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rom Editor’s desk 
 

''Hope for the best, but prepare for the worst."(proverb) 
 
  From  its  very beginning,  the  Safety Engine
pics  in  ever  growing  field  of  occupational  and  environmental  safety.  Our  intention  remains  to  bridge 

 
available

'' Надајмо се најбољем, али се припремимо за најгоре." (poslovica) 
 

  Od svog nastanka, naš časop
sve obimnijoj oblasti bezbednostii i zdravlja na radu, kao i u oblasti zaštite životne sredine. Naša namera ostaje da
radimo

 da dovedu do poboljšanja ovog mladog časopisa. S druge strane, pozivam autore da 
dostave 

On behalf of the editors

 
 
 
 

 
 
 
 
 
F

ering  Journal has been  conceived  to  cover broad  range of 
to
researchers and professionals dedicated to improvement of working environment and overall quality of life. 

I  encourage  readers  to  reflect  their opinions,  recommend  themes  and  suggest  improvements of  this 
young  journal. On other hand,  I  invite authors  to  submit  their  findings and observations and  thus make  them

 to broad audience through our Open Access Journal.  
Our  ultimate  goal  remains  to  provide  contribution  to  global  efforts  to  protect  mankind  and  the 

environment. 
 

 

is „Inženjerstvo zaštite“ osmišljen je tako da pokriva najširi spektar tema u 
 

g  mostove između istraživača i stručnjaka posvećenih unapređenju bezbednosti radne sredine i podizanju 
ukupnog kvaliteta života. 

Pozivam  čitaoce  da  iznesu  svoje  utiske  i  razmišljanja,  preporuče  teme  od  značaja  za  razvoj  struke  i 
predlože korake koji mogu

rezultate svojih  istraživanja  i tako  ih učine dostupnim najširoj  javnosti putem otvorenog pristupa (Open 
Access) za koji se opredelio naš časopis. 

Naš osnovni cilj ostaje da  i dalje pružamo svojevrstan doprinos globalnim naporima da se zaštite  ljudi  i 
životna sredina. 

 

 

Dr Dejan Krstić 
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AN INNOVATIVE APPROACH TO 
ENVIRONMENTAL SAMPLE 
PREPARATION FOR DETERMINATION OF 
POLYCYCLIC AROMATIC 
HYDROCARBONS BY GC-MS USING NEW 
SORBENTS IN QUECHERS TECHNIQUE 
 
Abstract: Polycyclic aromatic hydrocarbons (PAHs) have been 
considered as environmental pollutants of a great concern. Regardless 
of the method of quantitative analysis to be applyied, sample 
preparation is essential for the accurate determination of PAHs. Due 
to the extreme complexity of the soil samples,  caused primarily by the 
presence of hundreds of compounds, many of them have similar 
physical and / or chemical properties as well as the analyzed 
compounds, and preparation of environmental samples for analysis is 
crucial for validity of the PAHs analysis. No matter which method will 
be applied for later analysis, sample preparation has to fulfill a 
number of conditions such as, adequate selectivity, efficiency, 
availability, easy to perform, short duration of the procedure. 
QuEChERS (Quick, Easy, Cheap, Effective, Rugged and Safe) method 
of sample preparation is a relatively new method that uses different 
sorbents and solvent systems. In this paper, the possibility of 
application of sorbents (diatomaceous earth, clinoptilolite and carbon 
black), which are not usually used in QuEChERS clean-up step of 
sample preparation, using 3 different solvent mixtures hexane / 
acetone (1:1, v / v) cyclohexane / acetone (1: 1, v / v) and acetonitrile / 
methanol (2:1, v / v) was investigated. Standard solutions of PAHs 
were treated with selected sorbents and solvent systems in all 
combinations, and then analyzed by GC-MS method. The overall 
accuracy of the method varied depending of compound and used 
sorbent/solvent system, while precision of the method was constantly 
good. Highest mean recovery for all PAHs (49.22%) was recorded for 
clinoptilolite, hexane / acetone combination. Diatomaceous earth 
showed lower recoveries in comparison with clinoptilolite, with all 
solvent systems, while recoveries for carbon black were almost zero. 
Among tested sorbents, clinoptilolite was identified as good starting 
sorbent which characteristics could be modified with aim to achieve 
higher accuracy, precision and selectivity of the method, and enable its 
new application in analytical chemistry. 

Key words: PAHs, QuEChERS, sorbents, GC-MC. 
 
INTRODUCTION 

Polycyclic aromatic hydrocarbons (PAHs) because of 
its long degradation period in the environment and 
toxic effects, belong to the group of persistent organic 
pollutants (POPs), presenting one of the most 
widespread group of organic pollutants. PAHs are 
aromatic hydrocarbons with two or more fused benzene 
rings. They can be divided to light and heavy PAHs. 
Light PAHs are those who have up to 4 fused benzene 
rings, while heavy PAHs are those with more than 4 
fused benzene rings. Heavy PAHs persist in the 
environment because of the low volatility, resistance to 
leaching and recalcitrant nature [1]. They consist 
mainly of carbon and hydrogen, but in this group there 

are also PAHs derivatives, in which carbon atoms are 
replaced by nitrogen, sulfur or oxygen, making it a 
heterocyclic aromatic compound. Although there are a 
number of different PAHs, European Commission 
(2005) defined 16 priority compounds, because of 
potential toxicity and frequency of occurrence 
(Naphthalene, Acenaphthylene, Acenaphthene, 
Fluorene, Phenanthrene, Anthracene, Fluoranthene, 
Pyren, Benzoaanthracene, Chrysene, 
Benzobfluoranthene, Benzokfluoranthene, 
Benzoapyrene, Indeno1,2,3-cd pyrene, 
Dibenzahanthracene, Benzoghiperylene). 

PAHs are produced in all processes of incomplete 
combustion of organic substances [2]. Sources of PAHs 

 1 | Safety Engineering 
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in the environment can be natural and anthropogenic. 
PAHs can originate from natural processes such as 
biomass burning, volcanic eruptions and diagenesis [3]. 
Significant amounts of PAHs in environment originate 
from anthropogenic activities, such as burning of fossil 
fuel, coal tar, wood, garbage, refuse, used lubricating 
oil and oil filters [4]. Due to higher volatility, amount 
of light PAHs will be higher in the air, but they will be 
more prone to degradation under the influence of the 
atmosphere. Similarly, these compounds are more 
soluble in water, so their concentration in water will be 
higher than heavy molecular PAHs. Heavy molecular 
compounds are found in water and atmosphere 
adsorbed into particulate matter. Large amounts of 
PAHs are adsorbed by soil organic matter and thus 
relatively unavailable for degradation process. 
However, certain amounts of light PAHs are lost over 
time due to evaporation, degradation and leaching. As 
molecular weight increases, PAH sorption on soil 
organic matter increases, due to higher lipophilicity.  

Considering the increasing evidence of the ubiquitous 
presence of PAHs and health risk associated with their 
exposure, their analysis is of great importance. PAH 
analysis includes the procedure sampling and sample 
homogenization, extraction (in order to separate PAHs 
from matrix), clean up step (to remove impurities from 
obtained extract) and instrumental analysis 
(identification and quantification of these compounds). 
The extraction methods explored over the years 
include: Soxhlet extraction, sonication, liquid-liquid 
extraction, purge and trap, headspace, shaking, vortex, 
solid-phase extraction, supercritical fluid extraction, 
solid-phase micro extraction (SPME), stir-bar sorptive 
extraction (SBSE), miniaturized solid-phase extraction 
(SPE), liquid-phase micro extraction (LPME) and 
membrane-assisted solvent extraction techniques 
(MASE) [5]. Different solvents were used for 
extraction of PAHs like methylene chloride/acetone 
(1:1 v/v) [6], ethyl acetate/hexane (1:1 v/v), 
acetone/hexane (1:1 v/v) [7], n-butanol [8], methylene 
chloride/acetone (1:1), [9] but the preferred solvent 
system which gives the best recovery is methylene 
chloride [7]. The international standardization 
organization [10] recommended solvent extraction with 
acetone for soils with low contamination level, while 
Soxhlet extraction with toluene should be used in 
highly contaminated soils. An extraction technique is 
efficient if produces good results, within short time and 
not demand complicated operations. Clean up step 
include solid phase extraction (SPE) on cartridges with 
alumina, florisil, silica, C18, PS-DVB [11,12] or 
column chromatography with silica gel [13]. Analytical 
methods mostly used for PAH determination are HPLC 
with fluorescence detection [14,15] and GC –MS [16]. 
In 2003, Anastassiades et al. [17] proposed QuEChERS 
method, which consists of extraction with organic 
solvent miscible with water, in presence of salts or 
buffering agents and a clean-up step by dispersive 
solid-phase extraction (QuEChERS). This procedure 
offers much simpler, faster and low cost clean up of the 

samples than other techniques used, so there is interest 
in modification and development of QuEChERS 
technique. 

The aim of this paper was to evaluate different sorbents 
and solvents which weren´t used in QuEChERS for 
sample clean up in PAH analysis in environmental 
samples, by assessing  convenience of three different 
sorbents: clynoptilolite, diatomaceous earth and carbon 
black using three solvent mixtures 
(acetonitrile/methanol, hexane/acetone and 
cyclohexane/acetone). The usefulness of each sorbent 
and solvent mixture was verified based on recovery 
ratio of each compound. To the best of author’s 
knowledge, this paper is very first one dealing with 
aplication  of  the new sorbents for environmental 
samples clean up QuEChERS  procedure. 

EXPERIMENTAL  

Methods and materials 

Chemical reagents 

Acetonitrile (MeCN), hexane, cyclohexane, methanol 
HPLC–grade and MgSO4 were purchased from Sigma 
Aldrich. PAH Kit 601–N containing acenaphthylene, 
anthracene, benzo[a]anthracene, benzo[a]pyrene, 
benzo[b]fluoranthene, benzo[g,h,i]perylene, 
benzo[k]fluoranthene, chrysene, 
dibenzo[a,h]anthracene, fluoranthene, fluorene, 
napthalene, phenanthrene, pyrene and internal 
standards (chrysene d10 and acenaphthene d10) 
purchased from Supelco, Bellefonte, Pennsylvania. 
Working standard solution at concentration 17.95 
µg/ml for each PAH was prepared in different solvent 
mixtures: hexane/acetone (1:1, v/v), 
cyclohexane/acetone (1:1, v/v) and 
acetonitrile/methanol (2:1, v/v). 

In this study, a natural zeolite, from the mine Zlatokop 
(Vranjska banja), which contains about 92 % 
clinoptilolite phase, 3.4 % feldspar plagioclase and 4.6 
% quartz was used as the starting material. Before 
modification, the zeolite samples (grain size 0.063–0.1 
mm) were washed several times with distilled water to 
remove impurities and then dried at 60 °C. 

Inert diatomaceous earth sorbent of a high purity, under 
commercial name Hydromatrix, was purchased from 
Varian (Harbor City, CA). 

Carbon black with particle size of 100-1000 nm in 
diameter and >97% of carbon, was purchased from 
Centrohem, Belgrade. 

Instrumentation 

The Agilent 7000 Series Triple Quadrupole MS is a 
standalone triple quadrupole mass spectrometer for use 
with the Agilent 7890A GC system. The injector was 
PAL sampler, with injection volume of 2.5 µl in 
splitless mode. Chromatographic separations were 
conducted using a HP-5MS (5% Phenyl Methyl 
Siloxane) column (30 m x 250 μm x 0.25 μm). The GC 

2 | Safety Engineering 
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oven was operated with the following temperature 
program: 75 °C for 3 minutes then 6 °C/minute to 300 
°C for 10 minutes. The total run time was 50.5 minutes. 
Analyses were conducted in the selected ion 
monitoring (SIM) mode based on the use of one 

quantitative ions. Analyzed compounds were identified 
according to their qualitative ions and retention times 
(Table 1). 
 

Table 1. Retention time, quantification ion, calibation slope and correlation coefficient of the analyzed compounds 

PAH name 
Retention time 

(min) 
Quantification ion Calibration slope 

Correlation 
coefficient 

Naphthalene 12.087 128.0 2.428 0.98 

Acenaphthene 18.759 152.0 1.612 0.99 

Fluorene 20.688 165.0 1.841 0.99 

Phenanthrene 24.302 178.0 1.427 0.99 

Anthracene 24.478 178.0 0.869 0.99 

Fluoranthene 28.878 202.0 0.715 0.97 

Pyrene 29.696 202.0 6.389 0.95 

Benzoaanthracene 34.513 228.0 3.912 0.99 

Chrysene 34.360 228.0 2.572 0.99 

Benzobfluoranthene 38.258 252.0 1.437 0.99 

Benzokfluoranthene 38.347 252.0 1.658 0.99 

Benzoapyrene 32.289 252.0 1.087 0.95 

Dibenzahanthracene 43.161 278.0 0.466 0.92 

Benzoghiperylene 43.964 276.0 0.536 0.91 

 
Sample preparation 

For construction of calibration curve, standard PAHs 
solutions in hexane, prepared by dilution of the PAH 
stock standard solution adjusting the concentrations to 
0.38, 1.92, 3.85, 9.62, 19.23, 24.04, 28.85 and 38.46 
µg/ml were used. The reagent blank pure hexane and 
corresponding mixtures of solutions were used. One 
milliliter of PAHs mixture standard solution, used as a 
model extract of environmental sample and in 
corresponding concentration as the standard solutions, 
was transferred into QuEChERS tube containing 50 mg 
of sorbent. Mixture was shaken for 1 minute and 
centrifuged at 8000 rpm for 10 minutes. Supernatant 
volume of 0.6 ml was transferred into GC vial, and 0.2 
ml of internal standard solution was added. Standard 
solutions and solutions treated by above described 
procedure were then analyzed by GC-MS. The obtained 
results were presented as recoveries (ratio of 
concentration after QuEChERS treatment and 
corresponding standard solution concentration, in 
percents). 

 

 

 

 

RESULTS AND DISCUSSION 

Sample preparation step is the most difficult and time 
consuming task, including analyte extraction and 
extract purification. One of the most used techniques in 
clean up step is solid phase extraction (SPE), as it is 
fast, efficient and offering a large variety of 
purification sorbents and devices with possibility of 
automated on-line sample treatment. QuEChERS has 
advantage over classic SPE, because of less solvent and 
sorbent consumption but above all, simple and cheap 
technical demands and possibility of changing 
experimental conditions. However, sometimes 
commercially available sorbents do not have enough 
efficient capacity or selectivity to adequately clean up 
complex samples. Most of sorbents works on 
adsorption principle, thus some errors can appear due 
to analyte remnant on the sorbent surface, regardless it 
is a consequence of strong binding to the surface or 
usage of solvents with deficiencies in rinsing analyte 
from the surface. 

Accuracy studies (presented as recovery) were 
conducted after adding PAH standard mixture to 
QuEChERS tube with the different sorbents and using 
various combinations of solvent mixtures. Acceptable 
recoveries within 50-120 % [18] should be provided in 
order to obtain accurate results. The results of recovery 
studies of 14 analyzed PAHs treated with three 
different sorbents and solvents are represented in 
Figures 1, 2 and 3. 
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Figure 1. Accuracy of PAHs determination  using 

diatomaceous earth as the sorbent 

 

 
Figure 2. Accuracy of PAHs determination  using 

clinoptilolite as the sorbent 

 

 
Figure 3. Accuracy of PAHs determination using 

carbon black as the sorbent 

Diatomaceous earth typically consists of 87–91% 
silicon dioxide (SiO2), with significant quantities of 
alumina (Al2O3) and ferric oxide (Fe2O3) [19]. 
Hexane/acetone mixture (1:1, v/v) is an effective 
extraction solvent for PAHs [20,21]. Mean recovery of 
PAHs, using diatomaceous earth and hexane/acetone 

mixture was 43.70%, with highest value for 
fluoranthene (75.97%), and lowest for 
benzoaanthracene (27.31 %) (Figure 1). Most of 
analyzed compounds gave recovery between 40% and 
50%. It can be seen that recovery values, using this 
sorbent/solvent mixture were not satisfactory. 
Diatomaceous earth is a highly absorbent material due 
to its macroporous structure [22]. Other solvent 
combination used in this study was 
cyclohexane/acetone. Cyclohexane is used in PAHs 
extraction from highly polluted soils [23]. However, 
non-polar solvents were not recommended for lower 
PAHs, since they are not good soluble in nonpolar 
solvents. Combination of diatomaceous earth and 
cyclohexane/acetone gave mean recovery of 43.52%, 
with maximum recovery for fluoranthene (68.82%) 
(Figure 1). As in case with hexane/acetone, this sorbent 
gave poor average recoveries for analyzed compounds. 
Acetonitrile was used in original QuEChERS method 
proposed by Anastassiades et al. (2003) [17], used 
typically in QuEChERS method for pesticide 
extraction. According to Sadowska-Rociek et al. (2013) 
[24], acetonitrile is good solvent for PAH extraction, 
since it does not extract a lot of matrix. Using 
acetonitrile/methanol solvent mixture recovery values 
we got were between 25.50% and 111.06%, with mean 
recovery higher than other two combinations used 
(49.85%) (Figure 1). However, higher mean recovery is 
due to high recovery for fluoranthene (111.06%), 
benzo[ghi]perylene (93.69%) and dibenz[ah]anthracene 
(84.91%), while other compounds gave significantly 
lower recoveries. Comparing recovery values for all 
three solvent combinations used with diatomaceous 
earth we noticed that fluoranthene and pyrene gave               
higher recoveries than other compounds from this 
study, so it can be used in the analysis of these two 
compounds. Meesuk et al. (2009) [25] investigated 
benzo[a]pyrene adsorption on diatomaceous earth, and 
concluded that 73.92% of this compound has been 
adsorbed by diatomite. As far as we know, this sorbent 
hasn’t been used in QuEChERS approach in PAH 
study. Arias et al. (2014) [26] evaluated various 
sorbents in QuEChERS clean up step, including 
diatomaceous earth, for pesticide analysis. Recovery 
values were between 60 and 120% for 15 out of 17 
pesticides analyzed. Another group of authors 
suggested that diatomaceous earth could be used in 
pesticide analysis [27]. Since our results gave high 
recovery values for some compounds, further 
researches will be oriented in modification of 
diatomaceous earth in order to obtain higher recovery, 
since it has the advantage of its low cost and wide 
surface area [28].  

Clinoptilolite is a natural, non-toxic zeolite (crystalline 
hydrated aluminosilicate) that has monoclinic crystal 
structure symmetry and strong adsorptive and ion 
exchange capacity [29]. It’s general chemical formula 
is Na0.1K8.57Ba0.04(Al9.31Si26.83O72)· 19.56H2O [30], with 
capacity of Na+, K+ and Ba+ ion-exchange. In case of 
clinoptilolite we used, these ions were naturally 
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exchanged dominantly with Ca2+. Employing 
hexane/acetone mixture, in combination with 
clinoptilolite, we have obtained recovery values 
between 30.61 and 86.44%, with highest recovery for 
fluoranthene (Figure 2). The combination of 
clinoptilolite with cyclohexane/acetone gave the values 
of the recovery in the range of 25.21% for chrysene to 
71.99% for fluoranthene (Figure 2). As well as using 
hexane/acetone mixture, highest recovery is obtained 
for fluoranthene, using cyclohexane/acetone mixture. 
According to Lemić et al. (2007) [31], the adsorption of 
PAHs on unmodified zeolite was lower than 50%, 
except for benz[a]anthracene, where 75% of this 
compound remained on clinoptilolite, which is in 
agreement with our results. Using acetonitrile/methanol 
solvent mixture recovery values we got were between 
18.98% (fluoranthene) and 103.40% (pyrene), with 
mean recovery 44.33% (Figure 2). Pyrene has been 
used as a model compound to study biodegradation of 
heavy PAHs, since it is structurally similar to several 
carcinogenic PAHs [32], so its analysis is of great 
importance. Clinoptilolite can be used in QuEChERS 
sample preparation technique in pyrene analysis, since 
highest recovery for this compound is obtained using 
this sorbent and acetonitrile/methanol solvent mixture. 
Zeolites are commonly used for removing undesirable 
heavy metal ions from industrial effluent waters [33]. 
Xie et al. (2012) [34] examined adsorption capability of 
modified zeolite for the removal of ionizable phenolic 
compounds and non-ionizable organic compounds, 
including naphthalene. As far as we know, 
clinoptilolite hasn’t been used in PAH analysis. Since 
zeolites are natural occurring mineral and have lower 
price, they could be used in clean up step for PAH 
analysis. Some modifications of clinoptilolite could 
lead to higher recovery for analyzed compound, which 
could make this sorbent leading in extract clean up for 
PAH analysis.  

Carbon black is a material produced by the incomplete 
combustion of heavy petroleum products which can be 
used in QuEChERS clean up step in order to remove 
pigments, which can be main interference in PAH 
analysis. Recoveries within 0-6.36% for 14 analyzed 
compounds were provided by using carbon black as 
sorbent an hexane/acetone as solvent mixture (Figure 
3). Benzoaanthracene, chrysene, benzoapyrene, 
dibenzahanthracene and benzoghiperylene gave 0% 
recovery, indicating their concentration were reduced 
more effectively than other compounds. Other two 
solvent mixtures also gave poor mean recovery values 
for carbon black as sorbent in clean up step (3.38% and 
2.12%, for cyclohexane/acetone and 
acetonitrile/methanol mixture, respectively) (Figure 3). 
Nine of 14 analyzed compounds using 
cyclohexane/acetone and carbon black gave recovery 
lower than 1%, whereas 10 compounds gave less than 
1% recovery using same sorbent and 
acetonitrile/methanol mixture. This indicates that 
carbon black cannot be used as sorbent in clean up step 
for PAH analysis. However, this indicates that carbon 

black could be used in PAH removal from 
environment. Low recovery values using carbon black 
were also obtained using other two solvent mixtures 
used in this study. Organic pollutants (PAH) strongly 
sorb to carbonaceous sorbents such as black carbon, 
unburned coal and kerogen [35,36]. Adsorption of 
PAHs on carbon black minimizes accumulation in 
plants and animals, lowering the risk for humans. 
Presence of black carbon in sediments will drastically 
limit the solubility and bioavailability of PAHs [37,38]. 
Black carbon has been found to have a large aromatic 
fraction and a surface area close to 100 m2 g-1 [36], 
which can explain such a strong binding of PAHs to 
carbon black surface. 

