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 Modern working conditions of miners in the mining industry are characterized by intensive noise and vibration, high 
dustiness, unfavorable microclimate, the levels of which often exceed hygienic standards. Unfortunately, the current
regulatory framework does not take into account the fact that in real life most of the production personnel are exposed not
to one but several factors of the working environment at the same time. Thus, the sanitary standarts established for factors
that act singularly and guarant the preservation of health precisely for these conditions may be untenable. Ensuring
sustainable safety when working in electrical installations should be achieved by complying with electrical safety
requirements. But permissible levels of contact currents and voltages currently recommended by the International
Electrotechnical Commission do not take into account the joint effect of electric current and other physical factors, and 
noise in particular. The effect of sound pressure level and its frequency on the resistance of the human body is proved
earlier in V.V. Katsay's thesis. The study of the effect of noise on magnitude of threshold perceptible current is resumed in 
laboratory conditions at the Department of Life Safety of the South Ural State University. To obtain reliable results a test
complex was designed and built. The complex includes a muffled chamber, sources of simulated voltages and noise, a 
block of recording instruments. Primary electrical safety criteria are investigated for an increased frequency (5000 Hz)
under the influence of noise load. Voltages and currents that cause feelings are measured before the impact of noise and 
under the influence of noise with a sound pressure level of 97 dB.  
The dependence built calls into question the result obtained from results of previous studies on the need to reduce settings at 
which tools of safety shutdown trigger. 
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  Современные условия труда горнорабочих в горнодобывающей промышленности характеризуются интенсивным шумом и
вибрацией, высокой запыленностью, неблагоприятным микроклиматом, уровни которых часто превышают гигиенические
нормативы. К сожалению, действующая нормативная база не учитывает того, что в реальной жизни большая часть 
производственного персонала подвергается воздействию не одного, а нескольких факторов рабочей среды одновременно. Таким
образом, санитарные нормы, установленные для изолированно действующих факторов и гарантирующие сохранение здоровья 
именно для этих условий, могут оказаться несостоятельными. Обеспечение устойчивой безопасности при работах в
электроустановках должно достигаться путем соблюдения требований электробезопасности. Но рекомендуемые в настоящее 
время Международной электротехнической комиссией предельно допустимые уровни токов и напряжений прикосновения не
учитывают совместного действия электрического тока и иных физических факторов, в частности шума. Ранее в диссертационной
работе В.В. Кацай было доказано влияние уровня звукового давления и его частоты на сопротивление тела человека. На кафедре
безопасности жизнедеятельности Южно-Уральского государственного университета были возобновлены в лабораторных
условиях исследования влияния шума на величину порогового ощутимого тока. Для получения достоверных результатов был
спроектирован и создан испытательный комплекс, включающий в себя заглушенную камеру, источники моделируемых
напряжений и шума, блок регистрирующих приборов. Были проведены исследования первичных критериев электробезопасности 
для повышенной частоты (5000 Гц) при воздействии шумовой нагрузки. Измерялись напряжения и токи, вызывающие ощущения,
до воздействия шума, а также при воздействии шума с уровнем звукового давления 97 дБ.  
Построенная зависимость ставит под сомнение полученный по итогам прошлых исследований результат о
необходимости снижения уставок срабатывания устройств защитного отключения. 
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Introduction 

Work activities of miners are characterized by 

a complex of production and environment factors. 

Physical factors such as noise, vibration, 

unfavorable microclimate and high dustiness are 

the main component of such a complex. 

Under certain conditions, a sequential or 

simultaneous (joint) effect on the human body of 

each of them can cause more significant 

consequences than with a single action. 

Usually, there are potentiation, antagonism or 

independent effect observed when combined 

physical and chemical factors of high effect levels.  

Additive dependences may appear in the opposite 

case. Response of the body for combined effects of 

industrial factors is determined by their physical 

levels, functional state of master systems of the 

worker's body and its individual sensitivity to an 

irritant. 

