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Abstract: Our research project was aimed at studying the effects of an electromagnetic field of industrial frequency (EMF-IF) on employees 
of an energy company in Kazakhstan.  
Material and Methods — The object of our study was the health status of electricians (morbidity with temporary disability – MTD), 
engaged in the maintenance of power lines, relay protection systems and substations (220 and 500 kV) at an energy enterprise in 
Kazakhstan. The interrelation and dependence of the intensive MTD indicators on the hygienic factors at the workplace were determined, 
and the risks were calculated from the obtained data.  
Results — Unfavorable workplace conditions caused an increase in disorders of the musculoskeletal system (up to 77%), blood circulation 
(up to 65%), nervous system (up to 52%), skin diseases (up to 46.4%), as well as the manifold rise of the likelihood of neoplasm growth and 
respiratory diseases. For electricians, the relationships between the nervous system disorders (r=0.792), the circulatory system diseases 
(r=0.573), the musculoskeletal system ailments (r=0.672) and the EMF-IF parameters were discovered. At the same time, the dependence 
of the incidence rates of various diseases in workers on EMF, as well as moderate to high computed relative risks, implied the occupational 
genesis of worklace ailments: for nervous system – R2=0.628, cardiovascular system – R2=0.709, skin – R2=0.729, and musculoskeletal 
system – R2=0.413.  
Conclusion — As preventive measures for electricians, we recommended to wear individual exposure meters, to limit work in contact with 
EMF, to include an oncologist in the medical commission, and for trainees, to screen for oxidative stress proteins and chaperone proteins 
to exclude a predisposition to oncogenesis.  
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Introduction  

Work at energy enterprises is associated with a complex of 
hazardous and harmful production factors, among which physical 
factors, such as electromagnetic fields, noise, and microclimate, do 
not habitually meet hygienic standards. The occupational risks of 
the energy industry, due to the specifics of production, constitute 
the cause for the incidence of sickness among employees, but 
occupational pathology is not recorded. It is obvious that most 
occupational ailments are masked in the structure of general 
morbidity [1].  

Malignant neoplasms are considered abroad occupational 
diseases, originating from exposure to low-frequency 
electromagnetic fields. For workers with occupational exposure to 
extremely low frequency magnetic fields (ELF-MF), the risk of 
developing acute myeloid leukemia and follicular lymphoma has 
been proven [2]. In South Korea, various cancers arising from 
exposure to ELF-MF are considered occupational. As of July 2017, 

18 workers in the semiconductor industry were compensated for 
occupational diseases, including leukemia, aplastic anemia, brain 
cancer, breast cancer, lung cancer, malignant lymphoma, and 
ovarian cancer [3]. However, in Kazakhstan, occupational disorders 
generated by an exposure to electromagnetic fields of industrial 
frequency (EMF-IF), including malignant neoplasms, have not been 
yet established. 

The goal of our research project was to reveal the occupational 
cause of ailments in the energy enterprise workforce exposed to 
EMF-IF in Kazakhstan.  

 

Material and Methods 

The objects of the study were the workplace conditions and 
health status of electricians at nine electrical substations (SS) of an 
energy enterprise in the Republic of Kazakhstan. The interrelations 
and dependence of the intensive indicators of the morbidity with 
temporary disability (MTD) on the hygienic factors at the 
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workplace were determined, and the risks were calculated from 
the obtained data. 

The design of our study included selection and formation of 
groups during 2017-2018 while implementing preliminarily 
planned research project, ‘Developing scientific foundations to 
form a preventive environment necessary for maintaining public 
health.’ Information about workplace conditions resulted from 
measuring the parameters of the workplace environment, 
whereas the data on the workers’ health originated from the 
recorded cases of occupational illnesses over a five-year period. 

We used the observation method based on retrospective 
cohort studies. Data collection was carried out in several stages. 
First, we grouped morbidity according to officially designated 
parameters, such as age, length of service, occupational groups, 
and a class of an ailment, according to the 10th revision of the 
International Statistical Classification of Diseases and Related 
Health Problems (ICD-10 class). Then we analyzed the MTD 
incidence in three selected groups of electricians for each of nine 
analyzed SS over a five-year period according to officially 
designated parameters. The dynamics in the groups (length of 
service, age, and occupational) versus incidence levels and the 
MTD structure were assessed. We also investigated the 
dependence of MTD in electricians on the factors of the workplace 
environment, for which purpose the average levels of occupational 
factors and intensive indicators (total number of sick individuals, 
incidence of each disease, number of sick days per 100 workers, 
and duration of a single occasion of an ailment) were compared by 
ICD-10 classes in each group of electricians separately on each of 
nine SS. 