CONCLUSION 

New sorbents were tested as alternative in clean up step 
in QuEChERS sample preparation technique. 
Diatomaceous earth, clinoptilolite and carbon black 
were tested with three different solvent mixtures, and 
results indicates that clinoptilolite and diatomaceous 
earth have promising characteristics in environmental 
sample clean-up for GC-MS analysis of PAHs, 
providing solid foundation for further investigations, 
including sorbent modifications, in order to obtain 
higher accuracy. Carbon black in the present form 
could not be used as sorbent in clean up step, because 
most of the analyzed of PAHs remained bound on its 
surface. However, this fact suggests that carbon black 
could be used as material in PAHs removal from the 
environment. 
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INOVATIVNI PRISTUP PRIPREMI UZORAKA IZ ŽIVOTNE SREDINE ZA 

ODREĐIVANJE POLICIKLIČNIH AROMATIČNIH UGLJOVODONIKA METODOM 
GC-MS KORIŠĆENJEM NOVIH SORBENASA U QUECHERS TEHNICI 

 
Vesna Stankov Jovanović, Violeta Mitić, Jelena Cvetković, Marija Ilić, Slobodan Ćirić,  

Snežana Nikolić-Mandić, Gordana Stojanović 
 
Rezime: Policiklični aromatični ugljovodonici (PAH) se smatraju zagađivačima koji izazivaju veliku zabrinutost 
za životnu sredinu. Bez obzira na metodu kvantitativne analize, koja će biti primenjena, priprema uzorka je od 
suštinskog značaja za tačno određivanje PAHova. Zbog izuzetne složenosti uzoraka zemljišta, uslovljenim pre 
svega prisustvom više stotina jedinjenja, od kojih mnoga imaju slične fizičke i / ili hemijske karakteristike, kao i 
analizirana jedinjenja, priprema uzoraka iz životne sredine za analizu je od ključnog značaja za validnost analize 
PAH-ova. Svejedno koja će se metoda kasnije primenjivati za analizu, priprema uzorka mora da ispuni niz uslova 
kao što su adekvatna selektivnosti, efikasnost, dostupnost, laka izvodljivost, kratko trajanja postupka. QuEChERS 
(Brzo -quick, Qu, Lako-easy, E, Jeftino-cheap, Ch,  Efikasno-effective, E, Robusno-rugged, R i Sigurno-safe, S) 
način pripreme uzoraka je relativno nova metoda koja koristi različite sorbense i kombinacije rastvarača.  U ovom 
radu je istražena mogućnost primene sorbenasa (dijatomejska zemlja, klinoptilolit i aktivni ugalj), koji se obično 
ne koriste u koraku prečišćavanja kod pripreme uzoraka QuEChERS tehnikom, primenom 3 različite smeše 
rastvarača heksan / aceton (1: 1, v / v ) cikloheksan / aceton (1: 1, v / v) i acetonitril / metanol (2: 1, v / v). 
Standardni rastvori PAHova su tretirani određenim sorbensima i sistemima rastvarača u svim kombinacijama, a 
zatim analizirani primenom GC-MS metode. Ukupna tačnost metode varira u zavisnosti od jedinjenja i 
primenjenog sorbens / rastvarač sistema, dok je preciznost metode bila konstantno dobra. Najveća srednja 
vrednost za rikaveri za sve PAHove (49,22%) je registrovana za klinoptiolit, heksan / aceton kombinaciju. 
Dijatomejska zemlja je pokazala niže rikaveri vrednosti u odnosu na klinoptiolit, sa svim sistemima rastvarača, a 
rikaveri vrednosti za aktivni ugalj su bile gotovo nula. Među testiranim sorbensima, klinoptiolit je identifikovan 
kao dobar polazni sorbens čije karakteristike mogu biti modifikovane, sa ciljem da se postigne veća tačnost, 
preciznost i selektivnost metode, koja će omogućiti njegovu novu primenu u analitičkoj hemiji. 
 
Ključne reči: PAH, QuEChERS, sorbensi, GC-MS. 
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FAULT TREE ANALYSIS OF FLY-OUTS IN 
METAL LATHE MACHINE OPERATIONS 
 
Abstract: The most probable accident in lathe machining has been 
identified to be fly-outs. This study aim at determining the causal 
factors leading to fly-out accidents during lathe machining operations 
and subsequently determine the probability of occurrence of fly-out 
accident. Fault tree analysis (FTA) was used to identify risk factors. 
Boolean algebra equations were used to analyse the probability of 
fault occurrence. Monte Carlo simulation was carried out using 
OpenFTA software and the output of 1000 iterations was compared 
with the output of Boolean algebra. Safety intervention alternatives 
were evaluated by comparative analysis of before and after 
implementation of safety measures. Twenty four (24) minimum cut sets 
comprising of 21 basic events and 3 undeveloped events were 
identified. The top event has probability of 0.748 signifying high 
likelihood for fly-out. Monte Carlo simulation gave lower and upper 
bounds probabilities of 0.725 and 0.773, respectively. The event of the 
chuck key not pulled out of the chuck before machining begins was 
however noted to have the highest contribution to the occurrence of 
fly-out accident. The result of safety intervention alternatives revealed 
that the probability of fly-out becomes 0.192 with a safety benefit of 
N27, 800 after the first tier implementation. Other tiers of safety 
interventions will see the probability of fly-out go further down. By 
this,  safety engineer has a scale for effectiveness of respective safety 
intervention programmes. 

Key words: fly-out, accident, safety, intervention, lathe, machine, 
operation. 

 
INTRODUCTION 

Over the last three decades there were development in 
the maintenance and servicing industries, of a 
distinctive approach to hazards and failures that cause 
loss of life and property. This approach is commonly 
called `loss prevention'. It involves putting much 
greater emphasis on technological measures to control 
hazards, accidents and on trying to get things right first 
time. The rapid development of new technology has 
essentially changed the nature of work and has 
increased the complexity of systems within many 
industries. Hence, the world becomes increasingly 
complicated. These complex systems require a 
combination between technical and human subsystems 
(Kletz, 1999). In this sense, the failure of a subsystem 
can often cause the failure of the entire system. 
Moreover, catastrophic breakdowns of these systems 
create serious threats, not only for those within the 
organization, but also for the surrounding public. 
Simultaneously, the accidents that occur in workplaces 
have also become more complex and in some cases 
more frequent. 

In fact, increased technological dependence has led to 
bigger accidents, involving more people, and greater 
damage to property and the environment. It has become 
clear that such vulnerability does not originate from 
just human error, technological failures, or 

environmental factors alone. Rather, it is the fixed 
organizational policies and standards which have 
repeatedly been shown to predate the catastrophe. 
Therefore, safety practitioners in recent years have 
begun to focus on the organizational values that might 
enhance risk and crisis management and safe 
performance in industries complex conditions. Some 
scholars (Simon and Leik 1999) believed that culture 
and technology actually go hand in hand. Culture 
consists of attitudes, perceptions, beliefs, and values, 
which need to be set in context. In the face of new 
mandates, it is believed that culture can play a vital role 
in helping organizations respond to the many safety 
challenges.  

Most accidents  in Nigerian industries are a direct result 
of not adhering to their established safety procedures, 
as well as lack of strong safety culture, safe working 
conditions, and employees’ safe work attitudes and 
actions (Oyesola and Kola, 2014). Thus, the 
participation of all employees including managers and 
non-managers is vital in policymaking, establishing, 
and implementing a feedback system that drives 
continuously toward safety improvement in industrial 
companies to achieve a successful safety program. It 
must be mentioned that safety culture has an important 
role in reducing occupational accidents in industry. The 
identification of areas of vulnerability and of specific 
hazards is of fundamental importance in loss 
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prevention and safety. There is now available a whole 
battery of hazard identification methods which may be 
used to solve these problems (DOSH, 2008).  

Human by default are susceptible to making errors and 
infact neglecting certain safety rules and regulations, a 
consequence of which could be so deadly both to 
themselves, their co-workers, machineries and the 
environment resulting in a possible loss of lives, 
property and revocation of their operating licenses.  
However, human error is just an aspect of safety as 
environment, hardware and other factors also serve as 
links to safe machining operations. With noise, 
numerous machines and a handful of people on the 
plant floor, one mistake can result in a serious incident 
that can cause personal injury and wreak havoc on 
production. Each year, millions of workers suffer from 
non-fatal workplace injuries, resulting in an annual cost 
of billions of dollars (EASHW, 2004). Outside the 
primary objective of reducing injuries to people or 
property, proving the value of a safety system is an 
ongoing challenge for safety professionals and risk 
managers. Many find it difficult to financially justify 
discretionary investments in safety-related trainings 
intended to reduce work-related injuries.  

Safety investments greatly reduce cost of repairs. With 
an up-front investment in safety programs and 
safeguarding systems, the financial and employee 
impact of incidents that occur in the facility can be 
significantly diminished. Having realized this huge 
capital investment on safety, evaluation and re-
evaluation to justify this huge spending are necessary 
as well as analyzing historical accidents of ranging 
proportions from fatal, minor to near-misses with a 
view to tailor the existing safety policy to achieve the 
ultimate goal for which the entire concept of safety is 
based; to preserve lives and properties (SESR, 2012). 

This paper seeks to conduct a hazard/causal factor 
identification analysis capable of leading to fly-outs on 
lathe machine operations and to evaluate in quantitative 
terms using Fault Tree Analysis (FTA). Also to 
determine the probability of failure by considering 
elemental failures that can lead to Fly-outs and 
recommend safety interventions, and to evaluate the 
effectiveness of such interventions. It will also examine 
how the probability of failure is affected by various 
safety interventions. 

MATERIALS AND METHOD 

Having consulted and reviewed series of safety reports 
associated to lathe operations of a case study workshop; 
this research seeks to consider fly-outs during 
machining operations. These fly-outs envisage the 
possibility of tool fly out during a machining process, 
work piece fly out as well as the effect of discontinuous 
chips (swarf) removal during operations that ranges 
from turning, shaping etc. to achieve the objectives 
using the tools described in sections 2.1, 2.2 and 2.3. 

 

Fault Tree Analysis  

Fault tree analysis (FTA) is used to investigate 
potential faults, its modes and causes and to quantify 
their contribution to system unreliability in the course 
of product design. FTA is a technique by which 
conditions and factors that can contribute to a specified 
undesired event are identified and organized in a 
logical manner and represented pictorially (Jane, 2012). 
FTA has been widely successfully used in various 
fields. Tetlow and Jenkins (2005) used it to visualise 
the importance of human factors for safe diving with 
closed-circuit rebreathers. Kumar and Sneh, (2011) 
applied it to analyse the reliability of piston 
manufacturing system while Hu et al., (2011) used FTA 
for hierarchical diagnosis model and sequential control 
of manufacturing system to mention a few. 

Boolean Algebra Equations 

With human Experts judgments, Boolean algebra 
equations were used to analyse the probability of fault 
occurrence. Boolean algebra is a devise for dealing 
mathematically with philosophical propositions which 
have only two possible values of TRUE or FALSE 
represented by the digits “0” and “1”. It deals with the 
rules which govern various operations between the 
binary variables. “AND” operation describes events 
which can occur IF and only IF two (2) or more other 
events are TRUE. “OR” Operation describes events 
which can occur IF at least one (1) of the other events 
are TRUE (Ovidiu, 2003). 

Monte Carlo Simulation 

Monte Carlo simulation of the fault tree was conducted 
using the commercial software called “OpenFTA”.  
1000 Iterations were carried out and the output 
compared with the Boolean algebra equations. Monte 
Carlo simulation, also called probability simulation, is 
a technique widely used to understand the impact of 
risk and uncertainty in forecasting models. It can tell 
based on how the ranges of estimates are created, how 
likely the resulting outcomes are. Monte Carlo 
techniques are often the only practical way to evaluate 
difficult integrals or to sample random variables 
governed by complicated probability density functions 
(Cowan, 2011). OpenFTA is an advanced tool for FTA. 
With OpenFTA, superior graphical user interface, fault 
trees can be constructed and modified with ease (FSCL, 
2005).   

Safety Intervention Measure 

The safety intervention alternatives were evaluated by 
comparative analysis of before and after 
implementation of safety measures. Safety intervention 
for the respective faults was examined to evaluate how 
well and how much the measure can bring about a 
reduction in the probability of the top-event. This 
tailors the research into the subject matter of 
identifying hazard conditions, sequence of accident, 
qualitative and quantitative evaluation, and finally, an 
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 evaluation of the case-study’s safety intervention 
programme to see how the intervention would reduce 
the probability of accident occurrence. The overall 
evaluation of safety in line with the subject matter of 
fly-out incorporates quantitative and qualitative 
evaluations to channel a course for safety intervention. 
This can be viewed as a case of sensitivity analysis 
whereby the effect of safety evaluation is examined on 
the probability of fly-out accidents to see how 
respective intervention reduces the probability of top-
event occurrence. 

 

 

 

 

 

 

 

 
To ascertain the effectiveness of a safety intervention 
program, an appraisal of the case-study safety 
intervention programme was carried out by firstly 
identifying areas that require intervention and by 
making appropriate recommendation. 

 

 Figure 1. Hazard Zones of Metal Turning Lathe Machine 

 

 
RESULTS  

 
Lathe Hazard Identification and   
Consequences Analysis  
Safety concerns on lathe operations were considered 
under various headings of major lathe hazards and the 
commonest causes of death and injury from metal 
lathes were evaluated. These include: 

 

 
 Entanglement of clothing in moving parts such as 
drive gears, chucks, lead and feed screws, and the work 
piece; 

 

  Being hit by loose objects on the lathe such as 
chuck keys, tools or swarf; 

  Entanglement from inappropriate tooling and 
polishing techniques; 

  Being struck by a workpiece that has not been 
adequately secured in the lathe or is oversized.   

 Figure 1 shows the zones of metal turning lathe 
hazards. Six hazard zones have been identified. Each 
zone was analyzed to include the possible consequence 
(e.g. entanglement) of the hazard and their 
recommended controls. Table 1 contains a 
comprehensive hazard identification and consequences 
analysis of identifiable hazards during lathe operations 

 

 

 
Qualitative Safety Evaluation:                     
Fault Tree Construction  
The child root for a tool fly-out is as represented Figure 
2. Seven causal factors capable of triggering a tool fly-
out during machining operations on a lathe were 
identified as chuck fault, workpiece holding fault, tool 
post fault, coolant fault, improper operating speed, 
safety guards fault, swarf guard and chuck guard and 
Improper mounting. 

 

 

 

Further analysis of root/intermediate events into 
minimum cut sets i.e. basic events that could lead to the 
child node event; twenty four (24) basic events are 
identified and presented in fault tree in Figure 3. 
Probabilities for the identified failures are presented in 
Table 2. 
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Figure 2: Hazards/causal Factors Capable of Triggering a Tool Fly-out During Machining Operations on a Lathe. 
 

Figure 3: Fault Tree of Fly-out Accident during Metal Lathe Machining Operation 
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Table 1. Lathe Operations Hazards and Consequences 

Hazards Possible consequence 
Zone 1 
Workpiece beyond the 
headstock. 

During spindle rotation, bar can 
bend and strike machinists 
nearby. 

Zone 2 
Exposed drive 
mechanisms (pulley, 
belts, gears). 

Machinists can become entangled 
in pulleys, belts or gears when 
lathe is in operation. 

Lathe controls can only 
be reached by passing 
hand through working 
zone. 

Machinists can become entangled 
in unguarded drive mechanisms, 
chuck, chuck assembly or 
workpiece when the lathe is in 
operation. 

Lack of function 
markings on controls.  

Machinists can activate incorrect 
controls resulting in an unplanned 
function. 

Placements of controls 
do not follow the 
machining process. 

Machinists can activate incorrect 
control resulting in an unplanned 
function. 

Unsecured tools and 
objects stored or placed 
on the headstock. 

Stored objects can fall onto the 
spinning chuck and be propelled 
at the operator or nearby 
machinists 

Zone 3 
Exposed chuck.  Machinists can become entangled 

on uneven surface of chuck or 
workpiece when spinning. 

Chuck key left in chuck.  Machinists near lathe can be 
struck by key when projected 
from the lathe. 

Jaws of chuck unable to 
clamp workpiece 
securely. 

Machinists can be struck by 
workpiece not securely held in 
the chuck. 

Chuck has not been 
adequately secured to 
the spindle. 

Machinists can be struck by 
chuck not securely held in the 
spindle. 

Mounting and removing 
heavy chucks and face 
plates. 

Machinists can sustain 
musculoskeletal or crushing 
injuries when changing heavy 
chucks and faceplates. 

Use of a chuck that is 
not compatible with 
lathe and/or task 
specifications. 

Use of incorrect chucks can result 
in the chuck or workpiece 
becoming loose and striking 
machinists 

Chucks and face plates 
used on the lathe are 
damaged or have catch 
points. 

Machinists can become caught on 
chucks and faceplates that are 
poorly maintained or have 
protrusions. 

Oversized workpiece in 
self-centering chuck 
(three-jaw chuck) 

Chuck jaws in full extension to 
allow for oversized workpieces 
can be propelled from the lathe 
when operated.  

Zone 4 
Objects (e.g. cutting 
tools) unsecured on 
carriage (including tool 
post) or swarf 

Unsecured objects can become 
projectiles when the lathe is 
started, possibly striking 
machinists. 

Worn or damaged tools 
being used on the lathe. 

Use of worn or damaged tools can 
result in tool failure and can 
become projectiles or create 
irregular or long cuttings that can 
lead to lacerations. 

Zone 5 

Exposed lead and feed 
screws (assessment of 
risk will need to include 
the speed at which the 
lead and feed screws 
travel). 

Machinists can become entangled 
in exposed lead and feed screws 
when the lathe is in operation, 
particularly if the lathe is being 
used by a number of users with 
various levels of experience. 

Zone 6 
Unguarded protrusions 
on the workpiece. 

Machinists can become entangled 
on protrusions on the workpiece 
being turned. 

Coupling and clamps 
used on the lathe are 
damaged or have catch 
points. 

Machinists can become caught on 
coupling and clamps that are 
poorly maintained or have 
protrusions. 

Unsupported 
workpieces. 

Unsupported workpieces can 
become loose, striking 
machinists. 

Machining process 
produces continuous or 
unraveled cuttings. 

Machinists can become entangled 
in turning cuttings. 

Removing metal 
shavings, cuttings and 
swarf from machining 
area with hands. 

Unprotected handling of 
shavings, cutting and swarf can 
result in lacerations. 

Neighboring 
workspaces are exposed 
to swarf, cuttings or 
workpieces during the 
machining process. 

Swarf, cuttings or workpieces can 
become projectiles and strike 
nearby machinists, causing 
injuries such as lacerations and 
fractures. 

Frequent traffic (human 
and machinery) passing 
through the work area 
near the operator. 

While operating the lathe, the 
operator can be bumped or 
startled by passing traffic, causing 
the operator to come into contact 
with the lathe. 

Incorrect methods used 
for polishing workpieces 
with emery cloth. 

Machinist can become entangled 
in the lathe. 

Others 
Lack of or poorly placed 
emergency stop 
button/pedal that results 
in immediate standstill 
of lathe operation. 

Operator is unable to stop the 
lathe in case of an emergency. 

Loose clothing, cuffed 
or rolled back sleeves, 
neckties, jewelry 
(including watches) and 
long hair. 

Loose clothing, accessories and 
hair can become entangled in 
moving parts of the lathe, chuck 
assembly or workpiece. 

Environment 
Inappropriate type and 
position of lighting. 

The flashing effect of fluorescent 
light can make a spinning lathe 
appear to have stopped. This can 
lead to machinists’ entanglement. 
Lighting placed over the lathe can 
be struck by projectiles from the 
machining process. Machinists 
nearby can be injured by the light 
shattering. 
 

Untidy and unorganized 
working 
Environment. 
 

Machinists can slip or trip on 
cutting oils, swarf or cuttings that 
are not cleaned from the floor. 
Machinists can also trip over 
lathe parts or workpieces that are 
not returned to storage areas. 
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Probability of failure P (F) = 
1 - (1 - V1) x (1 - V2) x (1 – V3) x (1 – V4) x (1 – V6) x 
(1 – V10) (1 – V12) x (1 – V13) x (1 – V15) x (1 - V17) x 
(1 – V19) x (1 – V20) x (1 – V21) x (1 – V22) x (1 – V23) 
x (1 – V24) x (1 – V8 * V14 * V18) x (1 – V11* V16) x (1 
– V5 * V7 * V9)     
    
P (F)  = 1 – (0.251561 * 0.999849) 

= 1 - 0.251523 
= 7.484772E-001 
= 0.748 

 

Table 2 presents the faults and the respective 
probabilities of faults. The following faults namely: 
Chuck Associated Fault, Work holding Fault, Tool Post 
Fault, Coolant Fault, Wrong Machining Speed, Safety 
Guards and Improper Feed rate Fault respectively, are 
the faults having the capability to initiate the 
occurrence of fly-out. The probabilities of these faults 
are 0.720001, 0.050, 0.035, 0.0000005, 0.015, 0.020 
and 0.01515, respectively. The probabilities of these 
faults reveal that chuck associated failure has the 
highest likelihood/probability of initiating the top event 
having a probability of failure of 0.720001, followed by 
work holding faults with a probability of 0.050, tool 
post failure with a probability of 0.035, safety guards 
failure with a probability standing at 0.20 followed by 
the fault from improper feed rate with a probability of 

0.01515 and FINALLY faults from wrong machining 
speed and coolant fault having probabilities of  0.015 
and 0.0000005, respectively. It is noteworthy that 
coolant failure has the least probability and hence, it 
has the least capacity of initiating a fly-out during lathe 
operations 

Further presented in Table 3 is the result of basic event 
analysis and their respective importance represented as 
a percentage of the overall probability of top-event. A 
graphical representation is also provided in Figure 4. 
The result here reveals that V4 (event of chuck not 
being pulled out before machining operation begins) 
has the highest importance (93.52%) and if any safety 
intervention is to be justified, it must be centralized on 
the primary event with the highest importance. V4 
represents the first tier of safety intervention. 
Furthermore, V2, V3, V6, V15, V17 and V20 having an 
importance of 2% apiece are the next areas of priority 
(second tier of intervention) in terms of safety 
intervention. However, V1, V9, V11, V13, V21, V22, V23 
and V24 have lesser importance, with their importance 
standing at 1.34% apiece. V13 with an importance of 
0.67% can also be merged with the events of 2%. These 
events are hence assigned for third tier intervention. 
Other events have 0% importance and no major 
intervention is needed. 