Assessing the combined effect of unfavorable 

factors of the working environment, it should be 

kept in mind that in case of low intensities changes 

in the body can represent disruptions of adaptation 

mechanisms. In case of long-lasting effect of levels 

that are considerably higher than hygienic 

standards frequency of occupation-caused diseases 

increases, nature of their history may change or 

new forms of illness may appear 

Features of mining industry  

working conditions 

Modern working conditions of workers in the 

mining industry as was already mentioned are 

characterized by intense noise and vibration, high 

dustiness, unfavorable microclimate, levels of 

which often exceed hygienic standards [1]. 

Results of assessments of working conditions 

show that the dust effect on the organism of 

miners exceeds the influence of other factors of 

the corresponding industrial environment [2]. 

Dust forms during the destruction and crushing of 

the rock massif, loading and transportation of the 

rock. Average dust concentrations during the 

drilling are 22.3–38.6 mg/m3, for loaing and 

transportation jobs – 13.2–28.6 mg/m3, which 

exceeds the hygienic standards in 2.4 times and 

more [3, 4]. The highest dust concentrations (tens 

and hundreds of mg/m3) are observed when 

working in mines of the Far North in the frozen 

and thawed rocks zone. They are caused by 

ineffective use or absence of dust suppression 

means. In mines where automated mining 

equipment with diesel drive is used the air of 

working areas is significantly polluted by both 

dust and components of exhaust gases and various 

organic compounds. Gaseous exhaust products 

are sorbed on dust and soot particles, increasing 

the fibrogenicity of dust and complicating its 

chemical composition. 

Miners work in unfavorable microclimate 

conditions [3–5]. Working conditions such as low 

freezing temperatures of air and rocks of Far North 

permafrost affect miners all year round. 

Microclimate of mines depends on the region 

climatic conditions, temperature of rocks being 

developed and distance between the excavations 

and air supply shaft. Microclimate parameters in 

the mines vary within very wide limits (air 

temperature from –30 to +31 °C, relative humidity 

30–100 %, air speed 0.1 to 6 m/s). 

All types of mining equipment used in 

underground and open pits are sources of noise. 

They include main and partial fans, pumping 

drainage systems, transformer substations and 

rectifiers, compressor and refrigeration 

equipment with a continuous operation cycle. 

Inconstant noise in the mine appears during the 

cleaning and roadheaders, movement of vehicles, 

operation of manual mechanized tools, lifting 
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machines. Sound waves arise during blasting 

operations. According to [4], high noise levels 

are recorded at the workstations of machinists, 

miners and workers of other professions: drilling 

rigs – 95–105 dBA, roadheaders 95–100 dBA, 

coal-mining combines – 85–95 dBA, electric 

locomotives – 80–95 dBAv. A high level of 

noise (more than 100 dBA at workplaces of 

machinists of the rock loader and ventilation 

units) is mentioned in [3]. 

Pneumatic jackhammers, perforators, hydraulic 

monitors serve as sources of local vibration. Sound 

levels of coal combines, mine transport are 

associated with effects of general vibrations of low 

and medium frequencies and exceed the standard 

ones (by 8 dB or more) [6]. 

There is no daylight in mines. All works  

and movements in mines occur under artificial 

lighting. 

The most dangerous production factors of 

underground mining of coal seams are methane 

release from the massif, formation of an explosive 

mixture when methane is mixed with mine air, 

spontaneous coal combustion [7]. 

Working conditions in quarries of various 

regions differ significantly from underground 

works of coal and ore extraction. They have their 

own features depending on geographic, climatic, 

mining and geological conditions (south, the Far 

North etc.). The effect of unfavorable factors 

during such jobs is much lower. At the same time, 

the operation of all machines is accompanied by 

the generation of noise and vibration, levels of 

which often exceed permissible ones. Their 

characteristics depend on the type of machines, 

work cycle, degree of deterioration of equipment, 

strength of rocks etc. [4]. 

