branch on av-
erage.

Circulatory system diseases include
the following: primary hypertension, non-
rheumatic heart diseases, atherosclerosis,
phlebitis, and thrombophlebitis.

Morbidity analysis revealed that nerv-
ous system diseases and sense organs dis-
eases occurred among train conductors au-
thentically more frequently than among
workers from the comparison group. As for
specific nosologies, we detected that con-
ductors more frequently suffered from such
diseases as neuritis, neuralgia, inflammato-
ry eyes diseases, and otitis.

We detected that such adverse occupa-
tional factors as vibration, dustiness, and
neuro-emotional loads, caused disorders in
normal adaptation, and activated regulatory
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mechanisms responsible for specific adap-
tation and non-specific stress syndrome.

Interesting data with a great practical
significance were obtained in the course of
research on a group of conductors who had
to travel for a long time in different time
zones as they went on a train Moscow -
Vladivostok - Moscow, 14 days overall.
They travelled across 6 time zones during
their whole trip. Basic age group was 21-
33 (76% of the examined workers), pre-
vailing working experience was equal to 1-
5 years (69%). All the examined workers
were practically healthy but before their
trip they complained on considerable fa-
tigability, tiredness, and low working ca-
pacity. Such complaints grew stronger after
a trip. Besides, after a trip conductors also
complained on sleep disorders related both
to sleep and wake regime violations (night
shifts) and to different time zones and
break of daily biorhythms. Closer to an end
of a trip eastward they had difficulty in
falling asleep, or they fell asleep too fast
and woke after a very short sleep (only 1-2
hours). Sleep didn't help to get needed rest
and to recover psychological and physical
working capacity. All the data on train
conductors state before and after a trip re-
vealed that long-term trips in equatorial
direction exerted considerable negative in-
fluence on a body which caused substantial
decrease in its adaptive abilities, anti-
microbe protection, and anti-oxidant state;
it all could eventually lead to various infec-
tious and non-infectious diseases occur-
rence.

More than a half of all the questioned
conductors were 40-50 years old. As per
statistic data, in 2007 30-40 age group pre-
vailed, and we can state that workers' aver-
age age grew. Duration of working experi-
ence as "passenger carriage conductor” al-
so increased considerably: in 2007 45%
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workers had working experience equal to
10 and more years; in 2014 share of such
workers grew up to 57%. Such parameters
as overall morbidity, and a share of work-
ers who were sick among conductors, cor-
relate with workers' age and working expe-
rience; therefore, such a trend can lead to
growth in morbidity cases among workers.

Working experience in up-to-date roll-
ing stock generally is not longer than 3
years (47% of the questioned).

Female conductors amounted to 72 %,
and it was lower than in 2007 (83%); still,
a share of female workers among train
conductors remains substantially high.

Workers gave their own assessment of
how often they were sick: 47 % on average
1 time a year; 26 % were rarely sick; 24 %
were sick 2-3 times a year; 3 %, more than
5 times a year. A mathematical model can
help to obtain more precise classification
of conductors' working conditions; such a
model precisely assesses occupational dis-
eases probability. The model is based on a
relationship between diseases frequency
(or probability) and labor situation as per
specific hygienic factors.

So, to sum up results of our work ded-
icated to analyzing functional and physio-
logical peculiarities, state of a body, and
occupational activities of train conductors,
we should point out that we revealed grave
strain in background parameters of psy-
chophysiological functions used in conduc-
tors' occupational activities, as well as ad-
aptation-compensatory reactions violation;
all this makes health disorders among this
occupational group much more probable.
Data obtained by a number of researchers
prove there is neuro-emotional stress in
conductors, especially during long trips.

We can say that all the obtained data
undeniably prove occupational causality of

104

morbidity with temporary disability among
passenger carriages conductors.

The performed analysis revealed that
overall morbidity among train conductors
was growing. But passenger carriages con-
ductors who were younger than 50 fell sick
less frequently in comparison with other
occupational groups; morbidity escalated
only among people older than 50.

In the course of our research we de-
veloped a set of priority measures aimed at
providing safe working conditions for train
conductors (Figure 5). The suggested sys-
tem should help to solve vital tasks on hy-
gienic optimization and passenger trans-
portation safety, occupational environment
improvement, prevention of morbidity
among passenger carriages conductors; to-
day, it can be taken as a generic one in la-
bor protection activities in passenger trans-
portation sphere.

We developed methodical recommen-
dations on providing safe working condi-
tions at train conductors' workplaces; they
include efficient activities aimed at preven-
tion of unfavorable influence exerted by ad-
verse occupational factors and will allow to
improve working conditions considerably,
to preserve health, and to provide safety
(Figure 6). A set of measures was imple-
mented in equipping new carriages and
carriages after capital repair; the carriag-
es were equipped with air-conditioning
units, disinfection units, heating, ecologi-
cally clean toilets; up-to-date finishing
materials were applied during repairing;
sanitary and communal conditions in the
carriages were improved. Conductors
were provided with comfortable uni-
forms, their rest and work regimes were
better regulated; all the above-mentioned
helped to provide working conditions
with 2nd hazard degree (acceptable ones)
additionally for 22% conductors over the
last 5 years.

Health Risk Analysis. 2017. no. 4
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Priority measures aimed at providing safe
working conditions for passemger carriages
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Figure 5. A set of priority measures aimed at providing safe working
conditions for passenger carriages conductors
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Figure 6. Life support systems in a two-storey carriage
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