 
 

Table 2. Probabilities of Failure of Basic Events 
 

`  
Event ID 

 
Type 

 
Description 

Failure 
rate/Unit 

time. 
V1 CCT Basic  Of Event Circuitry Fault 0.010 
V2 CHG Underdeveloped Chuck Guard Fault 0.015 
V3 CHT Basic Centre Height Fault 0.015 
V4 CPO Basic Chuck Not Pulled Out 0.700 
V5 DP Basic Dislocation of Pipe 0.010 
V6 DSWARF Basic Discontinuous Swarf 0.015 
V7 PUMP Underdeveloped Faulty Pump 0.010 
V8 LB Basic Spindle Nose Looseness 0.010 
V9 LK Basic Leakage 0.005 
V10 LSF Basic Leadscrew Fault 0.010 
V11 LSNESS Basic Loose Joints and Unsecured Fitting 0.015 
V12 OH Underdeveloped Overhang 0.010 
V13 SCKF Basic Speed Control Knob Fault 0.005 
V14 SND Basic Spindle Nose Damage 0.010 
V15 SWG Underdeveloped Swarf Guard 0.015 
V16 TFEEDING Basic Excessive Tool Feeding 0.010 
V17 TM Basic Tool Mounting 0.015 
V18 UN Basic Unclean Media 0.010 
V19 WK Basic Wrong Key Size 0.010 
V20 WNS Basic Work Not Well Secured 0.015 
V21 WS Basic Wrong Operating Speed 0.010 
V22 WT1 Basic Wear And Tear of Chuck Keyway 0.010 
V23 WT2 Basic Wear And Tear of Holding Device 0.010 
V24 WT3 Basic Wear And Tear of Tool Post Clamps 0.010 
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Table 3. Primary Event Analysis 

 
Event Description Importance 

(%) 
Failure contribution 

V4 Chuck Not Pulled 
Out 

93.52 7.000000E-001 

V2 Chuck Guard 
Fault 

2.00 1.500000E-002 

V3 Centre Height 
Fault 

2.00 1.500000E-002 

V6 Discontinuous 
Swarf 

2.00 1.500000E-002 

V15 Swarf Guard 2.00 1.500000E-002 
V17 Tool Mounting 2.00 1.500000E-002 
V20 Work Not Well 

Secured 
2.00 1.500000E-002 

V1 Circuitry Fault 1.34 1.000000E-002 
V9 Leakage 1.34 1.000000E-002 
V11 Loose Joints and 

Unsecured Fitting 
1.34 1.000000E-002 

V19 Wrong Key Size 1.34 1.000000E-002 
V21 Wrong Operating 

Speed 
1.34 1.000000E-002 

V22 Wear And Tear of 
Chuck Keyway 

1.34 1.000000E-002 

V23 Wear And Tear of 
Holding Device 

1.34 1.000000E-002 

V24 Wear And Tear of 
Tool Post Clamps 

1.34 1.000000E-002 

V13 Speed Control 
Knob Fault 

0.67 5.000000E-003 

V10 Leadscrew Fault 0.02 1.500000E-004 
V16 Excessive Tool 

Feeding 
0.02 1.500000E-004 

V5 Dislocation of 
Pipe 

0.00 5.000000E-007 

V7 Faulty Pump 0.00 1.000000E-006 
V8 Spindle Nose 

Looseness 
0.00 5.000000E-007 

V12 Overhang 0.00 5.000000E-007 
V14 Spindle Nose 

Damage 
0.00 1.000000E-006 

V18 Unclean Media 0.00 1.000000E-006 
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Table 4 is a tabulation of the basic events, their 
respective description and safety intervention 
recommendation. In this present study, safety 
interventions were categorised as follow: 

 First tier safety intervention; training, supervision, 
inspection and procurement and installation (self-
ejecting chuck key procurement etc.); 
 Second tier safety intervention; preventive 
maintenance and quality of maintenance; 
 Third tier safety intervention; intermittent check-
listing and supervision 

Assuming the expected cost of fly-outs injury ranges 
from simple laceration to complete facial surgery is 
N50, 000, the resulting citicatility C of a lathe 
machining fly-outs injury is: 

Figure 4. Probabilities of Basic Events 

 

 

 
The event that machinist are expertly trained, 
supervised and monitored that chuck keys are not left 
in the chuck before machining starts would reduce the 
probability of “chuck not pulled out” from 0.7 to 0.21. 
However, the other failure modes could still occur and 
the probability of fly-outs reduces to 0.192 with a new 
criticality of N9, 600. The benefits or savings of the 
implementation of the safety intervention is the 
decrease in the criticalities i.e. 

 

 

Monte Carlo Simulation  

Using “OpenFTA”, the simulation results are as 
presented below: 

1. Number of primary events = 24; 

2. Number of tests (iterations) = 1000; 

3. Number of system failures = 976; 

4. Probability of at least one component failure = 0.768 
(exact) and  

5. Probability of top event = 0.749 (+/- 0.024) i.e. 
0.725 and 0.773. 

The events, descriptions and failure contributions are 
shown in Table 5. 

The Boolean algebra analysis reveals that the top-event 
has a probability of 0.748; however, the Monte Carlo 
analysis offered a range of probability in which the top 
event can happen (0.725 and 0.773). It is noteworthy at 
this stage that the Boolean algebra result is within the 
range of probabilities obtained using Monte Carlo 
simulation. However, the percentage importance as 
well as the fault contribution of some cut-sets suffered 
a reduction while some remained constant after 1000 
simulations.
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Table 4. Basic Events and Nature of Safety Intervention and Recommendation 
 
Event Description Safety Intervention and Recommendation 
V1 Circuitry Fault Pro-active preventive maintenance of the machine, electrical component 

inspection and check-listing. 
V2 Chuck Guard Fault Installation of chuck guards 

Employers must ensure guarding does not stop workers using the lathe 
in a safe manner or block the view of the task. 
Where multiple chucks are used, guarding should cover the swing of the 
lathe, not the size of a chuck. 

V3 Centre Height Fault Use a bar feed tube to hold workpiece that extends beyond the 
headstock. 
Guard bar feed weights with hinged covers extending to the floor. 
Modify the lathe speeds (RPM) to ensure bar will not bend when 
machined. 
Install barriers to stop workers entering space around headstock. 

V4 Chuck Not Pulled Out Adequate training of machinists and proper supervision of machining 
operations. 
Use of spring-loaded chuck key. 
Use of self-ejecting chuck key. 
Use of extended key design that stops interlocked guard being lowered 
when inserted in chuck. 

V5 Dislocation of Pipe Intermittent checklist should be drafted to monitor the position of the 
pipe per time during machining operations. 

V6 Discontinuous Swarf Manufacturer specified federates should be adhered to and swarf should 
be cleared timely. 

V7 Faulty Pump Preventive maintenance. 
V8 Spindle Nose Looseness Pro-active preventive maintenance and specific level inspection for 

vibration. 
Use of retaining nut with left-hand thread. 

V9 Leakage Training to ensure machinists pay absolute concentration on the task 
before them so they can notice leakages on time. 

V10 Leadscrew Fault Where appropriate, ensure lead and feed screws are guarded 
V11 Loose Joints and Unsecured Fitting Preventive maintenance and proper inspection practices. 

Retightening of bolts, couplings and replacement of worn out parts. 
V12 Overhang Use workpieces of minimum length to reduce the amount of bar 

protruding from headstock. 
Use of fixed or travelling steadies to support long, slender workpieces 
between centres or to support outer end of long piece held in chuck for 
drilling or boring. 

V13 Speed Control Knob Fault Preventive maintenance. 
Ensure control functions are clearly displayed. 
Ensure operators are adequately trained in what order to use controls. 

V14 Spindle Nose Damage Use of retaining nut with left-hand thread and tightened with a torque 
wrench to manufacturers specification. 

V15 Swarf Guard Ensure swarf guards are installed and made operatable so as not to 
hinder machining operations. Also, ensure swarf handles and buckets 
are used when cleaning swarf, shaving and cuttings from lathe 

V16 Excessive Tool Feeding An excessive tool feeding set up vibration and transmits the impulse to 
the tool post, the chuck and the spindle thereby loosening the couplings. 
Machinists should be trained to feed at optimal levels to avoid the 
impulse transfer. 

V17 Tool Mounting Ensure worn or damaged tools are removed and not used. 
Ensure the tool is properly secured on the tool post. 

V18 Unclean Media Proper maintenance work and housekeeping. 
V19 Wrong Key Size Use of manufacturer specified key size for respective chucks. 
V20 Work Not Well Secured Training; Chuck type and size selection should be given priority in line 

with the machining operation to be carried out. Rightful selection of 
chuck key to ensure the chuck jaws fully grip the work piece.  

V21 Wrong Operating Speed Training of machinists to adhere to RPMs as stipulated in the 
manufacturer’s manual. 

V22 Wear And Tear of Chuck Keyway Ensure worn or damaged tools are removed and not used. 
V23 Wear And Tear of Holding Device Ensure worn or damaged tools are removed and not used. 
V24 Wear And Tear of Tool Post Clamps Ensure worn or damaged tools are removed and not used.  
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Table 5. Monte Carlo Simulation Results 

Event Description 
Importance 

(%) 
Failure 

contribution 

V4 
Chuck Not Pulled 
Out 

93.34 7.00E-01 

V15 Swarf Guard 2.56 1.92E-02 
V2 Chuck Guard Fault 2.46 1.84E-02 

V6 
Discontinuous 
Swarf 

2.36 1.77E-02 

V11 
Loose Joints and 
Unsecured Fitting 

2.25 1.69E-02 

V19 Wrong Key Size 1.54 1.15E-02 

V20 
Work Not Well 
Secured 

1.43 1.08E-02 

V23 
Wear And Tear of 
Holding Device 

1.43 1.08E-02 

V1 Circuitry Fault 1.34 1.15E-02 
V17 Tool Mounting 1.33 9.98E-03 
V9 Leakage 1.23 9.21E-03 

V3 
Centre Height 
Fault 

1.13 8.45E-03 

V24 
Wear And Tear of 
Tool Post Clamps 

1.13 8.45E-03 

V22 
Wear And Tear of 
Chuck Keyway 

1.02 7.68E-03 

V13 
Speed Control 
Knob Fault 

0.61 4.61E-03 

V5 Dislocation of Pipe 0.00 0.00E+00 
V7 Faulty Pump 0.00 0.00E+00 

V8 
Spindle Nose 
Looseness 

0.00 0.00E+00 

V10 Leadscrew Fault 0.00 0.00E+00 
V12 Overhang 0.00 0.00E+00 

V14 
Spindle Nose 
Damage 

0.00 0.00E+00 

V16 
Excessive Tool 
Feeding 

0.00 0.00E+00 

V18 Unclean Media 0.00 0.00E+00 

V21 
Wrong Operating 
Speed 

0.00 0.00E+00 

 
Table 6 provides the difference between Boolean 
algebra result and Monte Carlo result for 1000 
iterations. 
 

Table 6. Deviation of Boolean Algebra Result and 
Monte Carlo Simulation Results 

Event Description 
Importan
ce (%) 

Failure 
contribution 

V1 Circuitry Fault 0 0 
V2 Chuck Guard Fault 0.46 0.23 
V3 Centre Height Fault -0.87 -0.435 
V4 Chuck Not Pulled Out -0.18 -0.00192 
V5 Dislocation of Pipe 0 0 
V6 Discontinuous Swarf 0.36 0.18 
V7 Faulty Pump 0 0 
V8 Spindle Nose Looseness 0 0 
V9 Leakage -0.11 -0.08209 
V10 Leadscrew Fault -0.02 -1 

V11 
Loose Joints and Unsecured 
Fitting 

0.91 0.679104 

V12 Overhang 0 0 
V13 Speed Control Knob Fault -0.06 -0.08955 

V14 Spindle Nose Damage 0 0 
V15 Swarf Guard 0.56 0.28 
V16 Excessive Tool Feeding -0.02 -1 
V17 Tool Mounting -0.67 -0.335 
V18 Unclean Media 0 0 
V19 Wrong Key Size 0.2 0.149254 
V20 Work Not Well Secured -0.57 -0.285 
V21 Wrong Operating Speed -1.34 -1 

V22 
Wear And Tear of Chuck 
Keyway 

-0.32 -0.23881 

V23 
Wear And Tear of Holding 
Device 

0.09 0.067164 

V24 
Wear And Tear of Tool Post 
Clamps 

-0.21 -0.15672 

DISCUSSION 

Accident and safety upheavals offer a great risk to 
organizational life in terms of preserving its much 
revered assets such as lives and properties. Machining 
operations can be entirely safe. However, humans may 
not adhere strictly to instructions and procedures. The 
idea of safety engineering hence, is not to make a 
vulnerable machinist pay the dare price of life 
threatening injury, rather, keeping him safe despite his 
shortfalls and from surrounding hazards. The nature of 
accidents has been discovered to be a chain reaction, 
with each basic event setting off a bigger fault, 
transmitting the fault over and in that manner causing 
an undesirable event - accident.  

The hazard analysis conducted by this study on lathe 
operations using root cause analysis of accidents 
recorded for a case study of machine shop (Etherton et 
al., 2015),  and expert narrations to determine the 
pattern and mode of accidents incumbent on lathe 
operations revealed that fly-outs and entanglements are 
the most widely occurring accidents. With FTA of the 
causal factor; basic and intermediate events that could 
lead to a Fly-out, twenty four (24) basic events were 
identified. They include: Circuitry fault, Chuck Guard 
fault Centre-Height fault, Chuck not pulled out, 
Dislocation of pipe, Discontinuous swarf, Faulty pump, 
Spindle nose looseness, Leakage, Leadscrew fault, 
Loose joints and unsecured fittings, Overhang, Speed 
control knob fault, Spindle nose damage, Swarf guard, 
Excessive tool feeding, Tool mounting, Unclean media, 
Wrong key size, Work not well secured, Wrong 
operating speed, Wear and Tear of Chuck keyway, 
Wear and Tear of Holding device, Wear and Tear of 
tool post clamps. 

In this present study, the use of Boolean algebra 
showed that the top event has probability of 0.748 for 
occurrence.  A Monte Carlo simulation was equally 
carried out in furtherance to this cause, the top event 
was observed to have an lower bound and upper bound 
of 0.725 and 0.773 respectively. This therefore 
captured the probability obtained using Boolean 
algebra. Evidently, the value obtained from the use of 
Boolean algebra is well in within the results obtained 
via the use of Monte Carlo simulation. The event of the 
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chuck key not being pulled out of the chuck before the 
commencement of machining was noted to have 
highest probability of occurrence (0.7) hence, it has the 
highest contribution to the top-event. Work-holding 
and loose fitting are other faults having high 
contribution to the occurrence of top-event. Percentage 
importance of respective faults was used as the basis 
for the application of safety intervention. Safety 
interventions identified were training, safety equipment 
procurement, guards, condition monitoring, inspection 
and preventive maintenance, intermittent check-listing 
and machining operation supervision. With the 
implementation of the first tier of safety intervention 
(training), the FTA revealed that if chuck-fly out can be 
entirely eliminated by training machinists to use the 
right size of chuck and chuck key, and remove the 
chuck key before the commencement of machining 
operation, the probability of chuck not pulled out is 
0.21, then the probability of top event occurring will be 
considerably lesser and will only amount to 0.192. 
Consequently, the criticality of lathe machining fly-out 
injury decreases from N37, 400 to N9, 600 with a 
safety benefit of N27, 800.  

CONCLUSION 

The study conducted a Fault Tree Analysis in metal 
lathe machining operation. Twenty four basic events 
leading to the occurrence of fly-out accident were 
identified. This includes Circuitry fault, Chuck Guard 
fault Centre-Height fault, Chuck not pulled out, 
Dislocation of pipe, Discontinuous swarf, Faulty pump, 
Spindle nose looseness, Leakage, Leadscrew fault, 
Loose joints and unsecured fittings, Overhang, Speed 
control knob fault, Spindle nose damage, Swarf guard, 
Excessive tool feeding, Tool mounting, Unclean media, 
Wrong key size, Work not well secured, Wrong 
operating speed, Wear and Tear of Chuck keyway, 
Wear and Tear of Holding device, Wear and Tear of 
tool post clamps.  

The result of FTA revealed that fly-outs are the most 
widely occurring accidents during metal lathe machine 
operations with a probability of 0.748. Monte Carlo 
analysis of the FTA shows the probability of fly-outs 
having lower and upper bounds of 0.725 and 0.773, 
respectively. The event of the chuck key not being 
pulled out of the chuck before the commencement of 
machining was noted as the event with the highest 
probability of occurrence contributing to the top-event. 
Safety intervention alternatives were implemented and 
the result revealed that the probability of fly-out 
becomes 0.192 with a safety benefit of N27, 800. 
Increased safety benefits can be achieved if other safety 
intervention alternatives are further implemented.  
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ANALIZA STABLA GREŠAKA ZBOG LETEĆIH ČESTICA 
STRUGOTINE PRI RADU SA STRUGOM ZA OBRADU METALA 
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Adeshinaayomi Lawal, Mebude Oladapo 

 
Sažetak: Najverovatniji uzrok nesreće pri radu sa strugom za obradu metala su leteće čestice strugotine. Cilj ovog 
istraživanja je utvrđivanje uzročnih faktora koji dovode do nezgoda zbog letećih čestica strugotine pri mašinskoj 
obradi, i određivanje verovatnoće nastanka ovog tipa nesreće. Analiza stabla grešaka (eng. Fault Tree Analzysis - 
FTA) se koristi za identifikaciju faktora rizika. Jednačine Bulove algebre su korišćene za analizu verovatnoće 
nastanka greške. Izvedena je simulacija Monte Karlo korišćenjem softvera OpenFTA a rezultat nakon 1000 
ponavljanja je poređen sa rezultatima Bulove algebre. Alternativn bezbedonosne intervencija su procenjene 
uporednom analizom pre i posle sprovođenja mera zaštite. Identifikovana su dvadeset četiri (24) minimalna 
rezanja u kojima može nastati 21 osnovni događaj i 3 nerazvijena događaja. Najbitniji događaj ima verovatnoću 
0.748 i označava veliku verovatnoću da će se doći do letenja strugotine. Simulacija Monte Karlo je dala donje i 
gornje granice verovatnoće od 0,725 i 0,773, respektivno. Ukoliko se odrvrtač glave struga ne izvuče pre početka 
mašinske obrade, ovaj događaj najviše doprinosi nastanku nesreće koja je prouzrokavana letećom strugotinom. 
Rezultat alternativnih zaštitinih intervencija je pokazao da verovatnoća raste na 0,192 a korist zbog primenjenjih 
mera bezbednosti postaje N27, 800 nakon prvog nivoa implementacije. Ostali nivoi bezbednosnih intervencija 
pokazuju da verovatnoća nezgode usled leteće strugotine opada. Imajuću ovo u vidu, inženjer zaštite može izabrati 
neki od odgovarajućih  programa zaštite na osnovu skale efektivnosti.  
 
Ključne reči: čestice leteće strugotine, nesreća, bezbednost, intervencija, strug, mašina, operacija. 
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THE FIRE SIMULATION AS A SAFETY 
ADVANTAGE IN FIRE PREDICTION AND 
FIRE PROTECTION  
 
Abstract: Fire presents the process of uncontrolled combustion that 
makes material damage and endangers human lives. It is important to 
know many factors that fire depends on for successful design and 
realization of fire protection systems. One of the most effective, the 
most economic and the most reliable ways to determine propagation of 
potential fire is the use of simulation programmes. In this paper, the 
usage of the PyroSim 2012 simulator in the potential fire determination 
was presented. A simulated facility was chosen to be the 
Electrotechnical school „Nikola Tesla“ in Niš. 

Key words: fire, simulation, FDS, evacuation 
 
INTRODUCTION 

One of the most important tasks in designing buildings 
is prediction and projection of the adequate fire system. 
Related to many different factors, such as building’s  
purpose, geographic location, law and other 
regulations, technical and human surrounding and 
similar, the fire elimination, its detection at the early 
stage (such as its localizing and stopping potential 
propagation) are the tasks of crucial importance, above 
all, for human lives and safety of material properties. 
But even with the respect of strict standards, rules and 
measurements, it may form the unpredictable situations 
in sense of the uncontrolled and unpredictable fire 
propagation. Large numbers of different parameters 
that control fire further complicate the realization and 
design of the fire protection systems. 

One of the most important fire parameters is 
combustion. The combustion presents the series of 
chemical reactions between the fire material and 
oxygen, where the release of heat and smoke is present. 
To reach the combustion process, the presence of all 
components of the fire triangle is required: fire 
material, heat source and oxygen, which means that the 
lack of any of noted components stops the combustion 
process. If the combustion process comes without 
influence of the external source, it could be defined as a 
self-triggering process.   

