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Objective is to determine occupational hazards connected with contraction of diseases of respiratory organs,
and to elaborate recommendations concerning the improvement of staff protection level.

Methods. Following research have been carried out to identify the hazards resulting from failure in respirator
service: review of publications in scientific sources; analysis of studies in the field carried out lately by hygiene
institutions; discussions with scientists from industrial medicine institutes, and work safety officers from coal industry
enterprises as for the improved conditions of respirator use; and analysis of the current techniques intended to
identify hazards of professional disease contraction.

Results. Decrease in the number of contraction of diseases of respiratory organs at workers during performance
of their professional duties is possible if only effective respirator is used which can be implemented on the basis of:

— preliminary validation test for anthropometric parameters of faces of users as well as for production environment;

— training for correct control and adequate use in the process of performance of professional duties.

Practical value. The process of respirator selection itis possible to ask manufacturers forthe information concerning
characteristics of the respirator and their efficient use. Proper service involves engagement of the manufacturers
to train staff as for the gaining skills of efficient use of the facilities. Adequate service involves appropriate tests
of operational characteristics of the respirator in cooperation with their manufacturer.

Key words: respirator, protection, dust disease, health of workers, aerosol, operational conditions, risk, selection,
errors.

Yebepsiuko Cepeili, Sleopcbka OneHa, sleopcbkuli AHOPpil, IkoHHikoe Makcum. PekomeHOauii uj000
3anobizaHHs1 npogbeciliHuM pu3lukam, noe’ss;3aHuM i3 HernpasusibHUM eUb60pPoM ma euKopucCmMaHHsIM
npomunusio8ux pecriipamopie

Mema — gusHayumu npogbeciliHi pu3uKU, Mo8’sa3aHi 3 BUHUKHEHHSIM 3aX80pH8aHb Op2aHie OuxaHHs, ma po3spo-
bumu pexkomeHOauii wjodo nid8UUEHHS pigHs 3axucmy rnepcoHary.

Memodu. [ins susisneHHs1 Hebe3srek, os’s3aHux 3 NopyweHHsIMU 8 pobomi pecriipamopis, 6ynu nposedeHi maki
docrioxeHHs: oensad nybnikauit y Haykosux Oxepernax, aHania ocmaHHix 8i0rnosiOHuUX A0crioxeHb, nposedeHux
ycmaHosamu 2ieieHidHo020 npoghinto; 062080pEeHHST 3 HAyKOBUAMU IHCMuUmMymig npoMuc108oi MeduyuHU ma creuja-
nicmamu 3 OXOpOHU rfipayi nidrnpuemMems 8y2irbHoI pomMuc080cmi W00 MOKpaWeHHs MO8 8UKOpUCMaHHS pecrli-
pamopie; aHasi3 Hasg8HUX MemoOUK, NPU3HaYeHUX 011 8UsieNIeHHS Hebe3rek po38uUMmKy rpoghecilHUX 3aX80PH8aHhb.
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Pe3ynbmamu. 3MeHWeHHS Kiflbkocmi 3axeoptoeaHb Op2aHie OuxaHHs y MpauieHUKig M0 4ac 8UKOHaHHS iXHIiX
npogheciliHux 0608’s13Ki8 MOX/IUGe 3a YMOBU BUKOPUCMaHHS Nulie egheKmueHo20 pecripamopa, wo mMoxe bymu

pearizogaHa 3a805IKU:

— nonepedHboMy eanidayiliHOMy Mmecmy8aHHIO aHMPOMNOMempPUYHUX napamempig 0bu4Ysi Kopucmysauis,

a makox 8UpOBHUYUX YMO8;

— HagyaHHI0 npasuibHO20 KOHMPOII Ma 8UKOPUCMAaHHS y Mpoueci BUKOHaHHS MpogheciliHux 0608 ’s3Kie.

lMpakmu4Ha yiHHicmb. Y npoyeci subopy pecnipamopa MoxHa 3anumamu y 8upobHuUKa iHgbopmayito Npo xapak-
mepucmuku pecripamopa ma (i020 echekmusHe sukopucmaHHs. HanexHe obcryeosysaHHsi nepedbadyae 3asyqeH-
Hs1 8UPOBHUKI8 0 Hag4aHHSI NepcoHarly 3 Memor Habymmsi HagUYOK eheKMUBHO20 BUKOPUCMaHHS 0bradHaHHs.
HanexHe obcryzosysaHHs nepedbaqace nposedeHHs 8idnogidHuUx sunpobysaHb eKcryamauyiliHux xapakmepucmuk

pecnipamopig y criernipayi 3 ix 8UPOOHUKOM.