The MTD of workers was studied by means of conventional 
methods, based on analyzing the sick leaves of employees, who 
worked in the profession for the period 2010-2014 for at least 
three months and who gave a written consent for the use of their 
personal data for the analysis. The analysis excluded the 
individuals who had worked at the enterprise for shorter periods 
of time, as well as workers who refused to share the data on their 
MTD cases.  

A comprehensive assessment of the electricians’ workplace 
features and conditions, as well as their labor process severity and 
intensity, was implemented, taking into account the service area 
and timing based on the results of (1) instrumental studies of the 
industrial microclimate (with mcroclimate measuring station 
Meteoscope-M), illumination (with TKA-PKM light meter), noise 
(by Assistant-Total sound level meter), electromagnetic radiation 
(via VE-METP-AT-50), along with gas and dust content in the air (by 
gas analyzer GANK-4) in the summer and winter seasons; and (2) 
the data from 2009 and 2014 reports on certification of 
workplaces. 

All electricians were distributed among three groups in terms 
of their occupational activities: Group 1 (60 people), comprising of 
electricians engaged in the maintenance of power transmission 
lines (PTL); Group 2 (56 people), responsible for the relay 
protection and automation system (RPA); and Group 3 (45 
workers), employed at substations (SS). The control group 
consisted of auxiliary workers and drivers, who were not 
associated with exposure to electromagnetic fields (114 people). 
The average age and length of service were, correspondingly, 
41.6±0.5 yr. and 9.6±0.2 yr. for individuals in Group 1; 42.5±0.5 yr. 
and 11.6±0.2 yr. in Group 2; 43.6±0.8 yr. and 14.6±0.8 yr. in Group 
3; 45.9±0.5 yr. and 11.0±0.5 yr. in the control group. 

 
Table 1. Intensive MTD indicators (incidence of each disease) at an energy company in Kazakhstan 

ICD-10 classes Incidence rate per 100 employees Group 1 Group 2 Group 3 Control 

TOTAL (regardless of ICD-10 class)  individuals 64.5±0.6 82.9±0.7* 45.3±0.5 75.9±0.4 
cases 50.3±0.5 44.4±0.5 57.4±0.5* 51.8±0.4 

Certain infectious and parasitic diseases 
individuals 2.0±0.1 2.1±0.1 0 6.8±0.1 

cases 2.0±0.1* 1.1±0.1 0 1.1±0.1 

Neoplasms 
individuals 0 0 2.4±0.1 4.8±0.1 

cases 0 0 9.9±0.2* 1.2±0.1 
Endocrine, nutritional, and metabolic 
diseases 

individuals 0 1.1±0.1 0 2.0±0.1 
cases 0 1.1±0.1* 0 0.4±0.1 

Diseases of the nervous system individuals 0.5±0.1 2.7±0.1* 2.5±0.1* 0.8±0.1 
cases 0.5±0.1 1.6±0.1* 2.5±0.1* 0.8±0.1 

Diseases of the eye and adnexa individuals 1.5±0.1 1.6±0.1 0.5±0.1 1.3±0.1 
cases 1.5±0.1 1.1±0.1 0.5±0.1 1.3±0.1 

Diseases of the ear and mastoid process 
individuals 2.0±0.1* 0 1.5±0.1* 0.5±0.1 

cases 2.0±0.1* 0 1.5±0.1* 0.5±0.1 

Diseases of the circulatory system 
individuals 7.1±0.2 11.2±0.2* 5.0±0.2 8.4±0.1 

cases 5.6±0.2* 5.3±0.2* 5.0±0.2 4.4±0.1 

Diseases of the respiratory system 
individuals 19.8±0.3 24.1±0.4 14.7±0.3 23.5±0.2 

cases 15.2±0.3 12.8±0.3 17.3±0.3 18.3±0.2 

Diseases of the digestive system individuals 6.1±0.2 7.0±0.2 5.4±0.2 8.6±0.1 
cases 3.0±0.1 2.7±0.1 5.9±0.2 6.6±0.1 

