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The paper focuses on results of substantiating and selecting informative physiological criteria that can be used for assessing and
controlling functional state and working conditions category taking into account physical and nervous-emotional loads borne by
CNC- machinery operators. Basing on complex physiological and ergonomic studies and retrospective data analysis, we showed that
workers from various occupational groups who dealt with physical labor had to face certain strain over a working shift. Such strains,
given long-termworking experience, could result in neuromuscular system overstrain and occupational diseases occurrence.

We substantiated and developed informative physiological criteria that allowed assessing and controlling functional
state and working capacity as well as working conditions category taking into account occupational activities.

The present research involved using a set of occupational studies, physiological and ergonomic procedures as well as
clinical and statistic ones for examining peculiarities related to functional state of workers' bodies under exposure to occupa-
tional factors taking into account specific working tasks and loads. It allowed us to substantiate labor intensity assessment.

Our research results revealed that there was a strong correlation between hand muscles endurance to static exertion
(decrease in % by the end of a work shift) and working conditions category given local and overall muscular loads borne by
workers. This criterion is recommended for control over functional state and working capacity taking into account occupa-
tional peculiarities and gender-related differences. It is hecessary to accumulate scientific data for confirming a similar cor-
relation between overall physical working capacity (OPWC) and working conditions category. Results obtained via physio-

logical research were used for developing prevention activities for workers.
Key words: physiological criteria, classification, labor intensity, physical and nervous and emotional loads, working

conditions category, functional state, overstrain, prevention.

At present it is still difficult to predict
probable changes in workers’ health since
there hasn’t been sufficient research aimed at
determining peculiarities related to how
workers’ functional systems get overstrained
depending on labor intensity at contemporary
working places. The necessity to create a
classification for labor process factors (labor
intensity and hardness) occurred long ago;
such a classification should include a table
with certain criteria for assessing relevant pa-
rameters. The first attempt to create such a
classification is considered to be made in a
publication issued in 1970 by A.V. Vasilyeva,
S.I. Gorshkov, M.A. Gritsevskiy et al., well-

known occupational physiologists. Their
work was entitled «Physiological and hygi-
enic issues related to work and leisure re-
gimes in industry» and was issued for « Work
and leisure regimes and shift schedules in
leading industrial branches» workshop [1].
The authors were right to note that from
biological point of view labor was an impor-
tant function performed by a human body and
it involved certain physiological costs. Physio-
logical costs of work, that is, a degree of body
functional strain during labor, is usually called
«labor hardness». The more exact approach to
scientific terminology indicates that in this
case we should speak about physical hardness
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and nervous strain any labor involves. It can
be substantiated by the following.

Functional strain that appears in a body due
to labor can schematically be divided into two
parts, energy- and information-related ones. The
first prevails in case labor is predominantly
physical; the second, predominantly intellectual.
Physiologists determine labor hardness as loads
on a body occurring due to labor that requires
muscle efforts and relevant energy support.

Physiologists determine labor intensity as
loads on a body occurring due to labor that re-
quires intensive brain work aimed at obtaining
and analyzing information.

Later criteria were developed and included
into «Hygienic labor classification (as per ad-
verse and hazardous occupational factors, labor
hardness and intensity)» (Moscow, 1986). La-
bor conditions and character were differentiated
in such a way so that it allowed for an extent to
which occupational factors and labor-related
factors deviated from the existing hygienic
standards and influence they exerted on work-
ers’ functional state and health. Three catego-
ries of labor conditions and character were de-
termined according to those parameters.

There are scientific grounds for assessing
labor developed by hygienists and physiolo-
gists, namely «Hygienic labor classification»
(1986), the Guide R 2.2.013-947 last edited
in 19993, and the valid Guide R 2.2.2006-05
«the Guide on hygienic assessment of occupa-
tional and labor-related factors. Criteria and
working conditions classification»®. These
works allow assessing labor intensity as per
five types of loads: intellectual, sensory, emo-

tional, monotonous, and labor regime. How-
ever, at present it is often highlighted that this
procedure hardly allows obtaining quantitative
assessments since it only provides as opportu-
nity to qualitatively determine intellectual or
emotional loads etc. for different durations of a
working day, differently organized technologi-
cal cycles, or instable working places.

