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Social and hygienic monitoring of labor conditions at industrial enterprises

The article describes the method of socio-hygienic monitoring of working conditions. A comprehensive as-
sessment of the psycho-physiological state of the working enterprises in the conditions of real production ac-
tivities was completed. To carry out preventive measures at industrial enterprises, the criteria for identifying
groups of «risk» and predicting the loss of efficiency are calculated. This methodical approach allows us to
assess and predict the health status depending on age, experience, profession, personal characteristics, as well
as to assess the level of adverse effects of factors of the working environment on the body. The proposed
method can be used in preventive medical examinations and prenosological diagnosis. According to the re-
sults of the research, methodological recommendations were developed, which were introduced in the pro-
duction and in studying process of medical educational institutions.
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Introduction

Despite the fact that the production factors of industrial enterprises (microclimate, noise, vibration, dust,
etc.) have a complex effect, the effects of their mutual summation or potentiation are still not well under-
stood. The issues related to the study of the nature and intensity of the impact of individual production fac-
tors and their combinations against the background of neuro-emotional tension of the body are also poorly
covered in the literature. The lack of such information makes it difficult to develop scientifically based rec-
ommendations for forecasting and reducing the intensity of adverse factors of the working environment,
which confirms the novelty of the topic of this study [1].

The proposed methodological approach to the socio-hygienic monitoring of working conditions allows
one to calculate the level of functional stress of the body of workers depending on working conditions, pro-
fession, age and work experience.

Criteria have been worked out to carry out preventive measures at industrial enterprises with the aim of
identifying groups of «risk» and predicting the loss of working capacity in the context of actual production
activities. This methodical approach allows us to assess and predict the functional stress of workers depend-
ing on age, length of service, profession, personal characteristics, as well as an assessment of the level of
adverse influence of factors of the production environment on the body.

The proposed method can be used in conducting preventive medical examinations and prenosological
diagnostics.

According to the results of research, methodological recommendations have been developed, which
were introduced in production and included during lectures of medical educational institutions.

Assessment of the impact of production factors
on the health and performance of workers of metallurgical enterprises

The identification of those factors of the working environment that create psycho-emotional stress of a
person and the development of criteria for assessing and predicting the nervous-emotional stress of the body
of workers is an urgent task of occupational health [2].

Labor activity of workers of metallurgical enterprises is characterized by a whole complex of harmful
production factors, the most significant of which are: heating microclimate, noise, dust, chemical factors,
increased nervous and emotional stress, requiring constant attention, speed and accuracy of reactions, heavy
load of sensory systems. That undoubtedly affects the functional state of the body of workers and cases of
morbidity with temporary disability (MTD).

So, in accordance with the N.V. Dogle's scale of incidence, which contains seven indicator assessments,
the level of indicators of the STE at metallurgical enterprises refers to «very high» and «high».

Factor analysis of dispersion showed that the studied indicators reflecting the state of health deteriorat-
ed with an increase not only in age, but also in professional experience. Thus, in 30-year-old workers, com-
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pensatory links consistently linked almost all the functional characteristics under study, and the correlation
coefficient between them exceeded 0.6, which indicated a significant voltage in the system. These phenome-
na are also characteristic of workers with work experience of up to 5 years, regardless of age, indicating a
low body adaptation to working conditions.

In the group of 30—39-year-old workers, based on the principle of the systemic organization of physio-
logical processes, optimization of physiological cost and adaptability was observed, indicating adaptation to
working conditions, which is formed within 10—14 years of work experience.

The observed decrease in the regulation of body functions in 40—49 year old workers with 15-19 year
experience on the background of actualization and labialization of the cardiovascular system (CS), neuro-
muscular activity (NA), the Central nervous system (CNS), as well as the increase of the physiological state
index (PhSI) and the work ability index (WAI) indicates a decrease in the adaptive potential of individual
functions, leading to the need for the formation of a certain set of elements of so-called limiting links, a clear
correlation of which allowed to ensure the stability of the whole system at the stage of adaptive realignment
of functions to achieve the proper functional level.