Knro4oei cnoea: pecriipamop, 3axucm, nunosa xeopoba, 300p08’s npauyieHuKie, aepo30sib, yMO8U eKcriilyama-

uii, pusuk, eubip, MOMUsIKU.

Introduction. Despite the requirements of leg-
islation to apply personal respirator equipment
(PRE) only if it is impossible to reduce concen-
tration of hazardous aerosols down to safety indi-
ces by means of organizational and technological
measures, they are still popular industrially. It has
been calculated that industrial companies of the
USA spend annually almost $5 min to equip work-
ers with PRE only [2]. Moreover, the sum increases
significantly taking into consideration processes of
service, conformance inspection, and staff training.
If selection and use are incorrect then substantial
sum of money is wasted and workers will have no
adequate protection which may result even in fatal
cases. Thus, it is necessary to be careful with a
procedure of PRE selection which involves several
steps: determination of emission concentration in
the working air; climatic conditions; working sched-
ule; estimation of professional risks connected
with PRE use; substantiation in terms of function-
ality and operation conditions; staff training as for
application skills; and provision of correct storage
and service [3].

However, the problem, which should be stud-
ied thoroughly, is to estimate occupational risks
connected with PRE use since the majority of
scientists, researchers, and labour safety experts
believe it will favour its conscious application [4—6].
It should be noted that the procedure is required by
several International Standards [7; 8]. Moreover,
every country has its own legal system duplicating
requirements of the abovementioned norms. With-
out going into details, we mention that the listed
documents do not cover explanations concerning
origin, weight evaluation, and recommendations
concerning either elimination or minimization of
occupational hazard of PRE users. Neverthe-
less, estimation of any occupational risk should
also include the hazardous factors favouring the
undesired event rise under the certain conditions.
According to [7], the hazardous factors, connected
with the use of PRE, can be divided into two basic
groups: one depends upon mistakes resulting from
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PRE selection; another one depends upon ama-
teurship or its irresponsible application.

However, before discussion of the problem, try
to gain insight into numerous and diversified phe-
nomena which should be taken into consideration
while analyzing effect of aerosols on a human
body. Since aerosol is a disperse system, consist-
ing of the airborne particles of solid substance or
liquid substance and characterized by differences
in their chemical nature, their after-effects will dif-
fer as well. Thus, it is impossible to generalize the
occupational risk estimation since retaining solid
particles in lungs results in traumatizing of the
latter and further progress of such occupational
diseases as pneumoconiosis; in addition, getting
of various toxicants (i.e. liquid aerosols) results
in the body intoxication followed by progress of
various occupational diseases. Relying upon the
abovementioned, consider the effect of solid aer-
osols only.

Purpose of the analysis is to estimate quali-
tatively the risks of occupational diseases of the
employees’ respiratory organs while selecting and
using filtering respirators.

Methods. The research has been carried out to
identify the hazardous factors, which may deterio-
rate significantly the protection degree of workers
using PRE to be defended against solid aerosols
for effective implementation of respiratory protec-
tion as the part of measures to save their health.

Basing upon the open-source information,
the analysis has gathered information on factors
favouring or preventing from correct selection and
use of PRE [9—18]. First, scientific sources estimat-
ing risks of contraction of occupational diseases
while using PRE have been analyzed. Then, sci-
entists, researchers, and employees of Institute
of Hygiene have been interviewed as for the pro-
gress of occupational diseases in terms of staff
during performance of their professional duties,
and possible ways to reduce them taking into con-
sideration use of PRE. Lastly, when the informa-
tion was gathered, a meeting was held attended
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by labour protection experts being representatives
of different manufacturing companies who shared
their opinions concerning the efficiency of work-
force respiratory protection.

