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Dragan Adamović
OCCUPATIONAL SAFETY IN THE MEDICAL LABORATORY
Abstract
The laboratory environment can be a hazardous workplace. Laboratory workers are exposed to
numerous potential hazards including chemical, biological, physical and radioactive hazards, as well as
musculoskeletal stresses. Within this work, the concentration levels of formaldehyde in the laboratories
of the Department of Anatomy, Faculty of Medicine were monitored. The research aimed to provide the
basis for determining measures to eliminate the risk of developing cancer as a result of the influence of
formaldehyde on the health of employees and students in medical laboratories. In order to define
corrective measures, formaldehyde concentrations were determined at different sites within the
Department. Based on the obtained values, health risks for employees have been estimated. The results
of the research indicate a significant overload of the concentration levels of formaldehyde recommended
by international expert organisations to which, in a large extent, the teaching staff of the Department
were exposed. According to the obtained results, appropriate protection measures were defined.
Key words: formaldehyde, medical laboratory, anatomical specimens

INTRODUCTION
Formaldehyde (FA) is a flammable, colourless gas with a strong pungent odour [1]. In industrial
conditions FA is synthesised by the methanol oxidation. FA reacts with strong oxidisers, alkalis, acids,
phenols, and urea. It is between 25 the most abundantly produced chemicals in the world and it is used
in the manufacture of plastics, resins, and urea formaldehyde foam insulation [2]. FA containing resins
are used in the manufacture of a wide variety of organic products, explosives, artificial silk, and dyes.
In the agricultural industry, FA has been used as a fumigant, an insecticide, a germicide and fungicide
for plants, and in the manufacture of slow-release fertilisers [3]. FA is found in construction materials
such as plywood adhesives.
It has been used as an embalming fluid widely used in anatomy laboratories. Cadavers in anatomy
laboratories are usually preserved by formalin, an embalming fluid which contains FA as a principal
component. The FA tends to polymerise at high concentrations, and after long storage periods, for the
above mentioned reasons it is often used commercially as a 37%-40% solution of FA known under the
name formalin [4].
A major route of FA exposure for the general population is inhalation of indoor air [5]; releases of FA
from new or recently installed building materials and furnishings may account for most of the exposure.
Due to its extreme reactivity, FA is classed as both a potent irritant and sensitiser and is intensely
irritating to mucous membranes. Its presence is easily felt even in concentrations well below 1ppm [6].
Many published studies have also shown the odour threshold to be well below 1 ppm (odour threshold
is 0.5 to 1.0 ppm). For sensitised persons, an odour is not an adequate indicator of FA presence and may
not provide reliable warning of hazardous concentrations because odour adaptation can occur [7]. FA is
strong an eye, skin, and respiratory tract irritant. Inhalation of vapours can produce a narrowing of the
bronchi and an accumulation of fluid in the lungs. It is important to note that FA is a sensitiser. This
means that even with continued exposure to low-level concentrations, the senses become fatigued and
the chemical’s numbing effect takes over with the irritating effects gradually subsiding.
Acute Exposure to FA vapours produces immediate local irritation in mucous membranes, including
eyes, nose, and upper respiratory tract. Low-dose acute exposure to FA can result in headache, rhinitis,
and dyspnea; while higher doses may cause severe mucous membrane irritation, burning, and lower
respiratory effects such as bronchitis, pulmonary oedema, or pneumonia. Even at very low FA doses,
sensitive individuals may experience asthma and dermatitis. FA vapours are slightly heavier than air
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and can result in asphyxiation in poorly ventilated, enclosed, or low lying areas. Exposure to low
concentrations of FA vapour can cause eye irritation, which stops within minutes after exposure has
ended. Depending on the concentration, FA solutions may cause momentary discomfort and irritation
or more severe effects, including corneal opacification and loss of vision [8]. Formalin burst into the
eyes can result in corneal ulceration, perforation, a death of eye surface cells, and permanent loss of
vision; these effects may be delayed for 12 hours or more. Acute exposure to FA vapour or formalin
solutions can cause skin irritation and burns. In sensitised persons, contact dermatitis may develop at
deficient exposure levels.
Perhaps the most significant problem, when it comes to the harmful effect of FA on human health, is
chronic exposure to low and sub-low concentration levels of FA. Major concerns of repeated or chronic
exposure to FA are sensitisation and cancer [9,10]. Occupational studies have noted statistically
significant associations between exposure to FA and increased incidence of lung and nasopharyngeal
cancer [11,12]. In sensitised persons, chronic exposure to FA can cause asthma and contact dermatitis.
In persons who are not sensitised, prolonged inhalation of FA at low levels is unlikely to result in chronic
pulmonary injury. Negative effects on the central nervous system as increased prevalence of headache,
depression, irritability, insomnia, and attention deficit, have been reported as a consequence of longterm exposure.
Ingestion of 30 mL of a solution containing 37% formaldehyde has been reported to cause death in an
adult. Ingestion of FA may cause corrosive injury to the gastrointestinal mucosa, with nausea, vomiting,
pain, bleeding, and perforation. High FA concentrations cause precipitation of proteins, which results in
cell death. Absorption from the respiratory tract is very fast; absorption from the gastrointestinal tract is
also fast but may be deferred by ingestion with food [13]. Once absorbed, FA is metabolised to formic
acid, which may cause acid-base imbalance and many other systemic effects.
Occupational exposure to formaldehyde
Occupational exposure to FA can occur during its production and during its use in the production of end
products, in the textile industry, in the building materials industry, and in laboratories. In the European
Union, the number of workers exposed to FA above the background level is calculated to be 1.7 million
[14]. Although most exposed workers are foreseeably engaged in chemical and plastics factories, the
highest mean levels of exposure were actually recorded in the health-care sector [15]. Health care
professionals may be exposed to FA vapours during preparation, administration, and/or clean-up of
various medicines. Pathologists, histology technicians, morticians, and teachers and students who handle
preserved specimens may also be exposed.
Standards referred to as legal standards or as recommendation standards are established by several
organizations in the world. These standards include ‘Ceiling Limit’, a limit that should not be exceeded
even instantaneously at any time during the work day; short-term exposure level (STEL) refers to the
concentration to which employees can be continuously exposed for 15 min without any adverse health
effects; and time-weighted average (TWA) concentration which is an 8-h (working-day or 40 h workweek) average concentration under which it is believed that nearly all the employees may be repeatedly
exposed to throughout their lifework without any adverse health effects. These legal and recommended
standards are established to protect subjects from acute and chronic health effects of the substances.
Currently, there are substantial differences among associations' guidelines concerning FA occupational
exposure, not only in terms of parts per million (ppm) limits but also regarding which values to assess
[16]. For example, the American National Institute for Occupational Safety and Health (NIOSH)
proposes recommended exposure limits as an 8-h time-weighted average (TWA) (0.016 ppm) and a 15min short-term exposure limit (STEL) (0.1 ppm), which are significantly lower than the workplace
exposure limits indicated by the UK's Health and Safety Executive (2 ppm for both the TWA and a 10min STEL) [14].
The current OSHA permissible exposure limit (PEL) for all workplaces covered by OSHA is 0.75 ppm
for an 8-hour TWA, and the short-term exposure limit (STEL) is 2 ppm over a 15-minute period. The
"action level" is 0.5 ppm measured over 8 hours. NIOSH has recommended a 0.1 ppm ceiling exposure
concentration over a 15-minute period in the workplace [17].
In contrast, the People's Republic of China, New Zealand, Finland, Israel, Canada indicate FA
occupational exposure limits in terms of a ceiling (C). Similarly, the American Conference of
Governmental Industrial Hygienists for many years adopted a threshold limit value ceiling (TLV-C)
(0.3 ppm). In 2016, however, they began requiring additional information: TLV-TWA (0.1 ppm) and
2
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TLV-STEL (0.3 ppm) [14]. Likewise, the European Scientific Committee on Occupational Exposure
Limits recently proposed an FA-related TWA of 0.3 ppm, but a STEL of 0.6 ppm [18].NIOSH's
Immediately Dangerous to Life or Health is 20 ppm for FA [19].
Laboratory technicians, students and instructors are continuously exposed to FA during their work in
the laboratories. Thus, the objectives of this paper were to measure the concentration levels of FA in the
Anatomy laboratory of the Faculty of Medicine and to compare the findings with the standards. Other
goals of this research were to provide relevant data about FA concentration levels during the standard
teaching process and to assess the health risks of students, teaching and non-teaching staff residing on
the premises of the Department.
METHODS
The measurements of TWA concentration levels of FA were conducted at five locations inside the
Anatomy Department in order to assess the exposure level of students and employees of the institution
during the process of conducting pre-exam exercises for the final exam. This is the period of the year,
when students, teaching and non-teaching staff are exposed to the highest concentration levels of FA
due to the largest number of anatomical specimens that have been extracted from formalin. The task of
this study was to get the most realistic image of workroom contamination levels, i.e. to make sure that
the monitoring of FA concentration levels follows the Department’s standard practice without letting
the sampling procedure disrupt the normal work operations in any way whatsoever.
Air sampling was conducted in two classrooms, storage room, preparation room and break room in
which the employees, professors and support technical staff reside during their breaks in the process of
conducting classes. Samples were collected with a constant flow pump using the air sampler PRO EKOS
401-x. The air was infiltrated through the Drechsel bottles with diffuser frit containing absorption
solution for FA. Absorption solution was prepared by adding 9.5 ml of concentrated sulfuric acid and
0.5 ml of 1% chromotropic acid into the Drechsel bottle. The air flow was set at 0.5 dm3·min-1. Samples
were then analyzed in the same day, as the intensity of purple colour of the absorption solution remains
stable only for a few hours.
Each sample was analyzed by adding 0.1 mL of 1% chromotropic acid and 6 mL of concentrated H2SO4
to 4 mL of the sample solution. The solution was gently swirled to mix and left for 2–3 hours to cool
down and to form a colored solution. A 2-cm cuvette was filled with the colored solution and placed in
the spectrophotometer (Model Hach DR 5000- Germany), and the absorbance was read at 580 nm,
against a blank solution (a solution containing 4-mL deionized water and treated as a sample). Finally,
the FA content of the sample was determined using pre-prepared calibration curve.
The results are presented in Table 2 for the duration of time during which the samples were collected
and as 8-h TWA.
Statistical analysis
The monitoring results were subjected to statistical analysis. The analysis of results was performed with
Statistica version 21, separately for each location. Conformity observed distributions with the theoretical
normal distribution were analysed using the values of Skewness and Kurtosis and the homogeneity of
variance for tested results of measurements was analysed using Levene’s test. The results were analysed
with analysis of variance (ANOVA) and post-hoc Tukey’s test; p=0.05 was adopted to determine the
significance of differences between results for the different locations.
The mutual influence of the different emission sources is calculated using the Pearson's correlation
coefficients between the concentration levels of the FA in the various premises of the Department.
RESULTS AND DISCUSSION
The use of formaldehyde in the preservation of human specimens has been a common practice for
centuries. In medical colleges, cadavers for anatomy laboratories are usually prepared by using FA as
embalming fluid. In the presence of cadavers and during the process of dissection, FA vapors are emitted
from the cadavers, resulting in the exposure of medical students and their instructors to elevated levels
of FA in the laboratory.
During the experimental testings in this paper, 100 analyses were carried out in 5 measuring locations,
during 20 work days. The values of the FA concentrations range from 0.01 ppm to a maximum
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concentration level of 6.60 ppm (Table 1). Preliminary statistical analysis indicates a normal distribution
of measured values of FA concentration levels. The positive value of Skewness (1.23) in Table 1
indicates that most of the measurement results are below the mean value. The positive value of Kurtosis
(0.64) suggests that the results of the measurements were accumulated around the mean value.
Table 1. Summary statistics
Min
Max
Mean
Statistic

Statistic

Statistic

0.01

6.60

1.43

Std.
Deviation
Statistic
1.71

Skewness
Statistic

Kurtosis

Std.
Error

1.23

0.24

Statistic
0.64

Std.
Error
0.48

The results of the measurements of FA concentration levels during the campaign are shown in Table 2.
Table 2. Descriptive Statistics and exposed group of employed workers
Exposed
N
Minimum Maximum
group
Students
20
0.01
1.39
Professors
FAClassroom1
Laboratory
technicians
Students
20
0.01
0.62
Professors
FAClassroom2
Laboratory
technicians
Technical 20
1.04
6.60
FAPrepare
assistants
Technical 20
1.20
5.31
FAStorage
assistants
Cleaning 20
0.01
0.08
FABreak
staff and all
other groups

Mean

Std. Deviation

0.48

046

0.30

0.18

3.45

1.68

2.91

1,09

0.03

0.02

For the Classrom 1 (Table 2), the concentration of FA for the sampling duration ranged between 0.01
and 1.39 ppm with a mean of 0.48 ppm. The concentration range in the Classroom 2 is somewhat lower
than in Classroom 1 and ranges from 0.01 to 0.62 with a mean of 0.48 ppm and 0.30 ppm, respectively.
Detected FA concentrations in the selected period indicate that students, professors and laboratory
technicians were exposed to concentration levels that were above the recommended value by NIOSH
(0.016 ppm) and below the TWA values recommended by OSHA (0.75 ppm). Technical assistants were
exposed to a significantly higher impact of the FA in the Prepare and Storage room. The values of FA
concentrations in these rooms range from 1.04 to 6.60 ppm with a mean of 3.45 ppm and 2.91 ppm for
a Prepare and Storage room, respectively. Detected values are significantly above the recommended
values by international organizations. The lowest values of FA concentrations throughout the campaign
were detected in the Break room. Values of FA concentrations were detected in the range from 0.01 to
0.08 ppm with a mean of 0.03 ppm.
The relationship between the concentration levels of FA in different premises of the Department was
investigated using Pearson's correlation coefficients (Table 3). Preliminary analysis was carried out to
prove the assumptions about the linearity and homogeneity of the variance. A strong positive correlation
between FA concentration levels in Storage and Prepare room was calculated (r = 0.772; n = 20; p
<0.01), where high FA concentrations in Prepare room follow high concentration levels in the Storage
room (Table 3). A strong positive correlation between the concentration levels of FA in Classrooms 1
and 2 was also calculated (r=0.594; n=20; p<0.01) (Table 3). The strong influence of the emission
sources in Prepare room on FA concentrations in other premises of the Department was determined
through a high coefficient of correlation between Prepare room and Classroom 1 (r=0.678; n=20;
p<0.01).
4
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Table 3. Correlations of FA concentrations in different premises of the Department
Correlations
FAClassroom1 FAClassroom2 FAPrepare FAStorage
Pearson
1
0.594**
0.678**
0.553*
Correlation
FAClassroom1
Sig. (2-tailed)
0.006
0.001
0.011
N
20
20
20
20
Pearson
0.594**
1
0.392
0.247
Correlation
FAClassroom2
Sig. (2-tailed)
0.006
0.087
0.294
N
20
20
20
20
**
Pearson
0.678
0.392
1
0.772**
Correlation
FAPrepare
Sig. (2-tailed)
0.001
0.087
0.000
N
20
20
20
20
Pearson
0.553*
0.247
0.772**
1
Correlation
FAStorage
Sig. (2-tailed)
0.011
0.294
0.000
N
20
20
20
20
Pearson
-0.300
-0.374
-0.285
-0.280
Correlation
FABreak
Sig. (2-tailed)
0.199
0.104
0.223
0.232
N
20
20
20
20
**. Correlation is significant at the 0.01 level (2-tailed).
*. Correlation is significant at the 0.05 level (2-tailed).

FABreak
-0.300
0.199
20
-0.374
0.104
20
-0.285
0.223
20
-0.280
0.232
20
1
20

The dominant influence of this emission source has been confirmed by removing the impact of FA from
Classroom 2, where the correlation between Prepare room and Classroom 1 remains at a significant level
(r = 0.601; n = 18; p <0.05) (Table 4a).
Table 4a. Partial correlations of FA concentrations
Control Variables
Correlation
FAClassroom1 Significance (2-tailed)
df
Correlation
a
-noneFAClassroom2 Significance (2-tailed)
df
Correlation
FAPrepare
Significance (2-tailed)
df
Correlation
FAClassroom1 Significance (2-tailed)
df
FAPrepare
Correlation
FAClassroom2 Significance (2-tailed)
df
a. Cells contain zero-order (Pearson) correlations.

FAClassroom1
1.000
.
0
0.594
0.006
18
0.678
0.001
18
1.000
.
0
0.485
0.036
17

FAClassroom2
0.594
0.006
18
1.000
.
0
0.392
0.087
18
0.485
0.036
17
1.000
.
0

FAPrepare
0.678
0.001
18
0.392
0.087
18
1.000
.
0

This cannot be said for the correlation between Classroom 1 and Classroom 2, which becomes moderate
after removing the partial impact of FA from Prepare room (r = 0.485; n = 18; p <0.05)( Table 4b).
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Table 4b. Partial correlations of FA concentrations
Control Variables
Correlation
FAClassroom1 Significance (2-tailed)
df
Correlation
-none-a
FAClassroom2 Significance (2-tailed)
df
Correlation
FAPrepare
Significance (2-tailed)
df
Correlation
FAClassroom1 Significance (2-tailed)
df
FAPrepare
Correlation
FAClassroom2 Significance (2-tailed)
df
a. Cells contain zero-order (Pearson) correlations.

FAClassroom1
1.000
.
0
0.594
0.006
18
0.678
0.001
18
1.000
.
0
0.485
0.036
17

FAClassroom2
0.594
0.006
18
1.000
.
0
0.392
0.087
18
0.485
0.036
17
1.000
.
0

FAPrepare
0.678
0.001
18
0.392
0.087
18
1.000
.
0

In order to identify the category of employees exposed to the highest concentrations of the FA and to
determine the significance of the impact, additional statistical analyses were carried out. Data processing
was performed using single-factor ANOVA of different groups with subsequent tests. One-factor
analysis of variance determined the level of significance of the influence of FA on the health of
employees in different premises of the Department.
After the conducted analysis of variance, a statistically significant difference in the concentration of FA
at p <0.05 was found in the measurement results at 5 locations within the Department F (4.95) = 68.153
p = 0.0001. Levene's test of the homogeneity of variance indicates the use of the corrected F value
obtained by the Welch test. In addition to statistical significance, a large effect size was determined
according to Cohen's criteria η2 = 0.72.
Subsequent comparisons using the Tuckey’s post hoc test indicate that the mean concentrations in the
Prepare room (M= 3.45, SD= 1.68) and Storage room (M= 2.91, SD= 1.09) statistically significantly
differ from the FA concentration levels in other premises. This fact points to significantly higher
exposure to FA of Technical assistants compared to the other workplaces. No statistically significant
differences between FA concentrations in other locations. The average values of FA concentrations
during the measurement campaign are shown in Figure 1.
Figure 1. Average FA concentrations in the premises of the Department
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The levels of FA reported in this study were compared with levels reported by other researchers in
anatomy laboratories. The results of this study showed that for the duration of sampling, the highest
level of concentration of FA (6.60 ppm) has been detected in the Preparation room during the process
of extraction of anatomical specimens from formalin as part of getting ready for the classes. This value
exceeded the recommended standards established by USA-NIOSH which is 0.1 ppm, and Occupational
Safety and Health Administration (USA-OSHA) which is 0.75 ppm. High levels of FA in anatomy
laboratories were reported by other researchers. Akbar-Khanzadah et al. [20] evaluated FA exposure in
a group of 34 subjects in a gross anatomy laboratory and reported that TWA concentration of FA ranged
from 0.07 to 2.94 ppm during dissecting operations. The authors reported that more than 94% of the
subjects were exposed to FA in excess of the ceiling value of 0.3 ppm recommended by the ACGIH and
31.7% of the subjects exceeded the 8-h TWA action level of 0.75 ppm set by the OSHA. In addition,
the authors reported irritation of eye, nose, throat, airways, and a change of forced vital capacity and
forced expiratory volume in 3 s among the subjects [20].
CONCLUSION
Airborne concentrations of formaldehyde in the anatomy laboratory in the presence of anatomical
specimens are higher than that in other laboratories. These concentrations were comparable with the
levels documented in the literature for anatomy laboratories, but exceeded the recommended ceiling
standard established by USA-NIOSH and OSHA.
Based on the findings of this preliminary study, the following are recommended:
Formaldehyde levels should be measured periodically specially during the dissection in the anatomy
laboratory and during the use of formaldehyde in other laboratories.
Local exhaust ventilation system should be used in the anatomy laboratory and in other laboratories
where formaldehyde must be used.
Personal protective equipment such as safety glass or goggles, gloves, and apron should be available
and be used to prevent direct skin or eye contact.
One of the possibilities of lowering the concentration levels of dangerous chemicals in air in the anatomy
laboratory, along with increasing the quality of teaching, is given by the plastination process of the
anatomical preparations. These specimens allow the studies and the researches of the human body
without the usual disadvantages of real human bodies like mouldering, smell and the health hazards of
FA and other hazardous, emerging, toxic and carcinogenic substances.
REFERENCES
[1]
[2]
[3]

[4]
[5]
[6]
[7]
[8]
[9]
[10]

Abdollahi, M., Hosseini, A.: Formaldehyde. Encycl. Toxicol. Third Ed., 2014.
Wolverton, B. C., Mcdonald, R. C., Watkins, E.A.: Foliage plants for removing indoor air
pollutants from energy-efficient homes. Econ Bot 1984.
Agarwal, A. K., Shukla, P. C., Gupta, J. G., Patel, C., Prasad, R.K., Sharma, N.: Unregulated
emissions from a gasohol (E5, E15, M5, and M15) fuelled spark ignition engine. Appl Energy
2015;154:732–41.
Swami, P.C., Raval, R., Kaur, M., Kaur, J.: Accidental intraoral injection of formalin during
extraction: Case report. Br J Oral Maxillofac Surg 2016;54:351–2.
Naya, M., Nakanishi, J.: Risk assessment of formaldehyde for the general population in
Japan. Regul Toxicol Pharmacol 2005;43:232–48.
Arts, J. H. E., Rennen, M. A. J., De Heer, C.: Inhaled formaldehyde: Evaluation of sensory
irritation in relation to carcinogenicity. Regul Toxicol Pharmacol 2006.
Wolkoff, P.: Indoor air pollutants in office environments: Assessment of comfort, health,
and performance. Int J Hyg Environ Health 2013.
Golden, R.: Identifying an indoor air exposure limit for formaldehyde considering both
irritation and cancer hazards. Crit Rev Toxicol 2011.
Salthammer, T., Mentese, S., Marutzky, R.: Formaldehyde in the Indoor Environment. Chem
Rev 2010.
Sesé, A., Palmer, A. L., Cajal, B., Montaño, J.J., Jiménez, R., Llorens, N.: Occupational safety
and health in Spain. J Safety Res 2002;33:511–25.
M&S 14 (2019)

7

[11]

[12]

[13]
[14]

[15]
[16]

[17]
[18]

[19]
[20]

Vaughan, T. L., Stewart, P. A, Teschke, K., Lynch, C. F., Swanson, G. M., Lyon, J. L.:
Occupational exposure to formaldehyde and wood dust and nasopharyngeal carcinoma.
Occup Environ Med 2000.
Zhang, L., Tang, X., Rothman, N., Vermeulen, R., Ji, Z., Shen, M.: Occupational exposure to
formaldehyde, hematotoxicity, and leukemia-specific chromosome changes in cultured
myeloid progenitor cells. Cancer Epidemiol Biomarkers Prev 2010.
Wahed, P., Razzaq, M. A., Dharmapuri, S., Corrales, M.: Determination of formaldehyde in
food and feed by an in-house validated HPLC method. Food Chem 2016.
Dugheri, S., Bonari, A., Pompilio, I., Colpo, M., Mucci, N., Arcangeli, G.: An Integrated Air
Monitoring Approach for Assessment of Formaldehyde in the Workplace. Saf Health Work
2018.
Tang, X., Bai, Y., Duong, A., Smith, M. T., Li, L., Zhang, L.: Formaldehyde in China:
Production, consumption, exposure levels, and health effects. Environ Int 2009;35:1210–24.
Costa, S., Pina, C., Coelho, P., Costa, C., Silva, S., Porto, B, et al.: Occupational exposure to
formaldehyde: Genotoxic risk evaluation by comet assay and micronucleus test using
human peripheral lymphocytes. J Toxicol Environ Heal - Part A Curr Issues 2011.
OSHA, 2016. Occupational Safety and Health Administration Formaldehyde. 2006.
Bono, R., Scursatone, E., Schilirò, T., Gilli, G. Ambient air levels and occupational exposure
to benzene, toluene, and xylenes in northwestern Italy. J Toxicol Environ Heal - Part A
2003;66:519–31.
U.S. Department of Health and Human Services. Toxicological Profile for Formaldehyde.
Atsdr 1999:271–8.
Akbar‐Khanzadeh, F., Vaquerano, M. U., Akbar‐Khanzadeh, M., Bisesi, M. S.: Formaldehyde
exposure, acute pulmonary response, and exposure control options in a gross anatomy
laboratory. Am J Ind Med 1994;26:61–75.

