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AN ESTIMATION OF RISK BY RESPIRABLE DUST

OCENA RYZYKA PYŁAMI RESPIRABILNYMI

An instrument of a new safety policy now being implemented in Polish mining is
a system of safety management. An essential element of safety management is a systematic
identification of the occurring hazard in order to evaluate the current risk of mining
(Sobala, Rosmus, I 996). An estimation of the risk of mining is carried out before making
a decision referring to the operation of a mining plant and the conducted mining work. The
starting point of the presented considerations is the opinion that irreversible anthracosis
changes in miners are a final undesirable efTect of a whole chain of successive indirect causes
and principal conditions (Pelc, Przełęcki, Szaniawski, 1957) constituting the essential
components of the necessary sequence of events (Cichowski I 999, Leniewicz I 975,
Pszczó!owski I 977, I 988). The significant components of the necessary sequence of events
are always true when the final undesired efTect is true. However, they take place in various
(accidential) circumstances which has a probabilistic, that is, unpredictable character
(Bobrowski 1980). A semideterministic approach, presented in this study, is also possible
(Cichowski 1999, Muschick 1986, Muszewski 1970). It assumes that the occurring deficits of
safety on the part of the working environment parameters, and progressive causation on the
part of human factor constituting a negation of the assumed safety levels 1 create favourable
(progressive) conditions for an undesired sequence of events preceding irreversible anth­
racosis changes in miners. This is the essence of the identified hazard and the occurring risk
of mining. A decrease of this risk is achieved thanks to an establishment of new, or
tbighening the already obligatory levels of safety. To assess the anthracosis hazard
a graduation of the occurring risk of mining has been proposed.

Key words: safety levels, desired parameters, safety standards, required technical prevention,
deficit of safety, progressive causation, mining risk, necessary conditions, semideterministic
sequence of even ts.
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1 The safety level is the state in the working environment both in the part of its objects and the part

of the crew, sanctioned by the obligatory regulations of the Code of Safety, creating regressive
(unfavourable) conditions for undesired occurrence of particular causes or principal conditions for the
necessary sequence of events preceding an undesired final efTect (Cichowski, 1999).
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Poziomy bezpieczeństwa, którym na ogól nadaje się rangę obowiązującego przepisu
BHP, stwarzają zarówno po stronie parametrów środowiska pracy, jak i po stronie
czynnika ludzkiego warunki niesprzyjające dla niepożądanego zajścia poszczególnych
przyczyn pośrednich lub/i warunków głównych koniecznego następstwa zdarzeń (Cichow­
ski, Armbruster, 1996).

Negację poziomów bezpieczeństwa po stronie parametrów środowiska pracy przed­
stawiają deficyty bezpieczeństwa, zaś po stronie czynnika ludzkiego sprawstwa progresyw­
ne. Przez sprawstwo progresywne należy rozumieć stany w środowisku pracy będące
skutkiem działania (np. brak ochrony osobistej lub zaniechanie w zakresie przeprowadzania
systematycznej kontroli pomiarowej stężenia zapylenia strumienia wentylacyjnego), a stwa­
rzające warunki sprzyjające (progresywne) dla niepożądanego następstwa zdarzeń. Istotą
identyfikowanego zagrożenia są więc występujące deficyty bezpieczeństwa i sprawstwa
progresywne. Stwarzają one określone ryzyko wydobycia, które oznaczono przez R 
(Cichowski, 1999).

Przyjęto następującą gradację ryzyka wydobycia R i poziomu bezpieczeństwa P, jaki
przedstawiają występujące deficyty bezpieczeństwa i sprawstwa progresywne:

Ryzyko nie akceptowalne O:;; P <0,25; 0,75 < R,;; l, stwarzają deficyty bezpieczeństwa
w zakresie nakazanych parametrów środowiska pracy, tj. standardów bezpieczeństwa (jeśli
zostały ustanowione), parametrów pożądanych lub nakaznej profilaktyki technicznej.

Ryzyko istotne 0,25:;; P < 0,5; 0,5 < R,;; 0,75, stwarzają deficyty bezpieczeństwa w za­
kresie wdrożenia profilaktyki technicznej zmierzającej do utrzymania nakazanych paramet­
rów środowiska pracy.

