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Abstract: Romania has been turning in the last 20 years towards the development of the 
private sector. Micro-enterprises, small and medium enterprises were born in all national 
economy branches. Many of them were created through the partition of the large enterprises 
developed before 1989. The Romanian South-East region comprises six counties that cover 
35.762 km² (15% from the entire surface of the country) placing second for its size from a 
number of eight that Romania has. The area has a population of approximately 2.850.318 
residents, representing about 13% from the country’s population. The urban counts 55.5% 
from the population, with a tendency to diminution. The largest city in the area is represented 
by Constanta (309.965), followed by Galati and Braila (over 200.000 residents). The economy 
of the counties was mostly developed thanks to the natural resources they possess (oil, natural 
gases, limestone) and to the facilities created by nature (the Black Sea, the Danube, the 
Danube Delta, fields, hilly areas). At present, in the south-east area there are round about 
6.517 industrial enterprises working (during 2010), from which 101 large industrial 
enterprises (1.54%).It’s a known fact that the production of the large polluting enterprises in 
industry is permanently monitored by the Environment Protection Agencies. A lot of them 
were “forced” to make investments in the environment protection field, but especially respect 
the rules imposed by the European Union legislation. It is not the same thing happening to 
micro-enterprises, small and medium enterprises, where their production depends on a series 
of documents filled on their own account (for example: environment notice).The method we 
propose is that of multi-criteria modelling. To create and apply the qualitative decision 
pattern in order to establish the pollutant economic agents monitoring interval, expert system 
DEXi was used. In this work, our researches were based upon data gathered from the natural 
resources (oil, natural gases) extraction and processing from the south-east region. Following 
researches will also have in view other economic branches in the region, continuing to create 
in the end a monitoring interval settlement of multi-criteria pattern, which comprises as many 
branches as possible. 
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Introduction 

The Romanian South-East region comprises six counties that cover 35,762 km² or 15% from the entire 
surface of the country, placing second for its size from the eight Romanian’ regions. The area has a 
population of about 13% from the country’s population. At present, in the south-east area there are 
about 6,517 industrial enterprises working (during 2010), from which 101 large industrial enterprises 
(1.54%). From the total of small and medium enterprises, 93.5% are micro-enterprises and small 
enterprises and 6.5% are medium enterprises. 
 
The purpose of this work is the research for a possibility to monitoring small and medium enterprises 
by the Environment Protection Agencies, taking into account their large number, but also the activity 
areas. This work proposes to bring a series of remedies that could be applied to this region, but also to 
the entire country for a better environment protection. 
 
The hypotheses from which we started: 
I1 - Permanent monitoring of all pollutant economic agents, no matter their sizes, can prevent 
accidental pollutions, but also can keep under control the pollution produced by all industrial 
activities. 
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I2 - Large scale extension of non-pollutant technologies to all pollutant economic agents, surely leads 
to a pollution reduction of the environmental factors: air, water, ground, flora and fauna, population’s 
health.  
 
For this research, the following steps were made: 
E1 - the analysis form the point of view of the economic development from the south-east region and 
of the tendencies in the last three years; 
E2 - environment legislation study from the perspective of monitoring industrial activities; 
E3 - settlement of the background problem: the decision to adopt efficient environment protection 
measures no matter the size of the pollutant economic agents; 
E4 - identification of an appropriate method to determine the monitoring interval of the pollutant 
economic agents; 
E5 – multi-criteria modelling method and decision expert system DEXi use; 
E6 - interpretation of results obtained after applying expert system DEXi; 
E7 – settlement of conclusions and identification of remedy solutions at the problems found. 
 

1. Materials and Method 
1.1. Material Researched 

In our research we focused our attention on three important pollutants from the chemical and 
petrochemical industry: hydrocarbon, heavy metals and powders. Hydrocarbon comes from 
incomplete combustion, petrochemical industry, transportation and petrochemical products deposit 
and remain in the atmosphere up to three years, one of them, for example the benzene and toluene 
being extremely toxic, determining mucous irritation and asphyxiation. 
 
Pollution with heavy metals represents a problem of major interest because of the heavy metals 
negative implications on human organism both through impact pollution (influenced directly by 
human been) and through background pollution. As atmosphere pollutants, heavy metals through 
oxides and vapours (which turn into oxides in the atmosphere), pollute especially industrial areas from 
around the cities Galati, Constanta, the pollution being caused  especially by lead, copper, cadmium, 
and zinc. There are a lot of possible chemical contamination sources, among which chemical industry 
and galvanization sections of some non-chemical enterprises. 
 