The combustion process consequence is the heat 
transfer. According to the fire detection, it is very 
important fact that the heat, as the measure of warming, 
presents the only parameter that could produce the 
signal which does not need to be amplified. There were 
three basic mechanisms of the heat transfer: 
conduction, convection and radiation. 

An essential parameter that appears in the combustion 
process is smoke. The smoke presents the suspension 
of the liquid, solid and gas particles. According to the 
fire material and combustion conditions, every fire was 
followed by the release of some combustion products, 
which had a great appliance in the fire detection. 

Because of the reason that it develops at the fire early 
stage, the smoke is one of the most used fire sizes for 
fire detection. 

The flame is also very important factor for fire 
detection. The flame implies gas environment where 
the physical chemical reactions of the reactants 
participator are happening. Regardless the 
classification, every flame is characterized by two 
important characteristics: the presence of the high 
temperature area (the combustion zone) and adequate 
gas current that the transfer of the mass and heat relief 
was realized. One of the good examples how fire could 
easily turn to the uncontrolled process is presented in 
figure 1. 

 

Figure 1. An example of the uncontrolled fire 
propagation (https://www.google.rs/search?q=slike) 

According to the above mentioned, it could be 
concluded that the fire is characterized by large number 
of parameters as the uncontrolled combustion process, 
whose properties and specifications could be used for 
successful detection and neutralization. Also it could be 
out of control and it could start to propagate 
unexpectedly. 

One of the most successful and most frequently used 
ways for potential fire prediction in safe and economic 
way is the usage of the adequate simulation software. 
Its importance is huge according to the fire 
consequences that may occur as the results of the 
unpredictable fire propagation [1, 3]. 
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SIMULATION MODEL 
PyroSim is a graphical user interface for the Fire 
Dynamics Simulator (FDS). FDS models can predict 
smoke, temperature, carbon monoxide, and other 
substances during fires. The results of these simulations 
have been used to ensure the safety of buildings before 
construction, evaluate safety options of existing 
buildings, reconstruct fires for post-accident 
investigation, and assist in firefighter training. FDS is a 
powerful fire simulator which was developed at the 
National Institute of Standards and Technology (NIST). 
FDS simulates fire scenarios using computational fluid 
dynamics (CFD) optimized for low-speed, thermally-
driven flow. This approach is very flexible and can be 
applied to fires ranging from stove-tops to oil storage 
tanks. It can also model situations that do not include a 
fire, such as ventilation in buildings. FDS and the 
Smokeview visualization program are both closely 
integrated into PyroSim. The PyroSim interface 
provides immediate input feedback and ensures the 
correct format for the FDS input file. It is possible to 
work in either metric or English units and to switch 
between the two at any time. In addition, PyroSim 
offers high-level 2D and 3D geometry creation 
features, such as diagonal walls, background images for 
sketching, object grouping, flexible display options, as 
well as copying and replication of obstructions. It is 
possible to import DXF files that include either 3D 
faces or 2D lines that can be extruded to create 3D 
objects in PyroSim [4].  

In this paper, the potential fire propagation in the 
Electrotechnical school škole „Nikola Tesla“in Niš has 
been presented.  

The simulation model of the school was projected 
according to its real dimensions. The Electrotechnical 
school “Nikola Tesla” in Niš is the secondary 
vocational school with more than 800 pupils and more 
than 100 employees. The school building itself is huge 
and it consists of a laboratory part, classrooms part with 
offices, toilets, a library and physical education hall. 
The approximate building’s ground surface is about 
2542, 91 m2. The building has three floors with 
maximal height about 12 m.  

The laboratory part of the Electrotechnical school 
“Nikola Tesla” has also three floors. At the base floor 
of the laboratory part there are several laboratories, 
stuff office, a carpenter room, a canteen, pupils club 
and the room with refrigerating devices. There are onlz 
laboratories at the first and the second floor. The 
classrooms in Electrotechnical school “Nikola Tesla” 
are located in three floors. At the base floor, there are a 
library, teacher’s office, administrative offices 
(director, vice director, law service and finance 
service), waiting and parents receiving room. The first 
and the second floor of the classrooms part consist of 
eighteen classrooms, nine per every floor. Every floor 
has male and female toilets. The physical education 
hall is a separate building which connects to the school 
building at the first floor [5].  

The Electrotechnical school „Nikola Tesla“in  Niš and 
the part of its interior are presented in Figures 2 and 3, 
while the presentations of simulation model are 
presented in Figures 4 and 5 [6]. 

 

 
 

Figure 2. Electro-technical school                                   
„Nikola Tesla“in  Niš 

 

 
 

Figure 3. The interior part of the Electro-technical 
school „Nikola Tesla“in  Niš 

 

 
 

Figure 4. The PyroSim 2012 simulation model of 
Electrotechnical school „Nikola Tesla“ (front view) 
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Figure 5. The PyroSim 2012  simulation model of 

Electrotechnical school „Nikola Tesla“ (back view) 

 

 
Figure 6. The PyroSim 2012  simulation model of 

Electrotechnical school „Nikola Tesla“ (above view) 

 

At the interior of the simulation building, there were 
simulation models of doors, floors, desks, chairs, 
cupboards and lot of other inventory parts, so the 
simulation model was as much realistic as it was 
possible. Each of inventory parts has its own thermal 
properties that were defined by the program. The 
arrangement of these objects could significantly affect 
the fire generation, moving and propagation through 
the whole object [7, 9]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1. The list of objects and their dimensions used 
in simulation 

Number 
of 

objects 
Object Dimensions Material 

967 chair 
0,4m x 0,4m x 0,4m 
(0,05 m thickness) 

plywood 

1 
carpenter 

desk 
3m x 1,5m x 0,75m 
(0,042 m thickness) 

oak 

76 
middle  
desk 

2m x 0,8m x 0,75m 
(0,035 m thickness) 

plywood 

 
22 
 

bigger 
cupboard 

1,8m x 1m x 2m oak 

 
37 
 

smaller 
cupboard 

1,5m x 1m x 1m oak 

34 floor 
8,9 m x 6,8m x 

0,0015m 
pine 

12 door 
1,97m x 0,4m x 0,03 

m 
aluminum 

1 floor 
13m x 11m x 

0,0025m 
pine 

6 bench 
4m x 0,25m x 0,25m 

(0,1m thickness) 
oak 

55 table 
2,5m x 1,27m x 

0,0025m 
plywood 

7 
projector 

panels 
2m x 2m cardboard 

2670 
pine 

panels for 
walls 

1m x 0,04m x 0,005 pine 

61 doors 
1,97m x 0,85m x 

0,037m 
plywood 

FIRE SIMULATION  

The complete simulation of the fire propagation in the 
Electro-technical school “Nikola Tesla” in Niš lasted 
for 2400 seconds. The fire itself was simulated with 
burner of HRR (Heat Release Rate) from 100kW, in the 
square form, with dimensions of 1m x 1m. The reason 
for that was the fact that, especially at the pupil’s part, 
there were lot of desks, chairs, paper, books and similar 
that could be potential fire source. However, this is not 
the case for the laboratory part of the school where the 
gas bottles and similar stuff were located, which can be 
the source of the bigger fire. The simulation implied 
locating the large number of thermocouples and other 
simulated sensors in order to measure the biggest 
realized temperature in particular room and whole 
building. The duration of the whole simulation for one 
scenario at the computer was about 26 hours.  

Realized simulation results present huge numerical, 
textual and picture form of data. In this paper, only the 
small parts of realized results were presented due to 
journal’s requirements and limitations. Numerous other 
results concerning the same building were presented in 
earlier papers [10, 11]. The examples of potential fire 
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propagation, smoke and thermal distribution of the fire 
propagation at the different parts of the school are 
presented in Figures 7 - 13.   

 
Figure 7. The presentation of the potential fire 

propagation after 900 seconds at physical education 
hall of the ETŠ “Nikola Tesla“ 

 
Figure 8. The thermal distribution presentation of the 
potential fire propagation after 1200 seconds at school 

library 

 
Figure 9. The presentation of the potential fire 

propagation at the teacher’s office of the ETŠ “Nikola 
Tesla“at the phase of the heat development 

 
Figure 10. The presentation of the potential fire 

propagation at the classroom at the first floor of the 
ETŠ “Nikola Tesla“ 

 

Figure 11. The presentation of the potential fire 
propagation at the classroom at the second floor of the 

ETŠ “Nikola Tesla“ 

 

Figure 12. The presentation of the potential fire 
propagation after 1000 seconds at the classroom at the 

second floor of the ETŠ “Nikola Tesla“ 
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Figure 13. The presentation of the potential fire 

propagation after seconds at the library of the ETŠ 
“Nikola Tesla“at the phase of the heat development 

THE ANALYSIS OF RESULTS 

The results of the simulations showed the possible 
scenarios of fire propagation and smoke according to 
the place where the fire occurred. Different results of 
the fire propagation in the anterior figures were the 
consequence of different contents within some rooms 
in the school, which was expected. The fastest fire 
propagation and the biggest smoke contents were 
registered in the library and administrative rooms with 
big number of desks, cupboards and other elements 
with huge quantity of paper. It is important to note that 
results showed that the fire in laboratory could 
propagate on other rooms, which wasn’t the case for 
other rooms. The temperatures at the first and the 
second floor were less then the temperatures in the 
library and the surrounding rooms. The simulation also 
showed that the smoke production would be significant 
knowing that the biggest part of inventory was made of 
wood. 

As it was noted, one of the most important benefits 
from fire simulation was the prediction of fire 
propagation. According to the simulation results, it was 
possible to determinate the biggest values for 
temperatures, the possibilities of smoke generation and 
smoke movement, the directions of fire propagations 
and the speeds of fire propagations. Based on the above 
noted facts, it is possible to determinate the proper type 
of fire protection sensors, their positions and 
arrangement within the building, etc.  

The main purpose of fire protection systems is to 
provide the information to the user about fire 
development in order to avoid human victims and 
material damage. Fire protection system presents very 
complex system that consists of many different parts 
that are connected into one unique system. Precision 
and correct work of each part of fire protection system 
has a crucial importance. The design of fire protection 
systems means the knowledge of huge numbers of facts 
according to the object and possible development of 
fire. The most important results of the projection 

process are the right choice of fire detector and its 
arrangement in the object. Although there were several 
ways to arrange fire detectors in a particular building 
(for example, triangle, strip or hexagonal), this 
arrangement will depend on many different factors, 
and, in most cases, it would be a separate example. Of 
course, certain rules, defined by the standards, must be 
respect. There are several standards according to these 
tasks that could be realized (NPFA 72, НПБ 88-2001, 
BS, DIN VDE 0833-2 and other). The most important 
task is to place the right types of detectors in a way that 
would provide fast detection and the appropriate 
protection. For example, possible arrangement of heat 
detectors in the simulation model of the ETŠ “Nikola 
Tesla“ are presented in figure 14 (laboratory part at the 
second floor) while temperature results for laboratory 
112, are shown in figure 15.  

 

 
Figure 14. Simulation model of the ETŠ “Nikola 
Tesla” (laboratory part at the second floor), with 

positioned heat detectors (above view) 

 

 
Figure 15. Temperature results in the laboratory 112 

 

This arrangement provided the right time reaction of 
heat detectors, which was confirmed by the simulation 
[12]. 

The simulation also provides arrangement of different 
types of detectors (heat, smoke, flame, CO and other), 
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composite detectors and comparing of their right time 
reactions. 

A very important benefit provided by fire simulation, 
was the prediction of potential occupant’s evacuation. 
The evacuation, generally, presents the safest, the 
shortest and the fastest way of movement for people, 
animals and material properties from endangered 
building or location to the secure place. At the other 
side, these ways should provide the possibilities for 
safe and fast approach of fire and medical services. The 
causes of evacuation could be different: fire, gas, bomb 
threat, earthquake, overflow, civil disorders, etc. The 
directions and ways for safe, fast and secure leave of 
the object present the evacuation routes. The 
evacuation routes were projected as primary and 
secondary. Primary evacuation route is the most 
frequently, route for normal communication in the 
building. For example, these routes could be stairs, 
hallways, corridors and other surfaces used for 
communication in object or in separate floor. They are 
of different dimensions for every type of building. 
These routes are used by fire services in case of fire. 
The secondary routes depend on building’s purpose. 
These routes can be windows, roofs, etc. Both types of 
evacuation routes must satisfy many standards and no 
standard demands, according to the number of people, 
type and purpose of the building, speed of people 
moving, evacuation time necessary, etc.  

The prediction of fire in the object could check the 
propositioned evacuation routes directly, measuring the 
parameters from the positioned virtual devices. 
PyroSim 2012 has a possibility to simulate a single 
room evacuation, but, what is very important, PyroSim 
simulation model could be exported into Pathfinder, a 
simulation programme developed by the same 
company. For example, the PyroSim 2012 simulation 
model exported in Pathfinder is presented in figure 15 
[13].  

 

 
Figure 16. ETŠ “Nikola Tesla” in                       

Niš-Pathfinder model 
              

According to the type of evacuation from the building, 
especially interested aspects are panic and stress affects 
to the occupants. It is known that calm occupants have 
bigger chances to safely leave the building than the 

occupants influenced by stress and panic. In panic and 
stressful situations caused by fire propagation, the 
occupants move faster but chaotically. That implies 
many unexpected situations in the building. Evacuation 
routes have their own maximum occupant flow. That is 
especially important for stairs and elevators. It is very 
often, that in the state of panic and stress, the occupants 
try to get out from the building and in that way they 
cause tragedy. The occupant’s behavior, knowledge 
and education, physical and psychic condition 
(occupant speed, panic and stress influence, moral and 
human qualities) should be studied in details. For 
example, the simulation results for 300 (100 per floor) 
occupants and 540 (180 per floor) occupants, randomly 
positioned, with movement speeds from 1m/s to 5 m/s, 
are presented in Figures 17 and 18 [14].  
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Figure 17. Simulation results for 100 occupants per 

floor randomly positioned 
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Figure 18. Simulation results for 180 occupants per 

floor uniformly positioned 

 

These results implied the case of all exits and fire stairs 
available. It was possible to realize scenarios with 
closed or jammed doors, unavailable exit or stairs 
caused by fire or similar. However, these simulations 
provide many different scenarios for checking of 
existent evacuation routes and finding new in case of 
fire. 
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CONCLUSION [12] R. B. Jevtić: „Heat detectors-Division, Positioning in 
Object and Simulation“, Tehnika Elektrotehnika, Vol 2., 
2015, pp. 303-311, ISSN 0040-2176, Beograd. The simulation of fire and its consequences presents a 

very effective engineering tool in fire prediction, 
production, development and potential consequences 
on humans and material properties. According to the 
simulation results, it is possible to determinate the 
potential directions of fire propagation, to fix and 
eliminate errors made during building design, which is 
not possible without direct testing that is rather  
uneconomic and hard to realize, and in many cases 
destructive to people and material properties. The 
special benefit of the simulation is the prediction of the 
potential evacuation routes, which is of crucial 
importance according to the human safety, especially in 
the buildings with lot of humans inside, such as 
schools, sanitary objects, residential objects, nurseries, 
etc. The results of the simulation were also important 
for the positions of the smoke and heat sensors, 
hydrants, fire protection devices, etc [16]. It is also 
possible to realize and compare particular standards 
related to detector arrangement. 

[13] R. B. Jevtić, M. Đ. Blagojević: “Simulation of the school 
object evacuation”, Tehnika elektrotehnika , 2013, Vol 
2, pp. 365-370, Beograd. 

[14] R. B. Jevtić, J. T. Ničković: “Object evacuation for 
different speeds of occupants”, 58thETRAN 
CONFERENCE, 2014, Vrnjačka Banja. 

[15] R. B. Jevtić, J. T. Ničković: ”Simulation of residential 
object evacuation”, 57thETRAN CONFERENCE, 2013, 
Zlatibor. 

[16] R. B. Jevtić: „Combustion as fire consequence-great 
danger for humans health“, Zdravstvena zaštita, 2015, 
Vol 6. , pp. 55-62, YU ISSN 03050-3208, Beograd. 
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SIMULACIJA POŽARA KAO PREDNOST PRI  
DETEKCIJI I ZAŠTITI OD POŽARA 

Radoje Jevtić 
 
Sažetak: Požar predstavlja proces nekontrolisanog sagorevanja koje prouzrokuje materijalnu štetu i ugrožava 
ljudske živote. Važno je da poznavati brojne faktore od kojih požara zavisi u cilju uspešnog projektovanja i 
realizacije sistema zaštite od požara. Jedan od najefikasnijih, najekonomičnijih i najpouzdanijih načina 
utvrđivanja potencijalnog prostiranja požara je korišćenje programa za simulaciju. U ovom radu, predstavljena je 
upotreba simulatora PiroSim 2012 u određivanju potencijalnog požara. Objekat koji se koristi za simulaciju je 
elektrotehnička škola "Nikola Tesla" u Nišu. 
 
Ključne reči: požar, simulacija, programski paket za simulaciju razvoja požara - FDS, evakuacija 
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POSSIBILITIES OF ANIMAL WASTE 
INCINERATION IN BOSNIA AND 
HERZEGOVINA 
 
Abstract: The subject of this paper is environmental issue of waste 
that originates on farms and slaughterhouses. The problem of farms 
and slaugterhouse waste is obviously great, and it is evident that the 
B&H does not pay much attention to it. It was proved that the 
incineration is one of the most efficient ways to eliminate dead animal 
and other solid waste in modern poultry production. Gaseous or liquid 
fuel is used in the process of incineration as an energy generating 
product. The main advantage of the suggested concept is  the proposal 
to use waste as a primary energy source for incineration. 

Key words: animal waste, incineration. 
 
INTRODUCTION 

The need for a controlled solution to the issue of solid 
waste from poultry farms and slaughterhouses has been 
growing. Solid waste appears on poultry farms and in 
slaughterhouses in the following forms [1]: 

 Dead poultry during the production process, 

 Cover on the floor of the farm that consists of 
sawdust of wood and animal excrement, 

 Slaughterhouse waste.   

Basic problems of incineration, as a procedure of waste 
elimination, are relatively high costs as well as 
investments and exploitation. The expense of burning is 
most often expressed through the price of burning 1 kg 
of waste material. The devices available on the market 
nowadays have relatively high price, while there are 
other expenses related to the equipment maintenance. 

In Bosnia and Hercegovina, there are both small farms 
(5-6 thousand chickens per one turnus) and larger farms 
(10-12 thousand chickens per one turnus). Considering 
the prices of the burners, the purchase of burner is a 
great financial burden for farmers. 

The concept of mutual burners in the case of poultry 
farms in this region is not applicable since there are 
other problems such as waste disposal in freezers and 
the use of special transporting vehicles to avoid 
potential infection. The suggestion is a concept of small 
incinerations for the solution of waste issues in 
individual poultry farms and slaughterhouses [2]. The 
main advantage of the suggested concept is the 
proposal to use the waste generated at the farm as a 
prime source of energy.   

ANIMAL BEDDING AS FUEL 

Poultry farms generate great quantity of waste in a 
mixture of sawdust and bird excrement generated in the 
process of chicken raising. The content of moisture in 
this fuel is extremely high and comes to even 70%, 
depending on the treatment which requires its drying to 
be efficiently usable. Heating power of the dried fuel 

(moisture percentage 20%) is approximately equal to 
heating power of the wood with the same percentage of 
moisture. Proximate analysis of fuel characteristics 
indicates the following composition percentages based 
on weight: 

 volatiles 61,4% 

 fixed carbon 13,3% 

 ash 9,0% 

The ash content is characterized by: Ca (15,45%), P 
(9,40%), Mg (2,95%), Na (2,51%), K (7,12%). pH 
value of this material is 12,7 which points to high level 
base. Due to the high pH value of this material, it is 
possible to use it for fertilization only after it is left in 
the open for a long time. Anaerobic digestion is one of 
the ways to use this kind of waste. 

THE CONCEPT OF FARM 
INCINERATORS  

The essence of the proposed concept of farm 
incinerators is in gasification, the process of thermo 
degradation of materials with small amounts of air, 
where solid fuel is transformed into gaseous products 
that later burn out in the firebox. The temperature 
during this process goes up to 1200oC. 

The proposed solution of incinerators is given in the 
Figure 1. It predicts the use of additional chamber for 
waste incineration, the system for burning out gases, 
and because of the sulphur oxides that originate during 
the waste burning process there is a small system for 
desulfurization. On the other hand, if there is no need 
for waste burning, it enables the system to function as a 
heat boiler that provides the necessary heating energy 
for the farm. In this way the problem of cover 
(bedding) is solved- it serves as fuel for the purpose of 
heating the farm and for the periodical burning of dead 
poultry. 

It was predicted for the system for fuel dosage 
(bedding) to work in an automatic manner, led by 
thermostatic regulation of given water temperature in 
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an exchanger and by thermostat of air temperature in 
the farm. 

Therefore, the concept predicts a combination of 
incinerator with the boiler, since was proved to be the 
only economically acceptable alternative for Bosnia 
and Herzegovina.  

 
A - a chamber for bedding 

B - a gas chamber 

C - a combustion chamber 

D - heat exchanger 

E - cyclone 

Figure 1. Bedding burner and incinerator                
used in farms 

          

 

THE CONCEPT OF INCINERATOR 
FOR POULTRY SLAUGHTERHOUSES 

We predicted somewhat different system for the 
slaughterhouse granted they are not integrated in the 
farms and not having the bedding as the potential fuel. 
The proposed solution is based on the use of dolts of 
wood as primary energy sources, as is the common 
practice in the region. 

Similar to the previous case, the system is devised to 
work as an incinerator when needed, but the main aim 
is to produce heating energy (see Figure 2). When it 
comes to slaughterhouses, the system is predicted to 
work on a principle of manual heating of wood in dolts 
that would, by gasification, come to a needed 
temperature for burning poultry waste (app. 1200oC), 
and the energy of burning out would be used through 
the heat line exchanger for heating the room and 
sanitary water.  