Changes in character of labor that is now
required at up-to-date working places make it
necessary to substantiate quantitative criteria
for labor intensity assessment; relevant altera-
tions are to be made into regulatory documents
(The Federal Law «On special assessment of
working conditions» No. 426-FZ issued on
December 28, 2013 and the 5procedure for ac-
complishing this assessment)’.

Labor intensity is determined according to
R 2.2.2006-05 when a sanitary-hygienic pro-
file of worker’s labor is created in case a
medical specialist believes he or she is suffer-
ing from an occupational disease (The Order
by the RF Ministry for Public Healthcare and
Social Development No. 103 issued on No-
vember 10, 2009)°.

It is also rather difficult to substantiate in-
formative physiological parameters that allow
estimating and controlling workers’ functional
state and working conditions categories (opti-
mal, acceptable, or hazardous).

Data that are available in literature indi-
cate that being prepared to physical activity
(physical proficiency) is significant for main-
taining efficient work functions during labor
activities [2, 3]. Some authors revealed that
physical proficiency that was determined bas-

! Hygienic labor classification (as per adverse and hazardous occupational factors, labor hardness and intensity). Ap-
proved by the deputy to the Chief Sanitary Inspector of the USSR Public Healthcare Ministry A.l. Zaichenko on August 12,

1986 No. 4137-86. Moscow, 1986, 11 p. (in Russian).

2R 2.2.013-94. Hygienic criteria for assessing labor conditions as per adverse and hazardous occupational factors, labor
hardness and intensity. Approved by the first deputy to the Head of the RF State Sanitary Epidemiologic Surveillance Service

on July 12, 1994. Moscow, 1994, 131 p. (in Russian).

3 R 2.2.755-99. Hygienic criteria for labor conditions assessment and classification as per adverse and hazardous occupa-
tional factors, labor hardness and intensity. Approved by the RF Chief Sanitarian Inspector on April 23, 1999. Moscow, 1999,

140 p. (in Russian).

*R 2.2.2006-05. The Guide on hygienic assessment of occupational and labor-related factors. Criteria and working condi-
tions classification. The Bulletin of regulatory and methodical documents issued by the State sanitary Epidemiologic Surveil-

lance Service. Moscow, 2005, 142 p. (in Russian).

> On special assessment of working conditions: The Federal Law issued on December 28, 2013 No 426-FZ. Konsultant-
Plus. Available at: http://www.consultant.ru/document/cons_doc LAW_ 156555/ (03.03.2020) (in Russian).

% The instruction on how to draw up a sanitary-hygienic profile of working conditions for a worker who is believed
to be suffering from an occupational disease: The Order by the RF Ministry for Public Healthcare and Social Develop-

ment No. 103

issued on November 10, 2009. StandartGost. Available at:

https://standartgost.ru/g/base/1/id0-

54468/%D0%9F%D1%80%D0%B8%D0%BA%D0%B0%D0%B7 103 (03.03.2020) (in Russian).
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ing on overall physical working capacity
(OPWC) was related to fatigue development,
that is, to changes in functional state of a
worker’s leading body systems’ [4—6]. People
with high OPWC had less apparent changes in
their motor and vegetative functions than those
with low OPWC. L.V. Abolian, V.V. Matyu-
khin et al. examined peculiarities related to
functional state formation in people with certain
occupations and revealed that workers with
«high» OPWC tended to have better functional
state of their nervous and muscular apparatus,
better adaptive responses, and good cardiovascu-
lar system capacity [7-10]. It is assumed that
OPWC can be used together with other physio-
logical parameters for assessing functional state
and control over working conditions category
determined as per ergonomic properties. It is
possible that dependence between physical pro-
ficiency and a degree of functional changes oc-
curs within certain, and as a rule, average,
OPWC range. It would be interesting to test
whether this hypothesis is valid within another
OPWC range.