Ryzyko umiarkowane 0,5:;; P <0,5; 0,25 < R,;; 0,5, stwarza sprawstwo progresywne
kierownictwa, dozoru i załogi w zakresie utrzymywania różnych stanów bezpieczeństwa
w zakładzie górniczym.

Ryzyko akceptowalne 0,75:;; P < 1; O< R :;;;0,25, stwarza sprawstwo progresywne wyż­
szego szczebla kompetencji tj. dozoru, kierownictwa czy władz górniczych w zakresie
wpływu na niższy szczebel, tj. odpowiednio załogę, dozór i kierownictwo zakładu
górniczego dotyczącego kontroli, kształtowania osobowości czy podejmowanych decyzji.

Ocena ryzyka pylicowego została oparta na szczegółowej analizie niepożądanego
następstwa zdarzeń poprzedzającego pylicę, a warunkowanego mogącymi pojawić się
deficytami bezpieczeństwa lub sprawstwami progresywnymi po stronie załogi.

Przeanalizowano również możliwe zdarzenia niepożądane warunkowane występujący­
mi deficytami bezpieczeństwa lub/i sprawstwami progresywnymi dotyczącymi poziomów
bezpieczeństwa, których utrzymanie nie jest jeszcze sankcjonowane stanem prawnym
obowiązującym w polskim górnictwie.

Łańcuch Il~~ 1 jedenastu warunków póldeterministycznych następstwa zdarzeń
Z⇒ Y⇒ ... ⇒ A implikuje nieodwracalne zmiany pylicowe u załogi.

Wzór (2) zawiera:
1 przyczynę bezpośrednią uznania choroby zawodowej, tj. nieodwracalne zmiany pylicowe,
10 przyczyn pośrednich i 9 warunków głównych koniecznego następstwa zdarzeń,
4 praprzyczyny,

19 możliwych deficytów bezpieczeństwa,
27 możliwych sprawstw progresywnych po stronie czynnika ludzkiego.
Wzór (2) jest reprezentowany przez graf pokazany na rys. 1. Graf przedstawia zarówno

łańcuch warunków póldeterministycznych następstwa zdarzeń poprzedzających pylicę
(węzły grafu) jak i kolejne przyczyny i warunki główne zachodzące przy możliwych
deficytach bezpieczeństwa i sprawstwach progresywnych tworzących zdarzenia niepożądane
(gałęzie grafu zorientowane w kierunku wynikania logicznego). Zdarzenia niepożądane
stanowią istotę identyfikowanego zagrożenia pylicowego.

Ogólną ocenę zagrożenia pylicowego, tj. możliwego niepożądanego następstwa zdarzeń
poprzedzającego pylicę oraz gradację ponoszonego ryzyka wydobycia, przeprowadzono na



477

podstawie opisu grafu. Poszczególne składniki istotne koniecznego następstwa zdarzeń
poprzedzającego pylicę rozpatrzono ze względu na możliwe deficyty bezpieczeństwa po
stronie parametrów środowiska pracy i sprawstwa progresywne po stronie czynnika
ludzkiego. Rozpatrzono następujące przyczyny i warunki główne koniecznego następstwa
zdarzeń:

nieodwracalne zmiany pylicowe,
rzeczywisty próg zachorowalności,
aktywizację zagrożenia pylicowego,

ią niekontrolowane stężenie zapylenia, is - niekontrolowaną ekspozycję,
hq - czynności załogi, hs - stan przestrzeni roboczej,
gą zapylenie strumienia wentylacyjnego; gą, - pośredni wpływ załogi na

zapylenie,
Ją strumień emitowanego pyłu,
eq przebiegające roboty górnicze, eą,, eąd - wpływ załogi i dozoru na roboty

górnicze,
dq ruch zakładu górniczego, dq, - wpływ kierownictwa na ruch,
cą działanie załogi, cąd - wpływ dozoru na działanie załogi.
bq działanie dozoru, bąk - wpływ kierownictwa na działanie dozoru,
aą działanie kierownictwa, aąw - wpływ władz górniczych na działanie

kierownictwa.
Deficyt bezpieczeństwa w zakresie NOS stwarza ryzyko nieakceptowalne w zakresie

0,75 < R,;;; I. Obowiązujące przepisy BHP przedstawiają szczegółową gradację ryzyka
wydobycia w oparciu o stopnie zagrożenia pyłem respirabilnym. Tablica przedstawia
stopnie zagrożenia pyłowego oraz proponowaną gradację ryzyka wydobycia nieakcep­
towalnego w zależności od zmierzonego stężenia zapylenia S> PB~05 i procentowej
zawartości krzemionki SiO2. 