Differences in production technologies have 

a significant impact on the formation of working 

conditions that continue to be harmful, are 

characterized by frequent excesses of hygienic 

standards and determine the high professional 

risk of disrupting the miners' health. Preventive 

actions against the adverse effects on humans are 

aimed to reduce the impact of hazardous and 

harmful production factors to a safe level based 

on their hygienic rationing. Most of the 

standards established for the maximum 

permissible concentration, maximum permissible 

level (MPC, MPL) represent the experimentally 

established maximum permissible values. 

Unfortunately, the current regulatory framework 

does not take into account the fact that in real 

life most of the production personnel  

are exposed not to one but several factors  

of the working environment at the same time. 

Since the sanitary standards established for 

single factors and ensuring safety for these 

conditions in case of several factors joint can be 

untenable, that is extremely important to study 

the nature of the effects of joint action  

for occupational health. For example, it is noted 

in [8–10] that the joint effect of harmful 

production factors adversely affects the 

functional state of the organism as a whole and 

in a number of cases promotes the development 

of occupational diseases, even with small and 

medium intensity of their parameters. 

The joint action of physical factors with 

harmful matter is mentioned in scientific 

references more often. It is known that the 

toxicity of poisons in the body in a certain 

temperature range is the smallest, intensifying 

both with increasing and decreasing air 

temperature. High air humidity and changes in 

barometric pressure increase the risk of 

poisoning. Noise and vibration always increase 

the toxic effect of industrial poisons. Under the 

ultraviolet radiation sensibilization of the body 

to the action of certain harmful substances is 
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possible. Most often there are various dust and 

gas compositions both in production and 

terrestrial environment as a whole. In addition, 

ultraviolet radiation has an effect on the 

interaction of gases in atmospheric air and 

promotes the smog formation. 

The joint effect of noise and heating 

microclimate is mentioned in the papers of 

domestic and foreign scientists. In that case there 

are more significant changes in the functional state 

of person and decrease in his capacity for work 

than with an isolated effect of the factors 

mentioned [11, 12]. The authors note the important 

fact of negative joint influence of heat and sound 

on the efficiency and intensity of labor of workers, 

the need to establish safe noise levels and 

microclimate parameters taking into account their 

joint effect. It is said in [13] that the joint action of 

a heating microclimate and noise at a level higher 

than the MPL is accompanied by a large increase 

in the incidence with a temporary loss of ability to 

work according to the class of diseases of the 

circulatory system (hypertension). The results of 

studies of joint effects of noise, vibration, low 

temperature and heating microclimate [11, 14–16] 

indicate the methodological complexity of 

evaluating the joint effect of factors, since the 

biological effect is not an algebraic sum of 

independent impacts. 

It is also known that noise, especially 

intermittent, affects the electrical characteristics of 

the human body [17], in particular, its resistance to 

electric current. The effect of noise on human 

electrophysiology was noted in [18]. However, the 

nature of this phenomenon was not detected. In 

addition to the effect on organs of hearing, noise 

causes changes in the functional state of the body 

and affects the mental state of a person. These 

circumstances significantly increase the risk of 

workers' electrical damage. 

 

Studies of the joint action  

of high frequency (5000 Hz) electric  

current and noise 

Permissible levels of currents and contact 

voltages currently recommended by the 

International Electrotechnical Commission do not 

take into account the joint effect of electrical 

current and other physical factors and noise in 

particular. 

For this purpose, the Department of Life Safety 

of the South Ural State University continues to 

study the effect of noise on the threshold sensible 

current in the laboratory conditions. In order to 

obtain reliable results a test complex was designed 

and built including the blanked off chamber, 

sources of modeled voltages and noise and block 

of recording instruments [19–21]. Modelled 

voltages have such the features as possibilities of 

obtaining the influencing signals of any shape and 

frequency as well as ensuring the constant rate of 

increase of the signals. 

Locomotive transport is the main transport in 

horizontal shafts of the mines. Among the known 

types of mine locomotives non-contact electric 

locomotives in the complex of electrical 

equipment of which the principle of 

electromagnetic transmission of energy of 

increased frequency to mobile objects have 

significant advantages [22].  