Our research goal was to take up-to-date
occupations as an example and to substantiate
and develop informative physiological criteria
that allow estimating and controlling workers’
functional state and working capacity as well
as working conditions category taking into ac-
count occupational activities.

Data and methods. To solve all the tasks
set within the present work, we applied occupa-
tional studies, physiologic-ergonomic and clini-
cal-statistical research procedures for examining
peculiarities related to how workers’ functional
state is formed under exposure to occupational
factors taking labor specifics and labor loads into
account. It allowed us to try and substantiate ap-
proaches to labor intensity assessment.

We examined practically healthy workers
from several occupational groups who had to
deal with physical (muscular) and nervous-
emotional loads in their labor activities. Occu-
pational studies and physiological-ergonomic
studies were performed involving five occupa-
tional groups being made of males (robotic

technological complexes (RTC) operators;
CNC machines operators at civil engineering
enterprises; steelmen; high riggers who were
mostly labor migrants from southern republics;
CNC machines programmers at stone-working
enterprises) and two occupational groups made
of females employed at a stone-working enter-
prise in Moscow (CNC stone-working machine
operator and CNC grinder operator). Overall,
we examined approximately 200 people aged
30.3 + 1.0, with their working experience being
equal to 4.8+0.2, who worked in morning
shifts (three times during a working day).

Occupational profile for each labor activity
was drawn up in accordance with the Guide
R 2.2.2006-05. To assess functional state of
the nervous-muscular system, we performed
dynamometric measurements of hand power
and endurance with the following calculation
of maximum working capacity (maintained
effort being multiplied by duration of this
maintenance). Physical proficiency was de-
termined as per OPWC via PWC 170 test and
calculated maximum oxygen consumption.

Cardiovascular system examinations in-
volved determining systolic and diastolic
blood pressure (BP.x, BPmin) with subsequent
calculation of pulse (BP,) and average dy-
namic (My) blood pressure, heart rate, stroke
and minute heart volumes (SHV and MHV),
and overall periphery resistance (PR). BP was
registered with mercury sphygmomanometer;
central hemodynamics parameters were deter-
mined via tetrapolar chest rheography. At the
beginning and at the end of work there was a
physical load test (bicycle ergometer) with
load power being 100 WT, and an intellectual
load test (addition with switching to another
activity). Recovery process was written down
during 5 minutes after physical loads and dur-
ing 3 minutes after intellectual ones.

The study was accomplished in conformity
with the International Code of Medical Ethics
(1949) and Helsinki Declaration on pre-clinical
and clinical studies on humans and animals that
was approved upon by the World Medical As-
sociation (1964). Prior to the study all the par-

7 Matyukhin V.V., Shardakova E.F., Yushkova O.1., Elizarova V.V., Yamplo’skaya E.G., Poroshenko A.S., Kuz’mina L.P.
Influence exerted by labor-related factors. «Ekometria» Encyclopedia. Influence exerted on a human body by adverse and hazard-
ous occupational factors. Moscow, Izdatelstvo standartov Publ., 2004, vol. 1, pp. 344-441 (in Russian).
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ticipants got acquainted with its procedure and
concomitant risks and gave their written infor-
mative voluntary consent to take part in it.

We used conventional variation statistics
procedures, namely revealing discrepancies be-
tween groups using simple means (as per Stu-
dent’s t-test) and correlation analysis (as per
Pearson’s procedure). All the data were proc-
essed with Statistika 6.0 software package?®.

Results and discussion. Labor hardness
caused by a necessity to maintain a forced work-
ing posture, to make a lot of deep body bows, and
frequently repeated monotonous hand movements
etc. aggravates adverse physiological changes in
the nervous-muscular system and musculoskeletal
system. It can cause not only a decrease in work-
ing capacity but also overstrain and pathology
occurrence in these systems [11-13].