Obowiązujące przepisy wymagają wówczas utrzymywania określonych parametrów
pożądanych lub stosowania nakazanej profilaktyki technicznej w celu zmniejszenia wy­
stępującego ryzyka wydobycia R.

Każda profilaktyka techniczna zmierzająca do utrzymania wymienionych nakazanych
parametrów środowiska pracy (np. N DSu) ma swój zakres optymalnego zastosowania, przy
czym bierze się pod uwagę nie tylko skuteczność odpylania danego urządzenia, stężenie
zapylenia pierwotne i skład mineralogiczny emitowanego pyłu, ale również względy
ekonomiczne, gdyż np. odpylacze suche są bardzo drogie (Frydel, Steindor, ł 996). 

l. Introduction 

The safety levels that are generally given the status of the observed Code of Safety
create, both on the part of the working environment parameters 2, and the human
factor, conditions unfavourable to undesired occurrence of the particular indirect
causes, or/and principal conditions of the sequence of events (semideterministic
approach presented in this study 3) (Cichowski, Armbruster, 1996).

2 Parameters of the working environment are the states of its objects, e.g. material factor (Cichowski,
1999). 

3 Semideterministic approach assumes that the considered working environment meets, or does not
meet, the obligatory requirements of safety (Muschick, 1986; Muszewski, 1970). 
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A negation of the safety levels on the part of the working environment 
parameters are the deficits of safety, whereas on the part of the human factor 
- progressive causations. By progressive causation we mean the states in the 
working environment resulting from activities 4 (e.g. lack of personal protection or 
negligence of systematic measuring control of the ventilation flux dust concentration) 
creating favorable (progressive) conditions for an undesired sequence of events. 
These create the particular risk of mining denoted by R. 

Apart from a few exceptions the obligatory regulations of the Code of Safety 
present a twostate estimation of the working environment i.e. safety (logical value 
O no-hazard, when the considered safety regulations are maintained) and hazard 
(1 - full hazard when where is a deviation from the rule). 

However such an assumption is not very useful for identification of hazard as 
makes impossible a gradation of the occurring risk of mining R. 

However, to preserve the two-value estimation of the working environment, 
a gradation of the risk of mining R was assumed, taking into account the safety level 
P which the individual deviations still present according to dependence 

R = 1-P (1) 

P = 1 means that there is full relave safety since the safety level is maintained in the 
working conditions and the occurring risk of mining R = O. The following gradiation 
of the safety levels P and the risk of mining R were assumed: 

• unacceptable risk O~ P < 0.25; 0.75 < R ~ 1, is created by the deficits of safety in 
the sphere of the required parameters of working environment i.e., safety standards 5 

(if these has been established), desired parameters 6 or the obligatory technical 
prevention 7, 

• essential risk 0.25 ~ P < 0.5; 0.5 < R ~ 0.75, is created by the deficits of safety in 
the sphere of implementation of technical prevention aiming the maintenance of the 
required parameters of the working environment, 

• moderate risk 0.5 ~ P < 0.75; 0.25 < R ~ 0.5, is created by the progressive 
causation of the management, technical inspection and crew in the sphere of 
maintaining various states of safety in a mining plant, 

4 An activity is the whole (sum) of the human factor reactions on the basis of decisions made 
(Cichowski, 1999). 

5 Standards of safety are the extreme acceptable, measurable parameters of the working environment 
which if exceeded in relation to the obligatory rules of the Code of Safety, call for emmediate 
counteraction, e.g., withdrawal standard (Cichowski, 1999). 

6 The desired parameters are the optimum parameters of the working environment in the given 
conditions providing the achievement of at least minimum comfort at full working safety which 
corresponds to the current knowledge of the occurring absolute hazard e.g., desired use of dust extractor 
in a combine driven headings (Cichowski, 1999). 