Where there is no cover (bedding) as by-product in 
slaughterhouses, dolts of wood could be used for waste 
burning as much cheaper energy generating product 
than the liquid or gaseous fuel. 

 
A - a gas chamber of wood piece 

B - a chamber of slaughterhouse 

C - the second phase of combustion 

D-the third phase of combustion and heat exchanger 

E - a cyclone with fan flue gases 

Figure 2. Slaughterhouse waste incinerator 

 

ENERGY USED IN POULTRY              
FARMS IN B&H 

Current practice 

According to the data gathered from farmers that own 
classic solid fuel heating boilers, their expenditure of 
wood goes from 70-90 m3 in heating season (for farms 
of 5-6 thousand chickens) to 150-200 m3 (for farms of 
10-12 thousand chickens) which represent considerable 
financial burden, large space for storing and continuous 
presence of janitor during the heating season. The 
reason for this high expenditure is extremely 
inconvenient conditions for boilers that effect low 
grade of use (50-60%). 

The inconvenient conditions are as follow: 

 exploitation of a boiler in conditions of outside 
temperature above 10oC, when due to low 
temperature there is low speed of smoke gases 
which cause intensive sediments of soot on inner 
walls of exchanger, influence heat exchange, lower 
temperature regime, and induce large quantity of 
easy evaporable flammable matters on the exit of a 
chimney, 

 low chimneys due to low heights of the entire 
building which is not enough for natural pull of 
smoke gases and causes consequences as in the 
previous point, 

 very inert regulation of a key for air through the 
regulator of draft on the principle of expansion of 
gas capsule, 

 high percentage of moisture in wood due to 
inadequate storing. 
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Systems with gasification 
A system with gasification of bedding or wood, with 
their own concept, solves a lot of problems above 
mentioned: 

 high temperature regime that effects stable     
process of burning, low quantity of unburnt 
products, low stain of heating surfaces, protection 
of low temperature corrosion and high usefulness  
grade of installation, 

 termostatic regulation in narrow temperature field   
that can be changed by program, 

 artificial draft for the process not to depend on  
external weather conditions, 

 eliminate unnecessary constant presence of janitor 
on installations (periodical supervision or sound 
alarm in the case of device interruption), 

 it is possible to continue the process in a regular 
manual manner in a case of accidental interruptions 
in an automatic dosage of fuel till the repair. 

Regarding the analyzed data and finished estimate 
concerning the bedding quantity, we conclude that 70-
80% of heating energy required for farm heating can be 
provided from five turnuses in a year, which is 
significant economic and ecological effect. 

ECONOMIC ANALYSIS 

The economic analysis of the way solid and liquid 
animal excrements and dead animals on farms and 
slaughterhouses are taken care of show that the costs 
are directly proportional to the measures taken with the 
aim to prevent negative consequences of waste, taking 
into account the environmental and health influences. 
Low costs of waste treatment are highly risky whereas 
using safe methods increases the costs of providing. 
Some current ways of low cost treatment of excrements 
and mortalities also give certain financial benefits. The 
other usual way of treatment is waste disposal in a 
manner that is not allowed. Although they are still in 
use, the continuous waste treatment practices of this 
kind are untenable, according to current and stricter 
legal regulations. Moreover, such methods of waste 
treatment cause huge damages to the health of people, 
animals and plants.  

Thus, it is necessary to analyse on time the alternative 
solutions of dealing with excrements and mortalities 
from farms and animal waste from slaughterhouses, 
technical-technological and economic aspect. 

Dealing with slaughterhouse waste 

In slaughterhouses, there is a difference between 
treatments of two kinds of waste-solid (giblets, bones, 
feathers and leather) and waste waters. Slaughterhouses 
get rid of the bigger part of solid waste in the form of 
giblets and extremity remnants by using them for 
nutrition of domestic and wild animals. The owners of 
slaughterhouses feed animals with this waste on their 
own farms or they give it to other producers who come 

to slaughterhouses to pick up the waste. Therefore, this 
way of dealing with solid waste brings almost no costs 
slaughterhouses. Using the giblets in nutrition of 
animals, the owners of the slaughterhouses or other 
persons who come to slaughterhouses to pick up the 
waste (cattle breeders, peasants and hunters) can even 
realize some saving through the reduction of 
production costs, in the way they substitute animal 
waste for food and save the consumption of other kinds 
of fodder. Slaughterhouses mostly do not charge for 
giving the giblets away, because in that way they get 
rid of a significant part of solid waste, providing that a 
slaughterhouse would require the extra investments and 
regular operative expenses [4]. 

The other kind of solid waste in poultry slaughter 
houses-feathers, especially in mini-slaughter houses, is 
provided for by burial in the vicinity of slaughter house 
(with or without addition of certain disinfectants). This 
way of providing requires certain costs, but they are 
relatively low (digging and filling the holes, lime). In 
slaughter houses for large cattle, the leather, which has 
its economic price, appears as a side product and it has 
a treatment of non-waste. Leather is one of the sources 
of income which is realized through its sale to 
specialized buyers or leather manufacturers. The lamb 
leather has the same treatment. 

Some slaughterhouses deal with feathers and other 
animal waste (bones, giblets) by taking them to public 
waste landfills by their own transport or by public 
utility services transport. In both cases, the additional 
expense is the supply of certain number of specific 
containers for waste disposal. Their number depends on 
the average daily quantity of solid waste and the 
frequency of waste transportation to the landfill. This 
kind of waste treatment also brings the shipping 
charges in the form of payment for the public utility 
services (per ton or flat rate) or the expenses of 
vehicles, fuel and money compensation for the workers 
who perform these jobs, in the case when slaughter 
houses do it independently. The height of these 
expenses depends on the price for waste transportation 
which is charged by local public utility services, and it 
depends on the distance between the slaughterhouse 
and the landfill to which the waste is disposed. 

The compensation for slaughterhouses waste disposal 
to regional waste landfill in Ramići near Banjaluka is 
100 KM/per ton, which does not include the shipping 
charges. 

Dealing with mortality on farms 

The side effects which accompany every cattle 
breeding production is animal deaths. Although animal 
dying depends on many factors and the number of dead 
animals vary, certain average scales of norms, fixed on 
the basis of other researches show that the average 
number of deaths per one production cycle are as 
follows: 

 dairy cows                    4,0% 
 fattened beef cattle       1,5% 
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 fattened hogs                1,0%  
 poultry (broilers)           5,5% 

Current ways of providing for the mortality on farms as 
an example of a usual practice are: feeding of other 
animals, disposal to waste landfills, burial and 
incineration. 

Feeding of domestic and wild animals with corpses of 
dead animals (especially the small ones), as a way of 
providing for mortality, is unacceptable. However, it is 
still wide-spread in domestic practice, first of all 
because it demands almost no expenses and it gives 
even certain benefits (saving of feeding expenses 
through substitution of a part of fodder).  

Dead animals disposal to the existing waste landfills, is 
also an inadequate way of dealing with mortality, 
because none of the existing waste landfills has 
necessary infrastructure for that purpose. The owners of 
the firms mostly take away the dead animals on their 
own. The price of the dead animal disposal services in 
a regional waste landfill in Banjaluka is for a large 
cattle 20 KM/piece, and for small cattle 8 KM/piece. 
The compensation for dead cows disposal is 40 
KM/ton, and for dead hogs 80-100 KM/ton. For 
example, in the USA, these costs approximatly amount 
to 105 USD/t excluding shipping charges. The dead 
animals disposal to waste landfills increases danger of 
disease spreading and this method is also limited due to 
the emission of methane into the atmosphere. 

The dead animals burial is an acceptable way of this 
kind of waste disposal, provided that it is not risky 
from the viewpoint of hydrogeological characteristics 
of soil. Since the burial is performed in the vicinity of a 
farm, most often it does not cause special shipping 
charges. With cows, oxen and bulls, regarding the size 
of a farm, dying appears once a year or even rarely. In 
farms with 100 fattened hogs, it happens approximately 
twice a year. The norm for manual digging and filling 
the hole is around 3 working hours per m3, i.e. for a 
hole of 4 m3 or 2 holes of 2 m3 around 12 hours, what 
costs around 50 KM a year. Dying of poultry appears 
more frequently, but the volume of the hole for their 
burial is smaller. In the case of weekly burial, it takes 
minimum 50 working hours a year and it costs around 
250 KM/year. 

In poultry raising farms, the incineration of dead 
animals is also suggested, especially at the initial stage 
of fattening, when the animals are smaller. The 
incineration is performed in the existing boilers or 
furnaces which are used for production of thermal 
energy. In the period of a year when the boilers and 
furnaces are used for heating the facilities, no extra 
energy is used for animal incineration. 

Future practice 
It is realistic to expect that introducing some new ways 
of dealing with animal waste is going to increase the 
previous costs to producers and manufacturers who are 
going to take those measures. 

Of course, if there is an illegal way of dealing with, the 
costs of such way are none or low, but the dangers and 
the consequences for the health of people, animals and 
degradation of nature are severe or not measurable, and 
the costs of their elimination (external damages) are 
much higher than the costs for preventive waste 
treatment. In these cases the individual benefits are 
often present (saving of expenses) as well as social 
damages (additional costs for reclamation of 
consequences). The situation is defined as a situation of 
“moral hazard“, the attempts of individuals to transfer 
their individual expenses to someone else, that is to 
make the wider community pay for their expenses.  

In some cases, the substitution of some previously used 
way of the waste disposal with a new way can show 
that it is, from the economic viewpoint, more effective, 
because it leads to towards reducing of previous costs 
or to compensation of a par tor even all waste disposal 
costs with the help of realized benefits.  

Taking into consideration the absence of specialized 
service firms in Bosnia Herzegovina, the future 
practical solutions in regard of providing for mortality 
of domestic animals should be directed towards the 
method of incineration, which appeared favourable for 
almost all species of animals as for as costs are 
concerned. 

Dealing with solid and liquid excrements on 
farms 

Future solutions to dealing with solid and liquid 
excrements on farms are as follows: 

 Fertilization of agricultural land 
 Production of biogas 
 Waste disposal to places intended for such specific 
purposes. 

Production of biogas 

Some types of solid and liquid excrements have 
different energy values in terms of their usability for 
production of thermal and other energy. Animal 
excrements are a suitable raw material for the 
production of biogas, which presents an energent 
obtained from a restorable source. Therefore, it is 
interesting in the context of the word trends of 
substitution of non-restorable sources of energy with 
restorable. 

Biogas can be used directly for production of thermal 
energy or for transformation of energy into electric 
power. Regarding the possibility of biogas production, 
daily abundance of some cattle heads is different: 
cows/bulls/oxen 1,32 m3, hogs 0,87 m3, and poultry 
2,76 m3. 

The plants which produce electric power out of biogas 
are more complicated and more expensive. We come to 
a general conclusion that transforming thermal energy, 
obtained form biogas, into electric power, is not 
profitable, according to current prices of equipment and 
electric power, for the identified standard farms in 
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B&H. According to this conclusion, no further detailed 
economic analysis has been done. 

Using a standard farm of 20 dairy cows for example, a 
quick check out confirmed the abovementioned 
hypothesis. This farm produces 300 tons of manure a 
year, market price of which is minimum 3.000 KM. 
Out of 300 tons of manure, it is possible to produce 
9.600 m2 biogas which transformed into electric power, 
gives max. 17.000 kwh a year. According to a market 
price of the electric power (the highest price of the 
electric power for households 0,129 KM/kwh), it 
means 2.200 KM reduction of expenses on the electric 
power not taken from the public distributor. On the  
other hand, the missed income from manure which was 
not sold, because it was used for production of biogas, 
is 3.000 KM. A negative net rest (the loss) between 
reduction of incomes and reduction of costs is 800 KM, 
although no additional costs of the plant for production 
of biogas and electric power form biogas have been 
calculated. 

The incomes from the sale of animal excrements, 
which are far lower in other farms has been 
disregarded, and significant limitation for investments 
in the plant for production of electric power from 
biogas would be a minimum capacity of this plant. The 
biggest stnadard farm in the region (12.000 broilers) 
produces a quantity of biogas which requires the power 
of motor of not more than 10 kW. On the other hand, 
these farms have significant needs for electric power 
during the whole year (lighting and heating-during 
winter, and lighting and cooling-during summers). 
Only if, according to technical-technological aspect, the 
available quantities of biogas and the capacity of the 
plant for production of electric power from biogas 
could be coordinated, a more detailed financial analysis 
would show that the production would be justified from 
the viewpoint of the balance between costs and 
benefits. 

The analysis of feasibility of the biogas usage on farms 
for production of thermal energy only, point to a 
problem of discontinuity in production and 
consumption of thermal energy on farms of cows and 
the farms of hogs. These farms have no need to heat the 
interior of the farm facilities, not even in winter 
periods, while households need to heat the residences 
in winter periods only. 

For that reason, the only appropriate and useful is the 
production of biogas in poultry farms, where significant 
needs for thermal energy are present during the whole 
year. The fact gained by experience, shows that these 
farms for acquisition of energents (most often fire-
wood) for heating the farm facilities, spend 3,000-
6,000KM a year. 

Analyzing other possibilities, it has been concluded that 
a direct incineration of animal excrements with 
production of thermal energy is a more acceptable 
option for smaller poultry farms than the production of 
thermal energy with the previously done transformation 
of poultry excrements into biogas. One more reason is a 

possibility of storing the excrements during summer 
periods, which is not possible with biogas. 

Incineration 

Incineration is performable in places where the waste 
appeared on farms or in special places - dog pounds. In 
other case, adequate transport should be provided 
(special vehicles) from the place of dying to the place 
of incineration. 

Incineration on the farm itself is much simpler, but it 
has certain limits regarding coordination of the quantity 
of the waste and the frequency of its appearance with 
the capacity of incineration devices. Estimated 
quantities of dead animals taking into account the size 
of standard farms in the region point out that the 
incineration on the farm itself is economically justified 
on poultry farms only. One must take into account that 
incinerator is physically separated from the facilities 
where the animals and their food are. For other farms 
(for cows or hogs), it is economically justified to deal 
with dead animals in dog pound if there is some 
compensation  payment by the farmer. 

The quantity of dead animals on poultry farms is from 
3 tons and more. Although the dispersion of waste is 
not the same throughout the year (mortality is higher in 
summer period), it appears on poultry farms on a daily 
basis and ranges approximately between 5 and 20 kilos 
a day. It means that incineration is not economical 
when it is done daily; however, dead animals should be 
gathered and kept in a cooling device, and the process 
of incineration should be performed when the minimal 
quantity is gathered  in accordance with the capacity of 
the incinerator. 

According to the case in the USA [3], the referent 
expenses for incineration of a dead poultry, depending 
on the type and age, range between 2,6 to 4,9 USD per 
libra, recalculated, that is 0,3-0,6 KM/kg. This means 
that only these costs would burden the price (of alive) 
broilers with 0,06 KM/piece. According to another 
source, these costs in Great Britain vary from 0,3 to 1,3 
KM/kg. 

The price of the work of the incinerator consists of 
investment (fixed) costs and operative (variable) costs. 
According to some available data, the price of a smaller  
incinerator (with the capacity of 225 kg) is in the USA 
3.642 USD (with 1 chamber), that is, 4.642 USD (with 
2 chambers), and the price of the smaller incinerator for 
poultry only, is about 2.000 USD. Their average 
usability age is 10 years. 

A possible solution to reduction of costs is subvention 
to one part of these costs by the state, as it is the case in 
the neighbouring Montenegro. This way is justified in 
the case of existence of regional dog pounds, but it 
would probably be economically untenable if the costs 
of smaller incinerators located on farms would be 
subvented. 

The other alternative is to deal with this waste at the 
place of generation (on farms) in combination with the 
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production of thermal energy in modified classical 
boilers, which has already been suggested.  

Incineration with the production of heating 
energy  

Our team suggests technical solution of combined 
burner that would serve at the same time for burning 
solid excerments of poultry and for burning dead 
animals. A constructional solution predicts an addition 
to a classic boiler for the production of heating energy 
that uses solid fuel (fire wood and coal). Investment 
expenses are analyzed in terms of the manner of taking 
care of the excrements. Regarding the dead animal 
disposal, the plant does not produce any additional 
costs during the greater part of a year, because the 
burning of the dead animal is synchronized with the 
boiler-burner activity for the heating of the interior of 
the poultry farm. 

In the summer period (June-September), when there is 
no heating, the burner would activate only for the need 
of mortality disposal and in that case, its operation 
would cause some additional costs. In this period, dead 
animals would be collected in the cooling device 
(freezer) and burnt at the time when there are at least 
50 kg of waste. 

The price for the cooling device for preserving the 
animals on low temperature untill the moment of their 
burning would be around 500 KM, and minimal 
usability is 5 years. Burning would be performed once 
a week, with the expenditure of solid (fire wood), 
app.0,25 m3 for one treatment of burning. The 
expenditure of solid fuel would be 40 KM/month, i.e. 
for four summer months app. 160 KM. Expenditure of 
electric energy for the freezer would be app. 50 kwh 
per month (6,5 KM a month). 

During the three hour of burning a certain quantity of 
heating energy would be produced that would be used 
for water heating for the household as the most rational 
solution. This advantage has not been financially 
evaluated. 

During the 4 summer months, the expenses of 1-2 tone 
of died chickens disposal (depending on the farm 
capacity) would be 140-280 KM/tone, i.e. they would 
be lower than with the method of classic burning. 

Of course, this investment should be observed as a 
complementary to the investment in the boiler-burner 
of poultry excrements and it can only be realized under 
the specified expenses in that combination. 

CONCLUSION 

Based on the insight in the current situation concerning 
animal waste observed in Bosnia and Herzegovina, it 
can be said that the problem of waste has been 
inadequately dealt not only in B&H but in the 
neighboring countries as well. This situation is due to 
the lack of specific legal solutions that regulate waste 
issues in general, and animal waste as a subcategory of 
waste. 

Current situation in the area of waste management 
represents an irretrievable loss both the environmental 
quality and economic and energy. Hence, it is 
important to educate the public to collect waste 
separately. Together with the education on the issue of 
waste, there should be education on the issue of waste 
influence on the environment and climatic changes. 

Analyzing current situation, the simplest option for the 
dead animal and the slaughterhouse wastes seems 
incineration (there is no need for transport, extra rooms 
for processing, etc.). However, we do not exclude other 
ways of treating this waste (biogas production, 
processing in dog pounds, production of artificial 
fertilizers and food for pets etc.). Animal excrement 
would be easy to expand on soils respecting adequate 
measures concerning avoidance of overfertilization and 
contamination of underground and surface waters, but 
also the measures concerning better practice inside the 
farms. Likewise, there are some possible treatments  
that include biogas production and the incinerationof 
poultry litter i.e. its usage as fuel. 

This paper gave the original suggestion of a concept of 
a device that could be used for burning. The essence is 
that instead of expensive liquid or gaseous fuel, the 
products from gasification of manure can be used  (the 
mixture of sawdust of wood and animal excrement). 
Besides that, instead of classic incinerators there is a 
concept of combination of boilers and incinerators, that 
would use manure as fuel or in a case of slaughterhouse 
the dolt of wood. Apart from the solution to solid waste 
treatment, this suggestion increases the energy and 
ecological efficiency of farms or salughterhouses. 
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MOGUĆNOSTI SPALJIVANJA ANIMALNOG OTPADA U  
BOSNI I HERCEGOVINI 

Veljko Đukić 
 

Rezime: Predmet ovog rada je ekološki problem vezan za otpad koji nastaje na farmama i klaonicama. Problem 
otpada koji nastaje na farmama i klaonicama je očito veliki i evidentno je da Bosna i Hercegovina  tome ne 
pristupa dovoljno.Pokazalo se da je incineracija jedan od najefikasnijih načina eliminisanja uginulih životinja i 
ostalog čvrstog otpada u savremenoj peradarskoj proizvodnji. Kao energent u procesu incineracije koristi se 
gasovito ili tečno gorivo. Glavna prednost predloženog koncepta leži u prijedlogu da se vlastiti otpad iskoristi kao 
primarni energent za incineraciju. 
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HUMAN FACTOR INFLUENCE ON 
SYSTEMS MAINTENANCE OPERATIONS 
 
Abstract: The method of cause-effect diagram is used in the subject 
investigation to detect and systematize human factors (human errors) 
that affect the results performing for the mining machines maintenance 
operation, i.e. sources that cause a maintenance problem. Event Tree 
Analysis is used as additional method in regard to cause-effect 
diagram. This method described certain logical events which come 
from primary initial event – error of maintainer. Event tree is in the 
subject investigation developed in order to find modes for mitigation 
waste (injury), rather than prevent waste. 

Key words: Human factor, maintenance operation, human error cause, 
"Swiss chese" model, event tree, human reliability prediction. 

 
INTRODUCTION 

One of the most important problems in ensuring the 
systems reliability is the organization of preventive 
measures. Timely and useful, in depth and scope, 
measures of preventive character (maintenance 
measures) enable  not only the reduction of exploitation 
cost, but also an improvement of technical 
characteristics of system equipment and an increase of 
its reliability and safety. 

In accordance to complexity increase and price of 
systems, the cost to ensure support for its exploitation 
are also increased. For example, according to the data 
in [1], airline companies spend 25-30% of total 
exploitation cost for the maintenance and overhaul of 
the planes. According to the same source, the cost for 
the maintenance of transportation systems and mining 
machines are 14-25% of the annual purchasing 
expense. At the other hand, in many systems (for 
example, safety systems of power units as the power 
stations are), the maintenance represents a mean to 
provide safety, since it enables prevention of disastrous 
failure modes, i.e. failure modes that cause heavy 
accidents. 

