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  THE IMPROVEMENT OF ENVIRONMENTAL 
PERFORMANCES BY APPLYING ISO 14001 
STANDARD - A CASE STUDY 

This paper presents the analysis of the advantages of applying the ISO 14001 
system in an environmental protection management system. The environmen-
tal protection management system which is not licensed, i.e. compatible with 
the principles and standard pre-conditions, considerably increases the plausi-
bility for ecological risk. There are some issues that remain to be solved in the 
areas which are not expressed by financial values only but also have a non-
financial character with the aim of expanding markets, company image impro-
vement and improvement of the environmental performance indicators. By 
improving a company’s environmental management system efficiency we 
expect to achieve the minimization and elimination of damaging influences on 
the environment, which are the consequence of the company’s activities. A 
case study in the Oil Refinery Belgrade (RNB) analyses the implementation of 
the standard ISO 14001:2004 into its environment protection management sys-
tem, particularly emphasizing the company’s own way of evaluating the envi-
ronment aspects with the aim of establishing results of ecological performan-
ces indicators improvement. The average values of the first ecological indi-
cator of the plant, the total amount of the waste waters in m3 per a ton of pro-
duct, clearly show the downturn trend, which is confirmed by the proportional 
reduction of the second ecological plant indicator, that is by the flocculants 
consumption (Al2(SO4)3, Na2CO3) in kg per m3 of the waste water of the RNB 
for the given period 2008-2010. Case study RNB confirms the improvement of 
environmental performances using the ISO 14001 standard. 

Keywords: ISO 14001, benefits, ecological performance indicators, 
improvement, oil refinery. 

 
 

The modern man is a victim of his own techno-
logical progress. New technologies, gas emissions, 
global warming and the natural resources waste are 
the reasons that lead us to the conclusion that man 
himself has to be the starting point in the environ-
mental preservation process [1]. The protection of the 
environment includes a set of various actions and 
measures which prevent the environmental endanger-
ment with the goal of preserving the biological 
balance, while the ISO 14001:2004 standard ensures 
that all the negative impacts on the environment by 
companies are identified, monitored and compatible 
with the regulations.  
                                                 
Correspondence: S. Živković, University of Niš, Faculty of occu-
pational safety in Niš, 10a Čarnojevića st., 18000 Niš, Serbia. 
E-mail: snezana.zivkovic@znrfak.ni.ac.rs 
Paper received: 13 May, 2012 
Paper revised: 3 October, 2012 
Paper accepted: 3 October, 2012 

The standards of the ISO 14000 series are 
intended for all companies, regardless of their activi-
ties, and they provide the basic guidelines in the sys-
tematic improvement of companies’ relationship 
towards the environment. If this relationship is in 
accordance with the principles and conditions of the 
standards, the certificate is granted. 

The number of ISO 14001 certificates in the 
world significantly increases every year. Still, the 
number of these certificates is only 15% of the overall 
number of ISO 9001 certificates [2]. The certified sys-
tem of the environmental protection management 
demands substantial financial investment and this is 
the main reason why companies are not more oriented 
towards this issue. 

It is wrong to assume that the investment into 
the environmental protection is only the expenditure 
for the company. This process should be viewed as a 
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long-term investment which later becomes profitable 
in many ways through financial and non-financial 
benefits. Empirical analyses have proved certain 
benefits from the environmental protection manage-
ment system, which are not expressed in financial 
values but are represented through the market ex-
pansion, companies’ image improvement, and espe-
cially through the improvement of the ecological per-
formances [1]. 

The companies do not develop the EMS (Envi-
ronmental Management System) because of their 
honest wish to reduce damaging impacts on the envi-
ronment, but more so because of the state demands, 
market pressures and external stakeholders [3]. The 
empirical analyses are contradictory, since they show 
that licensed EMS does not necessarily result in 
efficiency when it comes to using required energy-
generating products and raw materials or minimi-
zation of the waste [3-5]. Due to all these facts, com-
panies have very different experiences with the ISO 
14000 certification in terms of the improvement of 
ecological performances [6]. 

 

The protection of the environment becomes 
more important in Serbia every year [7]. Citizens’ 
awareness of the significance of the environmental 
protection is slowly increasing owing to, among 
others, a number of governmental and non-govern-
mental actions and campaigns. 

The Oil Refinery Belgrade (RNB) case study 
analyzes the implementation of the standard ISO 
14001:2004 into the environment protection manage-
ment system, particularly emphasizing the manner of 
identification and the company’s own way of eva-
luating the environment aspects with the aim of esta-
blishing results of ecological performances indicators 
improvement. 

The structure of the paper contains: 
– defining the problem – improving ecological per-

formances indicators by applying ISO 14001 standard; 
– choosing the way of evaluating the environ-

ment aspects – case study and environmental pro-
grams, which presents the logical linking of data with 
the aim of presenting the study design, including a 
clearly defined study issue of the waste water collec-
tion station analysis unit (Figure 1); 

 

Figure 1. The waste water concentration pits. Source: study of the RNB impact on the environment. 
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– Determining the criteria for interpreting the 
results given in the form of clear ecological waste 
water plant indicators for the period of the RNB Bel-
grade case study analysis [8]. 

The shown case study of the ISO 14001 stan-
dard implementation into the environmental manage-
ment system of the RNB clearly demonstrates the 
benefits of developing one’s own way of evaluating 
the environment aspects which enables all the nega-
tive impacts on the environment by the company to be 
identified, supervised and compatible with regula-
tions. The average values of the first ecological indi-
cator of the plant, the total amount of the waste 
waters in m3 per a ton of product, clearly show the 
downturn trend, which is confirmed by the propor-
tional reduction of the second ecological plant indi-
cator, that is by the flocculants consumption in kg per 
m3 of the waste water of the RNB for the period 2008- 
–2010. 