ACKNOWLEDGMENT
This research was supported by Ministry of Education, Science and Technological Development,
Republic of Serbia (III46009).

BIOGRAPHY OF THE FIRST AUTHOR

Dragan Adamović, Ph.D.
University of Novi Sad, Faculty of Technical Sciences
Novi Sad, Serbia
draganadamovic@uns.ac.rs
Dragan Adamović, the PhD chemical engineer, works as Assistant Professor on Department of
Environmental Engineering and Occupational Safety and Health Faculty of Technical Sciences,
University of Novi Sad. Head of the Occupational Safety and Health study program. Since 2005, he has
engaged in research aimed at improving the working conditions of employees in different working
places. His research interests include air contamination of living and working environment.

8

M&S 14 (2019)

2
English language
UDC 502:331.45:061.1EU(497.11)
Professional paper

Ivan Mijailović
ATEX DIRECTIVE 2014/34/EU - PRACTICAL ASPECTS
Abstract
The legal basis of the ATEX Directive 2014/34/EU is the Article 114 of the Treaty on the Functioning
of the European Union (TFEU) (ex-Article 95 of the EC Treaty). This directive enables the European
Union to adopt measures for legislation harmonization of the Member States. Such measures must take
as a basis the highest possible level of protection of the health and safety of people and environment.
The dual objective of the Directive is to permit the free movement of products within the internal market,
and to ensure a high level of health and safety protection. The content of Directive 2014/34/EU is related
– among other things – to definitions and obligations of economic operators, to notified bodies, to
conformity assessment procedures and declaration of conformity, come directly from the NLF Decision,
as additions and/or terminology adaptation. Thereby, the ATEX Directive provides for harmonized
requirements and procedures to establish compliance for products placed on the EU market for the first
time. With intention to join the European union and fulfill all the requirements, Republic of Serbia has
also adopted this directive.
Key words: ATEX, potentially explosive atmosphere, equipment, safety devices.

INTRODUCTION
The ATEX Directive 2014/34/EU is the result of the alignment of the previous Directive 94/9/EC to the
New Legislative Framework (NLF). The set of legislative acts of the NLF includes the Regulation (EC)
No 765/2008 and the Decision No 768/2008/EC. In particular, the content of Directive 2014/34/EU is
related to definitions and obligations of economic operators, to notified bodies, to conformity assessment
procedures and declaration of conformity, come directly from the NLF Decision, as additions and/or
terminology adaptation. Therefore, the ATEX Directive provides for harmonized requirements and
procedures to establish compliance for products placed on the EU market for the first time.
The ATEX Directive carries specific obligations for the person (natural or legal) who makes products
available on the market and/or puts products into service, be it the manufacturer, its authorized
representative, the importer, or the distributor. The Directive does not regulate the use of equipment in
a potentially explosive atmosphere which is covered by different EU or national legislation: for instance,
the ATEX "workplace" Directive 1999/92/EC . The Directive is applicable to all forms of selling,
including distance selling and selling through electronic means (Internet, e-commerce…).
The obligations for Member States related to health and safety are based on the provisions of the Treaty
on the Functioning of the European Union (TFEU), in particular Articles 4, 36, 114, 153 and 169. [1]
The protection of health and safety is both a fundamental duty and a prerogative of the Member States.
Since the ATEX Directive 2014/34/EU harmonizes the health and safety requirements for the design
and construction of equipment and protective systems for use in potentially explosive atmospheres at
EU level, the responsibility of Member States to protect health and safety of persons etc. with regards
to the associated risks implies that the requirements of the ATEX Directive are correctly applied. The
new ATEX Directive 2014/34/EU also provides for protection against explosion hazards for both mining
and surface equipment in the European Union and the EEA countries.
The notion of intended use is of prime importance for the explosion-proofing of equipment and
protective systems. It is essential that manufacturers supply full information. Clear marking of
equipment and protective systems, stating their use in a potentially explosive atmosphere, is of vital
importance. [2]
M&S 14 (2019)
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The essential health and safety requirements (EHSRs) listed in Annex II to the ATEX Directive are:
- Potential ignition sources of equipment intended for use in potentially explosive atmospheres;
- Autonomous protective systems intended to come into operation following an explosion with
the prime objective to halt the explosion immediately and/or limit the effects of explosion flames
and pressures;
- Safety devices intended to contribute to the safe functioning of such equipment with respect to
ignition source and to the safe functioning of autonomous protective systems;
- Components with no autonomous function essential to the safe functioning of such equipment
or autonomous protective system(s).
Equipment and protective systems
Directive 2014/34/EU provides for harmonized requirements for electrical and non-electrical
equipment, intended for use in environments which are potentially explosive due to dust or gas hazards,
and protective systems. Safety devices intended for use outside explosive atmospheres which are
required for, or contribute to the safe functioning of equipment or protective systems with respect to
risks of explosion are also included.
Union harmonization legislation defines the manufacturer, the authorized representative, the importer
and the distributor as "economic operators". Within the New Legislative Framework, the responsibilities
and obligations of the economic operators are defined more in detail: all of them have to play key roles
in the supply chain, in particular in terms of compliance of products, appropriate measures,
communication and co-operation.
Responsibilities of manufacturers: conformity assessment
Conformity assessment according to the conformity assessment procedures applicable to the product, is
the responsibility of the manufacturer only, whether the Directive provides for the involvement of a
notified conformity assessment body, or not. It is necessary to ensure that products from third countries
entering the Union market comply with this Directive, and in particular that appropriate conformity
assessment procedures have been carried out by manufacturers with regard to those products. Provision
should therefore be made for importers to make sure that the products they place on the market comply
with the requirements of this Directive and that they do not place on the market products which do not
comply with such requirements or present a risk. [4]
Importers should also provide for the conformity assessment procedures to be carried out, and that
product marking and documentation drawn up by manufacturers are available for inspection by the
competent national authorities.
Responsibilities of importers
When placing a product on the market, every importer should indicate his name on the product, as well
as the registered trade name or registered trade mark and the postal address at which he can be contacted.
Exceptions can be made in cases where the size or nature of the product does not allow it, or the cases
where the importer would have to open the packaging to put his name and address on the product.
The importer is the economic operator established in the Union who places a product from a third
country on the Union market for the first time. The importer must ensure that the manufacturer has
correctly fulfilled his obligations. The importer is not a simple re-seller of products, but has a key role
to play in guaranteeing the compliance of imported products.
Responsibilities of distributors
Along with manufacturers and importers, distributors are the third category of economic operators who
are subject to specific obligations. The distributor is a natural or legal person in the supply chain, other
than the manufacturer or importer, who makes a product available on the market.
Retailers, wholesalers and other distributors in the supply chain are not required to have a preferential
relationship with the manufacturer like the authorized representative. A distributor acquires products for
further distribution either from a manufacturer, from an importer, or from another distributor.
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Distributors must act with due care in relation to the applicable requirements of the Directive. Due care
refers to the effort made by an ordinarily prudent or reasonable party to avoid harm to another, taking
the circumstances into account. It refers to the level of judgment, precaution, prudence, determination
and activity that a person would reasonably be expected to do under particular circumstances. They have
to know, for instance, which products must bear the CE marking, what information is to accompany the
product (for example the EU declaration of conformity), what are the language requirements for
labelling, user instructions or other accompanying documents, and what is a clear indication of the
product being non-compliant.
Distributors have an obligation to demonstrate to the national market surveillance authority that they
have acted with due care and ensure that the manufacturer, or his authorized representative, or the person
who provided him with the product has taken the measures required by the Directive as listed in the
responsibilities and obligations for distributors, as far as can be reasonably expected.
Obligations of the manufacturer for economic operators
If the product is marketed under another person’s name or trademark, this person will be considered as
the manufacturer. The responsibilities of the manufacturer apply also to any natural or legal person who
assembles, packs, processes or labels ready-made products and places them on the market under his own
name or trademark. Further, the responsibility of the manufacturer is placed on any person who changes
the intended use of a product in such a way that different essential or other legal requirements will
become applicable, or substantially modifies or re-builds a product (thus creating a new product), with
a view to placing it on the market.
Economic operators (manufacturers, distributors and importers) must co-operate with national
authorities to carry out effective market surveillance activities, including provision of information and
ensuring the traceability of products throughout the whole supply chain.
Essential health and safety requirements: presumption of conformity from harmonized standards
The ATEX Directive 2014/34/EU relies on the regulatory method known as the "New Approach to
technical harmonization and standards”, as aligned to the New Legislative Framework.
The legislation itself sets out the mandatory essential health and safety requirements (EHSRs) that
products placed on the EU market must fulfil, and the procedures for assessing their conformity.
Detailed technical solutions for complying with these EHSRs are given in European harmonized
standards, defined and adopted according to the Regulation (EU) No 1025/2012 (the "Standardization
Regulation"), in particular Articles 2 and 10. Application of harmonized standards remains voluntary,
but confers a presumption of conformity with the EHSRs they cover.
Conformity assessment procedures
Among the modules established by the Decision No 768/2008/EC within the New Legislative
Framework, the ATEX Directive 2014/34/EU includes seven modules for conformity assessment
procedures (Annexes III to IX) for assessing the conformity of equipment and protective systems
intended for use in potentially explosive atmospheres with the applicable essential health and safety
requirements.
Manufacturers should draw up an EU declaration of conformity to provide information required under
this Directive on the conformity of a product with the requirements of this Directive and of other relevant
Union harmonization legislation.
To ensure effective access to information for market surveillance purposes, the information required to
identify all applicable Union acts should be available in a single EU declaration of conformity.
In order to reduce the administrative burden on economic operators, that single EU declaration of
conformity may be a dossier made up of relevant individual declarations of conformity.
The CE marking
The CE marking, indicating the conformity of a product, is the visible consequence of a whole process
comprising conformity assessment in a broad sense.
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General principles governing the CE marking are set out in Regulation (EC) No 765/2008. Rules
governing the affixing of the CE marking should be laid down in this Directive. [4]
Conformity assessment bodies: notified bodies
Conformity assessment bodies, known as notified bodies for being notified by the competent national
authorities of the EU Member States to the Commission and to the other Member States, are required to
intervene in a number of conformity assessment procedures of Directive 2014/34/EU.
Compliance of products on the market and market surveillance
The term "market surveillance" designates the activity of the competent national authorities of the
Member States, checking the conformity of products subject to the EU harmonization legislation, after
they have been placed on the market or put into service on the EU market, and taking the necessary
action to deal with non-compliant products.
The safeguard clause procedure
The "safeguard clause procedure" for dealing with non-compliant and dangerous products under the
ATEX Directive 2014/34/EU comes from the Decision No 768/2008/EC, with the aim to make it more
efficient and effective in terms of information, communication, resources and results.
Implementing powers and procedures
Implementing powers are conferred and monitored by the EU legislators (European Parliament and the
Council) to the European Commission to ensure that certain measures are uniformly implemented across
the EU, in accordance with Article 291 of the Treaty on the Functioning of the European Union (TFEU).
Regulation (EU) No 182/2011 (the "Comitology Regulation") establishes the rules and general
principles on the exercise of such implementing powers by the Commission.
The ATEX Committee
The ATEX Directive 2014/34/EU confirms the role of the ATEX Committee in examining different
questions related to the implementation, application and management of the Directive.
Specific provisions related to the committee procedure are set out in Article 39 of the Directive.
Under the Regulation (EU) No 182/2011 (the "Comitology Regulation"), the ATEX Committee has an
obligation of information and documentation to the European Parliament, about the issues under
discussion, other than those specifically related to the implementation or infringements of the Directive.
Adoption of an implementing act by the Commission is required not only in cases related to notified
bodies or to compliant products presenting a risk, but also when Member States take actions in respect
of non-compliant products (the safeguard clause procedure).
CONCLUSION
The essential health and safety requirement "Explosion" which is given in Annex I to the Machinery
Directive 2006/42/EC, requires that "Machinery must be designed and constructed in such a way as
to avoid any risk of explosion posed by the machinery itself or by gases, liquids, dust, vapors or other
substances produced or used by the machinery. Machinery must comply, as far as the risk of explosion
due to its use in a potentially explosive atmosphere is concerned, with the provisions of the specific
Community [read 'Union'] Directives" (see also the "Guide to application of the Machinery Directive
2006/42/EC", sections 91 and 228).
It is therefore evident that equipment, protective systems and components intended for use in this
potentially explosive atmosphere – and safety and controlling devices outside, but contributing to their
safe functioning – are within the scope of the ATEX Directive 2014/34/EU.
It is understood that the latter applies provided that "atmospheric conditions" in the sense of Directive
2014/34/EU are present in the machine.
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CONCEPTUAL FRAMEWORK FOR NATURAL HAZARD MANAGEMENT WITHIN
DIFFERENT SPATIOTEMPORAL COHERENCES
Abstract
Natural hazard management process relies on a holistic approach directed towards all subjects involved
in the so-called disaster management cycle. Contemporary scientific and professional literature and
reports from relevant institutions unambiguously indicate the importance of the impact of extreme
natural events, which are among the greatest threats that mankind faces with today. Hazards derived
from extreme natural events have become more pronounced in recent years, as confirmed by scientific
publications in this area, followed by events such as destructive storms, extreme droughts and abundant
precipitation. The aim of this paper is to elaborate the adverse impacts of such events on the typical
social structures, as well as the responding actions of the affected society. The role of different models
simulating spatial and temporal specifics of natural hazards is also analyzed.
Key words: environment, society, natural hazards, management.

INTRODUCTION
By analyzing the numerous definitions, the concept of safety can be most precisely defined as the state
of a protected value in which there is no potential future or actual threat to that value, but also an
objective that cannot be achieved fully and to which it is striving [1]. For the purpose of this paper, it is
necessary to establish correct linkages i.e. connections among natural hazards, derived emergencies,
impacts, state and response activities of a society. According to UNISDR (United Nations International
Strategy for Disaster Reduction) the following terminology should be used:
• hazard - a process, phenomenon or human activity that may cause loss of life, injury or other
health impacts, property damage, social and economic disruption or environmental degradation.
Hazards may be natural, anthropogenic or socio-natural in origin. Natural hazards are
predominantly associated with natural processes and phenomena. Anthropogenic hazards, or
human-induced hazards, are induced entirely or predominantly by human activities and choices.
This term does not include the occurrence or risk of armed conflicts and other situations of
social instability or tension which are subject to international humanitarian law and national
legislation. Several hazards are socio-natural, in that they are associated with a combination of
natural and anthropogenic factors, including environmental degradation and climate change.
Multi-hazard means the selection of multiple major hazards that the country faces, and the
specific contexts where hazardous events may occur simultaneously, cascadingly or
cumulatively over time, and taking into account the potential interrelated effects.
• affected - people who are affected, either directly or indirectly, by a hazardous event. Directly
affected are those who have suffered injury, illness or other health effects; who were evacuated,
displaced, relocated or have suffered direct damage to their livelihoods, economic, physical,
social, cultural and environmental assets. Indirectly affected are people who have suffered
consequences, other than or in addition to direct effects, over time, due to disruption or changes
in economy, critical infrastructure, basic services, commerce or work, or social, health and
psychological consequences.
• emergency management - the organization, planning and application of measures preparing for,
responding to and recovering from disasters. Emergency management is also used, sometimes
interchangeably, with the term disaster management, particularly in the context of biological
and technological hazards and for health emergencies. While there is a large degree of overlap,
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an emergency can also relate to hazardous events that do not result in the serious disruption of
the functioning of a community or society.
The indicative list of natural hazards is provided in Figure 1.
Figure 1. Natural hazards

Source of figure [ https://www.desinventar.net/disasterclassification.html]
Emergency response modalities are regulated by strategy, laws and by-laws. The Sector for Emergency
Situations of the Ministry of the Interior of the Republic of Serbia organizes and implements activities
aimed at protecting the life, health and property of citizens, natural values, preserving the conditions
necessary for life and preparing for overcoming the created situations in conditions of natural disasters
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and other major accidents, technical and technological accidents and other conditions of danger that
result from natural, techno genic or caused disasters [2]. Emergency Situations Department was created
by the reorganization of parts of state administration bodies, as follows:
• bay integration of the functions, employees and property of the Protection and Rescue
Department of the Ministry of Internal Affairs and the Emergency Situations Department of the
Ministry of Defense, as well as
• bay integration of the parts of organizational units of the Ministry of Environment, Mining and
Spatial Planning that deal with risk management and response to chemicals, and
• by establishing a unique Emergency Response Service.
Resources in the emergency registry system are considered to be qualified personnel of the protection
and rescue forces, as well as material and technical resources necessary for reaction, which are equally
important for the efficient functioning of the system. An active policy to reduce the risk of disasters,
adaptation, preparedness, and effective response in emergencies can greatly reduce the number of human
casualties, material damage and damage to environmental elements [3].
METHODS
At the global scale, the current Sendai Disaster Risk Reduction Framework, a legal successor of the
Hyogo Framework for Action (HFA, 2005), defines the primary objective for the period from 2015 to
2030 as: a significant reduction in the risk of disaster and loss of life, conditions for creating livelihoods
and health, and the loss of economic, physical, cultural and ecological assets of people, companies,
communities and countries. The Sendai goals significantly correlate with sustainable development goals,
as shown in Figure 2.
Figure 2. Sendai Framework correlation with 2030 Agenda for Sustainable Development

Source of figure [ https://www.desinventar.net/disasterclassification.html]
Global indicators that monitor the realization of the underlying goal (they have a dual nature because
they are also considered as sub claims) are:
• Reduction of global mortality rate due to natural disasters,
• Reduction of the population affected by the negative consequences of natural disasters,
• Reduction of direct economic losses due to natural disasters,
• Reducing the damage sustained by the critical infrastructure due to natural disasters,
• Increasing the number of countries with national and local strategies to reduce disaster risk,
• Significant improvement of international cooperation, and
• Significantly increase the availability of early warning system information on multiple hazards
(Sendai framework, 2015).
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Figure 3. Excerpt of Sendai Framework indicators (targets)

Source of figure [http://www.earthobservations.org/geo_blog_obs.php?id=233]
At the level of the European Union, an important innovation in relation to natural hazards is provided
by the INSPIRE Directive, according to which natural risk zones are defined as: hazardous areas
characterized as such by natural hazards (all atmospheric, hydrological, seismological, volcanic and
flaring phenomena which, due to their location, severity and frequency, have the potential to have a
serious impact on the society), for example floods, landslides and crops, avalanches, forest fires,
earthquakes, eruptions of volcanoes. The main advantage of INSPIRE directive is active online
monitoring system, as shown in Figure 4.
Figure 4. INSPIRE Directive main tasks

Source of figure [https://www.slideserve.com/oni/inspire-directive-what-s-up]
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RESULTS
The trend in the emergence of natural disasters with the characteristics of the catastrophe shows that the
number of emergencies and other dangerous situations increases year by year, and with them both
material damage and losses of human lives, and the lost ecosystem function, as shown in Table 1.
Table 1. Estimated losses – natural hazards
Estimated losses by sectors
Sector/natural hazards
Agriculture/floods

Economis losses (in milions of Human life losses
dinars)
From 3.100 up to 8.500
Few to dozens

Water affairs/floods

Approx. 1.960

------------

Agriculture/hail, extreme precipitation, Approx. 7.316
extreme vind conditions
Agriculture/draughts, frost
Approx. 4.0000

Few to dozens
No

Energy production, heat/extreme cold

Approx. 716

Few to dozens

Road maintanence, ice, snow

Approx. 3.500

------------

Human losses on the highways, regional and local roads caused by natural hazards ranges from 105 to
131
Commercial air traffic
From 54 up to 72
-----------Total

From 16.648 up to 48.572

From few up to 160

Source of table [National Emergency Management and Rescue Strategy, 2011]
Even more precise data regarding adverse effects of natural hazards (death, damages, affected
households etc.) can be found on Sendai Disaster Risk Reduction Framework supportive platform.
Table 2. Excerpt of derived adverse effects caused by natural hazards – Republic of Serbia

Total deaths
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Affected population

Houses damaged

The Sendai Disaster Risk Reduction Framework supportive platform represents a powerful tool for the
purpose of the adverse effects analysis, although it is highly depending on up-to date data.
DISCUSSION
Traditional indicators of the society development have limited aspects because they evaluate changes in
only one part of the subsystem as if it is completely independent from the other parts or the whole of the
eco-social system [4]. In this way, these indicators do not reflect the reality of close interconnection
within the nature processes, particularly those ones that have potential to derive significant hazardous
effects. In this sense, it is necessity to make a connection between sustainable development goals and
Sendai targets, as shown in Figure 5.
Figure 5. Sendai targets and SDGs correlation network

Source of figure [http://www.earthobservations.org/geo_blog_obs.php?id=233]
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Nowadays, several composite indicators are in use, which were created in order to better understand the
interdependence of different aspects of development at the international level. From them, in Republic
of Serbia is followed Human Development Index (HDI) and is included in the List of Sustainable
Development Indicators [5]. However, disaster-resilience indicators are lacking, which must be thought
of in the up-coming period.
CONCLUSION
Seventeen goals of sustainable development are defined so far, which should be achieved by 2030. All
of 17 Sustainable Development Goals, are linked to the thematic areas of the UNDP Strategic Plan.
These are: sustainable development, democratic governance, peace building, climate and disaster
resilience. Indirectly, they are all linked to the preservation of the natural environment and existing
resources, that is, the quality of life that exists today. Their implementation is voluntary and takes into
account the different national realities, capacities and levels of development of the member states of the
United Nations, while respecting national policies and priorities. In order to monitor progress,
measurable indicators have been introduced suitable for all spheres of sustainable development. It is of
paramount importance to notice that there is no success in sustainable development goals achievement
without responsible, reliable and effective natural hazards management.
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ENVIRONMENTAL PROCESS MANAGEMENT IN CEMENT INDUSTRY
Abstract
The main environmental issues associated with cement production are consumption of raw materials
and energy use as well as emissions in air. Noise emissions occur throughout the whole cement
manufacturing process from preparing and processing raw materials, from the clinker burning and
cement production process, from material storage as well as from the dispatch and shipping of the final
products. The heavy machinery and large fans used in cement manufacturing process can give rise to
noise emissions· Cement Plants are required to comply with reduction standards in compliance with
national legislation, and noise surveys are being conducted and evaluated. Having this in mind, A
TITAN Group Usje Cement Plant in Skopje, following their strong commitment to high environmental
performance and Corporate Social Responsibility and Sustainable Development Policy in 2013/14 have
engaged an AMBICON Lab (Faculty of Natural and Technical Sciences) from Stip, to conduct a Noise
Control Study in order to identify noise sources within cement plant and marl quarry, determine their
impacts on nearby residents and develop noise control/protection strategies. During the past 3 years, the
Usje Cement plant completes most of the noise control measures proposed in this Study and follow-up
study during 2016/2017 was conducted in order to asses effectiveness of measures taken. This paper
presents the outcomes of noise reduction measures taken.
Key words: noise, cement industry, process management, measures, environment.

