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ABSTRACT: The urrent research refers to electronic-optical devices working in 
conditions of different levels of background luminance. The aim of the research is to define 
the influence of the background luminance upon the resolution of different types of electronic-
optical converters. The aim is achieved by experimental research and dispersion analysis 
when mathematically processing the received data. A possibility to select the converters has 
been created according to the direct aspect of their usage. Four types of electronic-optical 
converters are used for official use and this is the reason why their technical characteristics 
are not presented.  

KEY WORDS: visual observation, electronic-optical converters, distant objects, 
resolution, background luminance 

 The research is about electronic-optical devices which work at different 
background luminance and which are used in machines for the defense and 
military technics [1], as well as in aerospace research [2,3,4]. 

 The task is to choose an optimum electronic-optical converter (EOC) for 
identification of distant objects and for this reason it is necessary to define what 
influence has the background luminance over the resolution of the converters. 

The resolution of four different types of EOC (for official use) at three 
levels of background luminance at contrast equal to 0,5. Devices for objective 
evaluation of the characteristics of electronic-optical converters have been used 
[5]. 
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At level I: 
N1(B1) – maximum resolution of EOC at optimum luminance for 

observation of the test object; 
At level II: 
N2(B2) – normal resolution of EOC at background luminance 2,6 cd/m2; 
At level III: 
N3(B3) – normal resolution of EOC at background luminance 0,024 cd/m2; 
 
The registered values for N1(B1), N2(B2) and N3(B3) for the respective types 

of EOCs are presented in Table 1.  
 
Table 1. Values of  N1(B1), N2(B2) and N3(B3) for different types of EOC  

 
EOC 
  N 

EOC 1 2 EOC 3 EOC 4  
ex0  j 

ex1  j 
ex 2

 
j 

ex3

 
j 

ex 4  

I II III I II III I II III I II III 
N1(B1) 35 33 34 34 36 37 38 37 27 28 29 28 29 30 28 29 32 
N2(B2) 32 30 31 31 33 33 33 33 25 23 24 24 25 27 26 26 28,5 
N3(B3) 25 27 26 26 28 29 30 29 22 23 21 22 23 23 23 23 28 

iex  33,33  33,36  24,66  26,0  28,5 
 

When the calculated results are mathematically processed, a two factor 
dispersion analysis is used.  
 The basic equation of the dispersion analysis of two factors – the 
researched EOCs and the levels of the background luminance is: [6,7] 
 
(1) RVBE QQQQQ +++=  

 
where Q  –  sum of squares total; 
 EQ  – sum of squares of EOCs; 
 BQ  – sum of squares of background luminance; 
 VQ  – sum of squares between the variants of interaction between 

the EOCs and the background luminance; 
 RQ  – sufficient sum of the squares. 
 The number of degrees of freedom r of these sums of squares is 
respectively:  
 
(2) 3513.4.311 =−=−=−= nkqNr  

 
where n  –  number of the experiments; 
 k  – number of the researched EOCs; 
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 q  – number of the researched background luminance; 
 

(3) 

24)1(
6)1)(1(
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where Er  –  degree of freedom of EOC; 
 Br  – degree of freedom of the levels of background luminance; 
 Vr  – degree of freedom of the variants of interaction between 

EOC and the background luminance; 
 Rr  – degree of freedom of residual sum of squares.  

 
Evaluation of the dispersion S is obtained when dividing the sums of the 

squares VBE QQQQ ,,,  and RQ  into the respective degrees of freedom 
VBE rrrr ,, and Rr . The quotients are presented in Table 2.  

 
Table 2. Values of the dispersion 
 

Sum of squares Degrees of 
freedom 

Evaluation of the 
dispersion 

( )∑∑∑
===

=−=
1

2

11
09,1604

j
ilj

q

l

k

i
xxQ  

35=r  8,452 ==
r
QS  

( )∑
=

=−=
1

2
37,638

i
ioE xxnqQ  

3=Er  8,2122 ==
E

E
E r

QS  

( ) 147
1

2
=−= ∑
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B
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B r

QS  
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=+−−=
q

l
loioie

k

i
V xxxxQ

1
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1
72,798  
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V
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V r

QS  

( )∑∑∑
===

=−=
1

2

11
20

j
ililj

q

l

k

i
R xxQ  

24=Rr  83,02 ==
R

R
R r

QS  

 
In order to check the validity of the null hypothesis Н0 for the different 

types of EOC and for the background luminance influence, the dispersion 
relations are calculated:  
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(4) 
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The table values of the dispersion relation F, (taken from Tables 5 and 
Table 6 [6]) are respectively 5% and 1% significance levels α  at number of 
degrees of freedom  3=Er , 2=Br , 6=Vr  and 24=Rr  are: 

 
for α =0,05      for α =0,01 

51,2

40,3

01,3

==′′′

==′′

==′

R

R
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rF

r
rF

V
T

B
T

B

E
T

     

67,3

61,5

72,4

=′′′

=′′

=′

T

T

T

F

F

F

 

 
Consequently the null hypothesis that the resolution of the different type of 

EOC is not influenced by the value of the background luminance cannot be 
taken as valid because TT FFFF ′′>>′′′>>′ ,  и TFF ′′′>>′′′  for the two levels of 
significance, i.e. the influence of the background influences significantly the 
value of the resolution of the researched EOC.  