Defining the problem - The improvement of environ-
mental performance indicators by applying the ISO 
14001 standard 

The comparison between standards ISO 
14001:2004 and ISO 14001:1996 shows that there 
are important advancements in emphasizing the 
significance of measuring the quality indicators and in 
the improvement of companies’ ecological performan-
ces. It should be stressed that the defined program of 
the ISO 14001:2004 standard demands that general 
goals as well as ecological indicators must be mea-
surable. 

There are divided opinions on whether the ISO 
14001 certification is merely "greenwash", i.e., the 
unjust acquisition of ecological characteristics by 
companies with the goal of creating the pro-ecological 
image in order to sell a product with more profit or 
achieve a public status or whether it genuinely leads 
to better ecological performances. 

A number of papers have analyzed the benefits 
from the ISO 14001 standard implementation, as 
shown in Table 1 [9].  

The International Organization for Standardi-
zation presented the ISO 14001 standard in 1996, 
generally universal and non-specific for a certain 
industry or a product [10-11]. According to the data 
from 2007, 36,000 of legal subjects own the ISO 
14001 certificate [12]. Table 2 shows that 390 com-
panies have the system ISO 9001, while only 124 
companies, almost three times fewer, have the cer-
tified system of management compatible with ISO 
14001 standard compared to 1,075 surveyed com-
panies in 2011 on the territory of the Republic of 
Serbia [13]. 

The number of companies achieving environ-
mental certification ISO 14001 has risen four-fold 
since 2008, according to a leading assessment com-
pany Certification International. ISO 14001 has been 
hailed as the world's most successful environmental 
standard and there are now 250,000 organisations 
certified across 155 countries [14]. 

The benefits that the company may derive from 
introducing the environmental management system 
ISO 14001:2004, among other things include: decrease 

Table 1. The environmental protection management system benefits 

Benefits groups Benefit Literature 

Pure green operation Minimization or elimination of waste 

Reduction of energy consumption 

Minimization of harmful effects on the environment 

23–30 

Efficient operation Improvement of operational safety 

Improvement of efficiency of materials utilization 

25,31,27,28,32

Profitable competitive 
product/service 

Improvement in business leading towards the creation of the advantages of reducing the costs 

Better financial performance 

Environmentally friendly products that have an advantage for users over those who are not 
environmentally friendly 

33–35 

Expansion of the 
market 

Firms can improve their pozition on the market through effective environmental conversation 

Market share improvement 

24,36,31, 
37,29 

Improving the repu-
tation of the company 

Improved public image 

Providing green image 

29,28,39,40–42, 
31,37 

Management 
improvement 

Better work with documented procedures and work instructions 

Improved qualifications of the employees 

High systematic of processes 

25,43,44 

Awareness-raising Managers and employees become more aware of environmental aspects at work and at home 45 

Miscellaneous Providing better relations with stakeholders 46,47,38 
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of expenses, a more rational usage of energy-gene-
rating products, reduction of negative impacts on the 
environment, ecological accidents risk reduction and 
so on [15-16]. 

Table 2. Certified systems of management according to the 
international standards in companies 

The answer of the respondents f % 

ISO 9001 390 36.28 

ISO 14001 124 11.53 

OHSAS 18001 147 13.67 

SA 8000 5 0.47 

ISO 22000 (HACCP) 47 4.37 

ISO/IEC 27001 8 0.74 

Others 14 1.30 

Total of certificates 735 − 

Total with certificates 535 49.77 

Total without certificates 540 50.23 

Total 1,075 100.00 

The analyses confirm that the companies that 
own a certified EMS and include the ISO standards 
into their daily activities have a substantial improve-
ment of the ecological performances [17-19]. In par-
ticular, the studied [20] impact of the ISO 14001 stan-
dard implementation on the improvement of ecolo-
gical performances shows a trend of improvement in 
59% of measured ecological indicators, while in 41% 
of indicators a trend of deterioration has been observed. 
However, it should be said that the standard imple-
mentation improves the quality indicators but it cannot 
separate the impact on the improvement of ecological 
performances which create expenditure to the com-
pany (e.g., creating the dangerous waste, energy 
usage) from those which do not (waste waters, emis-
sions into the air). 

The explanation for different opinions and results 
obtained in previous analyses can be found in the fact 
that the efficiency of the ISO certification in the impro-
vement of ecological performances depends on how 
the companies design or plan their EMS and how they 
use it. Some companies may include the elements of 
the performance management into their EMS based 
on the ISO 14001, while others fail to do so since it is 
not the explicit certification demand. 

The main point is that the company that owns 
the ISO 14001 certificate is not necessarily expected 
to improve its ecological performances, but only to 
show the evidence of opting for the environmental 
protection improvement. Therefore, the assimilation 
which includes the ISO 14001 into the existing mana-
gement system and the daily activities, taking into 

consideration the existing company practice, repre-
sents the key solution for the improvement of ecolo-
gical performances as well as the improvement of the 
system efficiency [18]. 

The implementation of the environmental protec-
tion management system according to the demands 
of the ISO 14001:2004 standard ensures sustainable 
development for the company in accordance with the 
world-wide acknowledged principles and modern busi-
ness trends [21]. ISO 26000 is a practical, flexible and 
applicable standard in all the countries and all the 
companies that wish to: 

– implement, maintain and improve an environ-
mental protection management system; 

– realize the benefits of the application of ISO 
14001 in a system of environmental management; 

– achieve certified environmental management 
system. 

Finally, defining the problem specifically invol-
ves improving environmental performance indicators 
using ISO 14001 standard for the given Belgrade Oil 
Refinery case study. 

The way of evaluating the environment aspects - A 
case study 

One of the relevant success factors in the impro-
vement of the environmental protection management 
system efficiency is the identification and company’s 
own way of evaluating the environment aspects [3]. 
With the purpose of improvement, the important envi-
ronmental aspects must be included into the obser-
ved ecological parameters, for which the adequate 
monitoring programs are prescribed [22]. 