INTRODUCTION
Noise, one of the most widespread occupational hazardous agents, contributes to 16% mortality and
morbidity due to the global burden of occupational diseases and injuries [1]. Also the World Health
Organization [WHO] report, [22] clearly indicate that noise-induced hearing loss (NIHL) is the most
prevalent irreversible occupational hazard. Exposure to excessive noise is one major cause of hearing
disorders. It has been estimated that worldwide as many as 500 million individuals might be at risk of
developing noise-induced hearing loss [18]. Prolonged exposure to noise at high intensity is associated
with damage to the sensory hear cells of the inner ear and development of permanent hearing threshold
shift, as well as poor speech in noise intelligibility [10].
Noise is considered as a very important part of environmental pollution, with a major negative impact
on the life quality in urban areas. Transport and industry are by far most frequent noise sources within
urban areas [4]. Based on World Health Organization (WHO) data, noise pollution was the third most
dangerous environmental pollution, after exhaust emissions pollution and water pollution [5] [6]. In
addition, large number of research and compliance studies in recent decades, indicate noise pollution as
significant environmental issue, which pose a real threat to people's health and life quality [7].
The cement plant is one of the noisiest working environments. Several studies in many countries have
reported high noise exposure in different industries, however few have focused on cement factories [2]
[3] [8] [9] [12]. Although the noise pollution issues steadily grow, especially in developing countries,
these problems are rarely addressed in a systematic manner and are most often overlooked because their
effects are not sudden or striking [15]. In addition, noise pollution has been largely ignored in terms of
its impact on health and wellbeing [14] [16] [21].
A TITAN Group Usje Cement Plant in Skopje, following their strong commitment to high
environmental performance and Corporate Social Responsibility and Sustainable Development Policy
in 2013/14 have engaged an AMBICON- FTNS Lab from Stip, to conduct a Noise Control Study in
order to identify noise sources within cement plant and marl quarry, determine their impacts on nearby
22
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residents and develop noise control/protection strategies. Based on noise level measurements at noise
sources, a Noise Dispersion Model for cement plant and marl quarry, as well as their closest
neighbourhood were developed. Working closely with plant engineers, a wide variety of control
measures were modelled and based on effects obtained 3 different scenarios (Realistic, High and
Ultimate protection level) were developed.
During the past 3 years, the Usje Cement plant completes most of the noise control measures proposed
in realistic scenario and follow-up study was conducted in order to asses effectiveness of measures taken
(Usje Cement Plant and AMBICON Lab, 2016/2017). This paper presents the outcomes of noise
reduction measures taken.
METHODS
Noise Control Study in 2013, [19] has a phased approach starting from noise sources identification and
profiling (measurements), noise modeling (DGM development, source modeling and maps generation),
model verification and ending with control measures modeling, maps generation and scenarios
development.
As a first step in a study development, a 15 minutes’ noise levels measurement in one-third octave band
were performed and source specific noise profiles were created for all noise sources identified within
the plant and the quarry. Noise measurements were performed in one-third frequency octave band
according to ISO 1996 2:2010 Acoustics -- Description, measurement and assessment of environmental
noise - Part 2: Determination of environmental noise levels, using a Sound Level Meter type CR: 171C,
an instrument Class 1 according to IEC 61762.
Measurements have been performed at 1,5 m height nearby noise sources and on most exposed facade
of buildings at a 3,5 m distance from the buildings’ walls and other reflective surfaces [13]. Frequency
analysis provide additional information about the noise source as well as about prevalence of certain
frequencies, whether they are in humans hearing range.
Main noise sources within the marl quarry, as expected, involves heavy mining machinery like
bulldozers, excavators, truck-tippers, primary crusher and marl transport conveyor [19] [20]. Noise
sources within cement plant include sources like blowers, mills, fans, filters and compressed air
generators [17].
Noise levels for main sources within quarry range between minimal 64.5 dB for trucks and 98.6 dB for
bulldozers, while in the plant the noise levels found occur between 82.5 dB for filters up to 100,2 for
blowers (Table 1).
Table 1. Measured Noise Level close to main noise sources
Noise Source
Measured Leq,15min [dB(A)]
Bulldozers
95,8 - 98,6
Excavators
78,8 - 81,2
Truck-Tippers
64,5 – 69,7
Primary Crusher
83,4 – 86,3
Transport Conveyor
77,3 – 78,6
Blowers
98,3 -100,2
Cement and Raw mill
95,7 – 99,3
Fan
86,2 – 88,3
Filter
82,5 – 87,3
Compressor stations
83,8 – 86,7
Noise level data (source specific profiles) were embedded within digital ground model (DGM) for the
plant, quarry and their closest neighbourhood, using the one of the most advanced Noise and Air
Pollution Modelling Software’s, SoundPLAN 7.2. produced by Braunstein + Berndt GmbH /
SoundPLAN International LLC. The software future easy to use tolls for DGM development, noise
sources approximation and contour maps calculation [11].
Using the same software tools, noise dispersion (contours) maps for the area of interest were developed
(Fig. 1 and 2) and noise impacts assessed. Having in mind specific plant operation regime (daytime
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work in the quarry and no third shift in the plant), separate noise dispersion maps (2D and 3D) have
been developed for the day and the night time.

Figure 1. Day time noise dispersion map (2D) for area of interest

Source: [19]

Figure 2. Night-time noise dispersion map for area of interest

Source:[19]
In order to verify the Noise Dispersion Model (NDM) developed, broad band measurements were taken
at 20 measurement points within the plant and quarry area, and at 10 measurement points close to
residents in their neighborhood.
Measured equivalent noise levels - Leq (Equivalent noise level) were compared against modeled
equivalent noise (Tables 2 and 3). Data presented clearly indicate excellent compliance between
modeled and measured data. Small deviations that occur at individual measurement points are result of
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additional noise sources (mostly nearby roads) which were taken in account through noise dispersion
model adjustment procedure.

Таble 2. Comparison of measured and modeled equivalent noise levels (Leq) within plant area
Measurement
point
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

Measured Leq,15min
dB(A), 2016

Leq,15min dB(A)
according the model

74,2
73,5
60,5
58,5
69,9
66,5
60,2
76,4
72,3
84,7
79,3
78,7
68,3
71,1
70,1
64,5
64,6
71,6
75,3
62,9

73-77
73-77
65-69
< 61
69-73
65-69
< 61
73-77
73-77
> 77
> 77
> 77
65-69
69-73
69-73
61-65
65-69
69-73
73-77
65-69

Table 3. Comparison of measured and modeled equivalent noise levels (Leq) in plant and quarry
neighborhood
Measurement
point
1
2
3
4
5
6
7
8
9
10

Measured
Leq,24h [dB(A)],
2016
49,7
50,1
50,8
50,9
51,6
52,5
56,3
52,0
45,7
46,5

Leq [dB(A)]
according model
< 50
53-56
53-56
53-56
53-56
56-59
56-59
53-56
< 50
< 50

In the final phase, TITAN-Usje and AMBICON joint teams develop a Noise Reduction Plan (NRP),
describing protection measures and setting up priorities. In addition, and based on anticipated measures
reduction levels, three stages (realistic, high and ultimate) were modeled using the same SoundPLAN
7.2 platform.
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RESULTS AND DISCUSSION
Following the NRP [19], TITAN Usje Cement Plant in last 3 years has taken most of the noise reduction
and control measures as recommended in realistic scenario (Scenario 1). Most of the measures were
taken at noise sources within the plant and vicinity of the marl quarry, and include: closing blowers in
acoustic enclosure (Fig.3), purchase of new fans with lower noise levels (Fig.4), setting silencers on
existing fans and exhaust openings, fencing noise sources (primary crusher, exhaust fan for kiln 3) with
acoustic panels and setting acoustic louvers on compressed air station ventilation openings.
Figure 3. Closing blowers in acoustic enclosure

Figure 4. New Exhaust fan for rotary kiln 4

Figure 5. Fencing of exhaust fan for kiln 3
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Source: [20]
As a result of silencer that was instaled at fan of filter for kiln 3, the noise level is reduced from 86,5 dB
(A) in 2013, to 72,5 dB(A) in 2016.
Table 3. Measured noise level at fans before and after noise reduction measures taken
Measured Leq,15min, Measured Leq,15min,
Fan
2013 [dB(A)]
2016 [dB(A)]
Exhaust fan for kiln 4
93,5
86,9
Fan from auxiliary filter in solid fuel
92,4
72,2
preparation facility
Fan from mill`s filter in solid fuel
83,6
62,1
preparation facility
Exhaust fan for kiln 3
87,8
86,5
Fan of filter for kiln 3
86,5
72,5
Setting the acoustic louver on ventilation openings as noise reduction measure at compressor stations,
was suggested. Noise reduction measures are taken in all compressor stations, by closing ventilation
openings in compressor station for mills (Figure 8), for Packing Plant No. 2 (Figure 7 ) and for solid
fuel preparation facility (Figure 6), which resulting in obviously noise reduction level before them (table
8.2).
Figure 6. Compressor station in solid fuel preparation facility

Figure 7. Compressor station in Packing Plant 2
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Figure 8. Cement mills` compressor station

Source: [20]
Table 4. Measured noise level in front of compressor station before and after noise reduction measures
taken
Measured Measured Leq,15min,
Compressor station
2016 [dB(A)]
Leq,15min,
2013
[dB(A)]
Packing Plant 2
78,4
69,9
Cement mills
73,8
72,3
Solid fuel preparation facility
80,1
68,3
In order to asses’ effectiveness after completing the NRP according the realistic scenario, a follow-up
study was initiated during 2016/17, using the same approach as above. New source profiles were
generated (measured) for all sources amended according the plan. New noise dispersion model taking
in account reduction measures was developed and verified. Noise contour maps generated, clearly
indicate significant noise reduction levels in zones where measures were taken. Significant reduction of
day and especially night noise levels is evident at solid fuel preparation facility, packing plant No.2 and
west side of pre-heater cyclone tower21 (yellow marked areas at Fig.9 and Fig.10).
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Figure 9. Comparison of day time noise contour maps for plant area (2013 vs 2016)

Source: [20]
Figure 10. Comparison of night time noise contour maps for plant area (2013 vs 2016)

Source: [20]
Results presented, proved approach taken as rational and effective pathway to reduce noise pollution
impacts around industrial plants, even when located close to residential areas. Models show good
compliance with measured results and can and should be used with confidence. This approach allows
proper noise control measures planning and execution, as much as achieving noise levels within
regulations limits.
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CONCLUSION
Modern industry facing ever increasing challenges in reducing their environmental footprints and
satisfying straighten regulations, especially for highly visible industries that draw public attention. We
strongly believe Proactive approach example presented in this paper is to only way to address possible
environmental issues in timely and efficient manner. TITAN Usje in Skopje initiate Noise Control Study
well before and complaints or regulatory breach occur, plan and take corrective actions and confirm the
results in a follow-up study.
Phased study approach starting from noise sources identification and profiling (measurements), noise
modeling (DGM development, source modeling and maps generation), model verification, and ending
with control measures modeling, maps generation and scenarios development, proved as rational and
effective pathway to reduce noise pollution impacts around industrial plants. Models shows good
compliance with measured results and can be used with confidence. This approach allows proper noise
control measures planning and execution, as much as achieving noise levels within regulations limits.
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FLAMMABILITY TESTING OF PIPE INSULATION MATERIALS
Abstract
In the process industry, as well as in HVAC installations, insulated pipes are considered crucial
components. During the exploration, insulation material can be exposed to elevated temperatures due to
the proximity of other process equipment or other external heat sources. Prolonged exposition to heat
sources can onset the fire which can easily spread to other parts of equipment or surrounding
inflammable materials. In this work, fire performances of three common pipe insulation materials
(polyethylene foam, polyurethane foam and mineral wool) were tested for flammability using the mass
loss calorimeter. During the experiments, samples of material were exposed to different levels of heat
fluxes in order to assess minimal heat flux available to onset the combustion in the material. Heat release
rate (HRR) and time to ignition, as the two most important variables for assessing the fire hazard
potential of materials, were determined. Obtained results indicate that mineral wool insulation material
has superior fire resistance performances.
Key words: pipe insulation, polyethylene foam, polyurethane foam, mineral wool, flammability
performances

INTRODUCTION
In the process industry, as well as in HVAC installations, insulated pipes present crucial components.
During the exploration, insulation material can be exposed to elevated temperatures due to the proximity
of other process equipment or other external heat sources. Prolonged exposition to heat sources can
onset the fire which can be easily spread to other parts of equipment or surrounding inflammable
materials. Although the official statistics for fires in the process industry is incomplete, data for
residential building fires are available. According to fire statistics from USA [1] in 2012 space heating
equipment was the second largest causes of residential building fires, attributed to 12% of all residential
building fires. In 2012 there were 45.200 residential heating fires, with 195 fatalities, 775 injuries and
overall loss of 421 million US$. The situation is similar for UK fire statistics for 2012/2013. Space
heating appliances attributed to 1532 fires, with 30 fatalities and 359 injuries[1]. Official data regarding
the prime cause of heating appliance fires are lacking, but fires of pipe insulation materials could be one
of the main sources.
Variety of materials can be used as pipe insulation. Statistics about the most abundant materials used is
lacking but it seems that three materials dominate: polyethylene foam, mineral wool and polyurethane
foam. In the follow-up to this paper, some of the main characteristics of these materials will be
presented as well as a literature review on their flammability characteristics.
Polyethylene foam
Polyethylene foams have favorable mechanical characteristics, good insulating and damping properties,
low permeability to water vapor, limited water absorption, good hydrolysis behavior and a naturally low
fire resistance [2]. However, besides these favorable characteristics, polyethylene foams in pure form
are very flammable. To support this idea, a literature review on the flammability characteristics of
polyethylene foams is given in the following part of the paper.
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Raszkowska-Kaczor et al. [3] used their own procedure for producing chemically cross-linked
polyethylene foams from a mixture consisting of polyethylene, foaming agent, crosslinking agent,
antioxidant and flame retardant. Apart from determination of mechanical characteristics, the authors
analyzed how the content of fire retardants affect oxygen index (OI) of the produced polymers. Liang et
al. [4] determined toxicity characteristics of four prevailing building insulation materials in Taiwan
(fiberglass, rock wool, polyethylene foam, and polyurethane foam). Kasiri et al. [5] applied FAR 25.853
standard to estimate the flammability, the amount of dripping during burning test and the burning rate
of the samples of noncross-linked low-density polyethylene (LDPE) nanocomposite foams with
polyethylene graft maleic anhydride (PE-g-MA) compatibilizer. Application of retardant to
polyethylene foams is covered in Wang et al.[6]
Polyurethane foam
Polyurethane foams can be flexible or rigid polyesters or polyethers [2]. As compared to polyethers,
polyester foams generally have better mechanical resistance, better capacity for soundproofing and
damping, and more limited resistance to ageing [2].
Fire behavior of polyurethane foam is covered in literature to some extent. In [7], pyrolysis models for
polyurethane foam was developed. The model was developed specifically for application in
computational fluid dynamics (CFD) environment. Also, the model was validated with experiments
performed in cone calorimeter using two different types of polyurethane foams (17 kg/m3 and 31 kg/m3).
Comprehensive analysis of combustibility of flexible polyurethane foams based on the British Standard
5852 test method is provided in [8]. Authors analyzed the influence of two commonly available flame
retardant additives TMCP and TDCP, with and without the solid flame retardant (melamine). They used
dynamic total weight loss (TWL) as a principal variable to reveal the combustion behavior of materials.
Authors performed thermogravimetric analysis as well as flammability testing in cone calorimeter in
order to support their findings. In conclusion, they provided recommendations for the production of
polyurethane foams with and without melamine. Xu et al. [9] performed two scale tests (micro-scale
and bench scale) in order to analyze the flammability of flexible polyurethane foam. A multitude of
parameters were determined: evolved gas components, heat release rate per unit mass, total heat release,
derived heat release capacity, minimum ignition temperature are obtained (from micro scale
experiments) as well as peak heat release rate per unit area, effective heat of combustion, minimum
incident heat flux for ignition, and total heat release per unit area (from bench scale tests). Authors
concluded that the PU foam is the high fire hazard polymer.
Mineral wool
Mineral wool is lightweight insulation material. Therefore, it can be easily installed and provides
outstanding thermal and acoustic insulation. Application is versatile and it can be easily applied for
building insulation as well as insulation for HVAC appliances.
Literature regarding flammability characteristics of mineral wool is sparse. However, some studies are
available. Zhang et al. [10] examined the heat flux effect on combustion characteristics of commonly
exterior thermal insulation materials (mineral wool, adhesive polystyrene granule, phenolic resin, EPS,
XPS, and RPU). In [11], flammability characteristics of combustible mineral wool were analyzed. Aire
et al. [12] measured the heat transfer through scale models of wall assembly (single and double layers
of 12.7 mm regular and lightweight gypsum board, and 15.9 mm type X gypsum board, along with
mineral wool insulation and wood studs) during cone calorimeter tests using an incident heat flux of 75
kW/m2. A relatively low number of studies regarding the mineral wool is mainly attributable to superior
flammability characteristics of this kind of material. We included mineral wool in our study for two
reasons: to check the claims regarding its non-flammability and to determine the maximal heat flux it
can resist.
While from literature review above it can be concluded that additional studies regarding the flammability
of pipe insulation materials are not necessary, it seems that these analyses are not detailed enough and
don’t provide enough observations regarding the thermal events that happen during the combustion of
mentioned materials. That was the main impetus for the present study.
34
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MATERIALS AND METHODS
Materials
For our study, three different materials - polyethylene foam, polyurethane foam and mineral wool
supplied from different producers were used. Samples used for tests are shown in Figure 1.
Figure 1 Sample materials used for experiments (mineral wool, polyethylene foam and polyurethane
foam), (from left to right)

Sample preparation
Before the testing, the appropriate samples of materials were prepared. Mineral wool and polyurethane
foam samples were directly cut from boars to 10 x 10 cm pieces. Polyethylene foam insulation “pipe”
was first cut longitudinally and afterwards unfolded to planar shape in clamps. The thickness of samples
was as follows: mineral wool 42 mm, polyurethane foam 36 mm and polyethylene foam 9 mm. In order
to minimize the local environmental effect, samples were conditioned for three days on the temperature
of 230C and relative humidity of 50%, prior to testing.
Prior to testing, samples were wrapped with aluminum foil in order to isolate the edge effects. Also,
below the sample ceramic blanket and ceramic insulation board on bottom was put. Wrapped sample
without the retention frame is shown in Figure 2.
Figure 2 Sample preparation for testing (retention frame not shown)
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Apparatus
All the tests were performed in mass loss calorimeter (Fire testing technology, UK). Mass loss
calorimeter can be used for determining heat release rate and time to ignition. It has the same fire model
(conical heater capable of producing heat flux from 0-100 kW/m2) as cone calorimeter but the principle
of heat release rate measurement is different. For heat release rate measurement in mass loss calorimeter
thermopile, comprising of four K-type thermocouples, is used as opposed to cone calorimeter where the
oxygen depletion is measured in fire effluents using the paramagnetic oxygen sensor. While this kind of
heat release rate measurement has some shortcomings, the method is standardized for plastic materials
through ISO 13927 [13]. According to device manufactures recommendation, the instrument was placed
in a specially designed fume extraction system, Figure 3. The flow rate in the exhaust system was set to
0.024 m3/s.
Figure 3 Fume extraction system

Prior to use, the instrument was calibrated. Three kinds of calibrations were performed: load cell
calibration, calibration of conical heater for right irradiance and thermopile calibration. In this study
conical heater was calibrated for irradiances of 10, 20, 30, 50 and 80 kW/m2. Calibration was performed
with water-cooled SchmidtBoelter thermopile type heat flux meter (Medtherm, USA). The instrument
was also calibrated for the appropriate reading of heat release rate. Calibration was performed with
methane sand burner for following heat release rates: 0.50, 0.75, 1.00, 2.00, 3.00 and 4.00 kW. These
values are defined under ISO 13927 [13]. Calibration was performed at each heat flux level specified
above. The distance between the top of sample holder and the bottom of conical heater was set to 25
mm. The spark plug was located 13mm above the center of the top of the sample.
RESULTS AND DISCUSSION
An experimental study was divided into two parts. In the first part, critical heat fluxes were determined
for material specimens. Experiments started with heat flux level as low as 10 kW/m2. For these low
levels of heat flux, a very intensive, visual gasification was observed in case of polyurethane and
polyethylene foams. Nevertheless, ignition didn’t start even after 5 min of exposure. Also, minor and
barely visible gasification was noticed for mineral wool. However, this initial gasification for mineral
wool diminished very soon. In the next step, heat flux rose to 20 kW/m2. This heat flux was enough for
initiating immediate ignition, with less than 3 seconds after direct exposure to irradiance, in case of
polyurethane and polyethylene foams. Tests for mineral wool were performed with a gradual increase
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of heat flux to 30, 50 and 80 kW/m2. However, ignition was not observed. The experiments with heat
flux greater than 80 kW/m2 were not performed.
In the second phase, irradiance rose to 30 kW/m2. This irradiance was used for all subsequent tests for
determination of heat release rate and time to ignition and flameout. Data collection frequency was set
to 5 s. The results for heat release rate (HRR) are presented in Figure 4.
Figure 4 Heat release results for polyurethane (left) and polyethylene (right) foams

From Figure 4 it can be observed that both HRR curves have two peaks. These peaks reveal the
mechanism of polyurethane and polyethylene burning. Namely, both materials when exposed to
irradiance first melt and form liquid tar which spills over the bottom of aluminum foil. In the
subsequent phase, tar started burning . In our experiments, this effect was more pronounced in case
of polyethylene than in polyurethane foam. A possible reason for this significant difference can be in
the thickness of polyethylene foam specimen (polyurethane foam 36 mm and polyethylene foam 9 mm).
Immediately after the exposure to irradiance polyethylene foam, a specimen started burning, curled up
and considerable shrank. After 35 seconds, flame diminished and the material was in the form of melted
tar. The non-flaming episode lasted for 40 seconds and after that the melt started burning with even
greater intensity as compared to an initial flame. After 50 seconds flame diminished. Residues for
polyurethane and polyethylene foams are shown in Figure 5.
Figure 5 Residues after complete combustion of polyurethane (left) and polyethylene (right) foams

Total heat release for polyurethane foam was 11.4 MJ/m2. Mean heat release rate during the test was
144.52 kW/m², with peak value of 185.4 kW/m², observed at 50 s of the test. Mean value of effective
heat of combustion was 13.58 MJ/kg, with peak value of 30.9 MJ/kg, observed at 65 s of test. Regarding
the polyethylene foam, mean heat release rate was 93.52 kW/m², with peak value of 156.69 kW/m²,
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observed at 105 s of the test. Mean value of effective heat of combustion was 20.63 MJ/kg, with peak
value of 24.81 MJ/kg, observed at 105 s of test.
CONCLUSION
In this study, flammability characteristics of three common pipe insulation materials were tested. In the
first part of the study, critical ignition heat fluxes were determined experimentally. The results showed
that the heat flux of 20 kW/m2 was sufficient for ignition of polyurethane and polyethylene foams. For
lower heat fluxes, the intensive gasification of specimens was observed without ignition. Additionally
it was noticed that mineral wool was practically nonflammable up to the tested heat fluxes of 80 kW/m2.
This value was the maximal tested heat flux. In the second part of the study, heat release rates and
effective heats of combustion were determined. For the specimens studied maximum heat release rates
of 185.4 kW/m² for polyurethane and 156.69 kW/m² for polyethylene were recorded. These values
closely correspond with literature values.
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IDENTIFICATION OF HAZARDS ON WASTE SEPARATION LINE AS SUPPORT TO
WASTE PROCESS MANAGEMENT IN SERBIA
Abstract
The amount of waste generated in the Serbia has been growing, hence the activity within waste
management. According to new studies workers in the waste management sector have been found not
only to have higher fatality rates than either policemen or firefighters, but they also experience high
rates of injury and illness as a result of their job. The lower technological level of operations due to the
economic situation influenced the preference of manual labor in relation to automated processes.
Workers involved in manual sorting of unseparated domestic waste on waste separation lines in Serbia
has been especially highlighted problem last years. In addition to the increasing amount of waste that is
generated, new activities of waste selection and treatment are also complications. Increased scope of
work, fulfillment of legal goals, profitability, etc., contribute to the more intensive engagement of
workers in material recovery facilities and further increased risk of injuries and occupational diseases
due to lack of adequate control of managed waste and specific working conditions/environment on such
locations/facilities. For all these reasons it is necessary to monitor the parameters of the working
environment in order to determine the working conditions and defining potential improvements. The
aim of this paper is to identify the relationship between the safety and health elements towards these
workers. The article will analyze all hazards for those workers, as well as point to methods and solutions
for minimization or elimination of recognized risks.
Key words: manual sorting, workers, risks