In the atmosphere, along with gases and toxic vapours, there are powders found in abeyance. Pollution 
of the atmosphere with powders can have natural sources, wind entailment of particles found on soil 
surface; or artificial sources: metallurgic and iron industry that release large quantities of powders in 
the atmosphere, steam-generating station based on solid fuels, cement factories, transport by road, 
halls and sterile equipment storehouses, chemical industry, sites in construction, industrial and public 
waste storage. 
 
For the research we turned to the following microenterprises and small and medium enterprises: 

- Petrochemical Corporation Midia Navodari was founded in 1975, on a 480 hectares platform. 
Petromidia is an industrial compound made mainly of a refinery and a petrochemical factory, 
using technologies from UOP, Mitsui, Snam Progetti, Heat Research Companies etc. Its 
maximum capacity to operate petroleum is of 4.8 million tonnes a year. 

- S.C. Eco Petroleum S.A. Constanta was founded in 1998, having 56 employees. The activity 
object is products manufacture obtained after the petroleum production. 

- S. C. Continav S.R.L. was founded in 1996 having 10 employees. Its activity object is 
represented by the cleaning and emission of oil tankers. 

- S. C. Galchim Invest S.R.L. was founded in 2010 having 5 employees. Its activity object is the 
production of hypochlorite of sodium, detergents and nitric acid. 

- S.C. Metacom Anticor S.R.L. was founded in 2005 having 167 employees. Its activity object is 
represented by metal treatment and plating. 

- S.C. Magistra C&C S.R.L. was founded in 1993 having 120 employees. Its activity object is 
the manufacture of medicinal products 

- S.C Grunspind S.R.L. - was founded in 2007, having 25 employees. Its activity object is the 
manufacture of industrial paint for metals and floors. 
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For the research we turned to the above-mentioned enterprises and small and medium 
enterprises having as activity object products manufacture obtained after the petroleum production, 
cleaning and emission of oil tankers, metal treatment and plating, the production of hypochlorite of 
sodium, detergents and nitric acid, the manufacture of medicinal products, the manufacture of 
industrial paint for metals and floors. 
 
The studies, that were conducted on the chemical and petrochemical industry. We had in mind the 
importance of the littoral Romanian Black Sea as curative and recreation factor for development of 
tourism area and nationwide [7], [8]. In this context, we emphasize that in a market economy, 
relatively young, as the South-East Region, must maintain a balance between industry and tourism. 
 

1.2. Methods and Instruments Used 
To create and apply the qualitative decision pattern in order to establish the pollutant economic agents 
monitoring interval, it was used the expert system DEXi. The definition given by a group of authors 
[10], are expert systems software based on artificial intelligence techniques. It stores knowledge of 
human experts in a defined area and then uses them to solve difficult problems in that area. 
 
DEXi is a decisional program based on the assessment of the qualities arranged under a tree structure. 
These attributes have discrete values, so in order to define them, words representing grades, were 
used. In the tree structure, the basis criteria are described with values according to correspondent 
grades and the aggregation of superior sub-criteria, representing knots in the decisional tree structure, 
was achieved based on utility functions, defined at every knot. The decisional tree root presents the 
assessment final result. Good graphic and reporting capacities of DEXi program allow the explanation 
and the easy understanding of multi-criteria pattern and decisional rules.  
 
This issue made possible that the problem be transparent, explainable and easy to understand. This 
method turned out to be very effective in different fields like banking, pharmacy, public 
administration, pollution [1], [5] and [6].  
 
The theoretic pattern of the decisional tree according to [4] is presented in Figure 1. 
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Source: Jereb E., Rajkovic U. & Rajkovic V., 2005, p.203 

Figure no. 1. Theoretic pattern of the decisional tree 

According to the pattern, the decisional problem’s options are decomposed in more dimensions called 
attributes or criteria. Each action is firstly described by a value vector of the corresponding attributes, 
than vectors are evaluated by a specific utility function, previously defined by the expert. The utility 
functions define the relationship between attributes at different levels, serving to partial aggregation of 
sub-problems in final assessment or classification. The assessment result F(ai) must be equal to the 
result of the utility function F(X1, X2, ..., Xn). The final assessment of an option is obtained as an 
attribute from the root. On this basis, the options are compared and graded, the best of them being 
selected by the decision maker. Instead of numeric utility functions represented analytically, such as 
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the sum of values or of relative importance, the qualitative patterns use discrete functions defined step 
by step under tables, where each row represent a decision expressed through a production rule or a 
simple logical expression as: “If premises, Then conclusion”. 

The stage of the pattern creation meant looking through the steps presented in the logical schema in 
Figure 2. 