Diseases of the skin and subcutaneous 
tissue 

individuals 3.6±0.1* 8.6±0.2* 0.5±0.1 1.5±0.1 
cases 1.5±0.1 4.3±0.2* 0.5±0.1 1.5±0.1 

Diseases of the musculoskeletal system and 
connective tissue 

individuals 12.2±0.2* 15.0±0.3* 6.9±0.2 9.6±0.2 
cases 11.2±0.2* 8.6±0.2 8.4±0.2 8.4±0.1 

Diseases of the genitourinary system 
individuals 3.6±0.1 2.7±0.1 3.0±0.1 3.5±0.1 

cases 3.0±0.1 1.6±0.1 3.0±0.1 3.0±0.1 
Injury, poisoning and certain other 
consequences of external causes 

individuals 6.1±0.2* 7.0±0.2* 2.5±0.1 4.3±0.1 
cases 4.6±0.2 4.3±0.2 2.5±0.1 4.0±0.1 

* p<0.001 for the incidence rate higher than in control group; cases – the number of illness cases per 100 workers; individuals – the 
number of sick people per 100 employees. 
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Table 2. MTD per 100 employees across length of service groups of electricians by occupational morbidity categories at the energy enterprise in 
Kazakhstan 

ICD-10 classes 
Indicators of occupational 

morbidity 
Length of service, years 

0-4 5-9 10-14 15-19 20-24 25-29 30-34 Total 

Diseases of the nervous 
system 

cases 2.0±0.1 1.7±0.1 0 0 0 0 7.7±0.4 1.6±0.1 
sick days 31.3±4.1 9.2±4.5 0 0 0 0 120.5±8.0 20.7±2.2 

case duration 15.3 5.5 0 0 0 0 15.7 13.0 

Diseases of the 
circulatory system 

cases 2±0.1 2.5±0.1 3.6±0.3 12.5±0.4 19.3±0.6 18.2±1.3 5.1±0.4 6.2±0.1 
sick days 27.9±4.1 30.8±4.5 36.4±6.7 248.4±6.3 417.5±6.2 81.8±15.0 110.3±8.0 109±2.2 

case duration 13.7 12.3 10.0 19.9 21.6 4.5 21.5 17.6 
Diseases of the skin 
and subcutaneous 

tissue 

cases 4,1±0.2 9.2±0.3 5.5±0.3 3.1±0.2 3.5±0.2 0 0 4.8±0.1 
sick days 29.9±4.1 86.7±4.5 20.0±6.7 37.5±6.3 21.1±6.2 0 0 38.8±2.2 

case duration 7.3 9.5 3.7 12.0 6.0 0 0 8.1 
Diseases of the 

musculoskeletal system 
and connective tissue 

cases 8.2±0.2 12.5±0.3 18.2±0.6 9.4±0.4 5.3±0.3 9.1±0.9 5.1±0.4 9.8±0.1 
sick days 64.6±4.1 108.3±4.5 209.1±6.7 109.4±6.3 71.9±6.2 254.5±15 48.7±8.0 99.2±2.2 

case duration 7.9 8.7 11.5 11.7 13.7 28.0 9.5 10.2 

Cases – the number of illness cases per 100 workers; days – number of sick days per 100 employees, case duration – average duration of 
sickness in days. 

 

 

 
Figure 1. Relative risk of disease growth for musculoskeletal 
system (a), skin (b), circulatory system (c), and nervous system 
(d) among electricians at the energy enterprise in Kazakhstan. 

Note: x-axis – length of employment groups (duration in years); y-
axis – relative risk; dashed line – morbidity per 100 employees; 
dotted line – sick days per 100 employees. 