The achievement of the peak of cumulation of all the above phenomena in 50-year-olds and older
workers who have worked 20-25 years, is characterized by the development of states of poor adaptation,
which is manifested by various diseases and, first, the circulatory system, which further forces workers being
a «critical contingent» to leave the professional cohort voluntarily or involuntarily due to disability.

Thus, the age-seniority categories of the surveyed workers completely repeat a set of compensatory
connections formed at the age of 30, 30—39, 40—49 and 50 and more years that allowed to assume existence
of the uniform regulatory mechanism which provides steady functioning of an organism as biological system
at the reached functional level. At the same time, the low level and premature decrease in efficiency, deple-
tion of functional reserves of adaptation of the organism to the effects of a complex of harmful factors of the
working environment significantly reduce the professional suitability of workers in the «man — production
factors — health» system.

The analysis of the dynamics of the MTD indicators by occupational groups showed that the main pro-
fessions of workers engaged directly in the production process and in contact with the whole complex of
production factors and, as a result, receiving a full «load» on the body have the highest values.

It should be noted that the workers of auxiliary professions do not fully experience the full range of
harmful factors, since their work is to carry out repair work when the equipment either does not work or does
not function in full. Engineering and technical workers also have low rates because they don’t always, in ac-
cordance with official duties, face harmful factors of production.

In the structure of morbidity in all workshops leading place is occupied by respiratory diseases (acute
respiratory diseases (ARD), second place is held by indicators of diseases of the musculoskeletal system,
third place — injuries, fourth place — diseases of the digestive system and cardio-vascular system.

Respiratory system diseases holds first place among men and women in all workshops, second place,
again in all workshops without exception — diseases of the musculoskeletal system, third place — men's
injuries and women's digestive diseases. In fourth place: diseases of the cardiovascular system of both men
and women, digestive diseases. To assess the impact on the morbidity of the complex of production factors, a
correlation analysis of Spearman ranks was carried out. So the result of the calculation obtained values of the
correlation coefficient in the interval from 0 to 1 (-1), which in accordance with Dogle N.'s method is con-
sistent with the presence of a direct (inverse) relationship in which an increase in one trait leads to an in-
crease (decrease) in other characteristic [3].

As it is known, the degree of correlation is measured by the binding force, which can be «high», «medi-
um» and «low» depending on the value of the correlation coefficient. According to the data obtained, the
strength of the relationship, for example, between the «age» factor, «experience», «occupational group» and
«sick individualsy is «strongy», whereas with «cases of morbidity» the strength of the relationship is «aver-
age» (Table 1).

Thus, the analysis of the level of health of workers of the metallurgical enterprise showed that harmful
factors of the working environment negatively affect the health of workers, which is reflected in the high
values of morbidity with temporary disability, both in cases and on days of disability. At the same time, their
values, in accordance with the classification, correspond to the «high level». In addition, this is confirmed by
the percentage of sick people, which also corresponds to the «high level».

To assess the impact of a set of production factors on morbidity, it is usually necessary to further estab-
lish the nature and extent of the relationship between the factors. And as is known, changing the value of one
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indicator leads to a change in the value of another. Therefore, the correlation analysis method is used to solve
this problem.

Table 1
Calculated correlation coefficients for workshops
Workshop 1 Workshop 2 Workshop 3
Factor — — —
indicators | ik Indi-| e Days Sickindi-| = o Days Sick indi-| oo Days
viduals viduals viduals
Age —0.80 —0.60 —0.60 —0.80 0,20 —0.80 0,20 0,40 0,20
Experience —0.80 —0.50 —0.80 —0.80 —0.70 —1.00 0,20 0,40 0,20
Prof. Group —0.80 —0.50 —1.00 0,40 —0.,50 —0.80 0,80 1,00 0,20

Note. 0.80 — the value of the correlation coefficient is valid (p < 0.05).

One of the leading moments in the practice of hygienic, physiological, and pathophysiological studies is
the problem of identifying the relationship between the factors, the search for methodological ways to obtain
results that allow us to judge one factor of them by changes in other factors. In this regard, the method of
correlation analysis plays a primary role, allowing to answer the question — «are the different separately
measurable features or traits of the body dependent on each other or independent, whether it is possible to
draw a conclusion about the properties of any other feature based on the properties of any single feature» [3].