Results. While considering the problem of
professional risk determination in the process of
PREs, it is necessary to mention the lack of the
unified approach to its solution. Moreover, even the
idea of the risk does not have any common defini-
tion. Thus, certain experts believe that industrial
risk is a potential injury to employee health during
performance of his/her professional duties stipu-
lated by hazard level and/or hazard of labour con-
ditions, and scientific and technological conditions
of enterprises which can be evaluated quantitavely
as mathematical expectation of a harmful event
occurrence [19; 20]. Paper [8] determines occupa-
tional risk as a combination of the occurrence of
such a harmful event up to the injury severity or
health deterioration as a result of the event which
involves identification of each industrial risk as
well as understanding of its health hazard. Papers
[21; 22] supplement the occupational risk with the
concepts of damage and severity of the damage.
In other words, recently a concept of hazard has
been complemented with the associated dam-
age. Unfortunately, there is no explanation con-
cerning the evaluation units. Moreover, neither
of norms proposes distinct indices characterizing
the damage. By the way, according to [23], risk is
the empiric scientific “activity” connected with the
determination of hazard likelihood as well as the
damage amount being a result of effect of labour
conditions. Since the situation with risk interpreta-
tion is not defined uniquely, we will follow its classic
definition as a likelihood of health damage onset.
In our case, after-effect is the progress of occupa-
tional disease resulting in partial or complete disa-
bility of a worker or even his/her death due to solid
aerosol inhaling in the process of performance of
his/her professional duties.

Determination of any occupation risk involves
the detailed data concerning labour conditions,
hazard, protection means, control means, compe-
tence of the staff etc. Its value may be estimated
with the help of different techniques described
in [24]. For instance, if “Risk score” technique is

applied [25] (Fig. 1) then risk (R) is evaluated by
means of scores using formula

R=SxP, (1)

where S is severity of after-effects; and P is
event likelihood.

Likelihood == |ow === Medium === High

10 15 20 25
12 16 20
kB 6 9 12 15

Almost Certain-
Likely -
Possible-
Unlikely -

Rare-

| Minor |

Insignificant

Moderate Critical

Consequence

Fig. 1. Table to determine risk
using “Risk score” technique

Table 1 demonstrates an example how a risk of
such occupational mining disease as anthracosis
is determined.

Moreover, occupational risk can also be evalu-
ated with the help of more complicated technique
“HAZID” most commonly used at the initial stages
of the development of any projects. The technique
complies with the requirements in the field of HSE
(i.e. health, safety, and environment). The calcu-
lations should involve knowledge of infrastructure,
operations, hazards for the staff health, potential
emergency etc. The risk level is also identified
taking into consideration “likelihood — severity of
after-effects” matrix in terms of the determined rat-
ing. Table 2 shows a fragment of risk evaluation
worksheet in terms of the described technique.

The factors, effecting correct selection of
PRE and its use, are complex and inhomogene-
ous even at one workplace. If various factors are
emphasized, it does not always mirror what can
be expected for the branch or for the respirator
[26]. However, understanding of the gathered

Table 1
Risk of occupational respiratory disease contraction
in the context of miners working at 30 mg/m3 gas content
Basis risk
Occupation Hazard After- effects | Severity of the Event Risk Risk category
after-effects likelihood
Miner Coal dust Anthracosis 5 5 25 Critical
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Table 2
A fragment of a worksheet to calculate risks using “HAZID” technique
Hazardous
Ne factor ﬁ;i:f;ﬁ?;sf::tg‘re Hazards Prevention Risk Remarks
(keyword)
Health hazards
1. | Insufficient Breathlessness, Staff | Airing, control of oxygen 2
oxygen heart beating, concentration, developing -
dizziness, death of routs in the fresh air flow
2. | Coal dust Contraction of Staff | Airing, implementation of 1 |High hazard level since the
respiratory diseases dedusting systems, systems staff is within the hazard
(i.e. silicosis, and of collective protection, zone constantly where
lung cancer). development of respiratory concentration exceeds
protection program limit concentration

information can help comprehend the following:
inadequacy of functionality, when the selected
PRE corresponds neither to toxicant type nor to
protection class, which is one of the most impor-
tant mistakes in the process of filtering PRE and
may result in a fatality. In that case, an employee
remains vulnerable due to major violations of the
related instructions or negligence of authority. The
mask mismatching anthropometric measurements
of a face, which can be determined by insulation
characteristics of half-masks, is another mistake
which also results in the deterioration of protec-
tive characteristics while favouring the increased
occupational risk. That is why after determining the
required protection level and making decision con-
cerning its type, the stage of PRE selection should
provide test for the density contact between the
mask and worker’s face without exceeding limits
of its specific pressure exerted on the face (4-6 N).