 

 

 

Statistical data processing was conducted by using STASTICA 
10 software via testing the hypothesis of the normal distribution, 
along with calculating the sample means (M ± m) and their 95% 
confidence intervals, and the medians (Me) and their 25-75% 
quartiles. To compare the numerical values of the studied 
parameters, corresponding to the normal distribution and having 
equal standard deviations, the Student’s t-test was used for 
unrelated groups. To compare the qualitative variables, we 
employed the Mann-Whitney and Kolmogorov-Smirnov tests for 
unrelated variables. For all those tests, we used the significance 
level of p <0.05, considering the Bonferroni correction. With a 
given statistical significance estimate (p <0.05) in mind, we 
identified the closeness of the relationship (Pearson product-
moment correlation) and the dependence of intensive MTD 
indicators on hygienic factors. 

 

Results 

Comparing the MTD levels of electricians in three assigned 
groups, who were in contact with equipment generating EMF-IF, 
with equivalent indicators in the control group of employees, we 
calculated the relative risks, the magnitude of which and the 
degree of causal relationships among health disorders and 
professions allowed us to consider various ailments attributable to 
occupation [4]. The greatest relative risk of developing nervous 
systme disorders, related to the number of cases and to the 
number of sick people, was found in RPA electricians (3.52 and 
2.11 times) and SS electricians (3.26 and 3.26 times) (Table 1). 
There were no differences between the Groups 1 and 2, while 
differences were found between the indices of Group 1 vs. Group 
3 (except for endocrine diseases), and Group 2 vs. Group 3 (for 
most ICD classes) (p <0.001). 

The next (by magnitude) risk was associated with skin diseases 
in RPA electricians (5.63 and 2.82 times) and PTL electricians (2.34 
times). The risks of developing musculoskeletal diseases were 
identified in PTL electricians (1.27 and 1.33 times) and RPA 
electricians (1.56 times). Low risks of cardiovascular disease 
occurrence were identified solely among RPA electricians (1.33 
and 1.20 times). 

According to the data of epidemiological studies, the 
assessment of the causal relationship among health disorders and 
workplace conditions by the value of the relative risk with the 
corresponding etiological segment of 33% matches to the risk of 
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occurrence of musculoskeletal disorders in PTL electricians. The 
relative risk from 1.5 to 2 and the etiological proportion of 33-50% 
reflect the average degree of occupational nature of the 
musculoskeletal disorders’ risk in RPA electricians. If we agree with 
an opinion by Klebanov R.D. et al. that the possibility of developing 
work-related diseases arises at risks in the intervals from 2 to 3.2 
with an etiological proportion of 51-66%, then the risk of the 
nervous system diseases (2.47), and of skin and subcutaneous 
tissue diseases (2.70) for all electricians corresponds to a high 
degree of occupational causation, at which persistent health 
disorders may occur. 

The revealed regularities of the prevalence of diseases among 
electricians coincide with the structure of the prevalence of 
diseases for the entire population of Karaganda Oblast, which is 
the most industrialized region of Kazakhstan. The levels of 
musculoskeletal system diseases in all three groups of electricians 
(PTL, RPA, SS), as well as their combined group, significantly 
exceeded (7.07, 8.69, 4.02 and 6.56 times) the prevalence of 
diseases of this type in comparison with the entire population of 
Karaganda Oblast (1722.78%ooo). Same pattern is true for the 
class of diseases of the circulatory system (3.70, 5.85, 2.58 and 
4.01), compared with the prevalence of diseases of this class 
among the entire population of Karaganda Oblast (1919.92%ooo). 
High prevalence of diseases of the nervous system among 
electricians (2.04, 1.89, and 1.45 times) over similar morbidity 
levels in the population of the Karaganda Oblast (1313.22%ooo) 
was noted in the RPA, SS, and combined groups of electricians. As 
for the class of skin diseases (2714.4%ooo), a similar comparison 
revealed its high MTD for PTL and RPA electricians, as well as for 
all electricians combined (1.31, 3.15 and 1.51 times, respectively). 

It should be noted that skin diseases in workers were detected 
only at 500 kV SS, where the duration of a single sickness (14.0 
days) was 1.44 times greater than the standard indicators for the 
electric power industry of the Unified Energy System (UES) (9.7 
days). But an even higher numbers of cases and sick days per 100 
employees were discovered for PTL electricians (9.35 times and 
7.28 times) and RPA electricians (9.5 times and 8.47 times). The 
probable cause of this finding was a significant excess of the 
electric component of the EMF-IF equipment on open switchgears 
of the 500 kV SS and PTL of the maximum permissible level (5 
kV/m). 