We assessed labor hardness for CNC ma-
chines operators; the assessment revealed that
such parameters as physical dynamic loads
(given in units showing external mechanical
work, kg'm) and a quantity of monotonous
working movement are within optimal range.
However, operators have to bend their bodies a
lot during work (more than 200 body bending
movements over a shift, hazard category 3.1),
and an operator has to spend up to 80 % of his
working shift standing (hazard category 3.1).
Therefore, we can conclude that a CNC
grinder operator has to face working condi-
tions at a workplace that belong to the 3™
class, 2™ hardness degree (hazard category 3.2):
CNC stone-working machine operator and
CNC operator at civil engineering enterprises,
3.1 hazard category; CNC machine program-
mer and RTC operator, acceptable working
conditions, hazard category 2.0.

Physiological research included examin-
ing functional state of the nervous-muscular
system as being occupationally significant in
providing proper working abilities for workers
from the examined occupational groups. We
detected a decrease in dynamometric parame-
ters over shift dynamics that became especially
apparent by the end of a work shift (Table 1).
And an extent to which endurance changed
depended on working conditions category.

Thus, endurance practically didn’t change in
RTC operators during the whole work shift.

A decrease in endurance amounted to
20.4 % in CNC machines programmers; 26.4 %,
in CNC stone-working machines operators. As
labor became harder and more intense, a de-
crease in endurance by the end of a work shift
grew up to 31.0-33.0 % (p < 0.05) and it was
higher than physiological standards for body
strain under physical labor (the parameter should
not exceed 20 % under local and overall muscle
loads) (see Table 1). Hand force almost didn’t
change in the examined groups; therefore,
changes in maximum muscular working capac-
ity as another parameter showing functional state
of the nervous-muscular system were practically
the same as changes in endurance.

We compared two types of equipment
used at civil engineering enterprises, CNC ma-
chines and RTC; the comparison revealed that
working with CNC machinery resulted in
greater fatigue in hand muscles than working
with RTC. Endurance to static exertion and
maximum working capacity of hand muscles fell
authentically among CNC machines operators
by 21.3 % (p < 0.01) and by 21.6 % (p < 0,05)
already after 4 hours of and by 24.1 % (p < 0.01)
and 21.6 % (p < 0.05) by the end of a work
shift accordingly against the initial level. We
also revealed insignificant negative dynamics
of dynamometric parameters among operators;
it can be due to substantial muscle exertion
required to move details manually whereas the
same operation is performed by a robot-
manipulator when a RTC is used.

Researchers revealed that when a person
deals with physical labor regardless of muscle
loads character (local or overall), his or her
functional state and, accordingly, overall
working body strain are closely connected to
the leading labor-related factors (labor hard-
ness). Excessive loads lead to early signs of
fatigue in workers’ nervous-muscular system.
When a working experience is substantial,
long-term performance of such work tasks can
result in overstrain in the nervous-muscular
system and in frequent occupational diseases;
the higher and more intense are loads on

$Khalafen A.A.. STATISTICA-6. Statistical data analysis. The 3" edition. Moscow, Binom-Press Publ., 2007, 512 p-

(in Russian).
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Table 1

Changes in hand muscles endurance to static excretion in workers from the examined
occuaptional groups taken in shift dynamics

Occupational group / working conditions Parameter Examination period
category as per labor hardness Beginning of a shift | Middle of a shift | End of a shift
. L M+£m 189+1.1 18.1+1.3 172+1.7
RTC operator at civil engineering enter-
prises / hazard category 1 P — >0.05 >0.05
% 100 95.7 91.0
+ d£1. RESE RESE
CNC machine programmer / MEm 21114 183+1.5 168+14
hazard category 2 P _ <0.05 <0.05
% 100 86.7 79.6
+ + + +
CNC stone-working machine operator / M:m 201+ 11 74+13 148+17
hazard category 3.1 P — >0.05 <0.05
% 100 86.6 73.6
. . . M+m 19.0£1.7 149+1.8 144+1.7
CNC machine operator at civil engineer-
ing enterprises / hazard category 3.1 L — <0.05 <0.001
% 100 78.7 75.9
+ + + +
CNC grinder operator / M+m 21.1£1.7 17.2+14 133+1.6
hazard category 3.2 L — <0.05 <0.01
% 100 82.0 69.0
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Figure 1. Prevalence of occupational diseases in
the nervous-muscular system and musculoskeletal
system depending on hazard category as per
labor hardness (%)