The increase of exploitation systems effectiveness is, 
therefore, related to the improvement of the 
maintenance concept.  Considering the maintenance as 
a group of support operations for the working 
capability of the system equipment, it is possible to 
single out two maintenance aspects: 

 review of the maintenance operations that are 
included in the maintenance tasks (for example, 
dismantling, cleaning, diagnostics, setting, assembling, 
control), 

 conceptions, that assume general rules of control of 
system operational condition in the process of 
maintenance tasks. 

 

THEORETICAL BASICS OF HUMAN 
FACTOR: DEFINITIONS AND 
CONCEPTIONS 

Term "human factor" should be clearly and precisely 
defined, since the use of this phrase in speech is often 
understood as any other factor that relates to a human 
being. One of the definitions of human factor, accepted 
in the International Civil Aviation Organization 
(ICAO), proposed by Elvin Edwards reads: "Human 
factor is associated with the optimization of mutual 
relations between people and their work by systematic 
use of knowledge about man in the frame of system 
design" [1].  The objective of the work in the area of 
human factor is to provide successfulness of entire 
system, including its safety and efficiency, and also a 
normal subjective feeling of each individual. Professor 
Edwards stressed that, according to his notion, the word 
"people" includes persons of both sexes and 
characteristics of their behavior as individuals in a 
society., and the word "work" stands for expressing 
(manifesting) the people's need to be interconnected. 
Later, this definition included the question of the 
features of the interconnectivity of individuals, groups 
and organizations in which they belong, and also it 
included the aspects of the organization 
interconnectivity that make certain industrial branch 
[1]. The science of man, anthropology, study the 
personality and character of a man, his capabilities and 
limitations, as well as characteristics of individual and 
group behavior [2]. 

Integration of human factor in the stage of system 
design mean that the specialists determine the tasks and 
work method of man, as well as difficulties and 
limitations, when people that work in interconnected 
areas of engineer activities should make decisions. 
Information on human factor is used in a degree needed 
to solve real problems. 

Therefore, human factor represents a science about 
people in certain circumstances in which they live and 
work, about their interconnectivities with machines, 
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procedures and environment, and also interconnectivity 
of people. In the industrial engineering, aspects of 
human factor touch a series of individual, medical and 
biological notions directed towards the optimization of 
exploitation, management and maintenance of technical 
systems.   

MODEL OF HUMAN ERROR CAUSES: 
"SWISS CHEESE" 

It is important to establish why errors occur, what are 
the causes that induce them, which factors contribute to 
their occurrence and to try to eliminate them. 
Accidents, by the rule, occur not as a result of 
individual error, but as a consequence of hidden, timely 
undetected damages and failure modes, that by 
accumulating may lead to undesirable event. This 
feature of accidents is described in a best way by 
"Swiss cheese" model, which is developed by James 
Reason [3], and which illustrates the role of man in 
technical systems accidents. If the condition of a 
technical system is presented in a shape of small piece 
of cheese with small holes, each hole corresponds to a 
hidden defect caused by the lack of production process 
or maintenance of the system. These failures may 
remain undetected many years. Hidden defects may 
also be the consequence of intentional activities, for 
example, intentional violation of maintenance rules in 
the form of omitted required controls and checks or 
execution of irregular assembly replacements. 

Reason's model, which describes the accident causative 
conditionality, is shown on Figure 1. It shows various 
types of human "contributions" to the disruption of 
execution completeness of maintenance task. 

 
Figue 1. Model of accident cause, 

 titled "Swiss cheese" [3] 

Reason's model, "Swiss cheese", explains in what way 
people add to the disruption of operational capabilities 
of complex interconnected technical systems and why 
accidents happened. Thanks to technological-technical 
progress and reliable protective measures, the cause of 
accidents are rarely the incorrect work of operational 
personnel or failure of the main equipment. On the 
contrary, they are the result of mutual actions of series 
of failure modes and defects, already present in certain 
technical system. Many of these failure modes cannot 
be easily detected, and their consequences cannot be 
immediately manifested. 

In his book "Human error" [3], Reason considers a 
complex production system. One of the main elements 
of the system consists of individuals that make 
decisions (top level of management structure), who are 
responsible for performing the established objectives 
and for management of resources they have, to achieve 
safety and efficiency of the system operation. Second 
key element is operational management, i.e. 
individuals who execute decisions made by top 
management. In order to transform the decisions of the 
top management and work (procedures) of the 
operational personnel into effective and productive 
work, generated by an appropriate working force, 
certain preconditions have to be fulfilled. For 
example, certain equipment have to exist and to be 
reliable, work force has to be qualified, competent and 
interested (motivated), and working conditions – safe. 
Conclusive element – various types of the protection 
at work or precaution measures – usually is intended to 
prevent expected. 

CAUSES OF PERSONNEL ERRORS 
DURING MINING MACHINES 
MAINTENANCE OPERATIONS 

Investigation of causes of human errors during mining 
machines maintenance operations is performed by a 
team work in the regime of Brainstorming method. The 
team would have to act in accordance with all the 
recommendations for the organization of 
Brainstorming. The main recommendations are for: 
team composition, working way in the team, role of the 
team leader. The team generated ideas about causes of 
the maintenance problem that requires being resolved.

The rule, appropriate for making a starting (general) 
cause-effects diagram, which is applicable in most of 
real situations, is applied in the subject investigation. 
This rule anticipates that there always exist certain 
number of categories of possible causes to some 
consequences (undesirable results) of work process. 

In resolving a particular maintenance problem, the 
investigation revealed the factors (causes) on which the 
undesirable result or consequence depends: 

“Human error with the highest degree of risk during 
performing of mining machine maintenance 
operations".   
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The investigation firstly determined and separated five 
causes, in the sense as shown on Figure 2: lack of 

training, inappropriate information, lack of experience, 
carelessness, danger neglect. 

 

 
Figure 2.  Potential causes of human errors with the highest risk degree during performing of mining machines 

maintenance operations in the form of cause-effect diagram 

 

Investigations performed in the course of the subject 
work, have shown which types and causes of human 
errors have the highest risk degree at execution of 
corresponding maintenance operations of various 
mining machines, as: bucket wheel excavator, landfill 
machine, dumping machine, self-transporter 
bandwagon, dragline dredge. 

Further solution of the subject problem in a qualitative 
way established the causes of the second and higher 
levels that generate the first level causes of human 
errors with the highest risk degree, during performing 
of mining machines maintenance operations. 

HUMAN FACTOR INFLUENCE ON 
MINING MACHINES  MAINTENANCE 
OPERATIONS 

The maintenance task is executed by personnel 
specially trained for the maintenance and overhaul of 
the mining machines. However, this circumstance does 
not guarantee the provision of reliability and safety in 
exploitation of the complex system as he mining 
machines are. Even more, the analysis of the accidents 
causes, performed and published in [4], has shown that 
the role of human factor increases with the increase of 
technical system reliability and price increase of 
technological equipment. Regarding that, taking into 
account the errors of the personnel that executes the 
maintenance tasks operations, presents an actual 
problem at the safety analysis. 

At the human factor analysis, relating to the problem of 
maintenance effect on the safety of a technical system, 
it is possible to single out the following typical errors 
of the personnel that executes the maintenance tasks 
[4]:  

 error of omission, that occurs when a maintainer 
omits one or several maintenance operation, 

 error in the maintenance operations order,  

 error at selection, 

 error of time, 

 error that affects the maintenance quality. 

For the mining machine that is in idle regime, the 
availability of the machine is affected by the errors 
connected to the short time that is assigned to the 
maintainer, so that he can't analyze the situation 
allowing an error to happen. For example, with the 
assigned time of 5 minutes for the analysis of a 
situation, the probability of error occurrence is 10-1, and 
with 100 minutes for the analysis of the same situation, 
the probability of a error is equal to 10-4 [4]. 

Further qualitative analysis of the personnel influence 
on the probability for an error to occur during the 
maintenance is connected to the factors that affect the 
operational capability, among which we single out: 

 inadequate workplace and equipment layout, 

 bad environment conditions (for example, lighting), 

 weakened control and so on. 

Distinctive factors that affect the operational capability 
are also the inner individual factors, characteristic for 
the maintainer, for example, the professional training 
(expertise education, qualification and competency), 
working motivation, stress, etc. 

Safety analysis in the phase of mining machine 
exploitation is preformed primarily in the situation 
when accident had never happened. Damaging of the 
mining machine is caused by the undesirable event 
(type of operator error, type of maintainer error, failure 
mode of a mining machine item) with disastrous 
consequences, and when the accident occurs it is too 
late for the analysis. Therefore, the safety analysis of 
the mining machine should be performed preventively. 
There is no need for the history data of the mining 
machine to analyze the safety, as the case is for the 
analysis of the mining machines reliability. Therefore, 
the safety analysis enables the prognosis of undesirable 
events with catastrophic consequences, i.e. it serves for 
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the prognosis of generation of accident condition (State 
of Accident - SAC) of the mining machines.  

In the investigation it is concluded that the safety 
criterion of the bucket wheel excavator SRs 
1200x24/4x0(400 kW)+VR is an accident of the 
Mechanism for lifting the bucket wheel arrow, because 
in that case it causes the total damage of the whole 
excavator (bucket wheel excavator fall on a 
counterweight). The error modes of the maintainer are 
observed as the initial event in the analysis of the event 
tree, besides functional failures of the Mechanism items 

for lifting the rotor arrow, maintainer errors. The initial 
event - error modes of the maintainer, lead to the 
catastrophic accident (State of Accident - SAC) 
through the realization of scenario in the event tree, in 
the sense as shown in Figures 5. 

The event tree for the initial event – error mode of 
maintainer: The maintainer did not set the limit 
switch for turning on the operation cart, is presented 
on Figure 3. 

 

 

 
 

Legend:  

No - undesirable event hasn't happened, 

Yes - undesirable event has happened, 

SCO - state of capability to operate, 

SNO - state of noncapability to operate, 

SAC - state of accident. 

 

Figure 3. Event tree for the initial event: 

"The maintainer did not set the limit switch for turning on the operational cart" 

 

The probability of realization of scenario for state of 
accident (SAC) in the event tree on Figure 5:  

 

P(E2/I0) = (1-P1)  (1-P2)  (1-P3)  (1-P4)  (1-P5)  (1-P6)            
= 0,011  0,001  0,0001  0,001  0,001  0,0001 = 
1,110 - 19. 

 

In certain cases, the safety analysis of systems, taking 
into account the maintenance, may require a 
quantitative estimation of human reliability that 

performs maintenance. Methodology of the quantitative 
analysis of human reliability is presented in reference 
[5].   

 

MODEL FOR HUMAN RELIABILITY 
PREDICTION  
In the course of many years the researchers of human 
factor have developed numerous mathematical models 
for the anticipation of human reliability. These models 
can be, directly or indirectly, used for the execution of 
various researches and reliability analysis. 
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On such a model represents the model of human 
reliability in static (invariable) environment (external 
conditions). This is a usable model for the anticipation 
of human reliability prediction in the area of continuous 
time in constant ambient (external conditions). Human 
reliability is expressed by formula: 

Rh(t)=exp[- ],                  ( 1 ) dxx
t

h )(
0
 

where: 

Rh(t) -  particular value of human reliability (in time t) 
in an constant ambient, 

λh(t) - current human error rate. 

In the expression ( 1 ), particular time until human 
mistake occur can be subjected to any continual 
statistic distribution in time (for example, exponential, 
Weibull, Gama). 

CONCLUDING COMMENTS 

Experience shows that the human errors are one of the 
main sources of many problems related to the reliability 
of mining machines. Generally speaking, the 
occurrence of human errors is caused by the actions as 
failure (omission, unsuccessful attempt) to execute a 
required function, wrong decision in a response on 
certain problem, performing of function that shouldn't 
be executed, unsuccessful in recognition (observation, 
revealing) of a dangerous condition that requires 
corrective measures, bad timing and bad response on 
unpredicted circumstances. Human errors can be 
classified in the following seven categories:  working 
errors, maintenance errors, design errors, control errors, 
support errors, operation errors, production errors. 

Some of the significant causes for the human errors are: 
badly designed equipment, inappropriate (insufficient) 
working surface, bad management, insufficient lighting 
of workplace, unfitting tool, overcrowded working 
surface, insufficient training, qualification or 
competency of personnel for the work, complexity of 
work, fatigue, badly written working and maintenance 
procedures, high noise level, poor motivation, high 
temperature in the workplace, poor verbal 
communication and inappropriate handling of 
equipment. 
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UTICAJ LJUDSKOG FAKTORA NA ODRŽAVANjE SISTEMA  

Ljubiša Papić 
 

Rezime: Metod uzročno-posledičnog dijagrama se koristi u predmetnom istraživanju za otkrivanje i 
sistematizaciju ljudskog faktora (ljudske greške) koje utiču na rezultate performansi održavanja mašina koje se 
koriste u rudarstvu, odnosno izvora koji izazivaju probleme u vezi sa održavanjem. Analiza stabla događaja se 
koristi kao dodatna metoda kod dijagrama uzrok-posledica. Ovom metodom se opisuju određeni logički događaji 
koji su prouzrokovani primarnim početnim događajem - greška održavaoca. Stablo događaja se razvija kako bi se 
pronašli načini za ublažavanje štete (povreda) a ne za sprečavanje štete.  

Key words: ljudski faktor, operacija održavanje, uzrok ljudske greške, model "švajcarski sir", stablo događaja, 
predviđanje ljudske pouzdanosti. 
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KEY CONCEPTS-BASED APPROACH FOR 
ASSESSMENT OF STAFF RESISTANCE TO 
NEW STANDARD IMPLEMENTATION 
 
Abstract: This paper presents a new approach to assessment of staff 
resistance level while introducing new standards. The approach is 
based on the analysis of the key terms frequency within the text of the 
standard ISO 9001 and further constructing a conceptual model of the 
text. The model is compared with the results of the management staff 
survey. 

Key words: ISO 9001, standard introduction, management decisions. 

 
INTRODUCTION 

The introduction of any new standard, particularly 
general ones such as ISO 9001 is met by enterprise 
staff with resistance [1]. Forecast of resistance level 
and its reduction presents a very important task 
nowadays [3-5]. The present paper offers an approach 
for forecasting staff resistance level based on 
determining crucial differences between a conceptual 
model of a new standard to be introduced and the 
previous standard version already implemented in an 
enterprise.  Before describing the suggested approach 
in detail, we should make some preliminary remarks 
about its basic assumptions and limitations:  

 ISO 9001 standard requirements present the model 
of worldwide successful enterprises and 
organizations, 

 the text of the ISO 9001 standard can be presented 
as a network or a model of semantic concepts 
whose main elements are key words, 

 key words are selected in the process of statistical 
analysis of literal and semantic repetitions of the 
terminological words in the text of the standard 
(key words frequency analysis) [2], 

 we shall assume that the frequency of key words 
repetition in a standard to be introduced determines 
the significance level of the corresponding standard 
concept.  

PROCEDURE AND METHODS 

The assessment of standard requirements - Analysis 
procedure - was carried out in two stages. At the first 
stage, we used a visualization tool to represent key 
words in the text of the standard graphically 
(wordle.net). Figures 1-4 shows the main trends of 
standard change from earlier to later versions.  

Visual presentation of the conceptual network of the 
text suggests that standard requirements were 
developing from following instructions to management 
in the period 1994-2015 while emphasis on product 
quality remained constant.  

 
Figure 1. Main trends of ISO 9001 versions change 

a) 1994 year model 

 

 
Figure 2. Main trends of ISO 9001 versions change  

b) 2000 year model 

 
 

Figure 3. Main trends of ISO 9001 versions change c) 
2008 year model 
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Figure 4. Main trends of ISO 9001 versions change  

d) 2015 year model 

Since visual representation in Figure 1-4 is an 
approximate model of key concepts network, we 
refined our results using statistical analysis of the key 
words frequency in the text of the standard (using the 
online tool at symvoli.net). Figure 5 shows the results 
of the statistical analysis graphically.  

 

 

 

 

 
 

Figure 5. Key words frequency in the text of the ISO 9001 standard 

 

ASSESSMENT OF THE ACTUAL 
CONCEPTUAL MODEL AT 
ENTERPRISES 

At the third stage of our experiment we carried out a 
survey of a number of top managers at Russian 
enterprises with the aim to compare the prescriptive 
model of quality management presented in the standard 
with the actual model at enterprises. Having compared 
these two models, we will be able to answer the 
following questions: 1. To what degree the actual 
model of quality management at particular enterprises 
corresponds with the model of worldwide successful 
organizations; 2. Which measures are required for 
coordinating standard model and actual model at an 
enterprise; 3. What is the degree of potential resistance 
of the staff to the introduction of a new version of the 
standard; 4. Which issues should be considered and 
how staff should be trained to be prepared to the 
introduction of a new version; 5. How efficient is the 
conducted staff training (it can be determined by 
subsequent comparison of precriprtive and actual 
models after correction). 

During the survey we asked our respondents to assign 
the significance degree (in percentage) to the terms in 
the questionnaire considering the actual situation in the 
quality management system at their enterprise. Survey 
data are shown in Table 1. Analysis of the survey 
results and subsequent comparison with statistical data 
of the conceptual model of the standard allow 
concluding the following. The models differ 
significantly in their attitude to the concepts of 
"documents", "requirements" and "executive 
management". While the difference in the attitude to 
"executive management" can be explained by the fact 
that the respondents may interpret it as "management" 
in general, the emphasis on the concept "documents" 
suggests that surveyed enterprises still adhere to the 
standard version ISO 9001:1994 where the significance 
of documentation was emphasized. 
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Table 1. Survey data for enterprises 

№ Terms 
ISO 
9001 

Manufact
uring 
enterprise 

Service 
industry 
enterprise 

1 Products 10.12 11.25 11.11 

2 Quality 19.64 12.5 11.11 

3 Organization 18.88 10 9.72 

4 Documents 4.76 8.75 9.72 

5 Management 11.03 11.25 13.89 

6 System 9.37 12.5 11.11 

7 Processes 11.78 11.25 11.11 

8 Requirement 12.16 10 9.72 

9 
Executive 
management 2.27 12.5 12.50 

 

That does not mean that quality management system 
should not pay attention to documentation, but it 
confirms the fact that the surveyed enterprises have not 
implemented electronic document management what 
requires significant number of human resources to 
manage the paper document flow such as keeping the 
filing system, updating documents etc. Therefore, the 
main deterrent for developing quality management 
system at the present stage is the lack of efficient 
technologies of document flow management. Thus, this 
problem should be solved as soon as possible; 
otherwise the present situation will lead to the lack of 
management human resources for implementing 
necessary changes. Moreover, attention should be paid 
to the key word "quality". 

Both types of enterprises (manufacturing and service 
industry enterprises) focus on the issues of documents 
and executive management what results in the fact that 
such parameter as quality is not paid sufficient attention 
to. As to the factor "executive management", the 
substantial difference in the attitudes to that may be 
explained by the fact that Russian management often 
relies on the so-called "manual control" approach.  The 
same can be said about the difference in the attitudes to 
the concept "organization". Thus, the main deterrents 
for the efficient development of the management 
system are problems of document flow management, 
general executive management and organization model. 
Differences between the actual quality management 
systems at enterprises and the ISO 9001 standard model 
can be represented as a radiation diagram (Figure 3) 
where divergence areas correspond to the level of the 
resistance to new standard introduction. Our 
calculations show that resistance level at a 
manufacturing enterprise and at a service industry 
enterprise are 0,37 and 0,42 correspondingly (the 
maximum is 1). We obtained the results by conducting 
a survey among top managers. Probably, similar survey 
of middle managers will show different results.  

 

 
 

Figure 3. Comparison of two models 

RESULTS AND DISCUSSION 

The present research suggests new approach to 
analysing the resistance level of staff to introduction of 
a new standard version. Our approach is based on 
comparison of two conceptual models: the model of 
key concepts network of the text and the model 
obtained as a result of top managers survey. The main 
advantages of the suggested approach are the 
following: 

It reveals methodological problems of an enterprise 
management system considering quality. The approach 
is not cost-efficient and time-consuming. The approach 
avoids the discrepancy between two principal 
methodologies: methodology based on the developing 
an actual model, or "it is-model" and subsequently a 
normative model, or "to be-model".  

The approach makes possible to compare models at 
different staff levels: executive manager - department 
manager, etc. 

The approach provides information for professional 
development by comparing the models of top and 
middle managers. 
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QUALITY AND SUSTAINABILITY: THE 
DEMING’S CHAIN REACTION 
 
Abstract: Deming’s Chain Reaction is a well known proposal from 
Dr. W. E. Deming, in which he explains the positive effect of improving 
quality in different aspects of an organizational activities and 
performance. Recognizing and enhancing the value of Deming ideas, 
Chain Reaction is, in this paper, reevaluated and adapted to the 
environments different to those considered by Dr Deming, specifically 
to those where competition is not present in the companies’ 
environment. The paper enhances the strength and power of Deming’s 
ideas, showing its ability to adapt to scenarios different to those 
originally considered. 

Key words: Deming’s chain reaction, competitiveness, public and 
non-profit organizations, multiple environment. 

 
INTRODUCTION 

One of the main reasons for all quality efforts in 
business is the long-term survival of organizations, thus 
positively serving the community (customers and other 
stakeholders). 

This fact was thoroughly understood by W. E. Deming, 
and in his books and lectures, he insisted on this 
survival as the goal for any organization, as opposed to 
the short-term search for profit. 

He explained his ideas clearly and these explanations 
have become one of the fundamentals in the world of 
quality. One of his best-known contributions is 
Deming's chain reaction, in which the author clearly 
states the impacts that quality improvement generates 
in the organization (see Figure 1). 

The first result of improving quality (after a lot of hard 
work by people in the organization), is increased 
productivity. This improvement is the expected (and 
almost unavoidable) effect of doing things right first 
time, with no retouching or reworking, no time-
wasting, considerable scrap reduction, as well as other 
improvements in the organization's effectiveness.  