INTRODUCTION
The total quantities of waste generated in European Union (EU) have been growing in past years. There
were some shifts in waste generation between sectors, but absolute levels of waste generation are higher.
[1]
For the period between 2010 and 2016 total amount of waste generated in EU (except major mineral
wastes) grew by 5.1%. Waste generation in water and waste sector increased by 38%. This waste
includes secondary waste, and as more complex waste management is, such as recycling and
incineration, it usually results in even more secondary waste.
The EU is moving away from the idea of waste disposal on landfill towards more recycling and recovery.
Percentage of landfilled waste in 2010 was 28% (except major mineral wastes), while for 2016 it was
24%. On the other hand, this reduction has led to an increase in the amount of secondary waste generated,
from 12% in 2010 to 18% in 2016. [2]
The general goal in EU waste management is to promote waste recycling, which would lead to less
landfills and incinerations plants in the future.
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Republic of Serbia (RS) is following trends in waste generation, as it is shown in figure 1.According to
National statistical institute during 2017 year total waste generation in RS was 48.9 million tons, which
is 3.3% larger than in year before. Data from enterprises that are obligated to submit information to the
Agency for environmental protection (SEPA) on generated waste quantities give significantly different
data in total quantities, but the trend of growth is present. According to these data, for 2017 in the RS,
11.5 million tons of waste was generated, of which 2.15 million was municipal. In year before, 2016,
9.2 million tons of waste was generated and 1.9 million tons was municipal.[3, 4, 5, 6]

Quantities of waste (t)

Figure 1: Trend of total and municipal solid waste generation for the period 2010-2017 according to RS
SEPA
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Source: own source
Based on data provided by 305 operators who have a license for waste treatment, during 2017 to the
treatment was subjected 1.74 million tons of waste. Metals that contain iron and waste from thermal
processes and slag are the main ones of the total amount of processed waste, followed by paper and
cardboard packaging.
In the RS, disposal to landfills is still the dominant way of managing generated waste; an increase in
previous years was observed in contrast to EU practice. Figure 2 shows growing landfilling trend in RS.
[3] The separation system is usually located on the landfill site and with an augmentation of waste
quantities that will be deposited, amount of waste that need to be processed on the separation lines also
increase.
Figure 2: Quantities of deposited waste (hazardous and non-hazardous) for period 2012-2017

Source: own source
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In order to develop more sustainable waste management system, Serbia set up national goals related to
the recovery and recycling of packaging waste with specific targets for paper/cardboard, plastic, wood,
metal and glass which needs to be sorted out and not disposed on landfill. Serbian national goals defined
by Law on Packaging waste gradually increasing in order to achieve harmonization with Directive on
packaging and packaging waste 94/62/EC [23, 24]. Consequently, number of workers, engaged with
separate waste collection, waste sorting and recycling, increasing.
Besides sanitation, hygiene and environmental reasons, waste management sector is also an important
employment sector. However, workers in the waste management sector are faced with various risks.
Many occupational health risks and hazards are associated with work in the waste and recycling industry.
Numerous literary sources point to various injuries that can occur in waste management processes. [7,
8, 9]
Similar to other countries in transition, solid waste management is a major environmental and OHS issue
in Serbia. In developed countries is situation slightly better, but still can be seen that waste sector is a
source of OHS difficulties. Workers in the waste management sector have been found not only to have
higher fatality rates than either firefighters or policemen, but they also experience high rates of injury
and illness as a result of their job. [19] Poulsen at al. reported that in Denmark municipal solid waste
(MSW) workers are 5.6 times more at risk of suffering occupational injuries, and 1.5 times more at risk
of suffering occupational diseases than the general workforce. [9] The number of MSW workers exposed
to occupational risks is predicted to rise as a result of increasing MSW generation and of changes in
MSW processing (e.g., increases in recycling rates). [10]
Jobs in manual sorting of unseparated municipal waste has been especially highlighted as a OHS
problem in the waste management in Serbia, as a consequence of a underdeveloped poor financial
situation in general, inadequate enterprises management, and low level of awareness about OHS issues
in public and state enterprises.
The aim of the paper is to identify relevant aspects for risk assessment model for manual sorting workers,
to provide an overview of possible risks, accidents and health issues at material recovery facilities-MRF
(using mainly manual sorting). In addition, corrective measures are also proposed.
MATERIAL AND METHODS
Literature reviews give data about different risk assessments used for waste management, such as solid
waste management health and safety risks assessment conducted in Florida USA with aim to evaluate
and reduce occupational risks to Florida MSW workers [11], or assessment of risks associated with the
management of medical waste in Mauritius [18], but specifically for manual sorting workers such data
are incomplete or does not exist at all.
Figure 3: Scheme of risk assessment at work

Source: Source of figure [17]
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Standard procedure of risk assessment at work include steps shown in figure 3, for this work only steps
1,2 and 4 will be presented.
For the purposes of this research, an example of a common MRF system will be observed.
Unseparated, mixed waste (one bin system) collected in city is transported waste collection trucks, and
it is unloaded onto the storage area as shown in figure 4. The controllers perform "rough separation" by
separating garbage that cannot go to a convey belt (e.g. concrete elements, construction bulk, etc.) and
such waste is disposed on the part of the landfill where the so-called bulk waste goes.
Figure 4: Concrete platform for storage-beginning of separation process

Source: source of figure[21]
Ussualy, rest of the garbage is pushed by dozers onto conveyor belts that transport it further to the cabin
where manual sorting and separation of certain secondary raw materials (e.g. paper, plastics, glass,
metals, WEEE-waste electrical and electronic equipment, etc.) are carried out.
The cabin for manual sorting is raised on a platform, as shown in figure 4. Here a number of operatives
(pickers) hand sort the row components dropping the individual recyclates into separate storage bunkers
through openings next to themselves. Their work is in a standing position, with hand seizing for a certain
material transported by the moving convey belt. They are usually organized so that one worker, or group
of workers, separate only one type of recyclable during working shift. Figure 5 shows inside of the
sorting cabin.
Figure 5 and 6: Working positions on line or manual separtion and pressed and wired raw materials
cubes

Source: source of figure [22]
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After filling the box of the separated raw materials, they are discharged onto the other conveyor belt
which leads them to a compression press and bond it with wire (automated wiring process shown in
figure 6). The unseparated part of waste stream after sorting cabin goes with a conveyor belt to a large
press where is compacted, balled and wrapped or to the other storage are and then to the landfill.
The resulting leachate from the conveyor belts is drained to the channels, collected and released into the
precipitator at the landfill.
This way, useless and unsorted waste are deposited at the landfill, while balled secondary raw materials
are further delivered to the contracted customers for re-processing, shown in figure 7 and 8.
Modification of this kind of separation line may include other conveyor locations with operatives
engaged in hand picking to ensure quality requirements are met. The throughput of the plant can be
controlled by a supervisor in the control room.
Safety inventory
The equipment, work routines and thus the potential exposures of employees are influenced primarily
by the degree level of separation of the waste before it arrives to the plant. [10] If the waste is poorly
separated at the source, then the employees physically sort materials, transferring them from the tipping
floor to the conveyor belts for further more intensive sorting. If the wastes are completely sorted, then
the facilities are more automated.
A work safety analysis was made for sorting plant using manual workers described above. The
workplace of the employees on the line for manual separation has been analyzed, without reference to
the working environment such as the toilet, break rooms, arrival and departure to the workplace where
there is a possibility of passing by working machines at the landfill, such as a bulldozer or a compactor,
etc.
Non-fatal accidents are often linked to manual handling. Materials-handling appears to be the chief
concern with regard to employee safety. They are exposed to risks shown in Table 1 and described
below.
Table 1: Exposures and health effects for manual sorting workers
Exposures and risks
Health effects
1 Sharp objects
Punctures, lacerations
2 Dust
Itching eyes, acute nose and eye problems,
ODTS (organic dust toxic syndrome), chest
tightness, asthma, bronchitis, cough,
sneezing
3 Endotoxin
Chronic bronchitis cough, asthma, severe
lung problems
4 Bacterial and fungal spores
Infections, respiratory effects
5 Noise and vibration from equipment
Hearing impairment, headache, white finger,
numbness of the fingers and reduced grip
strength, insomnia, increased blood
pressure, hormonal changes.
6 Working postures
Spinal injuries, sprains
7 Gastrointestinal
Nausea, diarrhea, vomiting
8 Work organization
Stress
9 Odor
Nausea, headache
10 Slip and stumble, falling in
Sprains, fractures, bruises
11 Working
conditions
(lighting, Eye effort, weakening of vision, cold and
temperature, moving conveyor belt)
overheating, falls and injuries to the limbs
Source: own source
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1.

Mechanical hazards (cuts, bruises)

Sharp tin can lids, broken glass, thorns, broken tree limbs, disposable razors, and disposable needles
resulting from home health care practices are commonly placed inside garbage bags. Such materials
may puncture skin, when handled by workers on separation line. The risk of injuries is higher due to the
fact that workers picking up materials on the move and often far away from the workers position. The
injuries resulted from broken glass and cans - lacerations are the most frequently reported injury.
Study focused on material handlers, who manually sort through waste streams for recyclable materials
shows that the one of two most common injuries are scrapes and cuts. [19]
2-4. Dust, chemical substances and biological agents
Fluctuations in composition of municipal waste influence on manual sorting workers with different kind
of pollutants. These workers are exposed to high levels of organic dust. This organic dust contains
microorganisms (i.e. gram-negative bacteria and fungi) and microbial agents (i.e. endotoxin, pathogenic
microorganisms present in human blood that can cause disease in humans (such as hepatitis B and C,
HIV).They can also be exposed to household hazardous waste, such as residues and packaging of drain
cleaners, oil paint, motor oil, antifreeze, fuel, poisons, pesticides, herbicides and rodenticides,
fluorescent lamps, medical waste, some types of cleaning chemicals, and consumer electronics.
Due to the direct contact with refuse experienced by recycling employees, skin disorders are a frequent
health outcome of this occupation (itching skin, irritated), itching eyes, acute nose and eye problems.
Research conducted in six recovery facilities in the United States shows, the airborne bacteria and fungi
concentrations inside the facilities were approximately one order of magnitude higher than the levels
outside of the facility, with a wide range of pathogenic organisms identified. [12]
5. Noise and vibrations
Workers may also be exposed to several sources of noise from work equipment such as press, balers
and belt convey, driving vehicles passing by. Noise levels from the processing equipment at such
facilities exceeded OSHA action levels for worker protection. Noise levels that exceed 90dB were
reported at waste recycling plants. [11] Continuous noise exposure can contribute to reduce productivity
and contribute to workplace accidents and injuries by making it difficult to communicate and to hear
warning signals [20].
As the manual sorting cabin is raised on a metal platform, connected with conveyer belt and surrounded
with mechanization, vibrations in the sorting line are common.
6. Working postures
Ergonomic problems are associated with manual sorting, long standing and non-physiological position
of the body during picking on the conveyor belt. Injuries to the back caused by rotation of the body and
cold and draughts in the working hall are among the most common risks in manual waste separation.
Repetitive motion injuries also present.
The most common injuries of workers who manually sort through waste are musculoskeletal disorders
(reported by 57% of workers). Musculoskeletal disorders (MSDs) reported include repetitive stress
injuries of the back, knees, hands, and fingers. [19]
7. Gastrointestinal
A high odds ratio is for gastrointestinal problems specifically nausea, diarrhea, and vomiting, from
smelling unpleasant odors, or inhalation and contact with skin pathogens that can disrupt the digestive
system. [11]

8. Work organization
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Depending on the job requirement and the amount of waste that arrives for separations, pace of work or
job control could be challenging. Stress due to the need for quickly and accurately picking materials so
that the belt can move faster.
9. Odor
Waste composition can be diverse and contain variety sources of odor. Also, processes of biodegradation
of waste contribute to the formation of odor.
10. Slip and stumble, falling in
If there is leakage of leachate from the belt, slipping may occur. Waste that’s been sorted can fall from
the convey belt and represent a risk of injury (falling sharp objects, dropped waste on the working floor
and stumbling over, etc.). Falling into the basket with a separated material due to neglect or stumbling.
11. Working conditions (lighting, moving conveyor belt)
Illumination insufficiently in sorting cabin (nature light poorly available, lighting not adequate). Moving
of conveyor belt can cause injuries when workers manually solve clogging, or lean over too much and
get caught by the belt and machine parts.
Some other factors that can be important for occupational health and safety of these workers are facts
found in literature:
•

Seasonality

Several studies of solid waste workers hypothesize that there is an increase in injury and health hazards
related to the seasons of the year. Bio-aerosols, volatile compounds, and infectious materials are more
active in high temperature and humidity. Higher levels of dust, bacterial and fungal levels found at
landfill sites in the summer, possibly due to the wind and heat, and significantly lower concentrations
of endotoxins and microorganisms in the winter. Workers have to endure heat, which will affect their
work performance, leading to more injuries. Hot weather may also result in workers not wearing safety
devices.
Injury rates peaked in May and September. With regard to PCDDs (polychlorinated dibenzoparadioxins) and PCDFs (polychlorinated dibenzofurans) a reverse seasonal trend may exist. Concentrations
of PCDDs and PCDFs in work areas were consistently higher in the winter months. Several studies also
indicate a trend related to day of the week and injury occurrence, more injuries occur on Mondays and
Thursdays. [11]
•

Work Experience

As with many workplace studies of a wide range of professions, younger and less experienced workers
are at greatest risk of injury on the job. Furthermore, they are not only more frequently injured, the
injuries themselves are often more serious. Older, more experienced workers are usually more aware of
the possible hazards of their working environment. [11]
•

Fire

During storage and loading of waste at waste sorting plants, the probability of fires is high. At separation
plant in Sweden, the frequency of fires was l-2 a year. [11]
DISCUSSION AND RESULTS
Data provided in section above represent a good basis to design pathways for prevention and emphasize
the prevention priorities for the sector. Concepts of occupational risk assessment and derivation of
adequate safety interventions depends of quality of conducted analysis.
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The corrective measures involve technical solutions, working methods, supervision, training and
occupational health services. Hierarchy of safety interventions:
1. Substitution of hazardous process or material.
2. Technical measures.
3. Organizational measures.
4. Personal protective equipment-PPE.
5. Personal behavior.
In accordance with the recognized risks identified above, we will define corrective measures in the
continuation of the work, as shown in Table 2.
Table 2: Suggested solutions and measures according to identified risks
Exposures and risks
Measures and solutions
1
Sharp objects
-Wastes should be fed on to the belt in
thinner layers.
-Material recovery facility should be
equipped with bag openers.
-Various magnets before the separation
cabin that would separate metals such as
needles and cans.
-PPE (protective gloves and protective arm
sleeves against mechanical risks-cut,
tearing, puncture resistance) in accordance
with standards.
2
Dust
- The ventilation and air filtration above the
sorting belts should be placed to reduce dust.
- Balling equipment should be provided with
transparent plastic to prevent flying dust.
-PPE (protective goggles and respiratory
protection) in accordance with standards.
3
Endotoxin, bacterial and fungal spores - The ventilation and air filtration above the
and
sorting belts should be placed to reduce
4
bacteria
and
fungi,
and
other
microorganism.
- Plant modifications.
- Vaccination (HBV).
-PPE (protective goggles, gowns and
respiratory protection) in accordance with
standards.
5
Noise and vibration from equipment
- Press should be sound-insulated, or use of
partition screens and silencing devices, and
adding sound-absorbing material to the
walls and ceilings, anti-vibration pads.
-PPE (hearing protection, anti-vibration
gloves) in accordance with standards.
6
Working postures
-Design of sorting tables adapted to the
height of the operators.
-The working side should be changed
regularly.
- Anti-fatigue standing mats.
-Limiting reach across belt (use of “tools”).
- Relaxation breaks.
7
Gastrointestinal
-The ventilation and air filtration above the
sorting belts should be placed.
-PPE (respiratory protection) in accordance
with standards.
M&S 14 (2019)
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8

Work organization

-Rotation of duties is recommended.
-Work planning should be developed.
-Reduction in work speed.
-Rotation of high pick count stations.
-Reduction of working hours.
-Team building.
9
Odor
-The ventilation and air filtration above the
sorting belts should be placed to reduce
odors.
-PPE (respiratory protection) in accordance
with standards.
10 Slip and stumble, falling in.
-Non-slippery floors and surfaces.
-Reducing the size of openings.
-Protection edges on convey belt to prevent
the fall of waste.
-PPE (safety shoes non-slip soles and safetytoed upper) in accordance with standards.
11 Working conditions (lighting, moving -Sufficient lighting.
conveyor belt)
-Air conditioning is recommended.
-A safety switch should be provided.
-Walking on the belts should be prohibited.
-Conveyor belts should be improved to
prevent clogging of wastes.
-Protection from high and low temperatures
with adequate clothing.
Source: own source
In general the following principles have to be fulfilled:
• Laboratory monitoring of noise and vibration levels, air quality, lighting and other working
environment conditions.
• Provision of safety and awareness training (induction, instructions, on-the-job, refreshment).
• Training of new personnel should be increased.
• Standard operating procedures (supervisors trained in sharp removal, stop line if sharp is foundtrained personnel removal).
• Incident medical response plan prepared.
• Cleaning the plant should be promoted.
• Sorting of waste at source (for example in households, hospitals and commercial objects) should
be promoted. Also supervision of waste quality in plant should be promoted.
• Lists of the dangers at different stages of the work should be prepared and signalized.
• Walking in areas of high accident risk should be restricted.
• Equipment and workstation design in accordance to workers.
• The plant should be provided with sprinkler equipment. More light fire-extinguisher equipment
should be provided.
CONCLUSION
In this paper, we presented the workplace risks and hazards in the manual sorting facility. In such a high
risk industry such as MSW management, promotion of workers health and safety as well as mitigation
of risks and hazards must be high priorities. For instance, as opposed to hazardous waste workers (e.g.
asbestos), there is no national safety standard for MSW workers. [14, 15, 16] It is evident that there are
significant risks as we have shown in the work, indicating the need for further research in this field, and
also need for improving existing regulations.
Local public health agencies usually regulate matters concerning health and safety, individual
companies often have their own programs for health and safety. However, such programs may vary in
effectiveness.
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The available data for MSW workers (especially manual sorting workers) in Serbia are very limited,
although future research activities are proposed due to an increase in recycling practices and the general
goal of reaching EU waste management goals.
For the following research it is planned to perform risk quantification for workers at manual separation,
which would give us the opportunity to prioritize measures for reducing and eliminating risks where
possible.
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KNOWLEDGE OF LEGAL REGULATIONS AS CONDITIO SINE QUA NON
IN SAFETY MANAGEMENT
Abstract
Starting from the well-know “ignorantia iuris nocet” maxim (not knowing the law is harmful), in the
area of safety management we may raise the question of legal knowledge in occupational safety and
health shared by employees and employers. This subject is particularly relevant for some categories of
employees, especially those who work in the areas more exposed to risk. In this regard, this paper
examines healthcare workers’ knowledge of legal regulations in the field of occupational safety and
health in Special Hospital for Psychiatric Diseases “Gornja Toponica” in Gornja Toponica, Niš, as it
can be a relevant factor in the safety management of healthcare institutions.
Key words: legal regulations, safety management, healthcare workers.

INTRODUCTION
Bearing in mind the role and importance of occupational safety management, one may raise the question
of knowledge of occupational safety and health regulations shared by employees and employers. Given
the legal maxim “ignorantia iuris nocet” (not knowing the law is harmful), we may ask ourselves
whether the employers and employees’ better knowledge of the regulations would contribute to
improving workplace safety and health of employees.
Both in the international law and Serbian legal system, the right to safe and healthy working conditions
is proclaimed by the documents of the highest legal force, i.e. the Constitution of the Republic of Serbia.
Occupational safety and health regulations in Serbia can be divided into several groups. The first group
consists of occupational safety and health regulations that apply to all categories of employees and
methodically regulate the occupational safety system in Serbia. The umbrella regulation in this group is
the Law on Occupational Safety and Health. The second group consists of those documents that regulate
the general regime of labor relations in Serbia. The primary law in this group is the Labor Law. The
third group consists of the regulations that deal with particular segments of employee protection, such
as the protection from ill-treatment at work or discrimination. This group could also include those
regulations that partly regulate the occupational safety of certain categories of employees, such as civil
servants, health workers, etc. All of these laws are followed by secondary legislation.
When the issue of occupational safety management is considered in the context of occupational safety
and health of particular categories of employees, numerous studies have shown that certain categories
of employees, such as civil servants, doctors, etc., are facing major challenges in terms of their
workplace safety and health. Researchers should pay special attention to the safety and health of
healthcare workers as the analysis of literature has indicated several types of problems that they often
encounter: stress at work, burnout syndrome, job dissatisfaction, lack of motivation for work and
workplace violence.
Workplace stress represents a series of harmful physiological, psychological and behavioral responses
of an individual to situations in which job demands are not in line with person’s abilities, skills and
needs. It occurs when the demands of the work environment exceed the ability of the employee to deal
with them, or control them [1-4]. Frequent sources of workplace stress include: work overload, bad
interpersonal relationships in the workplace, organizational structure and climate, responsibility without
the possibility of influence, vaguely defined roles, lack of team members, unclear division of
responsibilities, overlapping of competencies, vaguely defined promotion rules, danger from physical
assault and aggression, poor psychosocial climate of the organization [2]. Specific stressors in healthcare
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workers include emergency situations, overnight shifts, decision-making after overnight shifts, routine
medical work, little chance of promotion, poor teamwork [3].
One of the consequences of continuous workplace stress is burnout syndrome. This is a negative
psychological work-related condition that includes symptoms such as body fatigue, emotional
exhaustion and loss of motivation [4], as well as a state of emotional and psychological exhaustion [5].
Burnout syndrome is often present in healthcare workers [6]. Nowadays, many healthcare workers are
expected to express continuous assertiveness, technical abilities, physical readiness and emotional and
intellectual efforts. As a result, burnout syndrome can occur and healthcare workers lose the sense of
enthusiasm for work, withdraw in communication with patients and colleagues, become less productive
and leave work more often.
Lack of motivation at work and job dissatisfaction belong to the third group of challenges to
occupational safety and health. Low motivation is closely linked to employee satisfaction. Job
satisfaction consists of the individuals’ evaluation (job assessment), cognitive (assumptions and beliefs
about work) and affective (emotions about work) reactions towards their job. Numerous studies point to
the relationship between worker satisfaction, productivity and commitment to work [7]. Job satisfaction
of healthcare workers is a factor determining the quality of health care and it affects the functioning of
the whole health system. Research shows that gender, age, level of education, years of experience,
interpersonal relationships, work organization, wages and work hours are important factors of job
satisfaction among healthcare workers [8].
Workplace violence, as a violent act directed at a person at work or duty, is a phenomenon that seriously
endangers the health of employees throughout the world [9]. There are numerous definitions of
workplace violence. Some definitions include only physical violence, others refer to psychological
violence, and some define it as any behavior intended to hurt an employee or organization itself [11].
The significance of violence against healthcare workers is indicated by the fact that one of the first
models of training on workplace violence was developed in a Canadian hospital (St. Thomas Psychiatric
Hospital, 1976) [12]. Despite state regulations and organization warnings, it has continued to exist as a
workplace hazard in healthcare facilities [13].
In addition to the most frequent risks to occupational health and safety of health workers, there are some
other hazards, such as poor communication within the work organization [14], hostile behavior at work
[15], work-family conflict [16], etc.
Bearing all this in mind, we may ask whether occupational safety and health of employees would be
improved if they had better knowledge of their and their employer’s rights and obligations in this field.
This issue can be especially addressed regarding healthcare workers, as many studies indicate that their
jobs are particularly exposed to risk. Also, there are many differences in occupational safety needs
within this category of employees.
METHODOLOGY
The subject of this research is testing the knowledge of legal regulations in the field of occupational
safety and health shared by employees in psychiatric institutions. The aim of the research is to determine
the differences in the knowledge of legal regulations between doctors and nurses/technicians. Within
the descriptive research method, we used the technique of scaling, that is, a scale of assessments as a
research instrument.
The scale of assessments is specifically designed for research purposes and it consists of 13 claims that
assess the knowledge of legal regulations in the field of occupational safety and health. The claims
belong to the 5-point Likert-type scale with responses ranging from strongly agree (1), partially agree
(2), neither agree nor disagree (3), partially disagree (4), to strongly disagree (5).
Methods of descriptive and inferential statistics were used for the data analysis. These methods enable
the description of the phenomenon and provide the conclusion on the characteristics of the population
based on the data. We used the chi-squared test (χ2) to test the statistically significant correlation
between the observed variables. In order to determine whether there are statistically significant
differences in the results, we constructed the null hypothesis, H0, which assumes that “there are no
statistically significant differences among the observed professions in terms of knowledge of legal
regulations in the field of occupational safety and health”.
The research was conducted in Special Hospital for Psychiatric Diseases “Gornja Toponica” in Gornja
Toponica, a village located near Niš. At the moment when the research was conducted, the hospital had
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a total of 269 healthcare workers (50 doctors and 219 nurses/technicians). The structure of the sample
with respect to the variable of professions is presented in Table 1.
Table 1. Structure of the sample with respect to the variable of professions
Profession

N

%

Nurse/technician

158

74.2

Senior nurse/technician

32

15

Medical doctor

23

10.8

Total

213

100

Source: based on the authors' own research results
Out of 269 employees, the research sample consisted of 213 healthcare workers, including 158
nurses/technicians, 32 senior nurses/technicians and 23 medical doctors.
RESULTS AND DISCUSSION
In order to adhere to the Law on Occupational Safety and Health, it is necessary to be familiar with it,
which is especially important for the employees whose jobs are exposed to risks. Table 2 shows the
attitutudes of healthcare workers (nurses/technician, senior nurses/technician and medical doctors) from
Special Hospital for Psychiatric Diseases “Gornja Toponica” about the knowledge and compliance with
legal regulations in the field of occupational safety and health.
Table 2. Knowledge of legal regulations in the field of occupational safety and health
Profession
I am aware that my and
my employer’s rights
and duties in the field of
occupational safety and
health are regulated by
the Law on
Occupational safery and
Health.