workers’ nervous-muscular system during a
work shift, the more probable these negative
outcomes become [14-16]. It was convincingly
confirmed by results obtained via clinical and
functional research. It was established that sub-
stantial systematic muscle loads played a poten-
tial role in development of occupational diseases
with certain etiology. Figure 1 shows prevalence
of occupational diseases in the musculoskeletal
system depending on labor hardness category.
High physiological strain of the nervous-
muscular system that occurs under common
physical labor has potential significance for
dorsopathy occurrence [17-20]. It was estab-
lished that systemic overall muscular loads

94

most frequently resulted in such damage to the
lumbosacral section as chronic radiculopathy
occurrence; it often led to a decrease in occu-
pational working capacity and workers’ social
deadaptation.

Labor that causes damage to the lumbar
spine is most common among builders [21,
22]. Even in such a well-developed country as
Finland up to 20 % workers daily face very
grave physical loads despite all technological
developments [15]. Multiple studies that fo-
cused on health of migrants from the southern
republics revealed that as working experience
became longer, there was an increase in num-
ber of musculoskeletal system disorders; it was
caused by such work tasks as lifting and mov-
ing heavy weight, working in a forced working
posture, etc. Prevalence of such musculoskele-
tal diseases as, for example, polyosteoarthrosis
and polyarthritis, goes down from 32.1 % to
8.9 % (per 100 examined workers) as working
experience gets longer; on the contrary, a
number of dorsopathy cases grows from 16.8
to 27.0 % among workers with working ex-
perience being equal 1-3 years, 7 years, and
longer, accordingly. It can be due to substan-
tial physical loads labor migrants have to face.

Results obtained via physiological studies
allow considering hand muscle endurance to
static exertion to be quite an informative pa-
rameter for being used as a criterion when as-

Health Risk Analysis. 2021. no. 1
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sessing and controlling functional state and
working conditions category in case labor ac-
tivities involve such loads that labor hardness
becomes a leading labor-related factor.

Given hat, Table 2 shows distribution of
specific physiological parameters as per work-
ing conditions categories (sub-categories)
when labor intensity is estimated for different
occupational activities.

We also examined another physiological
parameter, namely, overall physical working
capacity, among CNC machine operator and
RTC operators; the examination revealed that
there were authentic discrepancies between
these two occupational groups as per OPWC
and maximum oxygen consumption values.
CNC machines operators had average OPWC
equal to 25.19 + 1.50; RTC operators, 17.99 +
0.80 kg m/min kg of weight (p < 0.01); au-
thentic discrepancies between the groups re-
garding maximum oxygen consumption were
also present (p < 0.01).

Assessing workers’ physical conditions
according to the methodical guidelines’ al-
lowed establishing that physical proficiency
was above average (high) among CNC ma-
chine operators and below average (satisfac-
tory) among RTC operators. These differences
seem to be due to labor activities since CNC
machine operators have to deal with harder
physical labor than RTC operators.

Results obtained via physiologic research
revealed that functional state of the cardiovas-
cular system didn’t change by the end of a
shift in any examined group. At the same time

results obtained via tests with loads allowed
revealing multi-directional shifts in operators
from different occupational groups. SHV
curves analysis revealed an adequate response
to physical loads among RTC operators both at
the beginning and the end of a work shift
whereas there was a delayed response among
CNC machines operators. And SHV and MHV
didn’t recover at the 3 and 5™ minute in CNC
machines operators at the end of a work shift
after physical loads (p < 0.05) and at the 3"
minute after intellectual loads. Periphery resis-
tance as a response to physical loads went down
among workers from these two groups and re-
covery was a bit delayed among CNC machines
operators.

CNC machines operators had more appar-
ent responses to physical loads as per BP pa-
rameters (maximum, pulse, and average dy-
namic BP). As we can see from Figure 2, at
the beginning of a work shift maximum BP
increase authentically more frequently among
CNC machines operators against RTC opera-
tors (p < 0.05). At the 1* recovery minute dis-
crepancies between two groups were substan-
tial (p < 0.05), and maximum BP didn’t re-
cover at the 3™ and 5™ minutes after a test
physical load was faced, and at the 1** and 3"
minutes after intellectual loads at the end of a
work shift. The same dynamics was detected
for pulse and average dynamic blood pressure
(see Figure 2).