PRE selection process often neglects operating
conditions: potential decrease in oxygen concen-
tration (for instance, operations in the restricted
premises); varied contamination level of hazard-
ous aerosols (i.e. day-night concentration is taken
into consideration when there is the likelihood of
instant intolerable one due to explosion or another
emergency situation); and climatic conditions (i.e.
temperature and air humidity) will aggravate health
of workers due to insufficient oxygen, weakening of
protective characteristics resulting from toxicants
getting to undermask space, loss of ergonomic
properties stipulated by the increased breath
resistance, face perspiration, and water falling on
the filter. Table 3 demonstrates recommendations
concerning the decrease in the effect of the rea-
sons deteriorating protective characteristics of res-
pirators in the process of their selection.

The most common mistakes of PRE application
are as follows: misuse by the unqualified workers
misunderstanding operating principle of the pro-
tective device, its structure, and the restricted use
depending upon the work pace, communication
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need, and engagement of other PRE. Moreover,
they have no idea how to put on/take off the device
correctly; to recognize potential damages, and
how to make necessary tests before use. Moreo-
ver, it is necessary to provide the required service
after its use as well as cleaning and disinfection.
If workers do not have essential knowledge and
skills, the abovementioned increases chances of
occupational risk due to deterioration of protective
and ergonomic indices. Thus, employers should
provide appropriate procedures to train their staff,
to check PRE performance at work places, and to
identify the damaged components with their further
replacement.

Table 4 demonstrates recommendations con-
cerning the decreased risks of occupational dis-
eases caused by the mistakes during the respira-
tor use.

Analysis of the information from Tables 3 and
4 shows that it is possible to reduce some of the
listed risks using high-quality PRE with proper data
concerning identification, service, and replace-
ment period. The above needs cooperation with
fair PRE manufacturers controlling constantly the
production process starting from raw material pur-
chase and finishing by the end product. It should
be noted that according to [8], either manufacturer
of PRE or its supplier has to provide information on
the risks to coordinate activities with a consumer.
The requirement involves greater integration of
partner companies which will help provide mutual
control over the operating procedures (i.e. PRE
use) thus improving the product quality as well as
safety of employees using it.

It stands to reason that in addition to the cor-
rect PRE selection by experts (for instance, those
representing the Institute of Industrial Labour
Hygiene and understanding PRE specifications)
and a procedure determining occupational risks,
it is important to solve managerial problems. Moti-
vation of employees to apply the facilities correctly
is the key problem since the solution has an effect
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Table 3

Recommendations concerning decrease in occupational disease risks resulting from the

mistaken selection of PRE

Mistakes

Recommendations concerning

Name

After-effects

decrease in occupational
disease risks

1. The selected respirator mismatches

its functions.

The specified protection of

respiratory organs is not provided.

Select respirator of proper type
and protective level.

2. The selected respirator matches its
functions but anthropological properties
of the user’s face are not determined.

The specified protection of

i.e. toxicants get to undermask
space.

respiratory organs is not provided
due to obturator-face incompatibility,

Use a head strap to press the
obturator against the face not
exceeding specific pressure
exerted on the face (4—6 H), or
apply a respirator with the varied
geometry of obturation line.

3. The selected respirator corresponds
to the requirements listed in points 1
and 2 but its operating conditions are

not taken into consideration, i.e.:

First, dizziness, weakness, and
tachycardia arise; critical oxygen
concentration

— air concentration within the working

area airis < 18 %;

death.

(<< 18%) results in convulsions and

Ventilate the working area or use
insulating PRE instead of the
respirator.

— toxicant pollution of the working area
air exceeds safety limit of the respirator

use; and

The specified protection of

due to toxicant getting into the
undermask space.

respiratory organs is not provided

Apply a respirator of adequate
protective level.

— heightened temperature and air

humidity.

filter watering.

Perspiration of a face and increase
in the breath resistance due to the

Apply a respirator equipped with
the exhalation valve and water-
absorbing element.

Table 4

Recommendations concerning the decreased risks of occupational diseases
caused by the mistakes during the respirator use

Mistakes

Name

After-effects

Recommendations concerning
the decreased risks
of occupational diseases

The respirator is used by
unqualified (unskilled)
employees

The specified protection of respiratory
organs is not provided.

Mandatory staff training as for the
adequate PRE use

The respirator is used by the
skilled employees; however, its
preparation for use and service
is not satisfactory

The specified protection of respiratory
organs is not provided due to toxicant
getting into the undermask space
through the damaged components of
the respirator

Routine control of operating
characteristics identification of the
damaged components, and their
replacement.