I am aware that the Risk
Assessment Act has
identified all possible
hazards related to my
workplace.

When establishing the
employment
relationship, the
employer provided me
with the training on safe
and healthy work.

I think that I am familiar
with all types of
occupational risks and
protective measures
related to my workplace.

I have the right to make
suggestions, remarks
and notifications to the
employer about

Strongly
agree

Partially
agree

Neither
agree nor
disagree
N
%

Partially
disagree

Strongly
disagree

N

%

N

%

N

%

N

%

Nurse/technician

94

59.5

46

29.1

10

6.3

5

3.2

3

1.9

Senior
nurse/tehnician

22

68.8

7

21.9

1

3.1

1

3.1

1

3.1

Medical doctor

19

82.6

3

13.0

1

4.3

0

0.0

0

0.0

Total

136

63.6

56

26.2

12

5.6

6

2.8

4

1.9

Nurse/technician

74

46.8

41

25.9

23

14.6

11

7.0

9

5.7

Senior
nurse/tehnician

20

62.5

8

25.0

1

3.1

2

6.2

1

3.1

Medical doctor

11

47.8

8

34.8

4

17.4

0

0.0

0

0.0

Total

106

49.5

57

26.6

28

13.1

13

6.1

10

4.7

Nurse/technician

74

46.8

57

36.1

8

5.1

12

7.6

7

4.4

Senior
nurse/tehnician

15

46.9

14

43.8

1

3.1

2

6.2

0

0.0

Medical doctor

13

56.5

4

17.4

1

4.3

3

13.0

2

8.7

Total

102

47.7

76

35.5

10

4.7

17

7.9

9

4.2

Nurse/technician

75

47.5

59

37.3

10

6.3

10

6.3

4

2.5

Senior
nurse/tehnician

19

59.4

8

25.0

2

6.2

2

6.2

1

3.1

Medical doctor

16

69.6

5

21.7

1

4.3

0

0.0

1

4.3

Total

110

51.4

73

34.1

13

6.1

12

5.6

6

2.8

Nurse/technician

70

44.3

33

20.9

24

15.2

14

8.9

17

10.8

Senior
nurse/tehnician

17

53.1

5

15.6

5

15.6

3

9.4

2

6.2
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χ²

df

p

6.69

12

0.88

9.19

12

0.69

8.56

12

0.74

8.41

12

0.75

4.69

12

0.97
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occupational safety and
health issues.

doktor medicine

14

60.9

4

17.4

2

8.7

1

4.3

2

8.7

Total

102

47.7

42

19.6

31

14.5

18

8.4

21

9.8

When the prescribed
safety and health
measures have not been
implemented at my
workplace, I have the
right to refuse to work
when I am exposed to a
direct threat to life and
health all until such
measures are provided.

Nurse/technician

72

45.9

42

26.8

15

9.6

10

6.4

18

11.5

Senior
nurse/tehnician

12

37.5

11

34.4

1

3.1

5

15.6

3

9.4

Medical doctor

10

43.5

7

30.4

2

8.7

0

0.0

4

17.4

Total

95

44.6

60

28.2

18

8.5

15

7.0

25

11.7

When threatened with
an imminent danger to
life or health, I have the
right to take appropriate
measures in accordance
with my knowledge and
technical resources at
my disposal.

Nurse/technician

89

56.3

42

26.6

11

7.0

10

6.3

6

3.8

Senior
nurse/tehnician

14

43.8

12

37.5

4

12.5

2

6.2

0

0.0

Medical doctor

14

60.9

6

26.1

2

8.7

0

0.0

1

4.3

Total

118

55.1

60

28.0

17

7.9

12

5.6

7

3.3

Nurse/technician

115

72.8

19

12.0

10

6.3

1

0.6

13

8.2

Senior
nurse/tehnician

26

81.2

3

9.4

1

3.1

0

0.0

2

6.2

Medical doctor

21

91.3

2

8.7

0

0.0

0

0.0

0

0.0

Total

163

76.2

24

11.2

11

5.1

1

0.5

15

7.0

Nurse/technician

72

45.9

33

21.0

29

18.5

6

3.8

17

10.8

Senior
nurse/tehnician

11

34.4

11

34.4

7

21.9

1

3.1

2

6.2

Medical doctor

11

47.8

3

13.0

5

21.7

0

0.0

4

17.4

Total

94

44.1

47

22.1

41

19.2

7

3.3

24

11.3

Nurse/technician

125

79.1

21

13.3

9

5.7

2

1.3

1

0.6

Senior
nurse/tehnician

29

90.6

3

9.4

0

0.0

0

0.0

0

0.0

Medical doctor

20

87.9

1

4.3

2

8.7

0

0.0

0

0.0

Total

175

81.8

25

11.7

11

5.1

2

0.9

1

0.5

Nurse/technician

137

86.7

12

7.6

6

3.8

1

0.6

2

1.3

Senior
nurse/tehnician

30

93.8

0

0.0

2

6.2

0

0.0

0

0.0

Medical doctor

20

87.0

1

4.3

1

4.3

0

0.0

1

4.3

Total

188

87.9

13

6.1

9

4.2

1

0.5

3

1.4

Nurse/technician

125

79.1

18

11.4

7

4.4

3

1.9

5

3.2

Senior
nurse/tehnician

28

87.5

4

12.5

0

0.0

0

0.0

0

0.0

Medical doctor

20

87.0

1

4.3

1

4.3

0

0.0

1

4.3

Total

174

81.3

23

10.7

8

3.7

3

1.4

6

2.3

Nurse/technician

115

72.8

16

10.1

1

8.2

4

2.5

9

5.7

Senior
nurse/tehnician

22

68.8

4

12.5

5

15.6

0

0.0

0

0.0

Medical doctor

17

73.9

3

13.0

2

8.7

0

0.0

1

4.3

Total

155

72.4

23

10.7

20

9.3

4

1.9

10

4.7

I am aware that in my
work organization there
is a person in charge of
occupational safety and
health.

I have the right to
choose one or more
representatives for
occupational safety and
health.

I am obliged to comply
with the prescribed
protection measures for
safe and healthy work.

Before leaving the
workplace, I am obliged
to leave my workplace
and work equipment in a
position which shall not
jeopardize other
employees.

I am obligated to
cooperate with the
employer and the person
in charge of
occupational safety and
health.

A person in charge of
occupational safety and
health may prohibit me
from working in my
workplace when they
notice an imminent
threat to my life and
health.
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9.42

12

0.67

6.68

12

0.88

5.86

12

0.92

14.51

12

0.27

5.65

12

0.93

5.57

12

0.94

5.23

12

0.95

11.57

18

0.87

Source: based on the authors' own research results
The data we obtained show that most of the respondents are aware that the rights and obligations in the
field of occupational safety and health are regulated by the Law on Occupational Safety and Health,
since 136 respondents (63.3%) strongly agreed with the first claim. The total of 46 (29.1%)
nurses/technicians, 21.9% of senior nurses/technicians and 13% of medical doctors partially agreed with
the claim, which points to their little uncertainty regarding the knowledge of the rights and obligations
prescribed by the Law on Occupational Safety and Health. Respondents are also aware that the Risk
Assessment Act identifies all possible hazards in the workplace. Almost half of the respondents strongly
agreed with the mentioned assertion (49.5%), and 26.6% of the respondents partially agreed, which also
indicates the existence of a certain amount of uncertainty. As with the first claim, it is least expressed
among the medical doctors. Therefore, we can conclude that the respondents in higher positions and
with higher education are better acquainted with the knowledge of legislation in this field.
Strong (47.7%) and partial (35.5%) agreement of the respondents with the claim When establishing the
employment relationship, the employer provided me with the training on safe and healthy work indicates
that the employers showed initiative and took the necessary measures to prepare the employees for safe
and healthy work. Although a small percentage of the respondents (4.2% who strongly disagree and
7.2% who partially disagree) believe that this is not the case, the situations in which employees are not
qualified for safe and healthy work are a cause for concern, especially when it comes to the medical
profession exposed to great risks and responsibilities. This mainly refers the category of healthcare
workers from the sample who, due to the nature of the work (work with a special category of patients),
are exposed to a multitude of unpredictable situations on a daily basis. This is also reflected in the results
obtained in connection with the claim I think that I am familiar with all types of occupational risks and
protective measures related to my workplace where, as a result of incomplete training for safe and
healthy work when establishing an employment relationship, there is a certain number of respondents
who partially disagree (5.6%) and strongly disagree (2.8%) with the above statement.
Nurses/technicians, senior nurses/technicians and medical doctors are aware that they have the right to:
submit suggestions, remarks and notifications on safety and health issues to the employer (47.7% of the
respondents answered that they strongly agree and 19.6% of the respondents said that they partially
agree); refuse to work when threatened with imminent danger to life and health, when the prescribed
safety and health measures are not implemented (44.6% strongly agree and 28.2% partially agree); as
well as take appropriate measures when their life and health are directly threatened in accordance with
their knowledge and technical resources at their disposal (55.1% strongly agree and 28% partially agree).
Despite the fact that there are the respondents (in most cases nurses/technicians) who are not familiar
with their rights regarding occupational safety and health, the obtained data are encouraging.
The data presented in Table 2 also indicate that the respondents are aware that there is a person in charge
of occupational safety and health in their work organization, since most of the respondents (72.6%)
strongly agree with the above. When considering individual categories, it can be noticed that no medical
doctor has given the response neither agree nor disagree, partially disagree and strongly disagree,
which points to the fact that this category, as well as in the case of previous claims, shows the best
knowledge of legal regulations and measures in terms of occupational safety and health.
The attitudes of nurses/technicians, senior nurses/technicians and medical doctors in connection with
the claim I have the right to choose one or more representatives for occupational safety and health are
divided. 44.1% of the respondents strongly agree with this claim, 22.1% partially agree, and 19.2% of
them neither agree not disagree. A slightly lower percentage of the respondents partially disagree (3.3%)
and strongly disagree (11.3%). Different responses can mean that healthcare workers are not quite sure
about their right to choose their representative for occupational safety and health or that the situation
may be different in practice: that someone else appoints representatives instead of them.
Nurses/technicians, senior nurses/technicians and medical doctors that participated in the survey
recognize their responsibility regarding the measures of protection for safe and healthy work, that is,
their obligation to comply with the prescribed measures. When it comes to the claim I am obliged to
comply with the prescribed protection measures for safe and healthy work, no senior nurse/technician
said that they neither agree not disagree, partially disagree or strongly disagree, no doctor has said that
they partially disagree or strongly disagree, and only 2 nurses/technicians answered that they partially
disagree (1.3%) and strongly disagree (0.6%). Even though their recognition of the obligations can only
be declarative, and in practice there is no actual compliance with legal measures, recognizing and
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accepting their responsibilities is the first step towards building awareness of the necessity for acting in
accordance with occupational safety and health measures, which is especially important for healthcare
workers as safe and healthy work should be of primary importance in their profession. Similar
observations apply to the claim Before leaving the workplace, I am obliged to leave my workplace and
work equipment in a position which shall not jeopardize other employees, to which 87.9% of the
respondents answered that they strongly agree.
The majority of the respondents also believe that they have an obligation to cooperate with an employer
and a person in charge of occupational safety and health (81.3% of respondents said that they strongly
agree), and that a person in charge of occupational safety and health can prohibit them from working in
a workplace when there is an imminent threat to their health and life (72.4% of respondents said that
they strongly agree). A few respondents partially or strongly disagree, again from the category of
nurses/technicians, but it can also be noticed that one doctor (4.3%) strongly disagrees with the above.
If we observe all the claims in Table 2, it can be noticed that nurses/technicians are a category that has
demonstrated more disagreement with the claims and, consequently, less knowledge of laws in the field
of occupational safety and health. However, a statistically significant difference in respondents’ answers
has not been identified, on the basis of which the established null hypothesis can be confirmed (there
are no statistically significant differences among the observed professions in terms of knowledge of
legal regulations in the field of occupational safety and health). Based on the above, it can be concluded
that healthcare workers are well aware of the Law on Occupational Safety and Health, as well as the
rules, regulations and measures that arise from it, which is certainly encouraging since the knowledge
of the law is a prerequisite for its adherence and the work that can be characterized as safe and healthy.
This is particularly important for the category of healthcare workers who work in special psychiatric
institutions, as the activity they perform is accompanied by an increased risk.
CONCLUSION
The analysis of the literature on occupational safety and health of healthcare workers has unambiguously
pointed to the fact that there are different implications for their safety and health at work, depending on
whether they are doctors or nurses/technicians [17-19]. The conducted research, however, shows that
there is no statistically significant difference in knowledge of legal regulations in the field of
occupational health and safety in the observed professions. In order to create a more comprehensive idea
of the importance of healthcare workers’ knowledge of regulations for their improved occupational
safety and health, it would be desirable to conduct such a research across Serbia, involving a large
number of healthcare institutions and facilities that provide health care in various medical specialties.
Bearing all this in mind, it is advisable to offer some solutions to the current challenges to occupational
safety and health of healthcare workers. One of the possible solutions is their education in the field of
occupational safety and health. This implies their education in terms of training for safe and healthy
work, which is a legal obligation of the employer. Furthermore, it is necessary to provide various
possibilities for formal, non-formal and informal education [20]. Continuous education is especially
significant as it offers the content related to the legal regulation of this issue. Also, the potential solution
would be the legislator’s recognition of occupational safety and health of healthcare workers as a
particularly significant category of employees. Despite the fact that valid legal solutions provide a
possibility for the employer (healthcare institution in this case) to regulate occupational safety and health
by an internal act, such as a rule book on occupational safety and health, it would be desirable to
recognize healthcare workers through some cognate source of law, such as the Rule Book on
Occupational Safety and Health of Healthcare Workers as an accompanying document of the Law on
Occupational Safety and Health. All this would undoubtedly contribute to the improvement of
occupational safety and health of this category of employees.
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MANAGEMENT CONCEPTS IN THE ENERGY INDUSTRY
BASED ON THE USE OF RENEWABLE SOURCES AND
CORRECTIVE ENVIRONMENTAL PROTECTION MEASURES
Abstract
Management of coal mining and transformation of primary to secondary energy is a responsible and
difficult task. Harmonization of work activities with national and international regulations poses a
challenge due to financial issues. Environmental management policy is often framed overambitiously,
so the available management techniques do not lead to the creation of a modern management system.
Implementation of the ISO 50001 Energy Management Systems Standard has been improved, with a
more prominent role given to experts. The development of models that would resolve the issues affecting
the Electric Power Industry of Serbia requires a systematic approach to education for environmental
protection and occupational safety, according to the actual needs. The capability of safety engineers to
manage processes represents the foundation for a systems approach to the framing of preventive safety
measures and to the restructuring of operative processes.
Key words: Energy management, environmental protection, renewable sources, transformation of
primary to secondary energy

INTRODUCTION
Management in the energy industry
Management in the energy industry [1, 2] based on the use of renewable sources and corrective
environmental protection measures is a modern concept that is supposed to lead to sustainable energy
industry development [3, 4]. Decision making regarding the degree of coal mining [5] is a highly
responsible task. It should be borne in mind that coal reserves [6, 7] are slowly becoming exhausted,
which is further undermined by the long-term repayment periods for loans taken to adapt thermal power
stations [8].
Global energy consumption is increasing, having doubled over the previous 40 years [8], with estimates
that it will keep increasing by 30% until 2030 [9]. Production and use of dirty energy is responsible for
two-thirds of greenhouse gas emissions, which in turn are the major cause of climate changes [10].
The goal of energy management
The goal of energy industry and environmental protection management should be defined so as to
provide realistic chances for sustainable life to the future generations, rather than leaving them with
debts. Use of renewable energy sources can result in loan indebtedness with a repayment deadline of
five to six years. During that period, the loan is repaid and the available technology starts making a
profit, allowing for the functioning of the energy sector.
Hypothesis
A systems approach to the education for occupational and environmental safety, based on ISO 50001,
is a god option for resolving current issues.
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IMPLEMENTATION OF ISO 50001 STANDARD
Nowadays, it is imperative that standards be implemented and that every part of the energy sector have
universal rules in place, which will serve as guidelines for actions and conduct. However, it is still
impossible to implement the same principles for the solution of the same problems in every part of the
energy sector or industry for objective reasons.
The ISO standards used in energy industry systems primarily serve as road maps for an improved
implementation of prescribed procedures and hence for a better, simpler, and faster advancement of the
organization implementing them. ISO 50001 and the EnMS offer a good and internationally recognized
framework [11] for companies to develop an effective energy management system.
Changes over view from ISO 50001:2011 to ISO 50001:2018ISO/TC 301 Energy management and
energy savings Technical Committee indicated the main changes compared (Figure 1) to the previous
edition include [11].
Figure 1: Company organization schematic

Izvor slike: [11]
Similar to other ISO standards for management systems [12], ISO 50001 (Figure 2) relies on the fourstep method for continuous improvement – Plan-Do-Check-Act (PDCA).
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Figure 2: EnMS model according to ISO 50001

Izvor slike: [13]
The standard is supposed to provide frameworks, guidelines, and tools [1], while the technical
organization is the company’s responsibility (Figure 3, 4). Standardization also ensures that processes
within the company are sustainable and above any individual interest.
Figure 3: ISO 50001 standard – Wordwide Total

Izvor slike: [14]

M&S 14 (2019)

61

The energy management system (EnMS) is aimed at helping companies to better manage energy use.
This involves creation and implementation of an energy policy, setting of energy use goals, and design
of action plans for their accomplishment [6]. The EnMS can also include the implementation of new
energy-efficient technologies, energy loss reduction, or improvement of the existing processes in order
to decrease energy costs.
Figure 4: ISO 50001 standard - % Countri

Izvor slike: [14]
ISO 50001 is a voluntary international standard developed by the International Organization for
Standardization (ISO) to provide an internationally recognized framework to establish, implement,
maintain and improve an energy management system [13].
Implementation of ISO 50001 standard in the Serbian energy industry system
The goal of a systems approach is to contribute to a more rational use of non-renewable resources and
to an increase of the installed capacities of renewables. This paper focuses on the implementation of
standards in the energy industry, specifically the ISO 50001 (Figure 5), as implemented at the Public
Company “Electric Power Industry of Serbia” (EPS).
Energy policy goals and the manner in which EPS implements it are in keeping with the Serbian Energy
Law [15]:
- conditions for reliable, safe, and satisfactory delivery of energy and energy-generating products and
conditions for safe supply to end users;
- conditions for the construction of new energy industry facilities;
- conditions and manner of performing energy-related activities;
- manner of the electric power market organization and operation; rights and obligations of market
actors;
- protection of energy and energy-generating product consumers;
- manner of and conditions and incentives for energy production from renewable sources; and
- combined production of electric and thermal power.
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Figure 5: Certificate confirming that the thermal power station “TE-KO Kostolac” has been checked
and verified according to ISO 50001

Izvor slike: [15]
ISO 50000 includes a set of requirements that allow companies to [15]:
•
develop a policy for more efficient energy use;
•
determine the general and specific goals within the company to carry out such a policy;
•
collect data in order to better understand and make decisions regarding energy use;
•
measure obtained results;
•
re-evaluate policy effectiveness;
•
continuously improve energy management.
Company employees often oppose the implementation of any standard, while a large number of
managers see it as a mere marketing strategy allowing them to be viewed in a favourable light in the
market. Problems occur due to a lack of knowledge to implement this ‘tool’ and the sole focus on the
advantages the implementation can provide for the business.
ISO 50000 is a strategic tool that helps companies to establish an energy management system [13] more
efficiently.
RESULTS
One of the tasks of sustainable energy industry is to reduce negative environmental impact and energy
losses. Energy indicators can be vital for environmental quality assessment and their purpose is energy
efficiency monitoring. Energy efficiency is one in an array of measures taken to reduce energy
consumption and it contributes to the preservation of proper living and working conditions. The goal of
energy efficiency is rational use of energy by means of technical measures or simply by a change in
behaviour.
Energy indicators
Use of energy indicators in environmental management depends on a variety of socio-economic and
ecological factors. In the literature, major energy indicators most often include the level of total
economic output, economic structure and size of income (Figure 6), or production per unit of energy
consumed.
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Figure 6: Share of industry Serbia, Montenegro, Croatia and Macedonia

Izvor slike: [16]
Energy efficiency indicators are specific energy indicators that define the potential of energy savings
and determine the effects of energy efficiency measures. They are important because the comparison of
the real values of indicators, obtained through data collection, can reveal which users are energy efficient
and thus help establish the measures for sustainable energy industry.
Environmental indicators in Serbia
Environmental indicators in Serbia were adopted according to the European Environment Agency
(EEA) methodology. The EEA was founded on the relationship between human activities and the
environment.
The Serbian national list of indicators for energy industry contains five indicators [17]:
• total consumption of primary energy per energy-generating product;
• final energy consumption by sectors;
• total energy intensity;
• primary energy consumption from renewable sources; and
• electricity consumption from renewable sources.
Electricity consumption from renewable sources
Electricity consumption from renewable sources is an indicator that shows the consumption of electricity
produced from renewable energy sources in relation to total electricity consumption [17]. Renewable
energy sources include natural energy sources that are fully or partially renewable: hydro power,
biodiesel, biomass, geothermal and solar power, fuelwood, and wind energy. The electricity produced
in hydro power stations is included in the amount of electricity produced from renewables.
Total electricity consumption refers to the total national electricity consumption from all energygenerating products, such as oil, gas, coal, and renewables [17]. The sub-indicators include [17]: total
electricity consumption from renewables; share of renewables in total electricity consumption; and
average annual growth rate of electricity consumption from renewables (%).
The following formula is used to calculate the average annual growth rate of electricity consumption
from renewable energy sources [17]:
((
/
) ( / ) -1) x 100, where:
Ely – energy consumption in the latest year;
Eby – energy consumption in the base year;
Ny – number of years in the observed period (from the base to the latest year).
Directive 2009/28/EC
The share of renewables in the final energy consumption that is monitored through the share in each of
the three sectors of energy consumption – heating and cooling sector, energy sector, and transport sector
– is presented in Directive 2009/28/EC [17]. Production and consumption of energy from water courses,
production and consumption of heating energy from geothermal energy and solid biomass, including
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fuelwood, pellets, and briquettes, as well as from solar and wind energy, are all examples of renewable
energy production and consumption.
Directive 2009/28/EC sets a binding goal for Serbia, which amounts to 27% of renewables in the gross
final energy consumption in 2020 [18]. Whereas the share was 21.2% in early 2009, the transport sector
requires a 10% share of renewables, which is 2.6% in the final energy consumption from renewable
energy sources [18, 19]. According to the report on the implementation of the national action plan for
renewable energy sources, their share in the gross final energy consumption for 2016 was 20.90% [19]
(Figure 7).
Figure 7: Results up to 2016 and the national goal for 2020

Izvor slike: [18]
The share of renewables in electricity consumption was 29.23%, in heating and cooling it was 24.24%,
while their share in the transport sector was only 1.22% [18].
DISSCUSION
ISO 50000 was conceived so as to help companies to improve their energy performance through better
utilization of their own assets that consume energy. Improved energy performance can provide quick
rewards to companies through maximum use of energy sources and energy-consuming assets,
simultaneously reducing both the cost and the consumption.
In view of the underutilized potential of renewable energy sources, the goal set for 2020 can be achieved
only from domestic sources, excluding the share of fuels in the transport sector. A much greater use of
biomass is expected in the transport and heating/cooling sectors over the upcoming period. The
dynamics of biofuel use will be slower than those stipulated in the action plan.
CONCLUSION
The systems for quality management, environmental management, occupational safety management, as
well as energy management constitute standards that are integrated in the implementation of an
integrated management system (IMS). Companies use the IMS in order to continuously improve their
business and maintain their competitiveness in a highly competitive market. The system is first created,
then established, maintained, and improved using a process model.
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MANAGEMENT OF SAFETY INNOVATIONS: AN EFFECTIVE APPROACH TO
ADDRESSING RISKS IN A DYNAMIC ENVIRONMENT
Abstract
Technological safety aspects cannot be the only way to solve problems in the working environment.
Safety system as an open system suffers the influence from the environment, and risks that employees
and organizations are exposed to are changed in time. Therefore, human and organizational factors, as
well as innovation potential, are becoming increasingly important. Effective innovation management is
necessary to adequately respond to risks in a changing environment. This paper emphasizes the
importance of considering safety dynamics, risk evaluation and efficient employee informing, especially
in technologically and systematically complex organizations. In such systems, managing safety
innovation can be crucial to reduce negative consequences of occurrence of adverse events.
Key words: safety, innovations, risk management.