 Defining the numbers which characterize the change of the information 
signal depending on the dark current is performed in order to define the 
possibility to register weak signals. The mutual dependence of the information 
signal by the dark current is taken into account. It is known that when there is 
lack of information signal, the dark current is minimal. Consequently, there are 
variations of the dark current. Its identification is performed when we accept 
that the dark current is a random variable. The reason to accept this is the data 
from experimental measuring performed by devices for evaluation of the 
characteristics of EOC [5] and the data from the 100 measurements performed 
by ADC, DI and PO [9] when we use the dependence of dark current of this 
type:  
 
 (6) 

34,2*

11
=== ∑∑
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where *

iP  –  frequency of appearance of 
iti values of the dark current; 

 N  – number of the measured values of the dark current. 
The fixed in (6) value of the dark current is the average value from the 

measurements. And because every random variable has a basic characteristic its 
average value [7,10], so this characteristic will be a basic one for the dark 
current. If we interpret from a physical point of view, this means that all the 
possible values of the scintillations in the central zone of the EOC are grouped.  
 A characteristic of the random variable is the expected value. In this case 
it is described as:  
(7) 

3,2)(
1

==∑
=

it

n

i
t PiIM

i
 

 
where 

iti  –  Possible values of the dark current; 
 

iP  – Probability of the possible values of the dark current to 
appear. 

The received numbers of expected value, however close to the average 
value of the dark current, is enough to define fully its variations. In order to do 
this, we use another characteristics of the random variable – the dispersion D(I). 
 If we describe it as an expected value:  
 
(8) .218,0)()()( 22 =−= tt IMIMID  
  
 The dispersion defines the scattering of the possible values about the 
center.  
 Mean squared deviation 

tiσ  allows us to compare the random values 
according to the level of their dispersion.  
 By the calculated values of D(I) from formula (8) we define mean squared 
deviation: 
 
(9) 466,0)( == ti ID

t
σ . 

 
Consequently, expected value, dispersion and mean squared value can be 

used as numerical characteristics which characterize every random variable and 
which define the change of the information signal depending on the dark 
current. 

The numerical values allow us to draw a graphics depicting the law for 
distribution of the dark current. For this purpose we use Lopunov Limit 
Theorem. [8]. 
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 So, for the probability density for normal distribution of the dark current 
ti  the formula is: 

 
(10) 

ti

tit

t

t

mi

i
i e

n
f σ

σ
2

)(

)( 2
1

−

=  

 
 where 

ti
m  and 

ti
σ are parameters of the normal distribution and )( tti

iMm = is the 
expected value and 

ti
σ is mean squared deviation.  

The distribution law is normal. This is evidence that the dark current is a 
random variable with normal distribution. Besides this, the maximum of the 
function is received at:  

865,0max)( =
tif  

 
The following conclusions can be drawn: 
 

1. The data from the experiment prove the credibility of the defined 
numerical values which characterize the change of the information signal 
depending on the dark current at given background luminance.  

2. The performed dispersion analysis proves that the background luminance 
influences at a different degree the resolution of the respective types of 
EOC. At lower level of background luminance the best results for visual 
observation of distant objects are registered by means of EOC-2 and 
EOC-1, and at observation at dusk – EOC-3, EOC-4 and EOC-1. 
Combining the type of EOC with the conditions of the conducting the 
experiment is basis for creating optimum conditions for discovery and 
identification of objects at different degrees of background influence, 
when predicting of the probability by means of the calculated resolution 
of the researched EOC.  
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I. Introduction 
Demand forecasting plays an important role in today’s integrated logistics 

system. It provides valuable information for several logistics activities including 
purchasing, inventory management, and transportation. To minimize the total 
logistics cost, an accurate and reliable forecasting approach should be developed 
and adopted. In real-world situations, both quantitative and qualitative factors 
affecting the demand should be taken into consideration simultaneously. Since 
analytical hierarchy process has emerged as the promising methodology for 
dealing with a wide variety of decision - making problems, this chapter presents 
an analytical hierarchy process - based approach to analyze the priority rankings 
of all relevant factors to formulate a forecasting mathematical equation. 

