
Revisiting the Improvement of Respiratory 
System Protection of Mining Workers

Cheberyachko S*, Deryugin O, Tretyak O and Pustovoi D

Dnipro University of Technology, Ukraine

Introduction

Imperfect technological processes and equipment result in pollution of air with harmful 
substances in working zone area. In cases the maximum allowable concentration (MAC) of 
harmful substances is exceeded and it is impossible to reduce it to safe level by taking technical 
measures the use of individual respiratory protective devices (IRPD) is recommended. 
According to [1] the staff should be provided with respirators. The selection of the proper 
respirator type is regulated by [2]. The basic conformity criterion of protective equipment 
and its operation conditions is preponderance of its protective properties over the value of 
air contamination factor, i.e. the value ratio of particulate pollutants concentration and MAC. 
The reference documents describe a range of criteria for protective properties assessment of 
IRPD as follows: 

a) Assigned Protection Factor (APF) shows the level of protection predicted to be obtained 
at the workplace for 95% of properly taught and trained workers using the IRPD which is 
functioning properly and is fitted properly;

b) Nominal Protection Factor (NPF) is the value obtained from the maximum value of 
general penetration factor set by the proper Standard for the separate class of IRPD;

c) Workplace Protection Factor (WPF) is the ratio of concentration of harmful substance 
in the breathing zone and under the mask.

It is recommended that employers use efficient certified IRPD to provide the guaranteed 
protection of workers from harmful particulate pollutants. Thus, the issue of IRPD efficiency 
assessment for particular conditions becomes urgent. It is common that high protection level 
of workers is based on the following issues:

d) quality of IRPD set by producer;

e) the proper IRPD selection substantiated by anthropometric characteristic of workers’ 
faces and operating conditions; 

f) workers teaching and training to use the IRPD.

Problems of verification of protective properties filtering respirators

The quality testing for respirators is carried out by means of application of correspondence 
modules according to the Technical Regulations for Individual Protective Devices. Filtering 
devices for respiratory protection belong to the third category, so they are assessed according 
to B module (Technical Regulations for Modules of Correspondence Assessment). The 
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Abstract
The analysis of respiratory protective device use efficiency has shown the substantial limitations of qual-
ity assessment for respirators. This results in potential hazard of excessive influence of harmful particu-
late pollutants on employees. To prevent occupational diseases development, it is extremely important 
that employers are motivated to improve labour conditions. Not least important is development of re-
quirements to the biomonitoring procedure and conditions, as well as selection, testing and users train-
ing for individual respiratory protective devices use as based on the modern science development. The 
elimination of hazard class based only in providing the employees with individual respiratory protective 
devices is not scientifically substantiated and inadmissible way.
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procedure consists in expert evaluation of technical documents and 
trial of one or some critical parts of product sample with respect 
to the proper standards. The latter are represented by a range 
of regulations describing requirements to trial procedure and 
quality indicators (EN 140:2004, EN 143:2002, EN 149:2003, EN 
405:2003). The general limitation of the regulations is the fact that 
the IRPD are not required to be tested in the workplace conditions. 
The direct application of the obtained technical characteristic of 
respirators in laboratory conditions may result in the errors caused 
by the influence of various unpredictable factors. The fact is shown 
in the numerous researches of protective qualities of respirators 
in the real conditions [3-9]. The results of the researches may be 
generalized as follows:

a. in case of proper selection of respirator filter the general 
performance of IRPD is determined only in terms of leakage of 
unfiltered air through the gaps between the facepiece of a half mask 
(respirator) and face which is the main way of inhaled air pollution;

b. the gaps are caused by a wide range of factors (improper 
selection of half mask resulting from not checked fit testing, lack of 
skills of proper use, stretching of head harness, slacking of clamping 
force are considered as the most widespread).

The abovementioned issues substantiate the need in workplace 
respirators tests. But the direct measurement of protective 
properties of IRPD for accurate assessment of average value of 
harmful substances concentration reduction in the inhaled air 
requires multiply tests for each worker. This is expensive and very 
difficult to be put into practice. One more difficulty is changing 
leakage level of unfiltered air under the mask. Mask donning and 
using by workers result in additional variability of IRPD efficiency, 
as it may be donned incorrectly or slip on the face due to execution 
of movements. In such cases methods of statistics are widely used 
to deal with the obtained quantitative data of research results. 
However, to obtain the accurate value of average protection factor 
for a particular person in laboratory conditions about 18-25 
repeated measures are needed for providing enough random error 
reducing for statistical analysis [10]. But this is due to execution 
of similar movements (for certification). Movements may vary in 
the real conditions, and this results in gaps occurrence. That is the 
reason for employers not to carry out direct measurements. To 
choose the proper respirators an employer is obliged to meet the 
legislation requirements based on the scientific researches [11-15].

The considered issues of IRPD efficiency are applied into the 
recommendations for employers on IRPD selection in the USA [16]. 
The recommendations describe the values of predicted protection 
factors for all IRPD types (obtained by means of statistical analysis 
of workplace measurements), but it is stated that the values 
are approximate. It should be also mentioned that the labour 
safety standards regulating selection and use of IRPD in the USA, 
Germany and the Great Britain oblige employers to carry out health 
examinations of employees. In case of some harmful substances 
ingestion their concentration in biological matrix (blood et al) 
and metabolic changes may be used for employees’ protection 
assessment. For example, the similar researches were carried 

out by Petryanov [17] and enabled determination of hazardous 
concentration boundary for lead in blood for using filtering 
Lepestok half masks. Later the proper biomonitoring methods 
for assessment of near 80 harmful substances effect (Biological 
Exposure Indexes BEI, biological MAC) were developed and have 
been applied. Biomonitoring enables indirect assessment of general 
efficiency of measures for protection from harmful substances 
(including use of IRPD). In the USA employers are obliged to apply 
biomonotoring while working with lead and Cadmium compounds, 
and its application is non-mandatory for other harmful substances 
[18,19]. So to reduce the frequency of occupational diseases of 
respiratory system for workers using ORPD it is important:

a) to specify the air sampling requirements for determination 
of harmful substances concentration at the workplaces (to carry 
out sample taking close to worker’s face only);

b) to develop sanitary requirements obliging employers to 
carry out biomonitoring in case of lead and Cadmium effect, as 
well as other substances with developed efficient methods of effect 
assessment and biological MAC; 

c) to develop the requirements for employers dealing with the 
proper efficient ORPD selection and implement the substantial 
trainings based on the findings of modern science

Conclusion

The analysis of ORPD use efficiency has shown the substantial 
limitations of quality assessment for respirators. This results in 
potential hazard of excessive influence of harmful particulate 
pollutants on employees. To prevent occupational diseases 
development, it is extremely important that employers are 
motivated to improve labour conditions. Not least important is 
development of requirements to the biomonitoring procedure and 
conditions, as well as selection, testing and users training for IRPD 
use as based on the modern science development. The elimination 
of hazard class based only in providing the employees with IRPD is 
not scientifically substantiated and inadmissible way.
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