INTRODUCTION
The development of modern society is significantly conditioned by the number of people and their needs
for certain resources. The resources available to civilization are limited and must be used in an
innovative way. The innovative potential of every human activity is crucial to its success. Therefore,
great importance comes to innovations in all human activities.
Modern business environment has many different challenges. Competition in such an environment
requires specific forms of action in all business domains. Business policy must be ready to respond
quickly to turbulent changes in the environment. These changes can be caused by user requirements, but
also by existence of unpredictable risks in the environment. Untimely or inadequate response to these
changes can lead to unexpected consequences for employees and organization [1]. Modern risks are
characterized by abstractness, unpredictability and lack of connection with one of the main causes, and
inadequate response to them can have unimaginable consequences. Dynamic improvement of safety
system is an obligation in the operations of contemporary organizational systems, where risks and
opportunities are considered in the process of analysis and selection of the manner of improving
integrated safety system [2]. The introduction of innovations in the safety system must be timely, based
on the real needs of minimizing the greatest risks, and applied in a form that does not interfere with the
employees in carrying out their daily working activities. Systems approach to risk management and
evaluation of safety systems can help for these purposes. Every opportunity to improve safety system
must be used in the right way. Therefore, it is important to monitor and assess the state of the safety
system in detail, to introduce the mechanisms for initiating and implementing ideas and encouraging
innovation of any kind. Only innovative organization can survive in a dynamic environment, and
innovations in the safety system significantly improve the status of the organization, as well as the
performance and satisfaction of employees.
SAFETY SYSTEM AND INNOVATIONS
During the analysis of causal connections, extensive literature was examined from a large number of
online sources in Kobson database [14]. The analysis has been carried out in two directions: studying
important characteristics of integrated safety systems from the point of view of risk management and
interpretation of innovative operation, innovation model and innovation management mechanisms;
consideration of innovations in the world and in Serbia, interpretation of the main trends and possibilities
for applying innovations in existing safety systems. A large number of scientific references (over 400)
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over the last ten years proves the importance of the theme. The key ideas in the methodological
guidelines in the study of mentioned problem areas are presented in the following sections.
Safety system and its performance
Safety system is a dynamic system that allows the level of risk in the observed environment (working
or living) to be reduced to an acceptable level or, more rarely, completely eliminated [3]. Dynamic
character of risks and observed phenomena caused the need for periodic introduction of innovations in
such systems. Changes are initiated by external or internal factors, and this requires innovative action in
the context of improvement of existing safety measures or safety activities, or introduction of new safety
measures or safety activities. Safety system represents a complex combination of resources - people,
materials, equipment, hardware and software components, data, information, knowledge, services and
other, integrated with the goal of fulfilling certain needs related to the protection of people, as well as
material and non-material goods [4].
Systems thinking, as an approach primarily based on observing the system as a whole rather than its
parts, is a holistic way of observing the organization and interaction of people in it. Such an approach is
suitable for considering the innovative activity of an organization and identifying elements that promote
or prevent individuals from demonstrating their innovative potential [12]. Organizations are „living“
systems composed of people and their relationships. Their safety performance is described by a set of
activity and outcome indicators [4,5]. In such an environment, it is necessary to provide a context for
the development of innovations and support innovative activity. In order to prevent chaos due to various
notions of system development, it is necessary to develop an innovation system. The innovation system
allows the potential of individuals to be utilized and directed in the best way possible for the
organization.
In order for the system to be usable, it must have certain performance. This performance makes it
possible to manage the innovative activity of an organization in an efficient and effective way [4,13,16].
Innovation system is focused on a comprehensive review of innovation management. Only such
innovation efforts will be treated as a unique and integrated whole, and not as a set of independent
activities, such as encouraging creative action, exchanging ideas or interactive teamwork. Without
systematic innovation management, it is not possible to continuously operate productively and develop
effective innovations.
Innovations
Innovation is the key of achieving organizational goals. Organizations should define a comprehensive
system for achieving goals through innovative activities. An efficient and effective innovation system
addresses multi-level problems, from individual, through team, to organizational. Basic elements of such
a system are to support individuals and improve their skills, define the process of identifying and
realizing ideas, and discussing all organizational resources that can lead to the development of
innovative ideas (processes, people, technologies, structures, procedures). Innovative competence
represents the possibility of creative thinking, defining new approaches to solving problems and
considering problems from different aspects [6].
An organization as a strong interaction of human, organizational and technical elements that exists in a
changing environment is a complex system. Human, organizational, and social factors are often critical
to determining whether the organization is successful or not. Mumford emphasizes the importance of
understanding the effects of these factors on system development in the organization, defining sociotechnics [6]. Socio-technical design is based on the equality of social and technical aspects in the design
of a system. The most important is the value system, in which employees have the same priority as other
parts of the system (equipment, organizational elements, etc.). An ideal working environment, where
technology initiates people changes, still does not exist. Participation of employees in the system is
necessary, which represents a democratic aspect of this way of observing the system. Successful sociotechnical design requires the following skills: knowledge, resources, teamwork and leadership,
organization and ethics. These abilities are mapped to the following competencies of individuals [4,6]:
knowledge, resources, psychological competence, organizational competence, innovative competence,
and ethical competence.
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Workplace technology
Technological advancements in the work environment are reflected in the application of various
technologies to improve the workflow and increase the level of security of employees. Some of these
technologies are shown in Table 1.
Table 1. Workplace technology improvements
Technology
Examples
Wearable devices
Health and fitness trackers, wristbands, smart glasses
Mobile equipment
Tablets and mobile devices for transfer of different safety messages
Communication devices
Hands-free communication devices for fast connection
Check-in technology
ID badges and cards for fast identification
Safety signs
Intelligent projected (gobo) signs for cautions on emergency areas
Drones
Aerial monitoring small, hot or cold emergency areas
Visualization
Augmented reality, smart glasses for safety education and training
Artificial intelligence
Identification of safety equipment on employees
Autonomous vehicles
Independent tracking, entering dangerous locations
Internet of Things (IoT)
Network connection of workers, online reading of workplace conditions
Source: [7,15] and own research
As can be concluded, innovative technologies are applied to improving working conditions, increasing
the security, training on safety, as well as communication and informing employees about the occurrence
of adverse events [7].
Innovation models
Models of innovations began to intensify to develop in the mid-20th century. They all promote
characteristic system for initiating ideas and implementing innovations. Table 2 presents generations of
models, based on the analysis of existing literature and modern approaches to the development of
innovation management systems [8].
Table 2. Different generations of innovation models
Generation
Name
Description
st
1 generation
Technology push
Linear model; technological innovations based on the
research and development (scientific research)
2nd generation
Market pull
Linear model; innovations based on market demands
affecting the research and development
3rd generation
Coupling
Push-pull process; innovation management based on
feedback with previous stages
4th generation
Parallel processing
Functional integration of innovation processes; feedback
loops and iterations, cooperation with other organizations
5th generation
System integration
System model; system integration and collaboration of
networked actors concerning uncertainty and risk
6th generation
Network
Network model; connected actors, with innovation cycles
innovations
based on research, development and market changes
7th generation
Participatory
Distributed model; every actor is included into one or
innovations
more innovation processes in the cycle of idea
implementation
Source: [8-10] and own source
Each generation of the model lasted about a decade. Linear models are gradually replaced by more
complex network models. Contemporary participatory approaches require the development of even
more complex models of innovation management. The innovation management system, as a complex
system, cannot be fully represented by a simple linear model of the cause or the result of innovative
activity. In conjunction with safety system and various actors, the complexity of interactions comes to
light.

70

M&S 14 (2019)

INNOVATIONS IN SERBIA COMPARED TO OTHER EUROPEAN COUNTRIES
According to the current version of Oslo Manual, there are four main innovation types [11]: product
innovation, process innovation, marketing innovation, and organizational innovation. Product
innovation means introduction of products (new or with improved technical or functional
characteristics). Process innovation introduces new processes or improves production methods, while
marketing innovation includes changes in product or service design or promotion. Organizational
innovation implements new organizational methods or business processes, as well as improves
workplace organization.
Innovations in Europe
Figure 1 shows product innovative firms, regardless of any other type of innovation, as a percentage of
total number of firms, concerning the results of national innovation surveys in representative European
countries, where SME means Small and medium enterprises. SMEs have lower percentage of innovative
activity compared to large enterprises.
Figure 1. Product innovative firms in European countries in percentage

Source: OECD (2017) survey and the Community Innovation Survey (2014) [17-19]
Figure 2 shows product and/or process innovative firms as a percentage of total firms. As expected, the
most innovative companies are in ICT sector, while the least innovative is services sector. Service sector
experienced a decline in innovation, due to saturation of the market and the inability to place new
innovative solutions so that their development and implementation be worthwhile. The constant
development of production and the introduction of innovative procedures is the basis for the
development of serious society.
Figure 2. Product and/or process innovative firms as percentage of total firms

Source: OECD (2017) survey and the Community Innovation Survey (2014) [17-19]
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Innovations in Serbia
Serbia's innovative potential is large, but in large part it is not fully exploited. Figure 3 presents the types
of innovations in total innovative activities of enterprises in 2016, where corporate, technological, and
non-technological innovations are taken into consideration. Small enterprises are enterprises that have
10-49 employees,
medium have 50-249 employees, while large enterprises have 250 and more
employees.
Figure 3. Structure of type of innovations in total innovative activities of enterprises in 2016

Source: Statistical Office of the Republic of Serbia survey (2016) [20]
Serbia is characterized by large regional disproportions in various fields, and above all in the level of
income. However, when it comes to innovations, regional differences are very small, as can be seen in
Figure 4. Unfortunately, in all regions more than half of the companies are non-innovators. Figure 5
presents the share of revenue from innovation of products/services in total revenue in 2016.
Figure 4. Share of type of innovation in enterprises-innovators by territory in 2016

Source: Statistical Office of the Republic of Serbia survey (2016) [20]
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Figure 5. Share of revenue from innovation of products/services in total revenue in 2016

Source: Statistical Office of the Republic of Serbia survey (2016) [20]

DISCUSSION
Innovative potential of a country and innovative actions have significant impact on overall economic
level of a country. Countries with a large number of innovative enterprises and a large number of
innovations have much better economic situation. Research and development is the basis for creating a
strong economy. The countries with weaker natural resources try to exploit human potential and
innovations in order to better position themselves in the world market. Knowledge is an unrivaled
potential, used by many countries to develop, up to a high level, in spite of poorer geographical location
and insufficient natural resources. According to results presented in Figure 1 and Figure 2, the following
countries have the highest percentage of product innovative firms among large enterprises: Austria
(AUT), Ireland (IRL), Greece (GRC), Finland (FIN), Portugal (PRT), and Germany (DEU). Among
SMEs, the highest percentage have Ireland (IRL), Nederland (NLD), Germany (DEU), and Northern
European countries (Finland – FIN, Island - ISL, Norway - NOR, and Sweden - SWE). In the ICT sector,
the most prominent for innovations are the following countries: Germany (DEU), Portugal (PRT),
France (FRA), Belgium (BEL), Austria (AUT), and Northern European countries (Finland – FIN, Island
- ISL, Norway - NOR, and Sweden - SWE).
The development of the industry must be accompanied by adequate development of safety systems, new
safety measures and protective equipment, in order to improve working conditions of the employees and
their working environment. This indirectly leads to greater employee satisfaction and improvement of
their performance. An innovative safety system leads to much greater benefits than simply reducing the
number of injuries and absenteeism. It improves the level of productivity in the most hazardous areas.
Modern innovative models must also be applied in the domain of safety. In Serbia, innovative potential
is mostly used in the field of development of new products, and fewer services. In the domain of safety
there is no accurate data on how innovative companies are involved in this activity. Based on insights
at the local level, they mainly provide services with low level of innovation. Developing more complex
safety systems requires the engagement of a very specific workforce, and domestic market has very
limited demand for products and services of this type, which further reduces the possibility and
profitability of development. By inspecting the results shown in Figure 3, it can be concluded that large
enterprises are still the basis for the development of innovations in Serbia. SMEs are still not the main
drivers of innovative activity. The evenly distributed innovative potential, shown in Figure 4, shows
that, despite the much more developed market in certain regions and higher salaries, innovative
development can take place in smaller cities. Location conditionality is not limiting factor in the
development of services, which can be placed in remote locations (for example, ICT services). This can
significantly improve the results shown in Figure 5, which are related to revenue, and should be at least
doubled. Network and participatory innovations, i.e. network or distributed models of innovation
development can even more increase innovation potential, where stakeholders at different locations take
part in the cyclic process of innovation management, supporting that process with appropriate ideas.
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CONCLUSION
Modern models of innovation, sixth and post-sixth generation, enhance the participation of all
stakeholders in innovative work. First of all, safety innovations should be initiated by employees and
responsible (licensed) persons, and supported by management in the process of their profiling and
implementation.
The company of the future must perfectly take care of innovations in the field of workplace safety. This
is not limited to protective equipment, but also to safety measures, improvement of work procedures
and working conditions, as well as increasing the level of knowledge and morale of employees. When
the employees feels safe, have the appropriate equipment for the benefit and an inspirational work
environment, they will put much more effort to perform delicate activities at their workplaces.
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MANAGING THE EDUCATIONAL PROCESS TOWARDS THE SUSTAINABLE
DEVELOPMENT
Abstract
In the moment when the education has been recognized as the precondition to achieve the sustainable
development, new requirements and a big responsibility have been assigned to the educational process.
In order to successfully respond to them, certain changes, modifications and innovations have to be
made in the educational process, i.e. the educational process has to be reoriented – the education has to
be managed towards the sustainable development. Just like each management process is based on
planning the steps that need to be implemented in practice, necessary changes and development direction
in the management of the education also needs to be thoroughly planned out. This planning must be
based on the regulations of important documents relating to sustainable development. In this paper, the
regulations relating to the educational process defined both in the international and national documents
with emphasis on the distinction between the education about the sustainable development and education
for the sustainable development, as well as the implementation of these regulations in the educational
system in Serbia will be presented.
Key words: sustainable development, education, management.

INTRODUCTION
The education is a significant prerequisite and an instrument to reach sustainable development.
Educational systems all around the world face the challenges of the 21st century, to which both younger
and older members of society have to be prepared for. This requires directing the management of the
educational process towards raising the awareness of modern society’s global issues that are the base of
the sustainable development, as well as towards forming the attitudes, adopting the values, shaping the
behaviour that will have the function to achieve such lifestyles that will gain the label “sustainable”.
Besides that, the educational process itself must become sustainable, accessible to all with the respect
to values such as equality, justice, democracy and tolerance.
Governments play the key role in the management of the educational process, therefore it is necessary
to adopt and accept the strategic documents that would direct the education towards the sustainable
development. Adopting and adjusting the regulations of the international documents at the level of the
concrete educational systems, as well as suggesting and adopting the national strategies is the first step
towards implementating the sustainable development principles in the educational process, and therefore
it presents a basis for further management of the education towards the sustainable development. In
other words, planning the changes and the direction of the development of the education has to be based
on the regulations of important strategic documents in the sustainable development field, if the
sustainable development had been set as the goal of the educational process management.
It is possible to achieve this goal if we look at the education as an instrument to reach it. In that context,
we can talk about the education for the sustainable development which has been described in this paper
with regard to the education about the sustainable development. Also, the most important regulations of
the international documents that consider the problems of the sustainable development, while referring
to the educational process have been presented in this paper, and the accent has been put on the national
documents whose given regulations are being practically implemented as well. Besides that, the
regulations of the national strategies that promote the education for the sustainable development have
been presented.
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The educaton for sustainable development versus the education about sustainable development in
the context of the educational process management
Education represents a significant means of implementation of sustainable development, by giving a
possibility for balancing the tension between the economic, social and environmental development, as
well as for integrating them into a unique concept that should provide with an overall well-being. The
above statement insists on reforming the educational process towards the quality education, which
encourages lifelong learning, critical thinking, collaborative learning and holistic understanding. In
other words, there is a need for the education for sustainable development (ESD) that inspires critical
reflection on different perspectives of the world, and that enables those who learn to reach a sustainable
lifestyle, as well as to become actors in the process of social changes [1]. The education for sustainable
development is usually defined as “education that encourages changes in knowledge, skills, values and
attitudes to enable a more sustainable and just society for all” [2, p. 7].
The terms education for sustainable development and education about sustainable development are not
synonyms, and as such, they must be differentiated. The term education about sustainable development
defines theoretical discussions and “lectures” regarding the subject of sustainable development, which
is not sufficient for reaching the sustainability. There is also a need for using the education as a means,
i. e. an instrument for reaching it, which is a concept of the education for sustainable development [3],
which [4] refers to as something more than a knowledge base about the environment, economics and
society. The ESD also stands for the learning skills, perspectives and values that directs them towards
sustainability in the way of living and active participation in a democratic society. In regard to this,
curriculums should not only include the knowledge about sustainable development, but also the skills,
perspectives, values and problems that focus on sustainable development. Moreover, the ESD can’t be
narrowed down to a special course or programme which would concern the contents about sustainable
development. It requires the reconceptualization of the educational system, curriculum and working
methodology towards the sustainable ways of living [5].
Lončar [6] also indicates that there is a difference between education about and education for sustainable
development by stating that the usage of the proposal for suggests that there is a need for directing
education towards something specific and indisputable, in this case towards sustainable development.
Education for sustainable development is all about “promoting the values and behaviours prescribed by
sustainable development policies” [6, p. 249]. On the other side, education about sustainable
development implies familiarization with the concept, policies, theoretical debates on sustainable
development, in relation to the other theories, approaches and concepts.
By emphasizing the double perspective and the state of education regarding sustainable development,
Đukić [7] also distinguishes the education for sustainable development and education about sustainable
development. On the one hand, education can be seen as a basis for changes leading towards sustainable
development and socio-economic, technological and institutional spheres, and on the other side, there is
education about sustainable development, that is sustainable development as an integral part of
educational programmes.
ESD represents a evolution of environmental education, i. e. the environmental education has been
extended to social and economic dimension [1], including questions such as international development,
cultural dversity, social and environmental equity [8]. As stated by Nikolić [3, p. 121] “education driven
by sustainable development goes further, it is an education which is oriented towards future, in fact, it
is the strenght of the future that will transform the human society”.
In order to use the education as an instrument for achieving sustainable development, the educational
process has to be managed, which, according to Didham & Ofei-Manu [1] requires the comparison of
the quality of curricula, schools and teachers with specific criteria and qualifications. The criteria,
requirements, regulations and guidelines in the context of education for sustainable development are an
integral part of numerous international and national documents. Having in mind the fact that the
reorientation of educational system is a prerequisite for achieving sustainability and implementing the
sustainable development model [5], the regulations which must be the starting point for the governments,
as carriers of the national educational systems management, in the process of reorientation, i. e.
managing the educational process towards the sustainable development are presented below.