The Oil Refinery of Belgrade (RNB) was certified 
according to the standard ISO 14001:1996 in 2002. It 
underwent re-certification at the beginning of 2007, 
according to the standard ISO 14001:2004. This 
period and experiences gained seem adequate enough 
to consider the critical points in the system and to 
take measures for the improvement of both financial 
and non-financial benefits of such an improvement. 
The analysis of the advantages of the certified ISO 
14001 appliance system in the environmental protec-
tion management is shown by having the insight into 
the clearly defined study issue in the form of specific 
benefits of the waste water collection station analysis 
unit. 

Their own manner of identification and evalu-
ation of the environmental aspects in RNB has gone 
through some changes, which also represent a consi-
derable system improvement. In other words, the goal 
of the way of evaluating change (addition) is a more 
objective and reliable evaluation of the significance of 
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the aspect impact on the environment. By using the 
inadequate aspect evaluation system one can easily 
get trapped: namely, the easily-achievable environ-
mental, financially non-demanding goals are set but 
such goals do not contribute to the significant impro-
vement of the ecological indicators. 

The other critical factor is the regular monitoring 
of the key ecological indicators of each process within 
the integrated quality system, which enables the ade-
quate evaluation of the environmental aspects and is 
not binding according to the standard. 

Because of its simple application, the Analytical 
Hierarchical Process (AHP) was used for the aspect 
analysis at the very beginning, after the introduction 
of the ISO 14001 standard into the existing manage-
ment system. The following criteria, formulated around 
ecological and business issues, were used to eva-
luate the impacts: the range of the impacts, the gra-
vity of the impact consequences, the probability of the 
impact occurrence, potential subjection to applicable 
laws and regulations and the difficulty of the impact 
change. 

As part of the introduction of the ISO 14001 
standard in 2004, the company developed its own 
procedure for the evaluation of the environmental 
aspects, which proved to be more efficient when it 
came to improving the ecological parameters.  

The criteria scores were entered into the chart 
EQZ-10-021 - the preview of aspects and impacts into 
the columns 8–10 and 12–15, respectively (Table 3). 
The scores given were 1, 2 or 3 in a way shown in 
Table 4. 

The table for estimating the impacts of the 
environmental aspects in column 11 shows the pro-
duct of the ecological impact scores, and in column 
14 the product of the business impact scores. The 
estimation of the impacts is the sum of scores from 
columns 11 and 14 and they are listed into the column 
15. The maximum value in the evaluation is 36, and 
the minimal is 2. The impacts with more than 12 sco-
res are proclaimed significant. All the significant impacts 
are marked by circling the score in column 15. 

The summary of aspects and impacts involves 
compromise that determines the share and impor-

Table 3. Table for estimating the impacts of the environmental aspects; annotations: environmental and business issues are given in 
EQR-10-008, character of influence: S/P (actual/potential); +/- (positive/negative); source: EQZ-10-021, the preview of aspects and 
impacts 

Sector Production 
Section 

Energetics 

1 2 3 

Activity (A), product (P) or 
service (U) 

Aspect Influence Character of 
influence 

Environmental issues All Business 
issues 

All All 

1) S/P 2) +/- a1 a2 a3 a b1 b2 b a+b

4 4a 4b 5 6 7a 7b 8 9 10 11 12 13 14 15 

1 A Atmospheric 
channels of 

RNB 

The possibility of 
leakage of oily water 
from the atmospheric 

channel 

Contamination of 
soil and water 

S - 3 3 3 27 3 3 9 36 

2 A Water 
treatment 

plant 

The discharge of 
treated process water 

of unsatisf. quality 

Water pollution P - 2 3 2 12 1 2 2 14 

Table 4. Criteria for the evaluation of the aspect impacts; source: EQR-10-008, user evaluation of environmental impact 

Question 
Mark 

1 2 3 

a1 Appear locally, close to the equipment, 
power generator during activities or 

processes 

Appears local only in one facility Appears at all levels of oil refinery 
Belgrade 

a2 May adversely affect the local 
equipment, engine and entire plant 

Can have negative effects on the 
environment within oil refinery Belgrade

Can have negative effects on the 
environment outside the oil refinery 

Belgrade 

a3 Appears once a year Appears once a month Appears everyday 

b1 Subject to regulations Partially subject to the regulations Not subject to regulations 

b2 Change of impacts is solved within 
sections 

Change of impacts is solved at oil 
refinery level 

Change of impacts is solved outside of oil 
refinery Belgrade 
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tance of a comprehensive evaluation of various envi-
ronmental impacts. Therefore, it is necessary to 
always check the results of each evaluation so that 
the significant impact is not mistaken for the impact 
which by general estimation should not be among the 
significant ones and vice versa. If such a discrepancy 
exists, it is necessary to check the process procedure 
and after that to revise the criteria.  

As an example, a significant aspect is given: the 
possibility of the oily waters effusion due to the inade-
quacy of the plants for waste waters processing. The 
company adopted the identification and its own way 
of the aspect evaluation with the program that defines 
the monitoring of average values of the ecological 
indicators. 

RESULTS AND DISCUSSION 

At the RNB location the following types of waste 
waters are generated: the industrial process waste 
waters, atmospheric waste waters, sanitary waste 
waters. 

The industrial process waste waters come from 
the production processes and from washing floors 
and installations. The industrial process waste waters 
that appear continuously and discontinuously in vari-
ous facilities (Table 5) are gathered in the concentra-
tion pits and are then taken, by special sewage sys-
tems, to a treatment into the plant for the oily waste 

waters treatments, either by pumping or by gravita-
tion. After the treatment the treated industrial process 
waste waters are gravitationally taken into the Kalo-
vita irrigation canal by the separate underground pipes.  