7 The obligatory technical prevention are the technical means or mining technology required in 
accordance to the regulations of the Code of Safety at the particular amount of the occurring hazard e.g., 
to use on the combine, of tangential tools or water-air nozzles placed in the working organ (Cichowski, 
1999). 
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• acceptable risk 0.75 ~ P < 1; O< R ~ 0.25, is created by progressive causation of 
the higher rank of competence i.e. technical inspection, management or mining 
authorities in the sphere of influencing the lower rank i.e. respectively the crew, 
technical inspection and management of the mining plant referring to the control, 
personality shaping or decision making. 

The deficits referring to the required parameters of environment create the 
highest unacceptable risk of mining as they favour activation of anthracosis hazard 
i.e., the process directly preceding the appearence of unnoticed at first, irreversible 
anthracosis changes. 

The considered risk of mining is particularly serious as it affects the major part of 
the personnel. The stated unacceptable risk may often require a decision to stop the 
mining process and withdraw the crew. 

The required working environment parameters, in general, calls for implemen­ 
tation of technical prevention necessary for their maintaining. Safety deficits in this 
sphere create essential risk often requiring their immediate removal with a con­ 
tinuation of the mining process. 

Moderate risk results from progressive causation of the crew, technical inspection 
and management in the sphere of the various states of safety referring to the human 
factor. 

The states mentioned, referring e.g., to personal protections, conducting sys­ 
tematic measuring control of dust concentration in obligatory places or to causation 
in the field of implementing the necessary technical prevention etc., do not call for 
immediate stopping of the implementing the necessary technical prevention etc., do 
not call for immediate stopping of the mining process, but must be eliminated within 
the framework of the assumed plan of the improvement of safety conditions. 

Acceptable risk results from an undesirable influence of the technical inspection, 
management and mining authorietes upon the activities of the lower rank of competence 
i.e., respectively the crew, technical inspection and management. This does not require 
the stopping of the mining process, but desirable action in the higher ranks of 
competence within the assumed plan of improving the safety conditions. 

The identification of hazard, carried out retrospectively or prospectively, i.e., the 
analysis of undesirable sequence of events, preceding anthracosis enables also 
a detection of deficits of safety or progressive causations for which no proper safety 
levels have not been established as yet. The safety level in this case, in accordance to 
the Code of Safety, can be developed and confirmed by a dispatcher, as an 
instruction for safe execution of the particular mining operations running in 
conditions of anthracosis hazard. 

2. General gradiation of anthracosis hazard 

The estimation of anthracosis hazard was based on a detailed analysis of an 
unfavourable sequence of events preceding anthracosis, resulting from the possible 
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deficits of safety or progressive causations m the part of the crew (Cichowski,
1995).

Analysed were also the possible undesired events conditioned by the occuring
deficits of safety or/and progressive causations reffering to the safety levels whose
maintainance is not as yet required by law valid in polish mining.

Basic logical functors were used: /\ - conjunction, v - alternative, => - im­
plication, = - equivalence and - negation (Pasenkiewicz, 1968) and the sequence
of events taking place was represented by a graph 8 (Cichowski, 1999; Karpiński,
1978; Robischaud, Boisvert, Robert, 1968).

The chain fTf!11 of eleven semideterministic conditions (Muschick, 1968;
M uszewski, 1970) of the sequence of events Z=> Y => ... =>A precedes irreversible
anthracosis changes in the crew.

Ch=>NZ=TT?!1 = 
= {Z=RZ V PBPM}=> dcH 

=>Y={AZCHvPB~nv PBKM}=> 

=>I= { iq V p BNDS:PP na z, edsp od)/\ (is V p Bo:Ksz)}=> 

=>H = {(hq V p Bvz) /\ (hs V p B~s)}=> 

=>G= {(gq v PBfu) /\ (gq2 v PB°K..)}=> 

=>F= {fq V PBNPTw •. ,,}=> 

=>E= {(eq V PBhw,) /\ (eqz V PBkJ /\ (eqd V PBKJ}=> 

=>D={(dq/\(dqk V PBPTwaK,)}=> 

=>C= {(cq /\ (cqd v PBK, KO, v,)}=>

=>B= {(bq /\ (bqk V PBK, KO, D,)}=>

=>A= {(aq /\ (aqw V PBKwKOwD.)}=> 
=>aq /\ bq /\ cq /\ dq 

Formula (2) contains:
• 1 direct cause of acknowledging occupational desease 1.e., irreversible anth-