M&S 14 (2019)

77

The education for sustainable development in international and national documents
The idea of education for sustainable development represents the result of many international economic
forums and organizations [9]. The relation between education and sustainable development was first
recognized at the Stockholm Conference in 1972 [8] with an international acceptance of the fact that the
education plays an important role in protecting and preserving the environment. Many international
declarations, charters and partnerships have been developed after this conference, in order to foster the
environmental education, sustainable development and education for sustainable development [10].
Over time, the principles of sustainable development have become an integral part of international
declarations, national laws and initiatives and therefore the sustainable development has become a key
principle of European and international policies [11]. ESD became a global priority, but also a priority
in national policy documents, since the Earth Summit [12], i. e. the United Nations Conference on
Environment and Development, held in 1992 in Rio de Janeiro [13]. The role of the educational system
in achieving sustainable development is clearly defined in the documents of this conference [9]. One of
the documents is Agenda 21, which describes different strategies for achieving sustainable development
with an accent on the role of education [14], that has been recognized as the key factor for reaching
sustainable development in chapter 36 [15]. Chapter 36, with the title “Promoting education, public
awareness and training”, consists of three segments that represent the goals, the activities and the ways
of implementing the ESD. The first segment refers to reorienting education towards sustainable
development in both formal and informal educational systems with an emphasize on their importance
for changing people’s attitudes in order for them to develop the capacity for dealing with sustainable
develpoment issues, for raising their ecological and ethical awareness, values, attitudes, skills and
behaviours that are consistent with sustainable development, as well as effective public participation in
decision making process. In this chapter, the following goals are suggested: providing the universal
access to primary education, increasing the scoop of children in primary (both formal and informal)
education, decreasing the illiteracy among the adults, raising the awareness about the environment and
the development in all social sectors, achieving the accessibility of environmental and development
education, from primary school age through adulthood, integrating the concepts of environment and
development in all educational programs. Some of the activities suitable for achieving the forementioned
goals are: preparing national strategies and actions, organizing training programs in the environmental
and development field, promoting already efficient and developing innovative teaching methods,
supporting the universities and other tertiary activities and networks for environmental and development
education, supporting informal educational activities, educational programmes for adults, as well as
those for primary and secondary school students, etc.
The second segment is about increasing public awareness of the correlation between human activities
and the environment, i.e. the environmental and development problems, involving in the process of
finding their solution and supporting the feeling of personal responsibility for the environment, the
motivation and the commitment to sustainable development [16]. In order for a society to make progress
towards the sustainable development, the population of that society has to be aware of the sustainable
development goals, as well as to possess the knowledge and skills for their realisation [17]. According
to that, the goal is to “promote broad public awareness as an essential part of a global education effort
to strengthen behaviours, values and actions in order to achieve sustainable development” [18, p. 96].
This goal can be reached through activities such as: strenghtening existing and establishing new advisory
bodies for promoting the information on environment and development, creating educational
institutions, especially in the tertiary sector, using modern communication technologies, developing
support programs and involving children and youth in solving environmental and development problems
etc. The third segment of chapter 36 is oriented towards promoting training [16], that is the training
improvement which includes promoting the flexibile and adaptable workforce, strengthening the
national capacities and management [19], establishing and strengthening the vocational training
programs in accordance to environmental and development needs, as well as providing the training
opportunities for everyone. The suggested activities within this segment are: integrating the
environmental and development problems into already existing training programs and their alignment
with sustainable development needs, strenghtening the national training programs for graduates from
vocational schools, high schools and universities, preparing and modernizing the textbooks and training
guides, spreading the training programs, especially in the environmental field [18]. In doing so, the
development of specialized training programs designed to ensure that all working sectors have the skills
and knowledge required to sustain a job is recognized as a key component of ESD [17].
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The questions of sustainable development and raising public awareness are in the focus of the
Millennium Development Goals and the Plan of Implementation adopted at the World Summit on
Sustainable Development [9].
The Millennium Development Goals are a part of the Millennium Declaration adopted at the Millennium
Summit in 2000 in New York, which obligates world leaders to fight against poverty, hunger, desease,
illiteracy, environmental degradation and discrimination against women. One of the Millennium
Development Goals refers to education and sets a request to achieve universal primary education [20],
that is a request to enable every child, both boys and girls, to have a possibility to finish their primary
education [13], as well as to have an equal access to all levels of education [21]. In Serbia, this goal has
been expanded within the National Millennium Development Goals in the Republic of Serbia, and it
includes the following tasks: (1) increasing the percentage of children involved in primary education
which refers to increasing the percentage of children entering the primary education, children finishing
the primary education and children entering the preschool education, decreasing the precentage of
children who doesn't continue their education afther the fourth grade and duplicating the number of
preschool institutions; (2) aquisition of vocation, promotion of the concept of lifelong learning and
availability of higher education which requires that 95% of students (both boys and girls) finishes some
kind of secondary education and 100% of youth, age 15-24, to be literate; (3) increasing the quality of
education which refers to primary education in order to reduce the number of students dropping out of
schools and to improve the educational outcomes which requires innovating the plans, programs and
methods, strengthening the national commitment to education, promoting the mechanisms for local
control of education, following the quality of students achievements etc; and (4) establishing additional
data bases for monitoring and evaluating the realisation of national goals and tasks, including gathering
the data about the number of students dropping out of schools, about the number of Roma children
entering the first grade and finishing the primary education and about the availability of schools for
children from specific groups (Roma children, children from rural areas, children with disabilities) etc.
[22].
At the World Summit on Sustainable Development, held in 2002 in Johannesburg [8], the education for
sustainable development was in the center of international attention [12]. The key role of education for
promoting the sustainable development was emphasized within the Plan of Implementation of the World
Summit on Sustainable Development. The recommendations from this conference, relevant for
managing the educational process towards the sustainable development are as follows: (1) to mobilize
necessary resources for meeting the Millennium development goal of achieving universal primary
education and for providing all children with the possibility to complete the primary education; (2) to
provide financial support for education, research, raising public awareness programs and developmental
institutions in developing countries and countries with economies in transition; (3) to deal with the
impact of HIV/AIDS on educational systems in those countries affected by the pandemic; (4) to allocate
the resources for primary education and for integration of sustainable development into education and
development programs and to improve the integration between publicly funded research and
development and development programmes; (5) to eliminate gender disparity in primary and secondary
education; (6) to integrate the sustainable development into all levels of the educational system with an
aim of promoting education as a key agent of change; (7) to develop, implement, monitor and review
education action plans and programmes at national, regional and local levels; (8) to provide formal and
informal education programs in order to reduce illiteracy, emphasize the importance of lifelong learning
and promote sustainable development; (9) to support the role of education in promoting sustainable
development by integrating information and communications technologies into educational system,
exchanging experiences, implementing the work programme of the Commission on Sustainable
Development on ESD and adopting a decade of education for sustainable development [23].
The adoptation of the Decade of Education for Sustainable Development was the official
recommendation to the United Nations General Assembly [8] highlighted at the World Summit on
Sustainable Development. In accordance with that, the definitions of the concept that integrates
sustainable development and education became more clear and exaustive in 2005 [11], while its
importance [14] and further popularity were emphasized thanks to the UN Decade of Education for
Sustainable Development, “proposing new opportunities in education and research, and introducing the
feasibility of confrontation using new challenges, aimed at approaching sustainability” [11, p. 104]. By
adopting the Decade of Education for Sustainable Development, the priority has been given to the
education [8] through a widely set goal oriented towards the integration of the principles, values and
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practices of sustainable development in every aspect of education and learning [24]. Considering the
fact that the quality education and learning represent a prerequisite for a sustainable future, the Decade
recognizes the importance of implementing the sustainable development in the teaching process and
attempts to influence the governments in order to provide the necessary changes in the curriculums of
various fields, but also to highlight the need for teacher training in the field of sustainable development.
Besides influencing the governments, the Decade recognizes the necessity for different strategies and
action plans of ESD, for human and financial resources allocation and for including all the possible
stakeholders important for gaining positive effects [25]. In other words, the Decade recognizes the need
for enhanced efforts in order to achieve sustainable development [24]. The basic vision of the Decade
is the world within which everyone has a possibility for education and for acquisition of values,
behaviours and lifestyles necessary for reaching sustainable future and positive social transformation.
The Decade of Educaton for Sustainable Development tends to promote the meaningful development
and the implementation of sustainable development at local, national, regional and international level
[26]. The successful implementation of the Decade of Education for Sustainable Development at a
regional level is based on the Strategy for Education for Sustainable Development [19] adopted in 2005
in Vilnius with a goal to strengthen the countries in the process of sustainable development integration
into educational systems, from primary to higher education, including the vocational education, as well
as the adult education. The ESD implies the inclusion of essential development problems (poverty,
peace, local and global responsibility, democracy, justice, human rights etc.) into teaching and learning
while using participatory methods that motivate the students to change their behaviour towards the
sustainable development, whereby promoting the competences such as critical thinking, imagining
future scenarios and common decision making. In order to achieve this, there is a need to promote the
sustainable development in formal, non-formal and informal education, to support the development of
teachers’ competencies for implementing the sustainable development into teaching, to provide the
necessary means and materials, to promote the research and the development of ESD etc. [27].
The principles which the Strategy, as well as the ESD are based upon imply the necessity for affecting
the knowledge, values, skills and understandings. It’s practical implementation includes the
improvement of primary education, the reorientation of education towards the sustainable development,
the raise of public awarensess and the promotion of training. On the one hand, ESD is oriented towards
encouraging the respect for different cultures, while on the other hand it fosters traditional knowledge.
The following necessities for reaching effectiveness of ESD are also introduced within the Strategy for
Education for Sustainable Development: integrating the ESD into all relevant subjects, as well as
providing special programs and courses in this area, providing educational experiences which support
sustainable behavour, increasing the cooperation between the educational society and other
stakeholders, providing an insight into global, regional, national and local problems regarding the
environment, applying the participatory teaching methods (discussions, simulations, modelling, case
studies, games, projects etc.) and providing the relevant educational materials (books, brochures, case
studies and good practice examples, audio and video resources etc.). Within the Strategy, there is also a
frame for practical implementation presented through several segments: (1) implementation on national
level (inclusion of the sustainable development perspective into all levels of management, integration of
the Strategy regulations into planning, investment and management strategies at all educational levels
etc.); (2) areas of activity (establishing the legal, regulatory and political frames for promoting ESD,
promoting ESD through formal, non-formal and informal education, professional teacher training etc.);
(3) international collaboration (strengthening the regional unions for working on ESD, exchanging the
good practice experiences, coordinating the international events for raising the sustainable development
awareness etc.); (4) roles and responsibilities (governments have the task to promote and accelerate the
implementation of the Strategy in their countries, as well as to monitor its implementation at all levels
of management, whereas local educational institutions have the responsibility for implementing and
monitoring certain Strategy regulations); (5) financing (costs of implementation of the Strategy are
borne by the states, it is necessary to work on scholarships and on building capacities in the educational
institutions etc.); (6) evaluation and schedule including three stages of implementation as it follows:
identification of current activities (until 2007), implementation with progress control and revision (until
2010) and a significant shift in implementation (until 2015 and still) [28]. By being one of the countries
that signed the Strategy, Serbia has taken upon a responsibility to integrate the given regulations into its
planning, investment and management strategies at all educational levels, and into all educational
institutions and organizations [6].
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In the Report of the United Nations Conference on Sustainable Development from the UN Conference
on Sustainable Development, held in 2012 in Rio de Janeiro, within the segment referring to education,
it has been emphasized that the necessary condition to achieve sustainable development is to enable full
access to quality education at all levels, which also contributes to poverty eradiction, encouraging of
gender equality, accomplishing the Millennium Development Goals etc. In this regard, the accent has
been put on providing equal access to education for people with disabilities, ethnical minorities, rural
population etc. Considering the fact that current generations are the carriers of future sustainability, there
is a need for improving the capacities of educational systems through teachers’ education promotion,
sustainable curriculums and training programs’ development, as well as through more efficient usage of
information and communication technologies in favor of the learning outcomes. Besides that, the Report
also emphasizes the need for raising the sustainable development awarenes among the youth, the
importance of improving the international collaboration when providing an equal access to education
for all, the attempt to fully integrate the ESD into educational system, the need for adopting good
practices for the sustainable management of educational institutions; as well as the importance of
supporting the educational institutions in the process of research, implementation of innovations and
development of the quality training programs [29].
Starting from an uneven progress in the realisation of the Millennium Development Goals and
unfullfilled expectations, at the UN Sustainable Development Summit, held in New York in 2015, the
2030 Agenda for Sustainable Development has been adopted [30]. Agenda 2030, which promotes the
Sustainable Development Goal 4 on Quality Education, and the visible presence of ESD in mainstream
discourses have contributed for ESD to become a central theme in the global educational context [31].
The mentioned goal “ensure inclusive and equitable quality education and promote lifelong learning
opportunities for all” [32, p. 14] demands that by 2030 all boys and girls should finish their primary and
secondary education and have access to quality early childhood development, care and preschool
education, an equal access to education for adults should be provided, a number of youth and adults with
relevant professional skills should be increased, gender disparities in education should be eliminated,
all youth and significant number of adults should achieve literacy and numeracy and all learners should
acquire the necessary knowledge and skills to promote sustainable development [32].
The situation in Serbia in the context of mentioned activities and the goal refering to inclusive and
quality education and the possibilities for lifelong learning are presented in the document Serbia and
Agenda 2030. Some of the observations from this document are: the acquisition of free, equal and quality
primary and secondary education for all is negatively affected by the fact that the secondary education
in Serbia is not mandatory; the percentage of children within the school system is increasing, but a great
number of students drop out of secondary schools; the Serbian educational system is not inclusive
enough, the qualifications are not aligned with the needs of the labor market which makes the number
of youth and adults with relevant skills difficult to increase etc. [33]. In Serbia and Agenda 2030 is also
emphasized that the most important document for the realisation of the Sustainable Development Goal
4 on Quality Education is the Strategy for Education Development in Serbia by 2020. This goal can be
achieved through the following: (1) training and application of the educational standards, optimization
of the school networks, reducing the dropout rate, evaluation of the educational outcomes and fostering
the pedagogical function of schools, as well as the development of inclusive education are envisaged in
order to establish free, equal and quality education for all; (2) introducing a half-day preschool program,
adopting the quality standards, accreditation and improvement of the preschool institutions network, as
well as increasing the percentage of children within the preschool institutions are envisaged in order to
create access to quality development in early childhood, care and preschool education; (3)
standardization of exams, flexible organization of teaching, adjustment to the economic needs, reducing
the dropout rate etc. are envisaged in order to ensure the equal access to the low-cost and high-quality
vocational and tertiary education; (4) dual and entrepreneurial education are envisaged in order to
increase the number of youth and adults with relevant skills; while the measures for (5) eliminating
gender disparities and ensuring the equal access to education, (6) achieving literacy and numeracy and
(8) improving the knowledge and skills necessary for the sustainable development are not sufficiently
elaborated in the Strategy for Education Development in Serbia by 2020 [33, pp. 29-31].
The Strategy for Education Development in Serbia by 2020 recognizes that in order to manage the
educational process towards the sustainable development, it is necessary: to provide timely, quality and
efficient education and to meet the educational needs of the population, because the “well-educated
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population of the Republic of Serbia is a real resource for the proper use of natural and other inherited
resources (…), as well as for the development of the new ones (…)”[34, p. 13]; to apply modern forms
of work; to develop the competencies and to ensure the appropriate training for the workforce; to provide
quality education in gymnasiums and secondary art schools; to enable that everyone acquires the
necessary knowledge, skills, abilities and values, i. e. the professional competencies within the
vocational education; to ensure the sustainability of high education institutions and of the entire network
of educational institutions; to create a climate that encourages the sustainable development within the
educational institutions; to align the adult education with the labor market and individual needs, to make
it flexible and innovative; and to provide sustainable funding for education at all levels [34].
The education for sustainable development in national strategies in Serbia
National strategies that help the educational process align with the sustainable development principles
are a prerequisite for the ESD. In addition to the presented national documents, the role of education in
achieving the sustainable development in Serbia has been highlighted within some other stategies,
presented below.
In the Strategy for the Development of the Vocational Education and Training in the Republic of Serbia,
reconstruction and tranformation of the education, particularly the vocational education, is presented as
a prerequisite for the education for the overall sustainable development of the Republic of Serbia. The
sustainable development permeates many segments of this Strategy, so it is stated that in the process of
acquiring the professional knowledge, skills and abilities, it is necessary to follow the guidelines for the
sustainable development of the whole society, and that the sustainabele development is one of the
principles of the vocational education and training development, noting that “the organization of
education, teaching and learning in the vocational education and training should be harmonized with the
concept of sustainable development” [35, p.16]. The sustainable development (with the development of
the awareness of the need for environmental protection) is also presented as one of the segments and
assumptions of employment, as one of the concepts upon which the professional standards should be
developed, as one of the criteria for establishing a network of secondary vocational schools and
educational institutions etc. [35].
One of the starting points of The Strategy for Development of Adult Education in the Republic of Serbia
is the understanding that the adult education is an instrument for the perservation of the environment
and for the sustainable development of the society. The sustainability is presented as one of the
characteristics of an adult education system that can be achieved if education becomes relevant, flexible,
efficient and effective. The Strategy for Development of Adult Education in the Republic of Serbia also
emphasizes the necessity of the adult education programs related to the environmental protection and
the sustainable development, with the task to help the adults in adopting the principles of environmental
protection and sustainable development, as well as to facilitate the implementation of the sustainable
development concept in the process of acquiring the knowledge and the skills that affect the professional
development of the employess [36].
By adopting the National Sustainable Development Strategy for the period until 2017, the sustainable
development has been accepted as a permanent priority in Serbia [30]. Within this strategy, the
educational system in Serbia is described as unsustainable, inefficient, low-quality, with incomplete
scope of children. Because of that, there is a need for the ESD which implies “not only the application
of the content about the sustainable development, but also a new educational system that supports the
knowledge-based economy and represents a necessary presumption of the sustainable development of
the economy and the society as a whole” [37, p. 36]. Having this in mind, there is a need for a
fundamental reform of the educational process in responce to a demand for educated, innovative,
creative people who are willing to change their abilities in accordance with the developmental changes
and who are able to think critically and creatively, to solve problems and to cooperate mutually while
creating a new economy, a stable social system and sustainable development. However, education about
the sustainable development is a prerequisite for the sustainable development and therefore, it is
important to work on the integration of the knowledge related to relevant sectors (environment, society,
economy), and particularly on its practical application which is aimed at achieving a better quality of
life of citizens. The contents about the sustainable development must become an integral part of the
relevant school subjects, as well as of the informal forms of education. In addition, there is a need for
changing the financial system, equalization of the private and public educational systems, modernization
of educational programs, introduction of a quality assurance system, creating modern staff, establishing
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a social partnership for education, as well as a need for licensing, certification and accreditation. The
creation of a sustainable education system is based on: (1) creating favourable conditions for economic,
financial, institutional and technical support to educational reform and to ESD; (2) promoting the
concept and practice of sustainable development and sustainable education through formal and nonformal learning; (3) relevant training for teachers at all levels of education; (4) developing the research
of ESD; (5) continuous improvement of cooperation in the process of educational reform at the national,
regional and international level [37].
One of the problems emphasized in the National Youth Startegy [38] is that young people do not have
enough knowledge, neither the awareness of the environment and the sustainable development.
Therefore, it is necessary to improve the educational programs and informing the youth, parents and
teachers about the problems related to the environmental protection, sustainable development and
climate changes. Nadić [39] states that the National Youth Strategy emphasizes the attitude of youth
towards the environmental problems in the context of intergenerational solidarity and responsibility, as
well as in the context of building democracy, with an emphasis on education and its role not only in the
development of youth, but also in the environmental perservation. The education about sustainable
development is “an imperative of time and a prerequisite for achieving sustainable development” [39,
p. 219], and it should contribute to raising awareness, acquiring knowledge and forming attitudes
necessary for building the sustainable lifestyles, production, consumption and environmental
management [39].
CONCLUSION
Starting from the fact that the education is a fundamental prerequisite for acquiring knowledge, building
habits, forming skills and adequate behaviours in every aspect of human life, i.e. that it is a prerequisite
for preparing people for life in the 21st century. its importance in the sustainable development field has
also been recognized. Therefore we can talk about the education about sustainable development and the
education for sustainable development, both of which are becoming a part of many international
conferences, strategies, charters, plans that serve as a basis for making similar decisions on a national
level, that is as a basis for planning the management of the educational process. Once the management
of the educational process has been oriented towards achieving sustainable development, the regulations
of important documents that describe the actions that need to be taken and the goals that need to be
achieved in the field of education in the sustainable development context have to be the starting point,
basic directions and a guide on the road to sustainable development.
By analyzing the most important, internationally and nationally significant documents in the sustainable
development field , we come to the conclusion that in order to manage the process of education towards
the sustainable development, it is necessary to provide: an equal access and universal rights to education
for all people, regardless of their gender, origin, nationality and ethnicity; an increase of the scope of
children, youth, and adults getting educated while also providing reduction of the dropout rate; an
adequate system of financing the educational institutions in order to take necessary measures for
achieving sustainable development; linking of the educational sector with important institutions, social
community and key actors on a regional, national and international level; a relevant system of
monitoring and evaluation of the achieved results in the field of education about sustainable
development and education for sustainable development; a raise of the public awareness and promotion
of staff responsibility related to problems that modern society faces in the field of sustainable
development and motivation for active participation in their solving; a quality in education in the
sustainable development field through adequate changes in the curriculums, teaching methods, forms
and means of teaching, and training and improvement of the staff that represents quality carriers; a
promotion of the knowledge, attitudes and values based on the principles of sustainable development,
which serve as a base for changing the behaviour in order for it to be in the function of sustainable
development; a creation of new national strategies and action plans that regulate the management of
educational process towards the sustainable development.
The above points to the conclusion that the goal of managing the educational process towards the
sustainable development is twofold. On the one hand, it is necessary to take appropriate measures and
actions in order for educational institutions to function in accordance with the principles of sustainable
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development, in order for them to be open, accessible to all, and therefore in order for them to promote
universal human values such as justice, tolerance, democracy, peace etc. On the other hand, it is very
important to commit to changes in the programs, curriculums and the teaching process itself, but also to
planning the education in the sustainable development field in an informal educational system, and all
that while working on training and improvement of teachers and other personnel, which would help
strengthen the awareness and form the practical skills of present and future generations for whom the
sustainable development must become the only right way of living.
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METHODOLOGY OF BUSINESS PROCESS MODELLING
IN QUALITY MANAGEMENT SYSTEM
Abstract
Business processes are present and are taking place in all organizations regardless of their size and
business. There are no exceptions. What different organizations are, when it comes to business
processes, is the level of awareness and knowledge about their existence. In cases of underdeveloped
awareness and understanding of business processes, they take place in a slender and unmanaged manner.
If they are identified, modelled, documented and implemented, then one can talk about business
processes management. Business processes modelling is possible by applying different methods and
using different tools. In this paper, applying the general and special scientific methods of cognition, the
author explores methods of business processes modelling in the organization, citing their advantages
and disadvantages. As a result of the research, it brings a proposal of a method whose practical
application can prove and maintain a process approach of revival and improve the quality management
system of the organization.
Key words: methodology of process modelling, quality management.