All waste waters from five concentration pits at 
the facilities are transported by pumps to the central 
concentration pit in the plant for the purification of the 
waste waters, except for the waste waters from the 
facilities for the re-refining of used oils which are 
transported by gravitation. The concentration pits at 
the machineries are of 2-5 m3 volume and the central 
concentration pit is of 10 m3 volume. All the concen-
tration pits are dug into the ground and made of con-
crete. There is no information about the shape that 
they are in. 

The waste waters from all the machineries are 
mainly contaminated by mineral oils, except for the 
waste waters of the facility for the re-refining of used 
oils and the facility for the reclamation of barrels. 

The industrial process waste waters of the faci-
lities for the re-refining of used oils are ammonium 
sulfide by their composition. At the company location 
there is an unfinished plant for the pre-treatment of 
these waters, which has never functioned, so at cer-
tain periods when the re-refining plant is working, the 
waste waters, which are channeled to the inadequate 
oily waters treatment, are generated. 

The waste waters from barrel washings which 
contain NaOH are pumped again into the metal 

Table 5. The places of the waste waters formation; source: study of the RNB impact on the environment 

Section Process water Atmospheric water 

Continuous Discontinuous Oiled 

Oiled Non-oiled Oiled Non-oiled In techical drainage In atmospheric oiled drainage

Fats and oil section with 
storage tanks 

– – 0.5 m3/d – 17.6 m3/h – 

Bendinga section – – 0.5 m3/d – 14.5 m3/h – 

Antifreeze section – – 0.5 m3/d – – – 

Barrel regeneration 20 m3/h – 14.5 m3/7d, 
9.0 m3/7d 

– 9.9 m3/h – 

Regeneration of used oil 
section (P-10) 

10 m3/h 5 m3/h 5 m3/d – – – 

Boiler – – – 21 m3/15d or 
3 m3/h 

1.4 m3/h – 

Water station – 4.0 m3/h – 25 m3/d 
90 m3/d 

140 m3/d 

– – 

Container (reservoir drain-
age), loading racks of used oil, 
regal. stor. and pump. based 
oil 

– – 5.6 m3/h  13.4 m3/h – 

Total of other watersheds with 
oily surfaces collect. oiled 
atmosph. drainage 

– – – – – 328.1 m3 by computational rain
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above-ground tank which has a volume of 100 m3. 
Since there is no adequate treatment for this type of 
waste waters, it has been stated that they are added 
in small amounts to the waste water after leaving the 
treatment plant in order to make them less invasive. 

The waste waters from the plant for the water 
preparation do not contain mineral oils. Still, they are 
acidic and alkalic by their composition. They are 
mixed together in a cistern in the treatment facility in 
order to be neutralized and are afterwards discharged 
into the rain drainage system.  

The tmospheric oily waters reach the concentra-
tion pits at the facilities to some degree and from 
there are directed to the treatment at the existing 
plant for the treatment of oily waste waters. The other 
part of the oily atmospheric waters is gathered through 
the rain drainage system from the oily catchment 
areas of the refinery and is also directed to the treat-
ment. 

The atmospheric non-oily waste waters are 
gathered by the system of open canals and then led 
to the Kalovita irrigation canal. From there they are 
sent to the canal through the gravity separator or 
towards the other part of the location where, through 
the cistern that has a role of the precipitator, they are 
sent into the open canal, connected to the Kalovita, 
near the Belgrade-Pančevo motorway. 

The anitary waste waters are created in sanitary 
objects: the kitchen, the restaurant, the laboratory etc. 
They are gathered and sent to the cesspool by a 
separate drainage system from where they are pumped 
into the public drainage at the location of the neigh-
boring company Balkan Aero. 

The waste waters from the location are dis-
charged at the following places:  

– via two drainpipes into the Kalovita irrigation 
canal, which by quality matches the II class water. At 
one place the waters are discharged after the treat-
ment at the facility for the oily waters treatment. 
Through the other drainpipe a part of rain waters from 
the location is discharged after the treatment in the 
gravity separator; 

– at the location of the neighboring company 
Balkan Aero, the sanitary waste waters, which are 
gathered in the cesspool at the location, are pumped 
again into the public drainage system; 

– a part of the rain waters is discharged into 
the rain waters canal which is next to the Belgrade-
Pančevo motorway. It has been stated that there is a 
problem with the canal capacity to take all the water 
from this system and that this is why the part of the 
location that gravitates toward the system is often 
flooded by rain. 

The waste water that reaches the central con-
centration pit is pumped again into the API separator, 
where the primary separation of the oil phase is done. 
The removed oil phase is returned from the separator 
into the concentration pit and such refined water is 
sent to the plant treatment by a free fall. The waste 
water in the plant goes through the process of coagu-
lation, flocculation, neutralization and precipitation 
(the precipitator of 45m3 volume is emptied periodi-
cally by the company "Metalservis" from Belgrade), by 
adding Al2(SO4)3, H2SO4, Na2CO3 and occasionally 
enzymic-bacterial preparation. The water treated in 
this manner is discharged through a drainpipe into the 
Kalovita canal. The amount of such water is mea-
sured and sums up to 14,000 m3 a year. The maxi-
mum capacity of the plant is 11 m3/h and the optimal 
value is 5-6 m3/h.  

According to the Water Law (Official Gazette RS 
Nos. 46/91, 53/93, 67/93, 48/94 and 54/96), it is the 
obligation of the company to have the license for the 
outlet of the waste waters into the surface flows and 
to carry out the quality check of the discharged water. 
Regular monitoring of waste waters sent to the Kalo-
vita is performed by the authorities, while the quality 
control of the outlet of waste waters into the canal by 
the highway and the sanitary waste waters is not 
performed. 