Comparison made between obtained
MHYV and PR and physiological standards for
the parameters revealed that hyperkinetic

Table 2

Distribution of physiological parameters among workers dealing with physical labor
with local and overall loads as per working conditions categories (subcategories) allowing
for gender-related differences

Local and overall loads

Working conditions category (sub-category)
Physiological parameter gender optimal acceptable hazardous
1 2 3.1 3.2
Hand muscle endurance to static|  males <20.7 23.8-26.8 26.9-29.9 30.0-33.0
exertion (% of a decrease by
the end of a work shift) females <219 24.3-26.6 26.7-29.0 29.1-314

’The Methodical guidelines on assessing physiological standards of human body strain, allowing for gender-
related differences, for different occupational activities (mental, visually strained, physical). Approved on February 26,
2015 by the Scientific Council No. 45 on workers’ medical and ecological health issues. Moscow, 2015. (in Russian).
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Figure 2. Changes in maximum (I), average dynamic (II), and pulse (III) blood pressure
under test loads in operators from two occupational groups

Note: solid line with rounds is for CNC operators; broken line with triangles is for RTC operators; * one
asterisk means there are statistic differences form background values; ** two asterisks mean there are
authentic discrepancies between the two groups; Y-axis shows blood pressure (mm Hg); X-axis shows
registration periods (BP recovery after loads in minutes); ¢ means background values; PR is recovery

period; PL is physical load; IL is intellectual load.

circulation type10 [23, 24] prevailed in sys-
temic pressure regulation in operators from the
two examined groups. RTC operators tended
to have better ration between MHV and RS (an
adequate growth and fall in PR under physical
loads) that was aimed at optimal circulatory sys-
tem regulation, in particular, adequate increase
in BP. At the same time, CNC machines opera-
tors had less apparent changes in MHV and PR
with a significant increase in BP as a response to
physical loads and it became especially obvious
by the end of a work shift. It indicates there is
greater strain in circulatory regulation mecha-
nisms in CNC machines operators. Besides,
compensatory mechanisms strain is also more

apparent in them that becomes obvious via
higher average dynamic blood pressure, and later
recovery of SHV, MHV, and BP (maximum,
pulse, and average dynamic one).

To sum up all the above mentioned, we
should note that we detected higher overall
physical working capacity among CNC opera-
tors and lower OPWC among RTC operators.
Labor activities performed by CNC machines
operators involve apparent strain in the nervous-
muscular system and it results in early signs
(4 hours after a shift started) of developing
hand muscle fatigue. Functional state of the
cardiovascular system determined as per tests
with loads changed more significantly among

19 Instrumental procedures for cardiovascular system examination: a reference book. In: T.S. Vinogradova ed. Moscow,

Medistina Publ., 1986, 415 p. (in Russian).
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Table 3

A probability that occuaptional pathology might occur (%) depending on labor hardness and
changes in endurance

Labor hardness
Parameter Category 1, optimal | Category 2, acceptable Category 3, hazardous (hard labor)
(slight physical loads) |(average physical loads) 3.1 32 33

Probability, % 0-0.6 6.1-17.0 17.1-28.0 | 28.1-37.0 H‘gg%tha“
Hand muscle endurance Males — from 20.8 10 23.8 from 23.9 from 26.9 | Higher than
to static exertion, % of lower than 20.7 ) ) 10 26.8 t029.9 30.0
a decrease by the end of Females — from 24.4 from 26.7 | Higher than
a work shift lower than 21.9 from 22.0t0 24.3 026.6 029.9 314