Nervous system-related MTD was often recorded at 220 kV SS 
electricians. At all substations, we detected 6.0, 7.6 and 3.6 times 
higher than norm number of cases (0.7 per 100 employees), 
respectively. Same was true for number of sick days (an average of 
8.7 per 100 employees): 5.4, 6.4 and 5.5 times higher than norm, 
correspondingly. A particularly pronounced excess of these 
indicators was noted among RPA electricians (7.7 times and 9.6 
times), as well as at individual 220 kV SS (20.43 times and 21.35 
times). 

The MTD for the classes of the circulatory system diseases and 
musculoskeletal system disorders was detected at all studied 
objects of the energy enterprise in Kazakhstan, with numerical 
values of several MTD indicators exceeding the permissible levels 
accepted within the UES. For circulatory system diseases, MTD 
indicators exceeded the norm by 1.6 to 7.9 times, and 1.6 times 
for 220 kV SS, while for diseases of the musculoskeletal system, 
MTD exceeded the norm by 1.2-1.87 times at various 220 kV SS, 
which confirmed the high risks of developing diseases of these ICD 

classes and also clarified workplace areas, requiring priority 
optimization of working conditions. 

The difference between the actual morbidity rate, expressed in 
cumulative sick days per 100 workers, and the morbidity rate 
under optimal work environment, considering the average age and 
length of service, indicates the level of occupational health loss [4]. 
A low risk class (1), implying loss of occupational health at a level 
of 0.01-5.0%, was identified for people in the conditional control 
group (administrative staff). The permissible risk class (2) means 
5.01-16.0% level of occupation-related health loss, significant risk 
class (3) stands for 16.01-35.0% of health loss, and high-risk class 
(4) indicates 35.01-60.0% loss of occupational health. According to 
the average values of intensive indicators in the length of service 
groups of electricians vs. standard indicators for the UES industry, 
the level of profession-related health loss among electricians was 
58% for the class of diseases of the nervous system, 39% for 
diseases of the circulatory system, 50% for skin diseases, and 
11.7% for the musculoskeletal system (Table 2). 

Professional-related risk of developing diseases for four 
assigned groups of electricians (PTL, RPA, SS, and control) was 
confirmed by their dynamics over the length of service. In 
electricians, the occupational conditionality of the diseases’ 
growth risk began increasing in the classes of musculoskeletal 
system diseases and skin diseases after 10 years of employment, in 
the classof circulatory system diseases after 14 years of work, and 
in the class of nervous system disorders after 30 years of service. 

A similar dynamic of the relative risk growth for diseases (by 
the number of cases and cumulative sick days per 100 employees) 
is presented in Figure 1, where the growth of risks for skin diseases 
was noted after five years of work, whereas for diseases of the 
circulatory system, only after 20 years. 

A correlation between the intensity of the magnetic (electrical) 
component of the EMF-IF at the workplace of electricians with 
their MTD indicators was confirmed for three ICD-10 classes: for 
diseases of the nervous system with EMF intensity (by number of 
sick days: r=0.79, p=0.006, and by number of sick individuals and 
cases of sickness per 100 employees: r=0.77, p=0.009); for diseases 
of the circulatory system with EMF intensity (by number of sick 
people: r=0.57, p=0.03); for diseases of the musculoskeletal 
system (by number of sick individuals and cases of sickness) with 
EMF intensity: r=0.63, p=0.008 and r=0.67, p=0.004, 
correspondingly; and for diseases of the musculoskeletal system 
(by number of sick individuals and cases of sickness) with electric 
field strength: r=0.62, p=0.01 and r=0.53 , p=0.03, respectvely. 

The risk of meningioma in workers, contacting with EMF, can 
now be calculated, taking into account their initial age and length 
of service [5]. It has been established that, for the majority of 
electricians with work experience at the energy enterprise of 
Karaganda Oblast up to 20 years, the risk of developing 
meningiomas was characterized as permissible. The risk index for 
PLT electricians, under magnetic field exposure of 3.5 μT, may 
exceed the level of acceptable risk for the length of service of over 
20 years, and especially after 30 years of employment, when it is 
classified as moderate (0.052106 and 0.078138). This requires 
supplementary measures to reduce the risk by limiting work in 
contact with EMFs to 19 years and 22 years, respectively. 