Primary electrical safety criteria were studied 

having electric high frequency current (5000 Hz) 

and noise joint. Studies were performed 

considering the probability of body damage by 

electric current during the operation of electric 

locomotives of alternating current of high 

frequency with inductive energy transfer was 

considered. 

The studies were carried out in the “hand-

hand” way. Voltages and currents causing feelings 
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with no noise impact and with noise impact were 

measured. The voltage applied to the electrodes 

gradually increased from 0 to 20 V. Thanks to use 

of a PC, the rate of increase of that signals was 

constant in all experiments. In addition, at the 

same low voltage of 2.6 V, electrical resistance of 

the body of each subject was determined. 

According to [23], the resistance of the human 

body depends on the applied voltage, starting from 

3 V. In order to exclude the influence of this 

parameter on the measurement results, the value 

was used. 

Noise load was evaluated on the basis of a 

dose approach. From the physical point of view, 

the equivalent sound level and noise dose are 

analogous and connected mathematically [24–

28]. In order to reduce the time, duration of the 

noise load impact during one experiment was 

assumed equal to 30 minutes. The experimental 

installation developed allows to simulate the 

acoustic load with any parameters at the choice 

of researcher and provide the necessary relative 

dose of noise (Drel) for the selected time interval. 

According to the technique [29], simulated load 

must correspond to the noise load per shift, i.e. 

Drel = 100 %. It is also assumed that working 

conditions meet allowable for the noise factor 

values (80 dBA). Considering the duration of 

each experiment equal to 30 minutes, the 

equivalent sound level was obtained as a 

function of the relative noise dose in accordance 

with GOST 12.1.003-83: 

equiv rel4,3536ln( ) 76,972.L D   

The dependence given above (with the reliable 

value of approximation equal to 1) allowed 

performing the reverse calculation of equivalent 

sound level applied to experimental conditions. 

Obtained sound level values and the measured 

values of threshold perceptible current are given in 

the table. 

The function of the threshold perceptible 

current of equivalent sound level at high-frequency 

voltage is shown in Fig. а. 

Experimental data (fcur = 5000 Hz) 

Equivalent sound  

level, dBA 

Magnitude of threshold 

perceptible current, mA 

77 8.02 

89 8.29 

92 8.62 

94 8.6 

95 8.77 

96 8.83 

97 8.86 

 
а 

 
b 

Fig. Function of the threshold value  

of sensible current (a) and resistance  

of the human body to electric current (b)  

on the equivalent sound level (fcur = 5000 Hz) 
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From the mathematical point of view,  

the function acquires a 2nd order polynomial 

character: 

equiv equ
2

poten iv0,002  0,3052 1 9,617.I L L     

The approximation reliability value in our case 

was 0.9666. 

It should be noted that the measured values 

of threshold perceptible currents (more than  

8 mA) exceed the primary electrical safety 

criteria for currents of 5000 Hz (5.2 mA), 

proposed in [30]. 

At the same time, studies of changes in the 

electrical resistance of the human body were 

carried out (Fig. b).  

According to results of the research, the 

fluctuations in resistance of a human body to an 

electric current when exposed to noise during a 

working shift do not have a clearly expressed 

functional dependence. In this case, the oscillation 

interval is of the order of 0.03 kΩ. 

 

Conclusions 

In order to overcome the challenges connected 

to the safety of electrical equipment operation 

electrical safety criteria have to be considered. 

Analysis of scientific electrotechnical references 

revealed that there is no information for the effect on 

primary safety criteria, including for high-frequency 

current, harmful production factor "noise". 

According to the information on working conditions 

of personnel operating and servicing electrical 

installations and to the factor under consideration, it 

is necessary to carry out appropriate studies.  

From the theoretical point of view the 

studies will allow expanding understanding the 

factors that affect the result of electrical injury in 

working conditions. Practical outcome can be 

implemented in use of the results obtained while 

developing the calculation methodology for the 

formation of the safe properties of a complex of 

electrical equipment for rail transport with 

inductive energy transmission. 
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