Based on the values of the physico-chemical 
and microbiological parameters, the quality indicators 
of the waste waters of the Oil Refinery of Belgrade, 
and their impact on the natural recipient - the Kalovita 
canal, it can be seen that the quality of the waste 
waters varies and that some of the parameters bor-
derline values were exceeded during May 2004, 
March 2005 and May 2006. Contamination goes 
beyond the prescribed pre-conditions, given as the 
ecological performance index values, for the dis-
charging into natural recipients due to the inadequacy 
of the plant and the gravity separator in terms of their 
capacities of reaching a sufficient level of waste 
waters purification. 

According to the company representatives, the 
open ground canal for the rain water which is next to 
the Belgrade-Pančevo motorway is in bad shape, so 
during the wet periods the flooding of the manipu-
lative areas and the retention of water around the 
canal occur (the canal does not have the capacity to 
retain all the water). 

The quality of the waste waters varies and it 
depends, first of all, on the production dynamics and 
the type of product. Considering that during the cur-
rent reduced production capacity there are problems 
concerning waste waters, it is realistic to assume that 
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when the production is significantly increased, it 
would not be possible to adequately control the flows 
and quality of the waste waters by the existing drain-
age system and the waste waters treatment.  

Based on the Project for reconstruction and 
expansion of the plant for the treatment of the process 
waters of the Oil Refinery of Belgrade, it can be con-
cluded that, due to the waste waters gathering tech-
nology, the manner of exploitation, the condition and 
the maintenance of the system, the mixing of certain 
types of waste waters occurs in the existing drainage 
system. The consequence of this is that the function-
ing of each of the separation drainage system (the 
industrial process, fecal and atmospheric) is compro-

mised. The above mentioned project envisages the 
reconstruction and completion of the existing reten-
tion, treatment and discharging systems, which inclu-
des construction of water-resistant containers. This 
would settle the issue of the adequate treatment of all 
waste waters from the location and their outlet into 
the public drainage system. 

The waste waters management is the key prob-
lem when it comes to the environmental protection, 
with the following unresolved questions: the incom-
plete control or inefficient waste waters management, 
the non-existence of the adequate treatment of waste 
waters from the re-refining plants and the plants for 
the regeneration of the old barrels, the inadequate 

Table 6. The characteristics of the plant outlet waste waters quality for the years 2008, 2009 and 2010; sampling and analysis of water 
by: City Public Health Institute; MDK: ordinance on hazardous substances in water, "Official Gazette SRS" br. 31/82; ordinance on the 
method and minimum number of testing the quality of waste water, "Official Gazette SRS" br. 47/83 13/84; Regulation on Water 
Classification, "Official Gazette SRS" br. 5/68 

Characteristic 

MDK 
class II

Date of report 

20.02.08 28.11.08 11.12.08 12.01.09 22.04.09 24.09.09 16.11.09 30.03.10 4.11.10 17.01.11

Date of sampling 

01.02.08 30.10.08 21.11.08 25.12.08 07.04.09 15.09.09 02.11.09 11.03.10 22.10.10 23.12.10 

Temp. water, °C 11 18 13 10.9 15.5 21.1 13.9 3.2  7.1 

pH value 6.8-8.5 8.60 6.3 7.5 7.4 7.5 7.1 7.1 7.30 7.4 7.4 

Ammonium ion (NH4
+), mg/l 1.0 1.8 3.6 5.1 4.2 4.5 3 2.5 2.27 2.46 2.61 

HPK, mg/l, from KMnO4 12 8 103.1 36.4 16.3 13.8 70.5 13.4 7.7 19.4 15 

BPK5, mg/l 4 13.5 23.4 52.9 29.5 4.9 3.2 2.4 1.4 1 1.7 

Iron, mg/l Fe 0.3        0.231 4.98 0.909 

Suspended matters, mg/l 30 34 9 86 21 20 27 23 17 45 25.6 

Oil left (hydrocarbons index 
C10-C40), technique 
GC/FID, mg/l 

0.05 1.126 0.1 0.44 0.41 0.1 <0.05 <0.01 0.046 0.08 0.1 

Phenol, mg/l 0.001 0.071 9.9 0.72 0.037 0.02 0.004 0.004 0.093 0.02 0.002 

Table 7. Ecological indicators of the waste waters plants for the years 2008, 2009 and 2010 

Month 

KPI's for Waste Water 2008 

2008 2009 2010 

Effluent water (total) 
per final product 

m3/t 

Floculant per 
volume 

Effluent water 
(treatment unit) 

kg/m3 

Effluent water 
(total) per final 

product 
m3/t 

Floculant per 
volume 

Effluent water 
(treatment unit) 

kg/m3 

Effluent water 
(total) per final 

product 
m3/t 

Floculant per 
volume 

Effluent water 
(treatment unit) 

kg/m3 

January 2.9 0.33 2.5 0.23 2.1 0.28 

February 2.5 0.25 2.4 0.21 1.8 0.20 

March 2.0 0.40 2.0 0.18 1.7 0.19 

April 2.8 0.29 1.8 0.25 1.3 0.14 

May 2.0 0.32 2.2 0.32 2.2 0.27 

June 4.3 0.75 1.5 0.25 1.9 0.11 

July 5.4 0.81 1.2 0.21 1.1 0.09 

August 2.3 0.29 1.3 0.30 1.1 0.16 

September 2.2 0.27 2.0 0.31 1.8 0.19 
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outlet for the rain (oily) waters from one part of the 
location and the lack of the sanitary waste waters 
connection to the public drainage, respectively.  

The environmental protection program with the 
goal of solving the above mentioned questions inc-
ludes the following measures: improvement of the 
waste waters management, reducing the production 
of the waste waters at the facilities and enhancement 
of the control over the flow of the waste waters that 
arrive for the treatment in order to avoid the discharg-
ing of increased amounts of dangerous substances 
into the Kalovita canal; the reconstruction and expan-
sion of the plant for the waste waters treatment, of the 
drainage system and of the reservoir containers, 
according to the existing project. 