Better productivity implies lower production costs. The 
question is not to produce more, but to produce more 
effectively, and thus produce more economically. Cost 
reduction allows companies to decrease prices, and to 
exploit improved effectiveness as an advantage in a 
competitive world. 

 

 
 

Figure 1. Deming’s chain reaction 

 

The natural effect of reducing prices, according to 
classical economic theory, is increased sales, thus 
gaining market share and widening the company’s 
presence in markets. W.E. Deming emphasizes the true 
aim of the organization at this point: long-term 
survival, understood as a long-term profitable presence 
in the market.  

Finally, the increase in market share means growth for 
the company, which may need to hire new staff, thus 
contributing to community development and increased 
welfare.  
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DEMING’S CHAIN REACTION IN NON-
COMPETITIVE ENVIRONMENTS 

When Deming put forward this famous chain reaction, 
he was thinking about companies working in a 
competitive environment, as is the case of most US and 
European industrial and service companies. 

However, there are other economic and social 
situations, where competition among companies is not 
the key to their activities, and profits are not their 
raison d'être. In the case of some companies, it is 
difficult to fit their situation and activity into Deming's 
chain reaction. This is the case, for example, of public-
sector companies, public services, and non-profit 
organizations.  

Does this mean that Deming's chain reaction does not 
apply to these organizations? Definitely not. The 
strength of Deming's idea makes it applicable to 
different economic environments. However, some re-
writing may be needed and some steps of the chain may 
need to be redefined. 

In the following lines, we will review how the basic 
chain reaction can be adapted to two different 
situations: non-competitive environments, and public 
services and non- profit organizations. 

This is the situation in which monopolistic 
organizations live. It is also the situation for companies 
in theoretically open markets, in which geographical, 
technical or commercial issues mean that competition 
is weak or non-existent. Some practices (frequently on 
the edge of legality) in oligopolistic markets produce a 
similar environment in which competition does not 
exist. 

Thus, what happens when a company does not have 
competitors? Does the chain reaction continue to work? 
How does a lack of competition affects its steps?   

The first three steps of the chain remain unchanged: 
well addressed quality efforts will always produce cost 
reductions, and this automatically implies improving 
productivity. Differences start in the fourth step: 
without competition, are there any advantages of 
reducing prices? Or, if we are the only company in 
market, can we really increase market share? If the 
answer to these two questions is yes, then Deming’s 
standard chain reaction applies directly. In these cases, 
reducing prices can make our product or service 
accessible to segments of the market that could not 
previously afford them, and this will produce growth 
and long-term presence in the market. 

However, if the answer to these two questions is 
negative, then the chain would seem to break at this 
point. In fact, the chain does not really break, it simply 
doesn’t need to be as long. In this case, the effect of 
reducing costs and improving productivity is 
transferred directly to the organization’s economic 
results, increasing profits and helping to achieve long-
term presence in the market, but maybe without 
growing or creating new jobs. We must consider that at 
least the robustness of the organization is improved. 

For this last situation, Deming’s chain reaction can be 
redrawn as shown in Figure 2. 

 

 
 

Figure 2. Deming’s chain reaction for non-competitive 

environments 

DEMING’S CHAIN REACTION IN 
PUBLIC SERVICES AND NON-PROFIT 
ORGANIZATIONS 

Public services, such as public healthcare systems and 
public educational institutions, don’t have the pressure 
of competition. Nevertheless, if they are well-managed, 
such organizations must look for effectiveness and 
quality. "Public" shouldn’t mean inefficient or low 
quality, and quality tools have an important role in 
achieving first class standards in those services. 
Pressure here can be established by accountability 
systems and transparency. In non-profit organizations, 
again market competition isn’t at the root of efforts to 
improve and become more effective. There may be 
competition for public or private resources, or it may 
simply be a question of using the resources available as 
best as possible. Quality tools are again in the front line 
on the road to success.  

How does Deming’s chain reaction perform now? 
Again the three first steps remain unchanged. In the 
fourth step, as in the previous case but for different 
reasons, price reduction may not make sense and 
increasing market share may be impossible (sometimes 
fixed by regulatory institutions). Thus, after cost 
reduction and improved productivity, different 
consequences and different steps should be considered 
in the chain. As opposed to the previous case, this is 
not only a question of eliminating some steps in the 
chain. It is actually a question of replacing some steps 
with others which are more suitable to this 
environment. 

Figure 3 shows how the chain reaction can be adapted. 
After reducing costs and increasing productivity, what 
follows is better use of the available resources (maybe 
public funds), allowing organizations to better serve the 
community, providing greater numbers of improved 
services which, together with recognized good use of 
resources, helps organizations to stay in the market (if 
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this term is suitable) with what we can call good Social 
Return of Investment (S-ROI). If this is required by the 
organization, and in terms of social environment 
characteristics, growth and the creation of new jobs are 
an option. 

DEMING’S CHAIN REACTION IN 
MULTIPLE ENVIRONMENTS  

Can these three chain reactions be integrated into one 
structure? An attempt to do so is presented in Figure 4, 
in what we have called, Deming’s chain reaction in 
multiple environments. Some changes have been made 
in the order of the original steps.  

In this version, there is a common end for the three 
cases: to stay in the market, i.e. the long-term 
permanence of the organization in the market. ROI can 
be understood as a means to achieving this goal. This is 
coherent with Deming’s ideas about the importance of 
the will to prevail in the market, and the importance 
given to long-term efforts and planning. Thus, we have 
separated this long-term permanence and the ROI (or 
S-ROI). The rest of elements remain the same as those 
in Figures 1 to 3. 

 
 

Figure 3. Deming’s chain reaction for non-profit 
organizations. 

 

The right branch corresponds to environments in which 
organizations do not look for economic profit, that is, 
public services, NGOs, and non-profit organizations, in 
general. The left branch applies in non-competitive 
environments in which it makes no sense for 
organizations to reduce prices and increase their market 
share, and where growth and job creation will probably 
not occur. 

Finally, the central column corresponds to Deming’s 
original proposal, for organizations living in a 
competitive environment where every opportunity to 
get ahead of the competition must be exploited.   

In all three environments, the common goal of 
organizations is to stay in the market and to continue 
serving the community as best as possible. 

THE DARK SIDE OF DEMING'S CHAIN 
REACTION  

The aforementioned chain reaction shows the 
concatenation of facts generated by an improvement in 
quality. This concatenation is not automatic, but 
defines a logical path that is frequently followed in 
organizations. 

But, and there is always a “but”, the path can be 
different. After the first three steps, once the 
organization has improved its productivity, the lines of 
action can be oriented not towards growth and job 
creation, but to downsizing and cutting jobs. In some 
cases, this can be oriented to the primary goal of 
staying in the market, in a market that is more and more 
demanding, and where suppliers are under customer 
pressure to reduce costs. In other companies, which 
cannot or do not have the will to grow, this is a way to 
further increase profits.   

In both cases, but especially in the second, the problem 
is how to ask people for motivation and to participate in 
actions that may lead to redundancies, possibly 
affecting those who made the improvements possible. 
The public image of quality may then be affected, and 
special efforts must be made to explain what happens, 
firstly to the company’s staff and secondly, to the 
community. 

 

 
 

Figure 4. Integrated multi-environment for Deming’s 
chain reaction 
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KVALITET I ODRŽIVOST: DEMINGOVA LANČANA REAKCIJA  

Andrés Carrión-Garcia, Angela Grisales 
 
Rezime: Demingova lančana reakcija je poznata po Dr.W.Demingu u kojem on objašnjava pozitivan efekat 
poboljšanja kvaliteta različitih aspekata aktivnosti i performansi jedne organizacije. S prepoznavanjem i 
povećanjem vrednosti Demingovih ideja, lančana reakcija se ponovo evaluira u ovom radu i prilagođava 
sredinama drugačijim od onih koje je dr Deming razmatrao, posebno onih kod kojih ne postoji konkurencija. U 
radu se naglašava jznačaj Demingovih ideja u kojima je pokazana sposobnost prilagođavanja različitim 
scenarijima od onih koje su prvobitno razmatrane.  
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OCCUPATIONAL HEALTH AND SAFETY 
MANAGEMENT SYSTEMS 
 
Abstract: Management systems are powerful tool for helping an 
organization fulfill its goals. This paper deals with occupational health 
and safety management systems, which are among the most common 
systems. Choosing the right management system can often be very 
difficult. The reason for this is the fact that there is a variety of 
occupational health and safety management systems. ISO standard for 
OHS management systems should make this decision easier. 
Comparing the elements of OHS management systems’ structures 
indicate that there is a great similarity between these systems.     

Key words: occupational health and safety, management systems, 
standard 

INTRODUCTION 

Health and safety at work can be defined as the 
realization of working conditions where all necessary 
preventive measures are implemented to eliminate 
injuries and occupational diseases and to ensure 
protection of employees. 

The goal of occupational health and safety is to: 

 Promote and sustain the highest degree of physical, 
mental and social well-being of all employees; 

 Prevent health deterioration caused by working 
conditions; 

 Adjust workplaces to employees’ capabilities. 

In modern business world, health and safety results are 
highly appreciated and can have a significant impact on 
companies’ overall success. Many successful 
companies are taking commitment to health and safety 
as an important factor when choosing their business 
partners. Potential clients are expecting from the 
companies to show their stability and social 
responsibility. Social responsibility is usually expressed 
in company’s attitude toward environment, local 
community and its employees. Quite often, many 
companies are requiring from their potential business 
partners to have a certified management systems for 
certain areas as a proof of their commitment.   

Occupational health and safety management system can 
be defined as a set of interrelated or interacting 
elements to establish OSH policy and objectives, and to 
achieve those objectives [1]. 

Companies most often implement occupational health 
and safety management systems by using specific 
guidelines. Lack of worldwide accepted guidelines lead 
to the development of their own by many countries.  
Some of those guidelines eventually become national 
and even international standards.  However, the 
comparison of these guidelines shows many 
similarities. Some of the best known and the most used 
guidelines in this area are: 

 BS OHSAS 18001, most popular OH&S standard 
in Europe and Asia; 

 ANSI/AIHA/ASSE Z10, preferred in USA, which 
is expected since this standard is national standard; 

 CAN/CSA-Z1000 standard issued by Canadian 
Standards Organization; 

 ILO-OSH 2001 published by International Labor 
Organization and is a guideline on occupational 
safety and health management systems. 

Occupational health and safety management systems 
are used to help organization to deal with its 
operational risks and to improve OH&S performances. 
An OH&S management system provides clear 
guidelines for more efficient management with all 
OH&S aspects, and are applicable in any business 
environment. These management systems give a 
special attention to incident preventions, risk reduction 
and employees’ welfare. 
The implementation of occupational safety and health 
management systems, which is often voluntary, i.e. 
implementation is not a legal obligation for employers 
but rather shows their commitment for improvement in 
this area, is a right path towards achieving success in 
this area. 
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OCCUPATIONAL HEALTH AND 
SAFETY MANAGEMENT SYSTEMS 

Common thing for all OH&S management systems is 
that they are based on the PDCA Methodology. The 
essence of the PDCA cycle is continuously monitoring 
of results. In case of occupational health and safety 
management system PDCA cycle can be described as 
follows: 

 Plan: establish the objectives and processes 
necessary to deliver results in accordance with the 
organization's OH&S policy; 

 Do: implement the processes; 

 Check: monitor and measure processes against 
OH&S policy, objectives, legal and other 
requirements, and report the results; 

 Act: take actions to continually improve OH&S 
performance [2]. 

 

 
 

Figure 1. PDCA cycle 

 

Most occupational safety and health management 
systems usually have elements shown on Figure 1. 

 

 
Figure 2. Elements of successful OH&S management 

system 

 

OH&S policy is an initial document used by top 
management for expressing their goals in area of 
OH&S and confirming their commitment for continual 
improvement. This policy must be in line with 
organization’s OH&S risk and it must show 
commitment to legal complying in area of OH&S. 
Policy must be communicated to all employees so that 
they know their obligations related to OH&S and 
should be available to all interested parties. Policy is 
periodically revised to insure it’s appropriate and 
relevant to organization.   

Planning is very important element of occupational 
health and safety management system and includes 
processes regarding a hazard identification, risk 
assessment and risk control. All activities and factors 
inside the organization must be taken in consideration. 
Then base on identified risks and with regard to legal 
requirements organization can determine its OH&S 
goal and establish programs for achieving these goals. 

Implementation and operation of OH&S policy lead 
toward meeting the organizations goals. In order to 
achieve its goals organization must clearly define roles 
and responsibilities of employees and provide the 
necessary resources. Communication, participation and 
consultation of all interested parties must be in place. 
Documentation is one of key segments of management 
system so control of documentation is mandatory. 
Organization also must insure an operations control, by 
having adequate control measures in place, and must be 
prepared to respond to any emergency situation.  

Checking in management systems is a way of 
determining its functionality through process of internal 
audits. Organization checks the functionality of 
management system by conducting monitoring and 
measurement of OH&S performances and periodically 
conducts evaluation of compliance to legal 
requirements. For each non-conformity, either real or 
potential, organization must take adequate preventive 
or corrective measures to eliminate them. 

Management review was a purpose of finding 
possibilities for continual improvement. In this review 
management should evaluate management system 
efficiency, OH&S policy, objectives and performances.   

 

ILO-OSH 2001 Guidelines 

ILO-OSH 2001 Guidelines is for sure one of most 
important publication on subject of OH&S 
management systems. In this publication presented to 
the public in 2001 for the first time, International Labor 
Organization gave the guidelines for occupational 
health and safety management systems that later had a 
big influence on further developments on this subject. 
This was expected, if we have in mind the weight that 
this publication has, mostly because it is published by a 
specialized agency of United Nations dealing with 
labor issues, the leading and worldwide recognized 
organization in this area. What is also specific about 
this guidelines that there are adopted, as well as all 
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ILO's conventions and recommendations, by decision 
of tripartite representation system.      

The basis for the guidelines given in ILO-OSH 2001 
can be found in ILO's conventions no. 155 concerning 
occupational health and safety and the working 
environment and no. 161 occupational health services 
convention, while no. 170 convention concerning 
safety in the use of chemicals at work and no. 174 
prevention of major industrial accidents convention had 
a significant influence in development of these 
guidelines. 

In these guidelines, International Labor Organization 
encourages for integration of OH&S management 
system with other management systems and 
emphasizing the need for making OH&S an integral 
part of business management [3]. 

This guidelines does not mandatory require a 
certification although there is a possibility for this. First 
of all, this certification is used as recognition of good 
practice if this is the wish of the country implementing 
the guidelines [4]. In practice, cases of certification 
together with other OH&S standards, such as OHSAS 
18001 or Z10, are most often. 

The guidelines presented in ILO-OSH 2001 used a 
foundation for development of several new and the 
improvement of existing occupational health and safety 
management standard. 

 

BS OHSAS 18001 standard 

OHSAS 18001 is a standard presenting the 
requirements for occupational health and safety 
management systems. It has been developed with the 
international collaboration of standard institutions from 
different countries, and the first version was published 
in 1999. British Standards Institution had a leading role 
in the development of this standard. The standard was 
updated in 2007 when it was adopted as a British 
standard. OHSAS 18001 is internationally recognized 
and highly accepted in Europe and Asia. This standard 
is used a basis for development of the first international 
OH&S standard that will be published under ISO.   

OHSAS 18001 provides tools for managing with 
occupational health and safety and is one of the most 
applied standards in this area. The number of 
organizations worldwide that choose to certify their 
OH&S management systems by OHSAS 18001 and 
consequently improvements in OH&S area that they 
have as a result of using OHSAS guidelines are best 
proof of quality of OHSAS standard.    

From the start, OHSAS 18001 was developed to be 
compatible with two most used management systems – 
ISO 9001 for quality and ISO 14001 for environmental. 
Changes in 2007 made OHSAS more aligned with ISO 
14001 and more compatible with ISO 9001 so 
integration of these management systems become much 
easier.   

OHSAS standard consist of two documents: 

 OHSAS 18001 Occupational health and safety 
management systems – Requirements. This 
document presents terms and definitions that are 
used and gives requirement that organization must 
meet if it wants to certify its OH&S management 
system according to this standard. As part of this 
document two informative annexes are given. First 
annex shows the correspondence between OHSAS 
18001, ISO 14001 and ISO 9001 standards, which 
confirms the compatibility of these three standards 
and chance for making one unique management 
system.  Second annex is a comparative review of 
requirements given in OHSAS 18001 and ILO-OSH: 
2001. This review indicates that there are no 
significant differences between requirements given 
in OHSAS and ILO-OSH, so by certifying on 
OHSAS standard organizations is also meeting the 
requirements for OH&S management systems by 
International Labor Organization.  

 OHSAS 18002 Occupational health and safety 
management systems – Guidelines for the 
implementation of OHSAS 18001. Core of this 
document are guidelines for meeting the 
requirements given in OHSAS 18001. These 
guideline can be very helpful since requirements in 
OHSAS 18001 document are given without a more 
detailed explanation. OHSAS 18002 helps 
organization to establish, implement or improve 
their occupational health and safety management 
system. Each requirement given in OHSAS 18001 
here is explained in details with suggested tools that 
can help in meeting these requirements. From four 
annexes in this document two are completely the 
same as in OHSAS 18001. Other two are giving 
examples of hazards and comparison of risk 
assessment tools and methodologies.  

 

ANSI/AIHA/ASSE Z10 standard 

ANSI/AIHA/ASSE Z10 is a first standard for 
occupations health and safety management systems 
with national consensus in USA. First version of this 
standard was published in 2005 by American National 
Institute for Standards ANSI, founding member of 
International Organization for Standards ISO and only 
USA representative in this organization. This standard 
was developed in cooperation with American Industrial 
Hygiene Association AIHA. Work on this standard 
started in 1999 by team that consisted of numerous 
health and safety professionals. Standard is highly 
accepted in USA where over 7000 copies of 2005 
version are sold. American Society of Safety Engineers 
ASSE was involved in further development of this 
standard so the actual version of this standard is issued 
as ANSI/AIHA/ASSE Z10-2012.  

Great attention to compatibility with ISO 9001 and ISO 
14001 was given when this Z10 standard was 
developed. 
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Although Z10 is accepted as national standard in USA, 
and great number of companies have certified their 
OH&S management systems by it, OHSAS is a choice 
of some American companies, predominantly those 
doing business in European and Asian markets. 

 

CAS Z1000 standard 

Canadian Association for Standards CAS published in 
2006 occupational health and safety management 
system standard titled CAS Z1000. This standard was 
later approved by Canadian Council for Standards CCS 
and it reached a national consensus. Standard shows 
great similarity with other standards in this area like 
Z10, OHSAS 18001 and ILO guidelines. Specific for 
this standard is that it’s closely aligned to specific legal 
requirements for OH&S applied in Canada.  

Therefore it never achieved greater popularity outside 
of Canada. There are cases where Canadian companies 
have certified their OH&S management systems by 
both CAS Z1000 and OHSAS 18001. CAS Z1000 is 
compatible with ISO 9001 and ISO 14001 which makes 
their integration much easier. 

 

ISO 45001 standard 

Idea of creating internationally recognized standard for 
occupational health and safety management systems 
under ISO first emerged in mid 90ies [3]. First decision 
on this issue has made in 1996 when work group came 
to a conclusion that ISO should leave this task to 
International Labor Organization as more credible for 
giving OH&S guideline. British Standards Institution 
actualized this issue again in 1999 but they were faced 
with a strong international opposition and even 
campaign was lead to stop all BSIs efforts on this. This  
opposition can be attributed to the fact that this issue 
was raised by BSI at the time when ILO already spent 
more than a year working on guidelines for 
occupational health and safety management system that 
were published as ILO-OSH on January 2001. 

This stopped all tendencies for creating ISO standard in 
this area for long time. Eventually this topic was 
brought to attention again in 2013 and for a first time 
ISO formed a technical committee named ISO/PC 283 
with task to develop first ISO standard for occupational 
health and safety management systems. Final version of 
this standard, named ISO 45001 is expected by October 
2016.  

ISO 45001 will be a successor of OHSAS 18001, as it’s 
vastly based on it. Development of ISO 45001 standard 
is done by following new guideline that ISO presented 
in Annex SL, framework for management system that 
all standard issued by ISO must follow, will 
significantly improve integration of management 
systems specially after ISO 9001 and ISO 14001 
revision, planned for 2015 [5].  

Publishing of ISO 45001 standards will lead to a 
harmonization in occupational health and safety 
management worldwide so that companies from 
different part of the world can compare their OH&S 
results easier. 

 

INTERGRATED MANAGEMENT 
SYSTEMS 

Integration of different management systems become a 
necessity because of the increasing number of 
companies implementing several management systems. 
Companies are choosing which management system 
will implement based on their needs and requirements 
of their clients. Management systems that are mostly 
integrated are by ISO 9000 standard for quality 
management, ISO 14000 standard for environmental 
management and by some of occupational health and 
safety management system standards, like OHSAS 
18001 or Z10. These standards are one of most widely 
applied systems in the world as majority of companies 
have a need to achieve good results on these three 
areas. Beside these management systems following 
ones can be often found as a part of IMS: ISO 22000 
standard for food safety management; ISO 22301 
standard for business continuity management systems; 
and ISO/IEC 27001 - information security management 
standard. 

Benefits of integrated management system are [6]: 
 Integration of management systems is more 

efficient and cheaper than having separate 
management systems; 

 Integrations rationalize the use of company 
resources by reducing the number of policies, 
documents and records; 

 Managing of IMS goals is more efficient and 
easier than managing goal of individual systems; 

 Internal and external audits of integrated 
management system are cheaper and more efficient 
than auditing of separate management systems; 

 Overlapping of functions within the company is 
significantly reduced. 