METODOLOGIJA MODELIRANJA POSLOVNIH PROCESA
U SUSTAVU UPRAVLJANJA KVALITETOM
Rezime
Poslovni procesi prisutni su i odvijaju se u svim organizacijama bez obzira na njihovu veličinu i
djelatnosti. Izuzetaka nema. Ono po čemu se organizacije razlikuju, kada je riječ o poslovnim procesima,
je razina svjesnosti i spoznaje o njihovu postojanju. U slučajevima nerazvijene svjesnosti i spoznaje o
poslovnim procesima, oni se odvijaju stihijski i nisu upravljanji. Ukoliko su identificirani, modelirani,
dokumentirani i implementirani, tada se može govoriti o upravljanju poslovnim procesima. Modeliranje
poslovnih procesa moguće je primjenom različitih metoda i korištenjem različitih alata. U ovom radu,
primjenom općih i posebnih znanstvenih metoda spoznaje, autor istražuje metode modeliranja poslovnih
procesa u organizaciji, navodeći njihove prednosti i nedostatke. Kao rezultat istraživanja, donosi
prijedlog metode čijom praktičnom primjenom se može dokazati i održavati procesni pristup i
unaprijediti sustav upravljanja kvalitetom organizacije.
Ključne riječi: metodologija modeliranja procesa, upravljanje kvalitetom.
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INTRODUCTION
The process can be conceptually defined as "the course, the way and the way something becomes or is,
the development, the procedure …"[9] The HRN EN ISO 8402: 1996 standard defines the process as "a
set of interrelationships and actions that transform the input elements into outputs.“[10] Probably the
shortest definition of the process is described as the transformation of the inputs into the output.
Transforming input sizes into output transforms from one to another, making each process original. The
area of transformation of inputs into output is characterized by a system of complex interactions of
actions and resources. It's technology. It's "know how." The international standard ISO 9000:2000
defines process as „... a set of interrelated or mutually dependent actions that convert inputs into
results.[11] In the Instruction that Supports the Application of Revised International Standard ISO
9001:2008, the process is conceptually defined as: „... a set of interrelated activities that transform the
inputs into outputs. These activities require the allocation of resources such as people and materials."[8]
Business processes represent a number of logically related activities that use resources to ultimately
meet customer needs for products or services of the appropriate quality and price, within the appropriate
time frame, while at the same time realizing some value.[12] The process approach involves systematic
definition and management of processes and their mutual action in order to achieve the planned results
in accordance with the quality policy and strategic orientation of the organization.[12] Process
management and system as a whole can be achieved by using a PDCA cycle (Fig. 3).[9]
The subjects of the research
Modelling and mapping business processes is not the same thing. Business Process Mapping is a
graphical representation of a process that implies a logical sequence of activities or phases of a process.
For business process mapping different tools are used such as: flow chart, AS2, HIPO, IDEF, SSA,
Business Process Modelling Notation (BPMN), Unified Modelling Language (UML), Architecture of
Integrated Information Systems (ARIS), etc. The subject of research in this paper is the methodology of
business process modelling in the quality management system.
Hypothesis
The application of a uniquely well-structured business process modelling methodology contributes to
demonstrating a process approach and enables a quality management of the organization whose result
can measure the amount of loss due to (non) quality.
The task of this research
Modelling of business processes implies creating models of each specific process. The model is an
approximate representation of a system or process that serves to understand the system, and to change
or control it. Models should be as simple as possible and yet correct for the purpose for which they are
made. Models provide a description of complex phenomena, their better understanding, communication
of those who solve the problem and solving problems. In engineering and economics, models are used
to design new solutions, to test the properties of solutions and to choose the best solution. Excessively
complex and detailed models are difficult to understand and evaluate while simplified models lose
essential elements to explain the cause of behaviour. The recommendation is to develop a model in
simple modules with well-defined functions, which facilitates the development and verification of the
model.
Uneven approaches to business process views create problems in practice, both quality managers and
process managers, as well as auditors. It is therefore necessary to choose a suitable methodology for
modelling business processes and apply it to the modelling of all processes in the organization.
The task of this research is to offer a methodology of business process modelling in organizations that
will at the same time be complex enough to demonstrate the complexity of process phenomena and
process approaches and at the same time so simple that it can be easily understood and applied to all
business processes in organizations, regardless of physical size and activity.
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METHODS
An abstract dialectical method has been applied, as a general philosophical method of cognition, in the
part of research that relates to the interaction between customer requirement as inputs to each business
process and process results. From the general scientific methods of cognition, the following are applied:
the method of system theory in the part where the hierarchy and the structure of the business process are
researched. The modelling method was applied to modelling (designing) a business process. From the
special scientific methods of cognition, the following are applied: analysis, in the part related to: 1)
understanding of the philosophy of the business process; and 2) the role of the process steps or phase of
the process for the functioning of the whole; a synthesis method for the purpose of researching the
process input essence of a business process that manifests itself as transforming inputs into the result of
a business process in the form of a product or service as a materialization of customer requirements from
a business.
RESULTS
Below are the results of the research of the methodology of business process modelling. In this context,
the business process is defined and it presents the methodology that is successfully implemented in the
implementation of the quality management system since the appearance of ISO 9001:2000 and the
requirements for adopting a process approach in the development, application and improvement of the
efficiency of the quality management system and increasing the satisfaction of the customer fulfilling
its requirements.
"To make the organization activities efficiently, it has to establish a number of interrelated actions and
manage them. A resource-operated action that is managed to allow transformation of inputs to output
can be considered a process. Often the output from one process is input into the next process.
The application of the process system in the organization, their identification and interaction and the
management of them can be termed a "process approach".
The advantage of the process approach is to ensure a permanent monitoring of the links between
individual processes within the process system and their combination and mutual action.”[9] Despite
the fact that there are mainly three types of business processes, there is a need to talk about core
processes, management processes, support processes, and measurement, analysis and improvement
processes. The latter are often trained in the previous three groups of processes, but should be treated as
a separate business process group. (Fig. 1)
Figure 1. Interactivities of different types of business process

Source: Own research.
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The main task of managers during the modelling of processes is in fact establishing, directing and
describing of events during transformation process of input into output (Fig. 2).
Methodology of business process modelling
In order this task could be accomplished, management should have suitable methodology of business
process modelling as a part of quality management system. Different companies use dissimilar
methodologies. Modelling of methodology in great measure depends on knowledge about quality
management. Regardless of which methodology is used by teams who developing business processes,
they should remain consistent when they apply it in modelling all business processes in organization.
Management should create its own methodology or choose already existing methodology of business
process modelling. Teams for business process modelling in practice often encounter the problem of
verification of correctness of their own solutions. This paper presents one of the possible approaches.
•

Identification of the process is initial task in business process developing and demands (from
the team): naming of the process, appointing of the leader (manager) of business process,
defining of its objective(s), defining of input and output requests, description of mechanisms,
rules and controls. Afterwards, they must determine outer and inner users of business process
results, as well as designate process steps as consisting parts of the business process.

•

Diagram of the context is simple display of business process at the highest level from which
an interaction can be seen: rules, controls and mechanisms during transformation of input into
output (Fig. 2). The context diagram actually shows one of the definition of a process as a
transformation of the input requirements in the output, according to the rules and the application
of the control, and by using mechanisms or resources.

Figure 2. The context of safety management process
Rules and controls

Customer
requirements

Safety management
process

Fulfillment of
requirements
A-0

Source: Own research.
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Mechanisms

•

Display of static model of business process presents logical sequence of process steps
modelling as consisting parts of the business process. This phase of business process modelling
identifies structural units where individual process step is taking place, and locates control
points at which measurements will be performed – and thus manage the business process. The
static model of the process allows the next phase of the process modelling methodology, which
is a description of the process as well as the next, which is the decomposition of process.

•

Description of the process describes requests that result from requests and customers’ needs,
then from specifications, standards, regulations, elaborations, methods and resources. Here are
also identified requests, objectives and descriptions of their fulfilment, as well as allowed
deviations. By defining of allowed deviations we in fact determine the minimum quality level
of business process. This is important in order to determine the reliability of the process as one
of its most demanding characteristics later.

•

Diagram of decomposition of business process is methodologically confirmed graphical
representation of the process with all its consisting parts - process steps. It represents logical
M&S 14 (2019)

sequence of process steps modelling. It specifies input, rules and controls, mechanisms and
output of each process step. Diagram of decomposition represents a technology. It shows the
process per process steps that logically develop in sequence. At least one exit from a process
step is also an entry into the next. Process steps in the Safety management process is identified
as follows:
- A-0.1 Analysis of requests
- A-0.2 Planning
- A-0.3 Organization
- A-0.4 Safety implementation
- A-0.5 Reporting
- A-0.6 Analysis of results
Figure 3. Decomposition of safety management process

Source: Own research.
•

Description of process steps must specify input, output, mechanisms, rules and controls of
each process step, as well as locate the organizational unit in which certain process step
develops. Also, written procedure is named, if any of process steps should be additionally
documented. The procedure graphically and textually shows which activities are to be taken
within the process step and who is responsible for their execution or control, ie which documents
arise from the execution of an activity.

•

Presentation of dynamic model of the process is plan of implementation of modelled business
process into functional structure of the organization. The plan shows in which organizational
unit develop activities of each process step, and which organizational unit is responsible for
their execution. Making of presentation of dynamic model business process is a precondition of
the process organisation itself. It is in fact a very important segment to ensure compliance with
the ISO 9001 standards from its 2000 big revision and later revisions, which is a transformation
of a functional in the process-oriented organization (Table 1).
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•

Establishing of responsibility for the process is logical continuation of work on business
process modelling. It implies exact establishment of responsibility of concrete executor of
individual process step. After establishment of responsibility, the conditions for establishment
of management team for concrete process are prepared. Management team is headed by manager
of business process. This ensures a process-oriented organization based on teams' work.[7]

Table 1. Dynamic model of safety management process

Source: Own research.
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•

Plan of measuring within the process is based on description of business process, i.e. defined
limits of allowed deviations, up to which business process still shows reliability as one of its
crucial characteristics. The plan of measuring defines names of control points where certain
measurements will be performed. It also defines target value, allowed deviations and measuring
method. By all these measurements, comparisons with target values, and possible application
of corrective measures and activities – the business process is managed.

•

Plan of providing information within process is necessary in order to clearly define: which
participant of business process provides the information, who receives it, what is its’ contents,
and when the information is sent and received.

•

Making of further process documentation implies writing of procedures for particular process
step which definitely needs it, and writing of lower level documents, like work instructions,
check lists, plans of corrective measures and activities, etc.
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DISCUSSION
Through the practical work and everyday experience in applying the international standard ISO
9001:1994 (first revision), the lack of staticity of this model is recognized among many drawbacks.
During the second major revision, the ISO 9000 standards as one of the four elements responsible for
the bad side of the first revision and the existing quality systems have been recognized, among other
things, by an inadequate relationship to processes that consist of the following:[5]
- lack of understanding of the process approach,
- inadequate customer-related processes,
- poor management of the development process,
- poor procurement process,
- inadequate production and service processes,
- absence of non-compliance,
- inadequate processes in the service,
- absence of projected feedback systems,
- the form of process system.
It is not, therefore, that the need for business process building has been achieved by adopting the
international standard ISO 9001:2000, but it emphasizes the process approach, since the second major
revision of ISO 9000 norms has taken into account the notion of misunderstanding of the process
approach and the dangers arising therefrom for the whole organization's quality system, and thus the
fulfilment of the basic requirement recognized in the demands and needs of the customer, ie the market
that will give each organization the ultimate position on the market and hence its future. However, the
standard does not suggest a solution, ie it does not offer a methodology for modelling business
processes.[2]
"The result of this kind of situation is the fact that different solutions are found in proofing process
approaches .... The solutions range from minimalist to maximum. Managers in organizations have a
problem with meeting these standards requirements. Advisors also have the same problem and offer
different solutions. Almost every advisor has his own solution. Consequently, auditor, as they come
across different solutions in practice, usually adopt such a solution.
The consequence of such a situation is that the modelling, implementation and management of a quality
system based on the application of the same standard, in practice has a different level of quality and
gives different results, meaning that significant deviations from the objectively possible effects are
achieved, ie the loss of (non) quality. Accordingly, the role of science is that professionals in practice
offer the appropriate methodologies and principles to minimize the (non) quality of loss."[4]
Bearing in mind the principle of systematization[3] whether or not an organization has accepted a known
or developed its own methodology of business process modelling, the methodology must be fully
mastered. The chosen methodology is necessary to apply to all processes for which the modelling
according to the chosen methodology of the organization has been chosen. The processes are different,
first and foremost, by their nature and degree of complexity. They have a specific structure. Their
simplest parts or components, at the next lower level, are the underlying processes or process steps. In
addition to the necessity of modelling processes using the chosen methodology, it is equally necessary
for its consistent application in processing all components of a process.
This is because it is a common case that output from one process simultaneously inputs into another
process, and almost always outputs from one process step at the same time is input into the second
process step of the same process. This ensures recognisability, simply recognizing the interrelationship
between multiple business processes of a business system. These are exactly the relationships between
multiple business processes of synergy that is recognized as a process approach.
The application of different methodologies in the modelling of different processes that make up a
business system, or inconsistency in the application of the chosen methodology, would hamper the
recognition and perception of the links between the various processes, overshadow the process approach
and make it virtually impossible to realize the very essence of the process approach recognized as
process management quality system, and then the business system as a whole.
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Therefore, the principle of consistency is the mechanism that ensures the ability to reach the stage where
process management can be discussed, in the context of the requirements of the international standard
ISO 9001.
CONCLUSION
The ISO 9001 standard contains requirements that need to be fulfilled so that the organization can
demonstrate compliance with requirements. However, the standard does not say how to fulfil these
requirements. This also applies to a request for a description of the process and proof of a process
approach. The fact that the standard does not suggest a methodology for business process modelling
makes it very difficult to meet this requirement with practitioners working on implementing a quality
management system. The same problem exists in the process of education and auditing. Consequently,
in practice, the situation is characterized by great tolerance in practical solutions, from minimalist to
complete. Why is this a situation? The answer is probably in the decision of an ISO organization that
delivers ISO 9001 standards, securing possibility for creativity. Organizations are left with the ability to
create their own solutions to prove compliance with process access requirements. It is the task of science
to offer experts practical solutions, ie to develop methodologies and new management tools that would
be used to meet the requirements of the standard for proof of a process approach.
This paper offers a complete solution in the form of business process modelling methodology, which
can be prove in many different organizations of different activities and physical size. In terms of
application, the methodology is simultaneously universal, but also leaves the possibility for affirmation
of the particularity of each organization and every business process. By applying this methodology, it
would be avoided great differences in practical solutions, facilitating proof of process approaches and
process management, which would have the effect of reducing losses due to (non) quality. In this way,
the hypothesis of this research that the application of a uniquely well-structured business process
modelling methodology contributes to demonstrating a process approach and enables a quality
management organization whose result can measure the amount of loss due to (non) quality, was
confirmed
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RISK MANAGEMENT PROCESS AND LEARNING FROM NATURAL DISASTERS
Abstract
A natural disasters are the serious disturbance of society's functioning and leads to massive human,
material or environmental losses that exceed the ability of the affected society to make choices using its
own resources. Any danger that represents an activating event together with greater vulnerability can
lead to a disaster, causing great losses in life and property. In this paper authors point to the significance
of risk management processes from natural disasters as a way to reduce risk, limit the consequences,
and increase the resilience of the society. Furthermore, it was pointed out the need and necessity of
learning from natural disasters, which undoubtedly leads to better preparedness and willingness to react
in case of natural disasters.
Key words: learning from natural disasters, natural disasters, risk management process

INTRODUCTION
Natural disasters are the consequences of mutual influence of natural events (geophysical and other
processes in nature) and human systems (socio-economic, cultural and physical). They have a high and
tragic impact on society, they damage the usual ways of life, hinder economic, cultural, and sometimes
political conditions of life, slow down the development of the community, and require undertaking of
extraordinary measures by emergency rescue services during emergency situations.
Natural disasters, as well as other major incidents (chemical, biological, nuclear, traffic accidents, mass
attacks on populations, etc.), are on the rise on a global scale [36]. Natural disasters and incidents can
influence greatly the psychophysical health of a population, especially in the most vulnerable groups
such as children, pregnant women and the elderly [27]. For example, in 2011. in Japan, the earthquake
and tsunami in Tohoku caused enormous human suffering. Over 100,000 people were evacuated from
their homes, and 19,000 people lost their lives [37]. According to data provided by EM-DAT, about
50% of the least developed countries face a high risk of natural disasters. At least a quarter of
underdeveloped countries have been hit by major disasters in the last two decades at the rate of two to
eight times a year [8]. Better-off societies are not per se protected from natural hazards, but they build
up to higher standards, invest more in protective infrastructure and can more efficiently provide medical
and other relief after a disaster occurs [15] [1]. In the last decades, not only the tendency of increasing
the number of natural disasters is evident, but also their destructiveness is increased.
Elemental calamities and other natural disasters show how much a society is vulnerable, or on the other
hand, resilient and ready to react appropriately. The consequences of natural disasters are immense, both
for society and for the environment. Hence, disaster risk management is crucial in order to reduce risks,
limit the consequences, and increase the resilience of a society to disasters. In some situations, risk
elimination is hardly possible, so risk assessment can provide significant information to risk managers
and other decision makers. Also, putting an emphasis on education in disaster risk management, as well
as learning from past natural disasters, leads to disaster risk reduction.
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NATURAL DISASTERS
Natural disasters are created by the action of natural forces, and are manifested as the formation of
earthquakes, floods, droughts, avalanches, volcanic eruptions, etc. They are characterized by their
sudden emergence, although modern technology provides the possibility of predicting some natural
threats (floods, hurricanes, droughts, low temperatures, etc.) [11].
Over time, the interpretation of natural disasters has moved from a natural phenomenon which a man
does not influence, to human responsibility. According to Steinberg (2013), "calling a disaster a natural
act is a distraction. It arises as a result of poor planning and lack of preparation."
According to the Law on Disaster Risk Management and Emergency Management of the Republic of
Serbia, “a natural disaster is the occurrence of hydrological, meteorological, geological or biological
origin caused by the action of natural forces such as earthquakes, floods, torrents, storms, heavy rains,
atmospheric discharges, hail, droughts, mudslides and landslides, snowdrifts and avalanches, extreme
air temperatures, accumulation of ice on the watercourse, pandemics, epidemics of contagious diseases,
epidemics of livestock contagious diseases and the appearance of pests, and other natural occurrences
of larger proportions that could endanger the safety, lives and health of the larger number of people,
material and cultural goods or the environment on a larger scale”. According to the same source, “a
disaster represents an elemental calamity or a technical and technological disaster whose consequences
endanger the safety, lives and health of the larger number of people, material and cultural goods or the
environment on a larger scale, and whose origin or consequences cannot be prevented or eliminated by
regular actions of the competent authorities and services” [38].
Not every elemental calamity is considered to be a disaster. The concept of natural disaster is manifested
by the negative effect of elemental calamity on people and human society. So, when a naturally
occurring event leads to negative consequences for people it is called a natural disaster. Any threat –
flood, earthquake, or cyclone – which represents an activating event, together with greater vulnerability,
leads to a disaster, causing great losses in life and property. For example, an earthquake in an uninhabited
desert cannot be regarded as a disaster, regardless of its intensity.
Depending on the nature of the process of formation natural disasters can be divided into: geophysical
(earthquakes, volcanoes, tsunamis, landslides, etc.); meteorological (thunderstorms, tornadoes, hail
storms, snowstorms, ice storms, avalanches, etc.); hydrological (floods, torrents); biological (epidemics
and insect plagues) and extraterrestrial (meteors) [9][35][19]. Also, natural disasters can be classified
according to their place of origin, the source of origin, the speed of their occurrence, etc.
Disasters occur when hazards have a negative impact on the community that is susceptible to them.
According to some authors, natural hazards do not always have to turn into disasters. Natural hazards
will probably become catastrophic if people who are sensitive to danger are exposed to their influence
[25][30], i.e. if they are not resistant to total absorption of impacts without damaging lives or property
[31][26]. Resilience is the ability of a community facing threats to respond to those threats and recover
from the consequences of disasters in a timely and effective manner, which also includes the
preservation and restoration of basic functions [38].
Essentially, consequences of natural disasters are equally harmful to human lives, property,
infrastructure and natural resources [32] which points to the need for a serious approach to the research
and study of the risks of natural disasters and finding ways and possibilities for effective protection,
safety and community resilience in such situations [22].
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THE RISK MANAGEMENT PROCESS
Managing the risk of natural disasters implies the sum of all activities, measures and programs
undertaken before, during and after a disaster in order to avoid a disaster, reduce its impact and recover
from the damage suffered [23]. Therefore, the process of managing the risk of natural disasters is a way
to reduce risks, limit the consequences and increase society's resilience to disasters. The goal is to solve
the problem of disasters before they occur and threaten development. Essentially, the concept of disaster
risk reduction points to the need to reduce exposure to hazards and vulnerability of people and
communities, and to improve preparedness and early warning systems of potential risks [22].
The effectiveness of risk-reduction strategies is significantly determined by human behavior, which is
strictly related to risk perception. Risk perception is influenced by a number of personal variables such
as education, gender, etc. [10][16][7].
Risk is “a combination of likelihood that a disaster will occur in a certain period of time and with certain
negative consequences”, while disaster risk reduction is “a policy that is established and pursued in order
to prevent new and reduce existing risks through the implementation of integrated and inclusive
economic, social, educational, normative, health, cultural, technological, political and institutional
measures that enhance the resilience and readiness of the community to respond and mitigate the
resulting consequences of the disasters, which leads to strengthening the resilience of the community”
[38]. Risk management is a set of measures and activities that are carried out in order to implement
disaster risk reduction policy as well as administrative operational and organizational skills and
capacities for their implementation (Ibid.).
The process of managing the risk of natural disasters consists of three key phases [22][24]:
• a phase prior to a natural disaster (prevention) – activities undertaken at this stage are aimed
at reducing potential human and material losses in the event of a disaster. At this stage an early
warning campaign is conducted, plans are prepared within the framework of risk management
at the household and community level, etc. The activities undertaken at this stage are called
preparedness and mitigation measures;
• a phase throughout a duration of a natural disaster (intervention) – implies the assurance
of direct evacuation, saving lives and taking measures for the protection of the most vulnerable.
The activities undertaken at this stage are called measures of immediate response to a disaster;
• a phase after a natural disaster (rehabilitation) – includes undertaking of recovery measures
and elimination of consequences of a natural disaster. These activities are called fast response
and recovery measures.
All phases of the process of managing the risk of natural disasters are in mutual circular relationships,
each phase relies on the other. These phases have no beginning or end. Activities in one phase can
overlap with activities in previous phases. Preparedness quickly turns into a response, the response
merges with recovery at different moments depending on the extent and type of damage. Similarly,
recovery should help initiate the prevention phase, i.e. the motivation of efforts to prevent or reduce the
future catastrophic potential.
The functional structure of the management system in preventing natural disasters and acting upon the
occurrence of a natural disaster must include a range of problems related to such situations, including
the necessary steps to forecast, prevent and eliminate their consequences (Figure 1).
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Figure 1. Overview of the basic steps in the process of natural disaster management

Source: [13]
Reducing the risk of disasters requires a strong institutional base which can be achieved through capacity
strengthening, promotion of appropriate program policies and legislation, effective coordination
mechanisms and good management. The management should be supported by appropriate indicators
whose values will point to the manner of prevention and/or response to various threats [33]. In particular,
emphasis should be placed on education for disaster risk reduction, especially at community levels, as
well as on learning from past natural disasters in order to prevent or mitigate future natural disasters.
LEARNING FROM NATURAL DISASTERS
Learning from natural disasters is generally considered useful. Individuals and governments learn to
cope with all the disaster-related problems, and in this way reduce the damage and human losses in
future disasters. More and more literature is available today to support learning from natural disasters.
Many social scientists believe that natural disasters offer an opportunity for individuals and policy
makers to better adapt themselves to natural hazards [3]. For example, a landslide risk assessment study
[18] and an analysis of learning from a disaster created by a landslide in Hong Kong [20] summarize
the benefits of learning from past catastrophic events. Jasanoff (1994) points out that learning from
disasters leads to better adaptation or even prevention.
Some authors oppose a standard narrative of useful learning from disasters, believing that learning from
natural disasters does not have to be undeniably positive (e.g. Brisbane flood, etc.) [2][5][21]. There are
two main reasons why learning from past disasters can have harmful consequences. Firstly, investing in
infrastructure protection measures can stimulate settling in areas that are prone to dangers and encourage
a false sense of security, which can prevent an individual from going to a safe place when danger occurs.
Secondly, if disasters that have occurred in the past were not with tremendous consequences, then the
affected individuals do not grasp the future events seriously enough [28].
It is true that some of the dangers are completely unpredictable or so extreme that no human action can
prevent them from turning into disasters. For the most part, dangers turn into disasters only when people
have made insufficient efforts in prevention, mitigation, preparedness and adjustment. People are not
only victims, but their decisions directly affect the social and economic consequences of natural
disasters. Therefore, learning from past disasters, understanding their causes and consequences in order
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to prevent or mitigate future disasters is the main impact people can make to reduce mortality from
disasters (Ibid.).
According to Collenteur et al. learning from disasters is a two-edged sword. Such learning, on the one
hand, increases public investment in infrastructure protection measures and in this way mitigates the
negative effects of disasters and leads to appropriate reactions of the affected population at the individual
level. On the other hand, public and private investments in such early warning systems encourage
settlement in high-risk areas (e.g. areas prone to floods, earthquakes, etc.) [4]. For example, Tohoku
Tsunami in Japan clearly shows the two-edged sword of learning from past disasters [28]. Exceptional
building structures that are regularly reinforced, rigorous earthquake exercises regularly conducted in
schools, and public and private institutions, a sophisticated early warning system that relies on sensors
that record all seismic activities on islands and shores, as well as an excellent system of shelters resistant
to earthquakes and tsunamis, etc. [6] are the result of a positive learning from past disasters in Japan.
On the other hand, people living on the eastern coast of Japan which was affected by the Tohoku
Tsunami did not experience the earthquakes and tsunamis of Tohoku magnitude. All the tsunamis they
had in their lifetime were much smaller. Therefore, local authorities and threatened citizens relied too
much on infrastructure protection (walls and shelters), which resulted in the large number of affected
population staying close to the coast and watching incoming tsunami rather than escaping to the interior
or to higher areas [28].
However, much empirical research supports the beneficial effects of learning from natural disasters.
These learning effects are especially higher in places where disasters often occur. Thus, in earthquakeprone areas, earthquake mortality in a global sample decreases [17]. Countries that are often affected by
tropical storms have less human and economic losses [12]. In fact, individuals and, more importantly,
governments learn from past disasters to invest in disaster prevention, preparedness, mitigation and
adaptation. On the other hand, the benefits of learning from past disasters seem to be very small in places
where disasters rarely occur [34].
CONCLUSION
All natural disasters have their own characteristic causes of origin, a unique scenario, impact on people
and the environment, proportions and severity of consequences. They have a large and extremely
negative impact on society, economy, community development, they disturb ordinary ways of life, and
more frequently, political conditions of life. They slow down the development of the community and
require undertaking of special measures by all the subjects in response in emergency situations.
Nevertheless, their consequences can be largely mitigated by undertaking appropriate preventive
measures, disaster risk management, learning from disasters, education and community preparation to
respond to their adverse effects.
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