At the final stage of this study, to build a mathematical model of the prognosis of the morbidity level, it
would be necessary to establish quantitative relationships between the hygienic parameters of the factors of
the working environment and the morbidity level, however, the level of morbidity is influenced not only by
working conditions, work experience, having quantitative values, but also by such difficult factors as social
and living conditions, level of education, marital status, etc., the impact of which is difficult to calculate,
since there are no quantitative criteria. In different situations, the degree of their influence is not the same,
and their changes in dynamics are random. All this makes it difficult to quantify the relationship between the
production factors of the environment and the level of morbidity.

In this regard, N.V. Dogle and A.Y. Yurkevich proposed to use the method of Regulatory intensive in-
dicators of the incidence (RII) for cases where the use of the method of correlation and regression analysis is
impossible, or it is extremely inefficient (due to the obtained approximate quantitative values) and developed
the following formula to assess the impact of a set of factors of the working environment and social factors
on the level of health or the calculation of the risk of disability [3]:

Risk = Rllage x K1 + Rllexperience x K2 + RllIprof x K3 + Rllsex x K4, (D

where Rllage, Rllexperience, Rllprof, RlIsex — regulatory intensive indicators of the incidence by age, ex-
perience, professional group and sex; K1, K2, K3, K4 — weight coefficients.

To assess the risk, it is necessary first of all to have an idea of the range of possible fluctuations in risk
indicators for persons working in this workshop. By summing the product of the weighted coefficients on the
RII (Table 2) having the lowest values for each of the factors, we obtain the minimum risk of disability Rmin,
if we sum up the maximum values of each of the factors, we obtain the maximum risk of disability Rmax.

Table 2
Calculations of the NIP for a comprehensive assessment of the probability of the risk of disability in workshop 1

Age, Cases of | Regul- | Experi- | Cases of | Regul- [Profession| Cases of | Regul- | Sex | Casesof | Regul-
years morbidity | atory ence, |morbidity| atory morbidity| atory morbidity | atory
with tem- | intensive | years | with tem- | intensive with tem- | intensive with tem- | intensive
porary |indicators porary |indicators porary |indicators porary |indicators
disability (RID) disability | (RII) disability | (RII) disability | (RII)
Upto30 | 1647 1,024 <5 1583 | 0,984 | Main 174 1,082 | Male | 1589 | 0,988
30-39 182,8 1,137 5-10 178,2 1,108 | Repair | 1544 | 00960 |Female] 170 1,057
40-49 145,5 0,905 | 11-15 190,1 1,182 |Eneineer-lgs sl 518
ing staff
> 50 131,9 0,820 1620 103,6 0,644 | Auxiliary | 105 0,653
Cases on the workshop = 160,8 >20 127,2 0,791
Weight K1=Max/min K2=Max/min K3=Max/min K4=Max/min
K cocl 1,39 1.83 2,09 1,07
1cients
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The difference between these risks (R, — R,.ix) Will represent the entire range of fluctuations within
which all the values of the integrated risk assessment for people working in this workshop are located. Tak-
ing into account the range of fluctuations in complex estimates, as well as their nature, it is possible to dis-
tribute all working in the workshop to the following groups: with a favorable prognosis, attention group and
a group with an unfavorable risk of losing performance (adverse prognosis).

Using formula (1), we will calculate the minimum and maximum risks of disability for employees of
workshops 1, 2, 3 (Tables 3-5), using standardized intensive and factor indicators (age, experience, profes-
sion, sex).

Risk min =0,820-1,39 + 0,644-1,83 + 0,518-2,09 + 0,988-1,07 = 4,46 Favorable prognosis;
Risk max=1,137-1,39 + 1,182-1,83 + 1,082:2,09 + 1,057-1,07 = 7,14 Adverse prognosis.