 

Figure no. 2  Logical construction schema of the multi-criterion  model to establish the optimal 
monitoring interval 

 
This article describes the approach of taking the decision to establish the monitoring interval for the 
small and medium pollutant economic agents, from the chemical and petrochemical branches, by 
integration of the multi-criteria shaping in an expert system. The decision to designate the optimal 
monitoring interval needs a clear identification of the decisional criteria [2]. They used them to 
highlight the advantage of the large pollutant economic agents monitoring compared to the medium 
and small economic agents that lack monitoring. In this respect, a set of predictive, valid and practical 
criteria, integrated in a systematic approach that examine the feasibility and the validity of the optimal 
monitoring interval, was used. 
 
The larger the connection between criteria and predictions is, the more specific is the monitoring 
decision, the solution being the objective and undiscriminating designation of the most adequate 
monitoring interval. The choice of criteria or of selection attributes entails their correlation with the 
activity object of each economic agent. 
 
The solution of the settlement problem of the optimal monitoring was based on the use of proper a 
hierarchical multi-criteria pattern, shown in Figure 3, implemented with existent technological 
information. The basic principle of the decisional shaping was the decomposition of the decisional 
problem in smaller parts and less complex expressed through the assessment criteria of the pollution 
degree in the chemical and petrochemical industry. 
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Figure no. 3 Multi-criteria hierarchical pattern to establish the optimal monitoring interval 

 

In our pattern, the following decisional criteria were mainly established: 
- noxious system evacuated by the economic agent; 
- pollution generator basic activity;  
- evacuated noxious quantity; 
- raw materials quality used in the production activity; 
- production cycle duration. 
 

In order to develop and employ qualitative decision models the tool DEXi according [3], was used in 
our case. This computer program was developed in collaboration between Jozef Stefan Institute and 
University of Maribor, Faculty of Organizational Sciences. What characterizes the decisional tree 
pattern created is not only the simplicity pronounced in its visual presentation, but especially, the high 
degree of complexity of its use, skills and multiple knowledge for the solution of problems for which it 
is requested, are needed.   
 

2. Discussion and Results 
Attributes scaling had as objective the creation of a criteria hierarchy, based on the inter-
conditionings, and influences anticipated over the final decision. The process included the use of 
structuring techniques, comparison, up to down decompositions and attributes list cleaning. To avoid 
an explosion of combinations in the utility functions creating step, DEXi imposes that every 
aggregated attribute depends on as fewer basic attributes as possible. In this respect, we used two or 
three attributes and the result of this step was the creation of the multi-criteria tree along with the 
related scaling system, presented in Figure 4.  

 
Figure no. 4 Multi-criterion tree structure and scaling system created in the expert system DEXI 

 
Attributes scaling whose objective aimed a values scale conferring to each ordinal or nominal 
attribute from the multi-criteria tree structure created. The number of values, represented through 



 104

grades expressing the scale position, was maintained as low as possible, but at the same time, enough 
to differentiate qualitative situations. In our case, the attributes scale goes gradually up in the hierarchy 
from down to up, from three values to the basic level, namely “low”, “medium”, “high”, to five values 
for the root attributes: “very often (daily)”, “often (weekly)”, “occasionally (monthly)”, “rarely 
(quarterly)”, “very rarely (semester)”. 
 
Grades introduction in the DEXi system for the basic criteria was made possible after consulting of: 

- own  monthly and annually environment rapports of Petromidia SA Company and 
of Environment Protection Agency; 

- technical documentation specific to each economic agent. 
 
We specify that, in DEXi program, attributes values were directly introduced only for the criteria from 
the tree basis; aggregated attributes from the superior hierarchy getting values after the utility 
functions activity. In Figure 5, there are the grades of the basic criteria introduced in DEXi system, 
obtained through the quantification of scores from the environment and technical rapports and the 
interviews taken with specialist engineers in the chemical and petrochemical areas.  

 

Figure no. 5 Grades for the basic criteria introduced in DEXi 
 
Settlement of utility functions for every criterion conditioned by sub-criteria was the most elaborate 
step in the pattern construction. The role of utility functions was that of offering values as grades to 
the aggregated attributes from inferior levels up to the highest aggregated value. In DEXi, the utility 
function of every aggregated attribute is presented step by step as a table, in which every row 
represents a logical expression. Utility function construction started by settling the significance of each 
basic criterion, represented by its relative importance in determining the aggregated criterion, 
significance estimated by experienced specialists in decisional analysis. Construction continuation 
aimed the use of production rules, such as: 

If the grades values for the basic attributes are low  
Then the aggregated criterion grade is LOW.    

 
As you can see in Figure 6, the utility function resulted after attributes structuring, it presented 
different significance for the two basic attributes: 60% for the level of technologies used in the basic 
activities, namely 40% for the volume of investments in environment protection plants. 