(2) 

racosis changes,

8 A graph is a topolical mapping of the occuring sequence of events determining univocally the
relations between the events in which the nodes represents the necessary conditions of the sequence of
events and the branches oriented in the direction of implication present the successive indirect effects
which, in the nodes, changes into causes or/and principal conditions of the sequence of events (Cichowski,
Armbruster, 1996).
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• 10 indirect causes and 9 principal conditions of the necessary sequence of
events,

• 4 preoriginal causes,
• 19 possible deficits of safety,
• 27 possible progressive causations on the part of human factor.
Formula (2) is represented by the graph shown in Fig. 1. The graph presents both

the chain of semideterministic sequence of events preceding anthracosis changes
(graph nodes), and the successive causes and principal conditions taking place at
possible deficits of safety and/or progressive causations creating undesired events
(branches of the graph oriented in the direction of logical resulting). The unfavourab­
le events constitute the essence of the identified anthracosis hazard.

z 

y

[iqv ffibs:PPoa::a:ed:sp:od]

[gąvPB~J⇒
⇒[fqvPB\'.wr.,,]⇒

⇒[eqvPBk,l

CH⇒NZ

[isvPB~:Ksz]
o------>------,, H

-p 
[hsvPBzs]

[gq,vPB~,] ⇒ [eq,vPB~,.,]

[eq,vPB~,,,]

[hqvPB~,l

B bq 

A aqD 9"-----+------❖---,~---0

dq 

Fig. I. A graph of the undesired sequence of events preceding of anthracosis

A general estimate of anthracosis hazard i.e., possible unfavourable sequence of
events preceding anthracosis and gradiation of the risk of mining will be carried out
on the basis of detailed description of the graph.

The acknowledgement of occupational desease (CH) is implied by irreversible
anthracosis changes (NZ) in the crew. These in turn are implied by one-element set of
events Z which is the semideterminated condition for reaching by the crew, the real
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treshold of morbidity i.e., the beginning of unnoticeable at first, irreversible
anthracosis changes (RZd ), with possible progressive causations on the part of

CH 

management, technical inspection and the crew in the field of medical prevention i.e.,

inhalation (PBPM) 9•
10

, if such a level had been assumed.
The progressive causation in this sphere create moderate risk. Reaching the real

treshold of sick rate is implied by one-element set of events Y. This is a long term
activitation of desease hazard (AZrn), with the possible causation in the sphere of

medical control (PB~M) 11
. Here the progress causation creates moderate risk. There

can also appear a deficit of safety in the sphere of statistical treshold of the sick

rate 12 (PB~PZ) (Reisner, 1977; Armbruster, Breuer, Reisner, 1983), if it has been
required; then the risk is unacceptable. 

The activitation of desease hazard is implied by a two-element set of events. The
first essential component is an uncontrolled concentration of dustiness (iq) 13 with
possible deficies of safety in the sphere:

• N DS (the highest admissible concentration of dustiness 14 PBNvs),
• and/or desired parameters (Bauer, 1982, 1983; Becker, Góretz, Kemper, 1983;

Cichowski, 1974, 1979, 1981, 1982, 1984; Frydel, Steindor, 1996; Kucza, Penkala,
1996; Kusak, Sedlaczek, 1995; Leeming, 1993; Lemmes, 1993; Ogorek, 1993) in the
sphere of:

initial infusion of beds PBiP"a' 
high pressure spraying PBh=,'

separating of the dust flux PBil'sv' 

,,extraction drum" system PBhed'

dust collectors PBiP . 
od 

9 The horizontal line over the denotation of the safety level represents its negation i.e., deficit of
safety or progressive causation.

1° Causation mean a state in the labour environment resulting from the activity. Progressive
causation in the range considered can mean not conforming to the rigours of medical prevention which
may be the legally sanctionned level of safety. Already for a few years in the mines Chwałowice, Krupiński,
Wieczorek there have been in use inhalation rooms where to the respiratory tracts of the exposed miners
are introduced various pharmacological remedies which should delay reaching the actual treshold of
morbidity (Alkiewicz, 1993; Gradoń, Alkiewicz, Bodasiński, 1996).

11 Instructions of the Minister of Health and Social Care about medical check ~ Dziennik Ustaw
Rzeczypospolitej Polskiej Nr 69 of 25.06.1996 r.