Table 3
Range of fluctuations of the risk of disability in the shop 1

Risk group in workshop 1 | Risk range
Favorable prognosis 4,464-5,06
Attention group 5,06-5,73
Adverse prognosis 5,74-7,14

We will calculate the risk of loss of efficiency on the example of shop 1 indicators, using the developed
quantitative criteria of the mathematical model of risk prediction:

Risk (shop 1) = 1,398 x Age + 1,83 x Experience + 2,09 x Prof.group + 1,07 x Sex.
1. A., age 29, 4 year experience, job title — fueler, sex — female:
Risk (shop 1) = 1,39 x 1,024 + 1,83 x 0,984 + 2,09 x 1,082 + 1,07 x 1,131 = 6,62.
Conclusion: L.M. As-va belongs to the group with Adverse prognosis.

2. M., age 45, 12 year experience, job title — the mechanic-repairman, sex — male:
Risk (shop 1) = 1,397 x 0,905 + 1,83 x 1,182 + 2,09 x 0,96 + 1,07 x 0,988 = 6,69.
Conclusion: H.A. Mos-v belongs to the group with Adverse prognosis.

3. S., age 52, 25 year experience, job title — main line supervisor, sex — male:
Risk (shop 1) =1,397 x 0,820 + 1,83 x 0,791 + 2,09 x 0,518 + 1,07 x 0,988 = 4,73.
Conclusion: A.L. Sha-n refers to the group with a Favorable prognosis.

Table 4
Range of fluctuations of the risk of disability in shop 2
Risk group in workshop 2 | Risk range
Favorable prognosis 1,55-1,93
Attention group 1,93-2,30
Adverse prognosis 2,30-3,06
Table 5

Range of fluctuations of the risk of disability in shop 3

Risk group in workshop 3 | Risk range
Favorable prognosis 1,09-1,31
Attention group 1,31-1,52
Adverse prognosis 1,52-1,94

The obtained equations and quantitative criteria of the risk of disability allow the simplification of the
procedure of the complex integrated assessment and risk prediction, as well as they allow to indirectly assess
the degree of adverse effects of harmful factors of production and labor process for the development and im-
plementation of a set of preventive measures.

Cepus «buonorusa. MegmuuHa. Meorpacdus». Ne 1(93)/2019 87



Zh.T. Alpysbayeva

This methodical approach allows us to assess and predict the health status depending on age, experi-
ence, profession, personal characteristics, as well as to assess the level of adverse effects of factors of the
working environment on the body. The proposed method can be used in preventive medical examinations
and prenosological diagnosis.

References

1 UsmepoB H.®. 'mruennueckas ouenka u koutpons / H.®. M3mepos, I.A. CysopoB. — M.: Menununa, 2003. — 560 c.

2 Usmepos H.®. TIpodeccronanbHblil pUcK UIs 310pOBbsi paboTHHKOB: pykoBoacTBo / H.®@. M3mepos, D.U. lexncoB. — M.:
Tposant, 2003. — 448 c.

3 Horne H.B. 3aboneBaeMocTh ¢ BpeMeHHOi#t yTpatoii Tpynoctocobnoctr / H.B. [lorne, A.S1. IOpkeBuu. — M.: Meauriuna, 1984.
—176c.

K.T. AnusicOaeBa

OHepKkacin KICINOPBIHAAPBIHBIH €HOEK KaFJaiJIapbIH
dJIEyMETTIK ’9He TMI'MeHAJIBIK TYPFbIIAH 0aKbLIay

Makanaza eHOeK >kaFiaiapbliHa QJICYMETTIK-TUHTHEHAIBIK MOHUTOPHHT JKYPridy ofici cunarranrad. HakTel
OHIPICTIK KBI3MET JKardailbiHIa KOCIOM >KYMBICHIBUIAPABIH JKai-KYHiHE TONBIK MCHXO()HU3UOTIOTHSIBIK
Oaramay Kyprizingi. OHepKoCINTIK KociNOphIHAApAa ajABIH ajia ic-IapalapblH KYPridy YIIH «ToyeKem»
TONTAPHIH aHBIKTAYy JKOHE JKYMBICKAa KaOUIETTUIKTIH XOFaIyblH OoipKay emmiemzepi ecentenreH. MyHnai
QMIiCTEMEITIK TACLI )KachlHA, CHOCK OTUIIHE, MaMaH/IBIFbIHA, KEKE CHIIaTTaMalapblHa OalIaHBICTHI ACHCAYIIBIK
KaraaiiblH Garanay MeH O0JDKay/bl, COHIali-aK OHIIPIiCTIK opTa (haKTOpIaphIHBIH aF3ara )KarbIMChI3 dCep eTy
JICHrelin Oaramayapl Oepyre MyMKIiHIIK Oepemi. ¥ ChIHBUIFAH OIIC alIBIH ajla MEIMIIMHAJBIK TEKCePy MEH
JTIOHO30JIOTHSUTBIK, IMArHOCTHKA YKYPTi3y/ie KONIaHbUTYbI MYMKIH. 3epTTEY HOTHKENEpi OOMBIHIIA diCTEMETIK
YCHIHBIMIAp A3ipJICH I, oJlap OHAIPICTE SHIi3Il JKoHe MEAULMHAIBIK Oi1iM Oepy MekeMeNepiHiH JeKuusIa-
PBI KypChIHA €HI i3],