The selected respirator
corresponds to the
requirements listed in points

1 and 2 but its operating
conditions are not taken into
consideration, i.e.: work pace,
and the increased mobility; and

— communication need

— use of other PRE
— period of use

Ergonomic factors deteriorate due to
the increased breath resistance and
origination of extra load

Use a respirator with low breath
resistance, or with the forced air supply

The specified protection of respiratory
organs is not provided due to toxicants
getting into the undermask space
because of the necessity to take off
the respirator

Use a respirator equipped with
intercommunication systems

The specified protection of respiratory
organs is not provided due to the
worsened PRE performance because
of its incompatibility with other
respiratory protective devices

Use respiratory protective device
manufactured by one and the same
company.

Provide control of protective
characteristics of PRE as for its
compatibility with other respiratory
protective devices

Discomfort; the necessity to take off
the half-mask to have rest

Prolong breaks while operating using
PRE.
Use respirators with the forced air supply
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on the implementation of the program of respira-
tory protection. Any PRE is the extra load on a
worker. Its value depends greatly upon occupa-
tional hazards as well as upon other implemented
common protection devices. If the necessity to
apply PRE arises then the employees should take
responsibility for refusal of using the facilities,
development of occupational disease, deteriora-
tion of life quality, and economic loss connected
with the disease treatment. It is also important
for them to understand the nature of the hazard
and apprehend it recognizing that the caused
inconveniences are nothing to compare with the
disease. That will stipulate responsibility for both
PRE selection and its use.

The heavy role in the process of such an
approach is played by enterprise authorities as
well as by introduction and implementation of the
respiratory protection programme; manufacturers
of respiratory facilities should be involved in the
elaboration of the key points of such programmes.
Responsible attitude towards high-quality product
manufacturing at each stage from raw material to
the end product is the element of reliable protec-
tion of workers as well.

Conclusions. Summing up the research
results, we will note that each employer should
evaluate proper risks in the of PRE selection. Min-
imization of hazards is possible if only high-quality
PRE is selected, serviced, and applied correctly.
The employers may share the responsibility to
provide their workers with high-quality and rele-
vant RPD involving the producers in the process
of worker’s protection process [1] stipulates such
a possibility. Adequate selection involves partici-
pation of workers to obtain necessary information
concerning operating characteristics of the PRE;
adequate use involves manufacturers to train
operating skills; and adequate service involves
corresponding tests of operating characteristics
of the PRE in cooperation with its manufacturer or
according to his/her instructions.

Moreover, while arranging the respiratory
protection programme, training workers to use
PRE correctly involving its manufacturers, and
demanding the enforcement of proper procedures,
described in [8], the employer delegates them

certain share of his/her responsibility; what is more
important, those measures protect health of the
employees.

To make PRE able to decrease a pollution
degree of the inhaled air down to the acceptable
level, following three conditions should be met.

1. Protection coefficient of respirators should
exceed pollution coefficient of a working area, i.e.:

K >K

PR min POL’ (2)

where K. . is minimum required protection
coefficient of PRE; K, = C/BAC is pollution coef-
ficient of the working area; and C is the pollutant
concentration, mg/m?; BAC — boundary admissible
concentration.

2. The PRE protection coefficient should be
determined at the workplace individually. The idea
is to identify the ratio of the external test-aerosol
concentration to the undermask space with the
help of specific measuring devices.

3. PRE half-mask should correspond to the
worker’s face anthropometry. To provide the
requirement, operating department needs imple-
mentation of a procedure intended to test PRE
half-mask — face contact along obturation line
while determining areas where pollutants in the
form of aerosols (i.e. aerodisperse particles,
gases, vapours etc.) inflow into the PRE under-
mask space. There are two types of such a test:
qualitative and quantitative. Qualitative technique
is based upon subjective reaction of sense organs
on the penetrating odour of airborne safe aero-
sols (i.e. saccharine, bitrex, isoamyl acetate etc.).
Quantitative techniques rely upon instrumental test
using corresponding facilities (e.g. fittest, quantifit
test, and thermal mapping).

4. PRE should be applied timely and correctly.
It is important for adequate and suitable PRE
use to inform employees about health risks if the
equipment is applied incorrectly, and to train them
adequately. The training involves studies of the
protective device components, its correct putting
on, preliminary wearing to get used to it and to
evaluate comfort as well as familiarizing with activ-
ities during the emergency. Such training should
be regular; moreover, its programme has to be
updated annually.
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