 The effects of EMF-IF on the incidence of diseases of the 
genitourinary system were detected in electricians with 
experimental confirmation of changes in kidney function, which 
led to an increase in creatinine and urea concentrations in blood 
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plasma (p<0.001), accompanied by severe vascular stasis in the 
renal cortex and a decrease in the number of erythrocytes in the 
glomerular capillaries [6]. The experiment also showed that long-
term exposure to EMF could lead to oxidative damage to the liver 
and spleen with an increase in alanine aminotransferase (ALT) and 
aspartate aminotransferase (AST), and a decrease in glutathione 
peroxidase and superoxide dismutase, along with serum 
immunoglobulins [7]. Alternatively, we did not discover any 
statistically significant differences in the MTD for the ICD-10 
classes of diseases of the digestive system and diseases of the 
genitourinary system between the electricians and the control 
group. 

 

Discussion 

Established by our results occupational conditionality of 
diseases of the nervous system, circulatory system, 
musculoskeletal system, and skin from the parameters of the EMF-
IF in electricians at the energy enterprise in Kazakhstan, exposed 
to EMF-IF, could be explained by the peculiarities of the 
pathogenetic mechanism, cuaisng changes that provoke 
oncogenesis. Recent experimental studies established the 
pathophysiological mechanism of the damaging effect of low-
frequency EMF on the cell and cellular elements in the human 
body. The synthesis of stress proteins under the EMF influence 
was regarded as the principal mechanism of interaction between 
EMF and DNA in BioInitiative Report (2012) [8]. This review 
emphasized that the DNA molecule is particularly vulnerable to 
EMF damage due to its double-helix configuration. Changes in the 
properties of stress proteins as a result of oxidative damage can 
lead to a decrease and loss of muscle strength. The specific 
response of individual cells, which is called cellular stress, develops 
to the effect of EMF earlier than to thermal stimuli: the threshold 
energy of the EMF stimulus is a billion times weaker than the 
thermal stimulus. With an increase in the EMF intensity, the 
number of DNA lesions may gradually increase as well, which 
indicates a dose-response relationship for low frequency EMF. 
Cellular stress proteins are synthesized when cells encounter 
stimuli, damaging macromolecules, and stress proteins help in the 
repair and transport of these molecules. Thermal stimuli, which 
triggered the synthesis of protective proteins, were considered 
extremely dangerous for the cell, but now we realize that non-
thermal EMF stimuli induce the same defense reactions in cells. It 
is known that different types of cells react to EMF, both in vivo and 
in vitro, primarily epithelial, endothelial, and epidermal cells, as 
well as cardiac muscle cells and fibroblasts. The cellular stress 
response is widespread rather than universal. With repeated 
exposure to EMF stress, protein synthesis declines with each 
repetition. A decrease in the synthesis of stress proteins under 
constant exposure to EMF could predispose to oncogenesis. A few 
authors noted a decrease in the expression of heat shock proteins 
with age, which indicated a change in adaptation to the effects of 
EMF in older age groups, along with an increased risk of various 
pathogenetic processes [9]. 

More evidence is currently available regarding the EMF effects 
on the neuropsychiatric health of employees. When evaluating the 
subjective symptoms of self-assessment of PTL workers, 53.5% of 
them complained at headaches, 35.6% mentioned fatigue, 32.5% 
stated difficulty in concentrating, 30.4% sufferred from dizziness, 
28.8% had attention disorders, 28.1% acquired nervousness, and 
14.7% complained at tachycardia. When compared with the 

control group, the relationship among EMF exposure and 
neuropsychiatric symptoms was statistically significant (p<0.05). 
With over 10 years of work experience, there was a risk of 
developing symptoms of depression, anxiety, and paranoid 
thinking [10]. We revealed that fatigue among workers at the 
energy enterprise was a significant factor in assessing occupational 
risk. Fatigue can be expressed as a linear function of time elapsed 
since the beginning of the workshift: k=1+0.37×t, where k=y/7.73; 
t is time, expressed as a fraction of the work shift [11].  