Main goal of integrated management systems is to 
provide a clear guidelines for a more efficient, effective 
and productive business [7]. 
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Table 1. Correspondence between OH&S management system 

Structure of OHS Standard ILO-OSH 
2001 

OHSAS 
18001-2007 

ISO/CD 
45001  

ANSI/AIHA/ASSE 
Z10-2012 

CAS Z1000-
06 

Scope 1 1 1 1 1 

Reference publications Bibliography 2 2 Appendix O 2 

Definitions Glossary 3 3 2 3 

OHSMS           

General 3 4.1 4.1; 4.3; 4.4 3.1.1 4.1 

Responsibility, accountability 
and authority 

3.3 4.4.1 5.1; 5.3; 7.1 3.1.3 4.2.2.1 

Management representatives 3.3.3 4.4.1 5.1 3.1 4.2.2.2 

Worker participation 3.2 4.4.3 7.4.2 3.2 4.2.3 

OHS policy 3.1 4.2 5.2 3.1.2 4.2.4 

Planning           

General 3.8 4.3 6 4.0 4.3.1 

Review 3.7 / /  4.1 4.3.2 

Legal and other requirements  / 4.3.2 4.2; 6.1.3  / 4.3.3 

Hazard and risk identification 
and assessment 

3.10.2.2 4.3.1 6.1.1-6.1.6 4.2 4.3.4 

OHS objective and targets 3.9 4.3.3 6.2.1; 6.2.2 4.3 4.3.5 

Implementation           

General / / 8.1 4.4; 5.1 4.4.1 

Preventive and protective 
measures 

3.10.1 4.4.6 8.1.1 5.1.1 4.4.2 

Emergency prevention, 
preparedness and response 

3.10.3 4.4.7 8.6 5.1.5 4.4.3 

Competence and training  3.4 4.4.2 7.2 5.2 4.4.4 
Communication and 
awareness 

3.6 4.4.3 7.4.1; 7.3;  5.3 4.4.5 

Procurement 3.10.4 4.4.6 8.4 5.1.3 4.4.6.1 

Contracting  3.10.5 4.4.6 8.3; 8.5 5.1.4 4.4.6.2 

Management of change 3.10.2 4.3.4 8.2 5.1.2 4.4.7 

Documentation           

General 3.5.1 4.4.4 7.5.1 5.4 4.4.8.1 

Control of documentation 3.5.2 4.4.5 7.5.3 5.4 4.4.8.2 

Control of records 3.5.3 4.5.4 7.5.2 5.4 4.4.8.3 

Evaluation and corrective 
action 

          

General / 4.5 9.1 6 6 

Monitoring and measurement 3.11 4.5.1 9.1.1 6.1 6.1 
Incident investigation and 
analysis 

3.12 4.5.3 10.1 6.2 6.2 

Internal audits 3.13 4.5.5 9.2.1; 9.2.2 6.3 6.3 
Preventive and corrective 
actions 

3.15 4.5.3 10.1 6.4 6.4 

Management review           

General 3.14 4.6 9.3 7.1 5.1 

Continual improvement 3.16 4.6 10.2 4.3 5.2 

Review input 3.14.3 / / 7.2 5.3 

Review output 3.14.4 / / 7.2 5.4 
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CONCLUSION 

There is a significant number of different guidelines, 
recommendations and standards for occupational health 
and safety management systems; therefore, great 
similarity in most of them is easily noticeable. Almost 
all management systems are based on PDCA 
methodology, they have similar structure and as the key 
element, they promote a continuous improvement. 

The important factor when deciding which OH&S 
management system to implement is the markets where 
company is doing business. So if some company is 
oriented mostly on the USA market, then best choice is 
to certify its OH&S management system by Z10 
standard or Z1000 in case of Canada, while companies 
oriented on international market will chose OHSAS 
18001 standard [8]. Publishing of first ISO standard for 
OH&S management systems will bring a significant 
improvement in the process of integration of 
management system, and companies will much easier 
choose which OH&S management system to 
implement.  

The implementation of OH&S management system 
gives a positive impact of health and safety 
performance and improves the overall efficiency in 
managing health and safety issues. OH&S management 
system provides a framework for risk identification and 
control reduces the number of potential incidents and 
makes meeting of legal requirements easier which all 
led to improvement of overall business results.    
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SISTEMI UPRAVLJANJA BEZBENOŠĆU I ZDRAVLJEM NA RADU 

Bojan Bijelić, Nikola Mišić, Aca Božilov  
 
Apstrakt: Sistemi upravljanja predstavljaju moćan alat koji pomaže organizaciji u ispunjavanju ciljeva. Ovim 
radom će biti obuhvaćeni sistemi upravljanja bezbednošću i zdravljem na radu, koji prestavljaju jedne od 
najprimenjivanijih sistema. Koji sistem upravljanja je najbolje implementirati je često pitanje na koje se teško 
nalazi odgovor. Razlog za ovo leži, pre svega, u činjenici da postoji veliki broj sistema upravljanja BZNR-om. 
Objavljivanjem ISO standarda za sisteme upraljanja BZNR-om trebalo bi da se donekle olakša izbor pravog 
sistema. Poređenje elemenata koji čine strukture najpopularnijih sistema upravljanja BZNR-om ukazuje na veliku 
sličnost koja postoji među ovim sistemima. 
 
Ključne reči: bezbednost i zdravlje na radu, sistemi upravljanja, standard. 
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TEORIJA SISTEMA I RIZIKA  
 
Suzana Savić, Miomir Stanković 
 
Udžbenik „Teorija sistema i rizika“ autora dr Suzane 
Savić i dr Miomira Stankovića ima pet poglavlja. 
Svako poglavlje sadrži rezime (na srpskom i engleskom 
jeziku), cilj, podpoglavlja, pitanja za proveru znanja i 
literaturu. 

U prvom poglavlju,  „Osnovi teorije sistema“, date su 
karakteristike, zakonitosti i zadaci opšte teorije sistema, 
kao i osnovne odlike sistemskog pristupa, sistemskog 
mišljenja i sistemske analize. Definisani su opšti 
sistemski pojmovi, zatim kvalitet, nivoi i atributi 
kvaliteta i životni ciklus sistema. 

U drugom poglavlju pod nazivom „Istraživanje 
sistema“ analizirane su faze i funkcije sistemske 
analize, kao i algoritam postupka istraživanja sistema. 
Prezentovane su matrice transformacije sistema, 
matrice za prikazivanje statičkih i dinamičkih odnosa 
elemenata sistema i matrice veza elemenata i sistema. 
Posebna pažnja je posvećena modelima sistema. 
Analizirani su matematički modeli (model u obliku 
diferencijalnih jednačina, model u obliku prostora 
stanja i model u obliku funkcije prenosa) i analogije u 
matematičkom modeliranju, zatim grafički modeli 
(blok-dijagrami, grafovi toka signala, bond-grafovi i 
Petri mreže) i logički modeli.  

„Upravljanje sistemom“ je naziv trećeg poglavlja. U 
njemu su prikazani tipovi, elementi i karakteristike 
sistema upravljanja. ... Prikazane su i analogije u 
ponašanju različitih tipova sistema: električnih, 
pneumatskih, ekonomskih, hemijskih, bioloških. S 
obzirom na značaj odlučivanja u upravljačkom procesu, 
deo ovog poglavlja je posvećen karakteristikama, 
fazama, nivoima i vrstama odlučivanja. 

Četvrto poglavlje rukopisa, koje nosi naziv „Osnovi 
teorija rizika“, sadrži definicije rizika, suštinu, prirodu 
i karakteristike rizika, zatim osnovne i izvedene 
pokazatelje rizika, metode za kvantifikaciju rizika 
(metod verovatnoće, metod ekspertnih ocena i matrični 
metodi), kao i mogućnosti i ograničenja primene 
pojedinih metoda. Posebno su analizirani individualni, 
socijalni, tehnički, ekološki i ekonomski rizici. Na 
kraju su razmatrane i vanredne situacije, kao poseban 
vid rizika. 

U petom poglavlju, „Upravljanje rizikom“, date su 
karakteristike, pristupi, elementi i faze upravljanja 
rizikom,  kao i neki od načina strukturiranja procesa 
upravljanja rizikom. Analizirane su karakteristike i 
specifičnosti sistema za upravljanje rizikom, a zatim 
prikazani programi i mere za prevenciju i eliminisanje 
uzroka i posledica rizičnih događaja. Na kraju poglavlja 
je prikazan hibridni model upravljanja rizikom 
kompleksnih sistema, koji obezbeđuje dinamičku 
integraciju različitih tehnika modeliranja i predstavlja 
osnov za realnu analizu i upravljanje rizikom 
kompleksnih sistema.  

Udžbenik „Teorija sistema i rizika“ je po sadržaju 
usklađen sa istoimenim predmetom na studijskom 
programu osnovnih akademskih studija „Zaštita radne i 
životne sredine“. U rukopisu se na pregledan, 
pristupačan i konzistentan način izlažu, objašnjavaju i 
ilustruju osnovne pojmovne kategorije teorije sistema i 
teorije rizika, a kroz primere razvija veština primene 
sistemskog pristupa u analizi i rešavanju 
multidisciplinarnih problema upravljanja rizikom radne 
i životne sredine. 

Publikaciju mogu koristiti i studenti drugih fakulteta 
radi sticanja osnovnih ili dopunskih znanja iz oblasti 
teorije sistema i rizika, kao i sva lica koja se u svom 
stručnom i profesionalnom radu susreću sa problemima 
upravljanja rizikom. 

 

Dr Mirjana Vidanović, vanr. prof. 

Fakulteta zaštite na radu u Nišu 
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RISK ASSESSMENT METHODS 
Miroljub D. Grozdanović 
Evica I. Stojiljković 
 

Summary: Creation of safe and good living and working 
conditions (reduction of injuries, professional diseases and 
disabilities, fire elimination and prevention, emergency 
management, environmental protection, etc.) is 
accomplished through application of diverse and complex 
preventive measures, which help prevent and eliminate 
occupational and environmental risks of different nature 
and character. 

The most important methodological step for adequate risk 
management is risk assessment. Risk assessment is an 
analytical instrument for designating risk factors to human 
health or material and natural resources, as well as for 
determining priorities for risk reducing measures. 

An analysis of such a complex issue inevitably leads to the 
emergence of numerous fields of research, both in our 
country and in the rest of the world. Proper consideration 
of the issues in these fields will result in optimal solutions. 
Nevertheless, some globally very highly developed 
approaches are underutilized in our country and even the 
widely accepted systemic approach to research is 
insufficiently used, which necessarily entails 
methodological reorientation in domestic research in order 
for it to get closer to global developmental tendencies. 
Therefore, the study of risk in complex systems requires a 
synergetic approach based on multidisciplinary principles 
as this is a complex issue that requires a comprehensive 
analytical and prognostic assessment of the actual and 
expected state in occupational and environmental risk 
management.  

The basic idea in conceiving the content of this 
publication was to present years of research by the authors 
in the field of system safety and risk and to gather and 
systematize in one place the most significant methods for 
occupational and environmental risk assessment. In 
keeping with this idea, the content is presented through ten 
chapters. 

In the first chapter, Basic Risk Related Terminology, the 
authors’ research interests are focused on determining and 
defining basic terms and concepts used in risk theory. The 
basic risk terminology – hazard, risk, emergency, accident 
– is presented, as well as definitions and classifications of 
risks, emergencies and accidents. Without any pretension 
of being overly comprehensive, the authors’ intention was 
to show the fundamental distinctions between the 
aforementioned terms in order to establish a necessary 
theoretical background for the subsequent part of the 
publication, which pertains to risk management. 

Chapter two, Risk Management – Approaches and 
Characteristics, develops the concept of occupational and 
environmental risk management and analyzes in detail the 
approaches (contexts, frameworks) of risk management 
globally and domestically. As indicated by the literature, 
the initial steps for studying and implementing risk 
management were made in Australia, the USA, and the 
UK. The final step of this research is the analysis of risk 
management based on the ISO 31000:2009 standard. Risk 
management systems by all means reflect the socio-
economic conditions of communities in which they are 
implemented, which is why variations among risk 
management systems in different countries are 
considerable but expected. The variations are caused by 
economic development, legal systems, political and 
territorial organization, social systems, and natural 
features, but also by other objective and subjective needs 
and possibilities. 

The third part of the publication, Basic Stages of Risk 
Management, elaborates on the fundamental theoretical 
and methodological postulations of risk management. In 
fact, the authors consider and conceptually shape the basic 
stages of risk management, which aid the process of 
defining and establishing a unified methodology for risk 
assessment and management. The stages are presented by 
means of an algorithm designed as a result of years of 
work on this issue. 

Occupational and environmental risk assessment is based 
on continual application of the analytic-synthetic 
methodological approach because it provides stable 
balance of the system, which is exposed to constant 
changes in operating conditions and numerous other 
influences. Since risk assessment is the foundation of risk 
management, it is necessary to be acquainted with the 
methods that can be used for this purpose. 

According to the data they use, risk assessment methods 
can be qualitative, quantitative, and combined. They are 
divided into probability assessment and consequence 
assessment methods. The purpose of probability 
assessment methods is to identify and quantify areas 
where risk can potentially occur, whereas the purpose of 
consequence assessment methods is to assess negative 
consequences and their potential effects, as well as to 
describe possible safety measures for eliminating those 
effects. 

According to the ISO 31010:2009 and considering the 
steps involved in risk assessment, the methods are 
classified into methods for risk identification, methods for 
risk analysis, and methods for risk assessment. The choice 
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of risk assessment method depends on: the capabilities of 
the method itself; the complexity of the process; 
organizational level and amount of experience related to 
the process; the degree of indeterminacy of the problem, 
i.e. the quality of available information; the resources 
necessary for the implementation of risk analysis and 
assessment; the depth of analysis; etc. 

According to the aspect of application, risk assessment 
methods are classified into methods for risk assessment of 
technical systems, methods for human reliability 
assessment, and methods for accident analysis, and 
methods for management analysis. Each of these groups 
of methods is elaborated in more detail in separate 
chapters. 

The fourth chapter, Methods for Risk Assessment of 
Technical Systems, covers methods used to identify energy 
in analyzed systems, to identify hazards and their 
operational elimination, to identify the type of failure and 
potential effects on the system, to design a graphoanalytic 
model of technical system failure, or to model an 
undesired event through event sequence identification. 
The methods in this group on which the authors are 
especially focused are the following: Energy Analysis, 
Hazard and Operability Analysis, Failure Mode and 
Effects (and Criticality/Detection) Analysis, Fault Tree 
Analysis, and Event Tree Analysis. 

Analysis of referent literature suggests a conclusion that 
the human factor is the dominant cause of risk events. Yet, 
even when the human factor is not dominant, the authors 
agree on the role and importance of human errors in 
assessing hazards and risks in those systems to which 
these terms usually pertain (in hi-tech industrial systems, 
including nuclear, chemical, electric power, and similar 
plants). Beginning with these facts and findings, the fifth 
chapter, Methods for Human Reliability Assessment, 
contains human error analysis and an overview of methods 
for human reliability assessment with the purpose of 
classifying, identifying, quantifying, and reducing human 
errors. The chapter also contains a detailed description of 
the Human Error Assessment and Reduction Technique. 

Traditional methods for accident analysis analyze only 
accident reports, without establishing any correlations 
between relevant factors of accident causes and effects, 
and therefore cannot propose adequate solutions for the 
provision of safe work of man-operator. Accordingly, the 
sixth chapter, Methods for Accident Analysis, deals with 
modern methods for accident analysis: Safety Function 
Analysis, Deviation Analysis, Change Analysis, Job 
Safety Analysis, and the Complex Method for Assessment 
of Overall Hazard of an Accident. The purpose of these 
methods is to identify and analyze deviations that may 
lead to accidents, to identify parameters that determine 
safety levels and changes that may increase system risk, 
and to calculate hazards of accidents caused by the 
operation of technological processes, by the human factor, 
and by the environment. 

Organizational and management activities in complex 
systems are not always properly coordinated and their 
harmonization poses a big problem. The methods oriented 
towards organizational and management activities 

determine e.g., how a system is designed, how operational 
activities are being implemented, who works in the plants, 
how a system is managed, and which safety measures are 
in place. The quality and proper orientation of these 
activities is of paramount importance for the analysis and 
assessment of hazards and the ways of risk control. The 
chapter Methods for Management Risk Assessment is the 
seventh chapter of the publication. It describes methods 
for risk assessment of management activities, whose aim 
is to objectively verify whether the implementation of 
management systems for quality, environmental 
protection, and occupational safety and health complies 
with international standards. These methods are also used 
to identify organizational and management errors by 
analyzing accidents with logical diagrams and by 
integrating partial management systems into a single 
management system. Analysis of this complex 
organizational and management issue employs a variety of 
techniques, tools, and systems, and the authors opted for a 
comprehensive definition and review of the following 
ones: Safety, Health and Environmental Management 
System, Audits, Management Oversight, and Risk Tree. 

Environmental protection is becoming a priority of almost 
every organization. Implementation of the eco-
management system and of the legislation of developed 
countries requires a proactive approach to environmental 
protection in all its aspects. Important tools for the 
implementation of an efficient and effective eco-
management system are Life Cycle Analysis and 
Exergetic Life Cycle Analysis, which represent Methods 
for Environmental Risk Analysis (Chapter Eight). The 
purpose of these methods is to assess the environmental 
properties of products and processes and to summarize 
their possible environmental impact in each life-cycle 
stage, from the extraction of raw materials, through 
production, distribution, and use to their disposal. 

The ninth chapter, Case Studies, covers the practical 
application of the most frequently used risk assessment 
methods. The common feature of each of the methods 
presented is that the use of adequate information support 
increases implementation efficiency, process transparency, 
and generation of relevant information for teams, all for 
the purpose of adequate risk assessment and support of 
decision making regarding occupational and 
environmental safety and improvement. 

In the tenth, and final, chapter, entitled Concluding 
Remarks, the authors emphasize the importance of the 
analyzed methods and their contribution to risk 
assessment and also highlight the value of the synergy of 
those methods through various stages of risk assessment. 
Based on years of research, the authors reach an 
undeniable conclusion that only synergetic 
implementation of risk assessment methods can provide 
hazard identification in the studied systems, risk 
assessment of complex systems, and introduction of 
adequate measures to reduce risk to an acceptable level. 

Annotation: Upon decision No. 03-87/4 of the Academic 
Coouncil of the Faculty of Occupational Safety, 
University of Nis, the publication titled “Risk Assessment 
Methods” has been categorized as a Monograph of 
national significance. 
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ALEKSANDAR INŽENJERING D.O.O. 
Novi Sad, Srbija 

Prodaja i servis mernih instrumenata 
http://www.merniinstrumenti.com 

 
TERMOVIZIJSKE KAMERE 
Instrumenti za termovizijsku dijagnostiku 

 
Termovizijska dijagnostika se koristi u tehničke i medicinske 
svrhe, a posebno je našla primenu u zaštiti i bezbednosnim 
sistemima. Termovizijske kamere omogućavaju da ljudsko 
oko sagleda ono što ne može da vidi. Svako telo emituje 
određenu količinu energije koja može da se registruje 
kamerom za termoviziju.  
Na osnovu rezultata snimanja ili posmatranja kroz objektiv 
kamere, registruje se infracrveno ili toplotno zračenje i 
najnižeg stepena, a omogućava se izuzetno precizno merenje 
temperature bez ikakvog kontakta sa objektom čije se fizičke 
karakteristike mere. Na osnovu rezultata dobijenih 
testiranjem moguće je napraviti preciznu evaluaciju 
mehaničkih, termičkih, električnih i bioloških procesa. 
Informacije o struji, voltaži, otporu i energiji su dragoceni za 
adekvatno postavljanje električnih instalacija i njihovo 
puštanje u rad.   
Kineska kompanija Wuhan Guide Infrared, koju na našem 
tržištu zastupa "Aleksandar Inženjering", godinama 
unapređuje tehnologiju registrovanja termalne, odnosno 
infracrvene energije. Termovizijske kamere "Wuhan Guide 
Infrared" su tehnološki superiorni proizvodi, visokih 
performansi i za životnu sredinu neškodljivi. 
 

Za industriju 
TP8 serija 

 

EasIR Serija i EasIR-9 

EasIR Serija je nova infracrvena kamera 
proizvođača Guide, koja pomera granice 
infracrvenog snimanja svojim odličnim 
karakteristikama i niskom cenom. 
Dizajnirana je za rad pod teškim radnim 
uslovima i za korisnike, koji ne moraju 
biti visoko obučeni, EasiR Serija je 
otporna na udarce i robus tna i pod 
najtežim radnim uslovima. 
 

Za medicinu 
Termovizijske kamere vrlo lako i precizno detektuju 
detektuju temperatune razlike pojedinih delova površine tela 
čoveka i životinja i mogu se koristiti u mnogim medicinskih 

granama kao u epidemiologiji, virusologiji, reumatologiji, 
hirurgiji, dijagnostici kancera, metaboličkih bolesti, 
vaskularnih promena, stomatologiji, kao i za otkrivanje 
različitih bolesti i pre nego što su doživeli punu kliničku sliku 
pa je značajna njena uloga u ranom otkrivanju i prevenciji. 

 

 

 
 

Za zaštitu od požara, zaštitu radne i životne sredine 
Protivpožarna ručna termička kamera IR1190 je opremljena 
sa detektorom ultravisoke rezolucije, što joj omogućuje 
prikazivanje slike besprekorne jasnoće, a time se pomaže 
vatrogascima da vide kroz oblake dima i da identifikuju 
moguće žrtve pre nego što do dođe do povrede, ili smrti 

 

Napredna tehnologija infracrvenog merenja temperature vam 
pomaže da odredite tačan izvor vatre, a time da donesete 
tačnu i blagovremenu odluku, koja neće biti ugrožena od 
strane nepreciznosti merenja detektora. Na raspolaganju je i 
bežični prenos video informacija, kojim se može ostvariti 
slanje žive slike iz prve ruke u komandni centar, gde se onda 
mogu doneti brze i precizne odluke. 

http://www.guide-infrared.com/Main.aspx?lang=en
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All papers published in the journal are subjected to peer 
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form. 
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