The first part of the program does not demand 
significant financial funds and is easily achievable, 
whereas the realization of the second part of the prog-
ram, which envisages the plant reconstruction, demands 
major financial investments. The improved method for 
the evaluation of the environmental aspects grades 
this aspect with maximum 36 scores, which gives it 
the priority in the program realization. 

In the period from 2008-2009 the adaptation of 
the plant for the refinement of the process oily waste 
waters and the oily atmospheric waters was done. 
The plant adaptation envisaged the possibility of the 
final waste waters treatment by using the concen-
trated bacterial cultures and enzymes, but it has not 
yet been realized. 

The designed plant for the refinement of the 
industrial process waste waters from the production 
machineries of the Refinery AD Belgrade includes the 
conventional processing with chemicals as well as the 
modern treatment based on the coalescence and bio-
logical processing using the combined, dosed content 
of the bacterial cultures and suitable enzymes. The 
realization of the waste waters treatment guarantees 
that contamination does not exceed the borderline 
values of the ecological performance index para-
meters, i.e., the quality of the exit effluent is in accor-
dance with the prescribed MDK Rulebook, which 
enables fulfilling the ecological function of that parti-
cular goal.  

The quality of the industrial process oily waste 
waters, as a basic ecological contamination para-
meter is characterized by the content of the free oily 
matter (UM), the oil and oil derivatives (diesel fuels, 
gases, hydraulic oils, lubricating oils and bearings 
cooling and so on). The total concentration of the oily 
matter (free and bound) is UM = 3000-4000 mg/l in 
the outlet waste waters while the concentration of the 
refined effluent as the goal function UM ≤ 1 mg/l, is 

the given value of the ecological performance index 
parameter. 

In general, the maximum allowed concentration 
of the waste waters quality indicators from the plant 
outlet are the borderline values of the exit parame-
ters. Other performance index parameters of the 
waste waters quality can be clearly traced and com-
pared in the City Public Health Institute Report on the 
parameter characteristics of the plant outlet water 
quality for 2008, 2009 and 2010 in relation to the MDK 
concentration as the legally prescribed ecological 
goal functions (Table 6). 

The ecological indicators which are significant 
for this facility and which were observed are: the total 
amount of the waste waters in m3 per a ton of finished 
product, as well as the flocculants consumption 
(Al2(SO4)3 and Na2CO3) in relation to the amount of 
the waste waters in m3.  

Table 7 contains the values of ecological indica-
tors of the waste waters plants for each month of the 
year (January-December), as well as the calculated 
average annual indicator values for the given analysis 
period from 2008-2010. 

For the year 2008 the average indicator value 
which refers to the average amount of the waste 
waters in m3 per a ton of finished product is 3.03. This 
is a high average value and it points towards a mas-
sive production of waste waters in the plant, their 
irrational production as well as the inadequate mana-
gement of the waste waters. The other indicator shows 
the flocculants consumption in kg per m3 of the waste 
water. In 2008, this average was 0.46 which indicates 
major consumption of flocculants per waste water m3; 
in other words the separation pit cannot take in the 
total amount of the waste waters. During 2008, the 
realization of the first part of the program, related to 
the rationalization in the waste waters production and 
a better waste waters management began. 

The average value of the indicators – the amount 
of the waste waters in m3 per a ton of product for 
2009 is 1.79 which is far less than in 2008, and the 
average value of the other indicator is 0.23 which is 
also a significant improvement. During the period of 
2008-2009 a partial adaptation of the plant for the 
atmospheric oily waters refinement was performed, 
which represented the second part of the program. 
Adaptation of the plant envisaged the possibility for 
the finishing treatment of the waste waters by using 
the concentrated bacterial cultures and enzymes, but 
it has not been realized yet. 

The average value of the first indicator for 2010 
is 1.7 which is far less than in 2008 and 2009 and it 
points out towards the lesser waste waters pro-
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duction, so the first part of the program was success-
fully realized. The average annual value of the other 
ecological indicator for 2010 is 0.186 which is far less 
than in 2008, when the second part of the program 
began. The additional improvement is expected with a 
complete realization of the second part of the prog-
ram. 

Figure 2 shows the change of the ecological 
parameters of the waste waters plant of the Oil Refi-
nery of Belgrade for the given period 2008-2010 
observing the significant ecological indicators such 
as: the total amount of the waste waters in m3 per a 
ton of finished product and the flocculants consump-
tion (Al2(SO4)3 and Na2CO3) in relation to the amount 
of the waste waters in m3. 

The change of the average values of the eco-
logical parameters of the waste waters plant of the Oil 
Refinery of Belgrade shows a considerable decrease 
of the total amount of the waste waters in m3 per a ton 
of finished product and with that, the consumption of 
flocculants (Al2(SO4)3 and Na2CO3) is proportionally 
reduced in relation to the amount of the waste waters 
in m3 during 2008-2010. 

Thus, it is confirmed that the implementation of 
the ISO 14001 standard, as a key solution for the 
existing environmental management system, results 
in a significant improvement of the ecological indi-
cators. 

CONCLUSION 

In the first years after introducing the environ-
mental protection management system, the Oil Refi-

nery of Belgrade did not develop its EMS because of 
the honest wish to reduce the damaging impacts on 
the environment, but more because of the state 
demands, market pressures, etc. It was important to 
own a certified EMS, which did not result in efficiency 
and realization of the given ecological performance 
index as a goal function.  

The ecological awareness of the employees and 
the management system of the company improved as 
new experiences and knowledge were gained. Rais-
ing ecological awareness changes the view of the 
environmental protection management system, so 
that it is no longer considered less important than the 
other management systems. Constant measuring and 
improving the ecological indicators additionally balan-
ces the position of this system compared to the other 
management systems in the company. 