Kinm ce30ep: enpipictik dakropnap, eHOCK yaFIaiaapsl, aypy, yakbITia eHOSKKe HKapaMChI3bIK, KOpIIaFaH
OpTaHBIH ocepiH Oaranay, KOppeNsIys, PeTTeyiH KapKbIHABI KOPCETKIIITepi, ToyeKesl KpuTepuiinepi, 6o-
JkKay, MaTeMaTHKAaJIbIK MOJIEIb.

JK.T. AnmeicOaeBa

ConuajabHO-TUTHeHNYeCKN I MOHUTOPUHT YCJIOBHil TpyAa
HA NPOMBINLIEHHBIX MPeINPUATHAX

B crarbe onucan MeTo NpoBEACHUS COLIMATILHO-TUIMEHNYECKOr0 MOHUTOPHHTa ycinoBuil Tpyaa. [Iposenena
KOMIUIEKCHAsl OLICHKA MCUXO(MHU3HOIOINIECKOT0 COCTOSIHUS PabO4YHMX MPEANPHUSITHI B YCIOBHIX pealbHOIl
MPOM3BOJCTBEHHON AeATeNbHOCTU. ISl MpoBeneHUs NPOMMIAKTHYECKUX MEPOTIPUATHI Ha MPOMBILIIICHHBIX
NPEANPUATHSIX PACCUMTAHBI KPUTEPUU BBISIBICHUS TPYII «PUCKA» W IPOTHO3UPOBAHUS YTpaThl paboTOCHO-
cobnoctu. Takoil MeToaUYecKuii MOIX0] MO3BOJISET 1aTh OLIEHKY U IPOTHO3 COCTOSHUS 340POBbS B 3aBHCHU-
MOCTH OT BO3pacTa, CTaxka, Mpodeccru, JINIHOCTHBIX XapaKTEPUCTHK, a TAKKE OLICHKY YPOBHS HEOJAromnpu-
STHOTO BIMSHHSA (DaKTOPOB IPOU3BOJICTBEHHON cpeibl Ha OpraHu3M. [Ipe/ioKeHHBIH METOT MOXKET OBITh HC-
MOJTb30BaH B MPOBEACHUH NPOPHIAKTHICCKUX MEIOCMOTPOB H JJOHO30JIOTHYECKOI TrarHocTuku. [1o pe3yib-
TaTaM HCCIICAOBAaHUHN pa3paboTaHbl METOJMYECCKHE PEKOMEHIAIMY, KOTOPEIC OBUTH BHEIPEHBI Ha MPOM3BO/-
CTBE ¥ BKJIIOYEHBI B KYPC JICKLIUH MEIUIIMHCKIX 00pa30BaTENbHbBIX YUPEKACHUM.

Knioueswie cnosa: npon3BoacTBeHHbIE (PaKTOPBI, YCIOBHS TPYAA, YPOBEHb 3a00JIeBAEMOCTH, BpEMEHHAs He-
TPYZAOCIIOCOOHOCTb, OLICHKA BIUSHUSA CPEbl, KOPPEJALHs, HOPMaTUBHbIE HHTEHCUBHBIC ITOKAa3aTeNu, KpUTe-
pHUM pUCKa, IPOTHO3UPOBAHKE, MATEMATUYECKas MOJIEIIb.
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