CNC machines operators who had excellent
(above average) physical proficiency and it is
not in line with conventional opinions. It is
known that the greatest decrease in functional
capabilities of basic body systems is detected
in people with low physical working ability.
Obviously, if we want to get an insight into
physiological mechanisms behind this phe-
nomenon, we should turn to a regularity estab-
lished by L.V. Abolyan [7]. He showed in his
research that dependence between physical
proficiency and functional changes in workers’
basic body systems occurred within certain,
and as a rule, average, range of overall physi-
cal working capacity. When OPWC is «high»
as it 1s the case with CNC machines operators,
this dependence doesn’t usually hold. Addi-
tional studies will be required for understand-
ing this regularity better and for scientific sub-
stantiation of OPWC parameter being possibly
included as a physiological criterion into as-
sessing and controlling functional state and
working conditions category allowing for la-
bor activity type.

Research results revealed that labor hard-
ness was classified as per changes in hand mus-
cle endurance. This endurance parameter is de-
termined as per a decrease in it over a shift
measured in % of its initial value. Distribution of
physiological parameters determined for workers
dealing with physical labor with local and over-
all physical loads as pre working conditions
categories (sub-categories) taking gender-related
differences into account allows assessing prob-
able health risks for workers. We calculated de-
pendence between occupational diseases fre-
quency (2,318 cases were analyzed in retrospect)
and labor hardness category under local and
overall muscular loads; the calculation allowed

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

determining a regression equation and presenting
all the obtained results in Table 3.

All the obtained results indicate that the
higher is decrease in endurance, the greater is oc-
cupational risk that the above-mentioned pathol-
ogy occurs. Health disorders are the most prob-
able for workers who have to work under work-
ing conditions belonging to the hazard category
3.3; the probability amounts to 37 % in case there
is a 30 % decrease in endurance by the end of a
work shift among males and a 31.4 % decrease in
the parameter among females. Given that, a prob-
ability that occupational pathology might occur
can be predicted depending on labor hardness
category and this prediction can be based on hand
muscle endurance to static exertion.

Conclusions:

1. Research on multiple occupational
groups dealing with labor that involved physi-
cal and nervously-strained loads allowed es-
tablishing that labor-related factors often ex-
ceeded acceptable levels for most occupations
regardless of load types. Long-term exposure
to adverse factors making labor too hard and
too intense exerts substantial influence on
functional states of workers’ body systems,
especially, on their nervous-muscular system.

2. Exposure to intense and long-term la-
bor-related factors that exceed acceptable levels
(the 3™ hazard category, sub-categories 1-2)
results in overstrain occurrence in most work-
ers; this overstrain becomes obvious via sub-
stantial changes in physiological parameters
taking gender-related differences into account.

3. Workers dealing with physical labor that
involved both local and overall muscular loads
tended to have a strong correlation between hand
muscle endurance to static exertion (% of a de-
crease by the end of a work shift) and working
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conditions category. It allows recommending
this parameter for control over functional state
and working ability taking into account labor
activity type and gender-related differences.

4. Damage to the lumbar spine as an out-
come caused by hard working conditions
(weight moving and lifting, working in a forced
working posture, etc.) is widely spread among
builders including labor migrants for the south-
ern republics. A number of musculoskeletal dis-
eases grows as working experience gets longer.

5. We detected that CNC machines opera-
tors tended to have higher overall physical work-
ing capacity (OPWC) than RTC operators who
had only satisfactory OPWC. Workers with
higher OPWC tended to have higher functional
capabilities of the nervous-muscular system and
apparent strain in circulatory regulation mecha-
nisms when tests with loads were performed.

6. Additional studies are required and ob-
tained data are to be analyzed for revealing
dependence between high physical proficiency

and functional state of a body and a possibility
to use OPWC as a criterion for assessing func-
tional state and working conditions category
taking labor activity type into account.

7. Research results allowed establishing a
possibility to predict occupational diseases in
workers dealing with physical labor as per such a
physiological parameter as hand muscle endur-
ance to static exertion. The greater is a decrease
in endurance, the higher is a probability that an
occupational pathology might occur. Distribu-
tion of physiological parameters obtained for
workers dealing with physical labor involving
local and overall muscular loads as per working
conditions categories (sub-categories) taking
gender-related differences into account allows
assessing health risks for workers.
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