12 The statistical treshold of morbidity is a dose of respirable dust to which the crew may be exposed
during the account period at the assumed risk-of the provession which does not permit on an initiation of
irreversible anthracosis changes (Cichowski, 1999).

13 An uncontrolled event is a non-monitored event (beyond any control) (Cichowski, 1999).
14 The highest acceptable concentration (weighted averigde) is the treshold value of the concentration

of dustiness whose effect on the worker during 8-hour exposure a day, over the period of his professional
activity, should not cause sick changes (Cichowski, 1999).
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The deficits in this sphere create unacceptable risk. 
The second essential element of the necessary sequence of events is an uncon­

trolled exposition of the crew which can take place with progressive causations in the

sphere of personal protection PBo 15 (Bauer 1982, Piłaciński 1993) or/and steered

system of employment PBbz (Vekeny, 1981; Cichowski, 1985; Lebecki, Bywalec,
1999), if it has been adopted. The progressive causation in this sphere create
moderate risk. 

Uncontrolled concentration of dustiness is implied by a two-element set of events
G, i.e., dustiness of air (gq) with a possible deficit of safety in the sphere of automatic

control of methan concentration (PBkA} (Armbruster, 1984), if it had been required,
then an unacceptable risk is created. Another essential component is the influence of
the crew on dustiness (gqz), with the possible progressive causation of the crew in the

sphere of conducting systematic manual measurement control of dustiness (PBKJ 15,

which creates a moderate risk. 
The uncontrolled exposition of the crew (is) is implied by a two-element set of

events H, i.e., doings of the crew (hq) at the progressive causation in the sphere of the

decisions made by the crew (PBv=), creating moderate risk, and the state working

space (hs) with a possible deficit e.g., in the sphere of remote control (PB1źs) (Pańkow,
1998). If the remote control has been required, the deficit of safety in this sphere
creates an unacceptable risk. 

The dustiness of the air is implied by a one-element set of events F, i.e., flux of the
emitted dust (Ją) that can appear at deficits in the sphere of the required technical

prevention referring to ventilation (PBNnwe) (Cichowski, 1989) or/and mining

technology (PBNn,9) (Khair, 1996; Russman, 1993) and creating unacceptable risk. 
The flux of the emitted dust and the state of the working space are implied by

a three-element set of events £. Mining operations (eq) take place with possible

deficits in the sphere of implementation of technical prevention (PBhwd = 
-p .
(PBPTna•zr•ed•sp•od•KA•ZS•we•rg} (Kucza, Penkala, 1996; Kusak, Sedlaczek, 1995), the aim of
which is the maintenance of the required parameters of the working environment.
This creates an essential risk. 

The remaining components of the necessary sequence of events are the influences
on the mining operations of the crew (eqz) and technical inspection (eqd) with possible
progressive causations in the sphere of control of mining operations by the crew

P BL.= or/and technical inspection P BK,gd, creating moderate risk. 
The mining operations are implied by a two-element set of events D, i.e.,

the activity of the mining plant (dq), constituting one of the four preoriginal causes

1 5 Instructions of the Minister of Industry and Trade of 14 April, I 995 about occupational safety and
hygiens, amended I. December 1997.
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of the considered sequence of events 16 and the influence of the management on
this activity (dąk), with the possible progressive causations in the sphere of

implementation of technical prevention aiming at the maintenance of PBhwd= 
(PBPT,w=rspedodKAZSwerg) and the exacting (control) of the required parameters of the

environment PBL. These create moderate risk. 
Doings of the crew and their indirect influence on dustiness and mining

operations are implied by a two-element set of events C, i.e., those constituting
one of the preoriginal causes of the crew activite (cą) and the influence of the
technical inspection on the crew (cąd) with the possible progressive causation of

the technical inspection in the sphere of control P BKd and forming of the crew

personality P BKod as well as decision-making by this inspection P Bnd. This creates
acceptable risk. 

The influence of the technical inspection on the mining operations and on the
crew is implied by a two-element-set of events B, i.e., the activites of the technical
inspection (bą) which also constitutes the preoriginal cause and the influence of the
management on the activities of the technical inspection (bąk), taking place with

possible progressive causations of the management in the sphere of control PBK., and

personally-forming of the technical inspection PBKD. as well as the decisions

made by the management PBn •. This creates an acceptable risk. 
The influence of the management on the technical inspection and operation of the

mining plant is implied by a two-element set of events A, i.e., the activity of the
management (aq) (Bradecki, Studenski, 1994; Bradecki, 1998) which is the preoriginal
cause of the necessary sequence of events and the influence of the mining authorities on
the activity of the management with possible progressive causations of the mining

authorities in the sphere of control PBL, forming the management personality PBKow 
and the decisions made by the authorities PBnw. This creates an acceptable risk. 