  
Figure no. 6 The result of the utility function activity for the pollution degree attribute generated by the 

basic activity 
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The result of the utility function activity for the pollution degree attribute generated by the basic 
activity, for the second row in Fig. 6 is interpreted as follows: 

If The level of the technology used attribute is estimated as being LOW  
    and Investments volume attribute is estimated with MEDIUM to HIGH grade 

   Then the grade for the aggregated criterion Pollution degree is HIGH. 
 
In this way, all situations generated by possible combinations between scales of every criterion, can be 
interpreted. DEXi allows the change both of scaling values for every utility function, and of every sub-
criteria significance, according to users options.  
 
The shaping stage is the most exhausting and difficult of the entire decisional process because it is 
mostly based on experts’ knowledge and decisional analysts’ skills. In any case, a successful 
development of the pattern leads, usually, to an easy implementation and even to the completion of the 
project. 
 
In the pattern presented, Petrochemical Corporation Midia Navodari was chosen, economic agent from 
the large enterprises category in the Southeast Region, to identify the optimal monitoring interval, 
starting from the premise that it is possible that the pollution accumulated due to the activity of small 
and medium enterprises, be close to the value of the economic agent pollution, taken as comparison 
base.  
 
Evaluating alternatives, facilitated by DEXi is shown in Figure 7. Enabling immediate understanding 
of the assessment result is allowed in DEXi, if we use the “Graphic” menu. According to this, 
selecting the one-dimensional output, only form the aggregated root attribute point of view, namely 
the optimal monitoring interval, the economic agents’ situation is presented according to the graphic in 
Figure 8. 
 
From Figure 8 it turns out that the most of the economic agents taken in the study should be monthly 
monitored. It can be noted that a small class economic agent and two average class economic agents 
should be monitored the same way as the large class economic agent. 

 

 Figure no. 7 The options evaluation by DEXi 
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Also, a small company and a medium one are to be monitored more often, namely weekly because of 
the intensity of the generated pollution, and a small company can be monitored more rarely, namely 
quarterly because of the presence of a noxious system engendered by the basic activity. 

 

Figure no. 8 Final assessment result one-dimensional graphic of the pollutant economic agents 
 

Using two criteria’s selection that influence the final aggregated attribute value, corresponding to the 
problem identified, for placing economic agents in a system of orthogonal axis represented by the two 
attributes, is presented in Figure 9. 

 

 

Figure no. 9 Final assessment result bi-dimensional graphic of the pollutant economic agents 
 
Bi-dimensional representation highlights the fact that any economic agent doesn’t place itself in the up 
right corner of the matrix, position that indicates a favourable situation from the pollution point of 
view. 
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Conclusions 
After the research performed, the conclusions issued are the following: 
1. In south-east region, the small and medium enterprises sector is well developed in the chemical and 
petrochemical area; 
2. The chemical and petrochemical industries pollute the air, the water and the soil, having influences 
over the people’s health, the flora and the fauna, too; 
3. The use of the expert system DEXi proved that the micro-enterprises and small and medium 
enterprises get to pollute as much as the large pollutants;  
4. Investments volume in the environment protection is much more reduced in micro-enterprises and 
small and medium enterprises; 
5. Monthly monitoring of micro-enterprises and of small and medium enterprises obviously leads to 
preventing accidental pollutions and to a better quality of the environment factors. 
 
The novelty and the necessity of the practical pattern implementation in solving problems that 
imply management decisions related to pollution monitoring, are given by the fact that probabilistic 
decisional shaping technique through the expert system DEXi hasn’t been used by the specialist 
companies in Romania and either by the other enterprises, the economic literature in our country 
dealing vaguely with the theoretic approach of this issue. 
 
Through the development of the multi-criteria pattern using expert program DEXi, both hypotheses 
used as cornerstones in our research, were validated. Also, the pattern allowed the identification of 
different monitoring intervals of the small and medium enterprises activity. To offer them support, the 
research team thought to design a Guide of measures, through which the surveillance of the pollution 
generator activity be achieved. The guide is necessary as at present, small and medium agents are not 
effectively monitored by any specialist regulators. 
 
The result obtained, by validating hypothesis, lead us to adopt the decision to improve our study by 
doing researches in other several industries. 
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Appendix 
Petrochemical Corporation Midia Navodari - economic agent from the large enterprises category in the Southeast region 

m1 = ECO PETROLEUL SRL (small enterprise) 
m2 = CONTINAV OVIDIU SRL (small enterprise) 
m3 = GALACHI INVEST SRL (small enterprise) 
M1 = METACOM ANTICOR SA (medium enterprise) 
M2 = MAGISTRA SA (medium enterprise) 
M3 = GRUNSPIND SA (medium enterprise) 

 