Monitoring the indicators, as well as the given 
ecological goal functions of the company reveals the 
specific facts necessary for the business improve-
ment. In this way, the actual support, based on the 
measurable facts, for making the important decisions 
is provided and it is confirmed that the economic 
development is possible only in a healthy environ-
ment. 

The shown case study of the ISO 14001 stan-
dard implementation into the environmental manage-
ment system of the Oil Refinery of Belgrade clearly 
demonstrates the benefits of developing one’s own 
way of evaluating the environment aspects which 
enables all the negative impacts on the environment 
by the company to be identified, supervised and 
compatible with regulations. 

 

Figure 2. The change of the average values for the ecological indicators of the waste waters plant 
of the Oil Refinery of Belgrade for the period 2008-2010. 
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The average values of the first ecological indi-
cator of the plant, the total amount of the waste 
waters in m3 per a ton of product, clearly show the 
downturn trend, which is confirmed by the proportio-
nal reduction of the second ecological plant indicator, 
that is by the flocculants consumption in kg per m3 of 
the waste water of the Oil Refinery of Belgrade for the 
period 2008-2010. 

By observing the critical points in the organi-
zation of the Oil Refinery of Belgrade, the advantage 
of the ISO 14001:2004 standard implementation was 
confirmed, especially in terms of the manner of iden-
tification and the development of the company’s own 
way for the environmental aspects evaluation, which 
gave positive results in the ecological performance 
improvement. 

The monitoring of the quality of the water dis-
charging into the Kalovita canal, in accordance with 
the ISO 14001 certified management system enables 
compatibility with the current regulations and presup-
poses that the water quality of the Danube, as a final 
recipient, suits the demanded quality of the surface 
water which is yet to be confirmed by further inves-
tigation. 

Acknowledgement 

The research presented in this paper was 
financed by the Ministry of Science and Technological 
Development of Serbia within the projects  lll 43014 
and lll 42006. 

REFERENCES 

[1] С. Живкович, Т.Ю. Иванова, Система управления и 
контроля в области защиты окружающей среды, Меж-
дународной конференции Экономические кластеры, 
как основа инновационного развития территории, 
Ульяновский государственный университет, Сборник 
научных работ, Ульяновск, 2010, pp. 21-22 

[2] Synthese ISO survey, Etat de la certification ISO 9001 et 
ISO 14001, dans le monde, Annee 2007 

[3] R. Rowland-Jones, M. Prayd, M., Cresser, Manage. 
Environ. Quality 16 (2005) 211-219 

[4] A. Prakash, M. Potoski, J. Pol. Anal. Manage. 24 (2005) 
745-769 

[5] F. Reinhardt, J. Ind. Ecol. 3 (1997) 9-21 

[6] J. Kausek, Environmental management, Quick and easy, 
ASQ Quality press, Wisconsin, 2006 

[7] V. Nikolajević, Industrija 4 (2009) 141-153 (in Serbian) 

[8] R.K. Yin, Case Study Research - Design and Methods, 
Fourth Edition, SAGE Publications, 2009 

[9] J. Jovanović, Model unapredenja sistema upravljanja 
zaštitom životne sredine primenom multisoftvera, PhD 
Thesis, Podgorica, 2009 (in Serbian) 

[10] M. Potoski, A. Prakash, A. Am. J. Polit. Sci. 49 (2005) 
235-248 

[11] S. Hutchens, Using ISO 9001 or ISO 14001 to Gain a 
Competitive Advantage, Intertek white paper, http://  
//www.intertek.com (accessed 15 October 2011) 

[12] M. Szymanski, P. Tiwari, J. Pol. Reform. 7 (2004) 31-42 

[13] S. Živković, Uloga i značaj lica za bezbednost i zdravlje 
na radu u privrednim društvima u Republici Srbiji, Uni-
verzitet u Nišu, Fakultet zaštite na radu u Nišu, 2011 (in 
Serbian) 

[14] International Organization for Standardization, ISO 14001 
revision is underway, http://www.iso.org 

[15] S. Živković, O. Todorović, Improvements after intro-
duction of integrated management system standards, 13. 
Međunarodna konferencija „Upravljanje kvalitetom i 
pouzdanošću“ ICDQM-2010, Beograd, 2010, pp. 147-154 

[16] S. Živković, Contemporary concept of quality mana-
gement in living and working environment safety, VI 
международной конференции: Инновационные техно-
логии. Ульяновский государственный университет, 
Сборник научных работ, 2010, pp. 39-54 

[17] A.K. Andrew, J.L. Michael, T. Ann. Acad. Manage. J. 48 
(2005) 1091-1106 

[18] E. Naveh, A.A. Marcus, IEEE T. Eng. Manage. 51 (2004) 
352-363 

[19] B. O’Dwyer, D. Owen, Br. Account Rev. 37 (2005) 205- 
–229 

[20] J. Hertin, F. Berkhout, M. Wagner, D. Tyteca, Are soft 
policy instruments effective? The link between environ-
mental management szstems and environmental perfor-
mance of companies, Universite Catholique de Louvain, 
September, 2004 

[21] S.L. Jackson, Environ. Quality Manage. 6 (1997) 33–47 

[22] С. Живкович, Т.Ю. Иванова, Проблемы теории и 
практики управления 5 (2011) 87-93 

[23] S. Melnyk, R. Sroufe, R. Calantone, J. Oper. Manag. 21 
(2003) 329-351 

[24] Hong Kong Industry Department, A guide to pollution 
control legislation afecting manufacturing industries, 
Hong Kong: Hong Kong Government Publication, 1998. 