This ends the general gradation of the anthracosis risk. Next is presented an
example of a detailed gradation of the occuring anthracosis risk resulting from the
obligatory regulations of the Code of Safety.

3. A detailed gradation of the risk of mining 

A deficit of safety referring to N DS causes unacceptable risk in the range
0.75 < R ~ 1 (item 2). The obligatory regulations of the Code of Safety present
a detailed gradation of the risk in the mining on the basis of the degrees of hazard

16 Necessary conditions of the occurrence of preoriginal causes of the necessary sequence of events
will not been considered as their essential components are partly outside the mining plant.
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from respirable dust. Table presents the degrees of dust hazard in accordance to the 
regulations 17 and the proposed gradation of the unacceptable risk of mining, 
depending on the measured concentration of dustiness S > P Bfws- The stay of the 
crew in the working space in the conditions when the risk is unacceptable at R = 1, 
is, according to the regulations, forbidden. Moreover, from the minister's instructions 
quoted its arises that: 

§805 
,,1. In the case of discovering in a mining plant or its part, the exceeding of the 

highest acceptable concentration of the air dustiness (N DS), technical means or 
technological or organisational changes limiting dust concentration should be 
introduced. 

These are: 
1) exclusion of dust clouds spreading, using efficient systems of spraying or dust 

extraction, 
2) mud drilling or cuttings-dry-suction when drilling in stone, 
3) to wash or make safe sedimented dust, 
4) use of chemical agents improving the efficiency of methods of wet dust 

control, 
5) infusion of coal beds, 
6) use of ventilation instalation and methods. 
2. It is forbidden to use: 
1) mashines and instalations which cause, during operation, air dustiness and are 

not equipped with efficiently operating devices preventing dustiness, 
2) inefficiently operating instalations and agents for combatting air dustiness." 
The proposed gradiation of the deficits of safety (table): 

TABLE 

The proposed gradation of the deficits of safety 

Silica 
Risk of mining R/degree of hazard Za 

fraction 
Dust PB~DS depending on the measured dust concentration s 

[ mg/m3
] 

[%] [ mg/m3
] 

0.75<R,S0.85 0.85 < R ,s 0.95 0.95<R,SI 
R=l 

/Za-I n«: II tzs- III 
SiO2<2 total IO 10-20 20-40 40-100 >60 

2,;;SiO2<10 respirable 2 2-4 4-8 8-20 > 16 

10,SSiO2 <50 respira ble 1 J -2 2-4 4-8 >6 

SiO2;,, 50 respira ble 0.3 0.3-0.6 0.6-1.2 1.2-4 >3 

1 7 Instruction of the Minister of Industry and Trade of 14, April, 1995 about occupational safety and 
hygiens, amended 1, December, 1997, Disposition Nr 3 of the President of the Higher Bureau of Mining of 
3. August, 1994, Section X. §49. 
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According to the regulations and thus, in the case of appearance of any deficit in
the sphere of NDS, an unacceptable risk occurs in the range 0.75 < R ~ 1, depending
on the measured dust concentration (table). Obligatory regulation then require the
maintenance of definite desired parameters or the use of obligatory technical
prevention in order to lower the occurring risk of mining R. 

Each of the safety levels mentioned has its range of optimum use while taking
into account not only the effectiveness of dust removal of the particular instalation,
concentration of original dustiness and mineral composition of the emitted dust, but
also economic aspects since e.g., dry dust separators are very expensive (Frydel,
Steindor, 1996).

4. Final remarks 

Presented here is an attempt of estimating anthracosis hazard in a mining plant.
However only in one case of a deficit of safety in the sphere of NDS, the obligatory
regulations of the Code of Safety make possible a detailed gradiation of the
anthracosis risk. A detailed gradiation of the anthracosis risk, especially in the sphere
of causation of the human factor, requires a subjective approach adapted to the
realities of the particular mining plant.
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