Using the case-study of electric power industry enterprises of 
the industrial complex in Arkhangelsk, we developed mathematical 
models, reflecting the changes in the health of employees, 
detected in the course of their periodic medical examinations. 
Causal relationships of health disorders from exposure to harmful 
factors of the workplace environment and hazard class (classes 
3.1-3.2) (χ2=10.9, p <0.001) were established, with calculating the 
values of the relative risk (RR) and etiological fraction (EF). For 
operators, mechanics, repairmen, insulation workers, and 
electrical repair professionals, the risk for developing hearing 
diseases was: RR=2.3 with the etiological share of EF=56.3; and for 
diseases of the musculoskeletal system, it was slightly lower 
(χ2=38.6, p <0.001, RR=1.44, EF=30.5) [12]. At the same time, the 
level of MTD, in terms of the number of all cases of sicknesses per 
100 employees, as well as that of employees at an energy 
enterprise in Kazakhstan, was low (69.0 and below), which was not 
fully consistent with the established classes of working conditions 
and hazard classes. With a class of workplace conditions 3.1-3.2, 
the risk of occupational ailment is 0.0076, while at the class 3.3, it 
is 0.065 with a frequency of violatiing sanitary and epidemiological 
requirements for working conditions at electric power enterprises, 
on average, 0.36 per single inspection, or 1.56 at the 95th 
percentile. In general, the potential harm to the health of workers 
at energy enterprises, associated with violations of sanitary 
legislation, was about 0.005 per single violation. At the same time, 
the levels of health risks for workers were increasing from the 
number of workers of 50 people at the facility with 2.15E-06 to 
3000 employees at the enterprise with 4.96E-05 [13]. At the 
enterprises of the electric power industry, only a few cases of 
occupational diseases were registered, with a high proportion of 
virtually healthy people (53.7%).  

The discovered negative correlation between the magnetic 
field intensity and the antioxidant activity of erythrocytes in 
Iranian electric welders was accompanied by a significant decrease 
in the activity of glutathione peroxidase and superoxide dismutase 
(p=0.001 and p=0.003, respectively), compared with the control 
group [14]. Occupational exposure to EMF is also demonstrated by 
changes in the secretion of melatonin and cortisol, which affect 
the function of the circadian system [15]. Histaminemia, an 
increase in nitrotyrosine, S100B protein (calcium-binding protein 
synthesized in glial cells), antibodies to myelin antigens, Hsp27 
and/or Hsp70 chaperone proteins (heat shock proteins) were 
detected in individuals with hypersensitivity, which should be 
interpreted as biomarkers from exposure to EMF [16]. Hence, the 
content of all aforementioned components should be determined, 
if there is a suspicion for an adaptation disorder to the chronic 
effects of EMF-IF in the working environment, in particular, in 
highly trained electricians with frequent cases of diseases, causing 
their temporary disability. 
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Conclusion 

1. Unfavorable conditions at the workplace of the energy 
enterprise in Kazakhstan caused a high growth segment of total 
MTD cases in all employees, particularly, up to 77% for diseases of 
the musculoskeletal system, up to 65% for blood circulation 
ailments, up to 52% for nervous system disorders, and up to 46.4 
% for skin diseases.  

2. In electricians, unfavorable workplace conditions increased 
the likelihood of emergence of skin diseases, causing temporary 
disability, by 39.7 times; of neoplasms, causing disability, by 10.9 
times; of respiratory ailments, generating disability, by 13.2 times; 
and of musculoskeletal disorders, causing temporary disability, by 
4.2 times. 

3. In electricians, the occupational nature of their ailments due 
to their contact with EMF has been demonstrated by the close 
relationship between MTD indicators and diseases of the nervous 
system (r=0.792), circulatory system (r=0.573), musculoskeletal 
system (r=0.672) with EMF-IF; as well as the dependence of their 
morbidity rate for diseases of the nervous system (R2=0.628), 
cardiovascular system (R2=0.709), skin (R2=0.729) and 
musculoskeletal system (R2=0.413); along with computed high and 
medium relative risks. 

4. As preventive measures for electricians, we recommended 
to wear individual exposure meters, to limit work in contact with 
EMF, to include an oncologist in the medical commission, and for 
trainees, to screen them for oxidative stress proteins and 
chaperone proteins to exclude their predisposition to oncogenesis. 
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