[25] K.F. Pun, Y.K. Fung, F.Y. Wong, Identifcation of critical 
factors for total quality environmental management", 
Proceedings of the 3rd Annual International Conference 
on Industrial Engineering Theories, Applications and 
Practice, Hong Kong, 1998 

[26] C. Fussler, Driving eco-innovation: A breakthrough dis-
cipline for innovation and sustainability, Pitman, London, 
1996 

[27] S.H. Weissman, J.C. Sekutowski, AT&T Tech, Novem-
ber-December, 1991, pp. 24-33 

[28] P. Christensen, B.D. Rasmussen, Eco-Manage. Audit. 5 
(1998) 88-94 

[29] B. Poksinska, J.J. Dahlgaard, J.A.E. Eklund, Int. J. 
Quality Reliab. Manage. 20 (2003) 585-60 

[30] T. Denton, Chem. Mark. Rep. 253 (1994) 3-5 



S. ŽIVKOVIĆ, Lj. TAKIĆ, N. ŽIVKOVIĆ: THE IMPROVEMENT OF ENVIRONMENTAL… CI&CEQ 19 (4) 541−552 (2013) 

 

552 

[31] D. Sayre, Inside ISO 14000 The competitive advantage of 
environmental management, St Lucie Press, Delray 
Beach, FL, 1996 

[32] M.P. Miles, J.G. Covin, Environmental marketing: A 
source of reputational, competitive, and financial advan-
tage, Abstract published in 1998 AMA Marketing 
Exchange Colloquium, Vienna, 1999 

[33] M.A. Cohen, S.A. Penn, J. Naimon, Strateg. Manage. J. 
10 (1995) 75-87 

[34] T.S. Chapman, Green Produc. 4 (1994) 4-9 

[35] T. Tibor, ISO 14000, A guide to the new environmental 
management standards, Wayne McGuirt, USA, 1996 

[36] W. Lee, ISO 14000 registrations: Environmental manage-
ment system, , Prentice Hall, Englewood, 1997 

[37] C.M. Lin, The significance of ISO 14000 environmental 
standards for Asia-Pacific, APO Product, 1995 

[38] M.J. Polonsky, E.E. Chen, J. Bus. Mark. 10 (1995) 29–46 

[39] I.A. Aboulnaga, Environ. Manage. Health 9 (1998) 65-71 

[40] K.S. Chin, S. Chiu, K.F. Pun, Int. J. Manage. 15 (1998) 
237-247 

[41] R.B. Clements, Complete guide to ISO 14000, Prentice 
Hall, Englewood, 1996 

[42] C. Pouliot, Manuf Eng, 116 (1996) 51-56 

[43] E. Lau, Asia Eng. April (1997) 9-11 

[44] B. Pearson, B.F.P. Little, M.J. Brierly, Using environ-
mental management systems to improve profits, Graham 
& Trotman, New York, 1993 

[45] D. Rondinelli, G. Vastag, Eur. Manage. J. 18 (2000) 499– 
–510 

[46] J. Morrison, K.K. Cushing, Z. Day, J. Speir, Managing a 
better environment: opportunities and obstacles for ISO 
14001 in public policy and commerce, The Pacific Ins-
titute for Studies in development, Environment and Secu-
rity, Oakland, CA, 2000 

[47] G. Azzone, R. Bianchi, G. Noci, Eco-Manage. Audit. 4 
(1997) 98-108. 

 

 

 

 

 

 

 

 

 

 

 

 

SNEŽANA ŽIVKOVIĆ1 

LJILJANA TAKIĆ2 

NENAD ŽIVKOVIĆ1 

1Univerzitet u Nišu, Fakultet zaštite na 
radu, Niš, Srbija 

2Univerzitet u Nišu, Tehnološki fakultet, 
Leskovac, Srbija 

NAUČNI RAD 

  UNAPREĐENJE EKOLOŠKIH PERFORMANSI 
PRIMENOM STANDARDA ISO 14001 - STUDIJA 
SLUČAJ 

U radu je prikazana analiza prednosti primene standarda ISO 14001 u sistem upravljanja 

zaštitom životne sredine. Sistem upravljanja zaštitom životne sredine koji nije sertifikovan, 

odnosno usaglašen sa principima i uslovima standarda, značajno povećava mogućnost 

pojave ekološkog rizika. Nerešena pitanja ostaju u oblastima koja nisu izražena samo 

finansijskim vrednostima već imaju i nefinansijski karakter sa ciljem širenja tržišta, una-

pređenje imidža preduzeća i poboljšanja indikatora ekoloških performansi. Unapređenje 

efikasnosti sistema upravljanja zaštitom životne sredine preduzeća, postiže se mini-

miziranje i eliminisanje štetnih uticaja na životnu sredinu koja su posledica njihovih aktiv-

nosti. Studija slučaja Rafinerije nafte Beograd (RNB) analizira implementaciju ISO 

14001:2004 standarda u sistem upravljanja zaštitom životne sredine, posebno nagla-

šavajući sopstveni način za vrednovanje aspekata životne sredine sa ciljem utvrđivanja 

rezultata unapređenja indikatora ekoloških performansi. Prosečne vrednosti prvog ekol-

oškog indikatora postrojenja, ukupne količine otpadnih voda u m3 po toni proizvoda, jasno 

ukazuje na opadajući trend, što je potvrđeno i proporcionalnim smanjenjem prosečne 

vrednosti drugog ekološkog indikatora postrojenja, odnosno potrošnjom flokulanata 

(Al2(SO4)3 i Na2CO3) u kg m–3 otpadne vode RNB za posmatrani period 2008-2010 godina.  

Analiza slučaja RNB potvrđuje unapređenje ekoloških performansi primenom standarda 

ISO 14001. 

Ključne reči: ISO 14001, benefiti, indikatori ekoloških performansi, unapređenje, 
naftna rafinerija. 

 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