 
II. Exposition 
Logistics management is sophisticated because it involves numerous 

complicated activities including customer service, demand forecasting, 
distribution management, information maintenance, inventory management, 
materials handling, order processing, packaging, purchasing, reverse logistics, 
transportation, warehousing, and so on. It is undoubted that these activities are 
interrelated. For instance, reducing the inventory of finished products will 
reduce the inventory carrying costs and warehousing costs, but may lead to 
stock-out as a result of reduced levels of customer service. Because of this 
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relationship, logistics management can also be regarded as the administration of 
various activities in an integrated system [2]. 

Due to the presence of a wide variety of uncertainties in the realworld 
situations, however, the optimal inventory level is difficult to determine. One of 
these uncertainties is demand uncertainty, that is, the amount of finished 
products or services that customers will require at some point in the future is 
unknown. Demand forecasting, therefore, is a dominant attribute of the 
inventory management. Besides inventory management, demand forecasting 
provides valuable information for the purchasing and transportation problems, as 
illustrated in Figure 1. On the basis of forecasts, the decision-makers of the 
logistics companies can decide on the amount of raw materials to be purchased 
from the suppliers (i.e., the purchasing problem) to meet the production 
requirement, decide on the amount of work-in-process and finished products to 
be stored in the warehouses, and decide on the amount of finished products to be 
transported to the customers. 

 
 

Figure 1.The role of demand forecasting in logistics 
supply chain management. 

 
The analytical hierarchy process, is a theory of measurement for dealing 

with quantifiable and nonquantifiable criteria [5]. It can be applied to numerous 
areas such as performance measurement in higher education, and demand 
forecasting in logistics [4]. Since the analytical hierarchy process can provide a 
systematic framework for the decision-makers to interact and discuss about 
every factors relating to the decisions, it is selected as a tool to analyze the 
criteria affecting the demand, and most importantly, determine the demand 
growth in the future. 

The analytical hierarchy process consists of three main operations 
including hierarchy construction, priority analysis, and consistency verification. 
First of all, the decision-makers need to break down a complex multiple criteria 
decision problem into its component parts of which every possible attributes are 
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arranged into multiple hierarchical levels. For example, overall goal, criteria, 
attributes of each criterion are in the first, the second, and the third levels, 
respectively. After that, the decision-makers have to compare each cluster in the 
same level in a pairwise fashion basing on their own experience and knowledge. 
For instance, every two criteria in the second level are compared at each time 
whereas every two attributes of the same criteria in the third level are compared 
at a time. Since the comparisons are carried out through personal or say 
subjective judgments, some degree of inconsistency may  occur. To guarantee 
that the judgments are consistent, the final operation called consistency 
verification, which is regarded as one of the most advantages of the analytical 
hierarchy process, is incorporated in order to measure the degree of consistency 
among the pairwise comparisons by computing the consistency ratio [1]. If it is 
found that the consistency ratio exceeds the limit, the decision-makers should 
review and revise the pairwise comparisons.  

 
Figure 2. The algorithm of the analytical hierarchy process 
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Once all pairwise comparisons are carried out in every level, and are 
proved to be consistent, the judgments can then be synthesized to find out the 
priority ranking of each criterion and its attributes. The overall procedure of the 
analytical hierarchy process is shown in figure 2. 

After the dependent and independent variables are defined, and the 
historical data of all variables are obtained, a forecasting mathematical equation 
can be formulated. It is noted that the use of regression analysis for trend 
projection is a time-series method rather than a casual method. Consider the 
quantitative data of the m - independent variables in period t (t = 1, 2, . . . , n) is 
collected. The proposed forecasting mathematical equation can be constructed in 
(1). Besides, the mean absolute percentage error M method, formulated in (2), is 
used to evaluate the accuracy and performance of the multiple regression 
analysis. 

mtnttt xcxcxccF ++++= ...22110 (1) 

∑
=

−
=

n

t t

tt

A
AF

n
M

1

1 (2) 

Where: 
tA  - actual value of demand in period t; 
tF  - forecasted value of demand in period t; 
itx  - value of independent variable i in period t (i = 1, 2, . . . , m); 
ic  - forecasted regression coeffi cients of independent variable i; 
0c  - constant coefficient 

The regression coefficients indicate the relative importance of the 
corresponding independent variable in forecasting the value of the dependent 
variable, and dominate the accuracy of the equation. To minimize the error of 
forecasted demand, the best sets of coefficients must be generated (fig 3). 

After that, initial parameters represented in continuous value are generated 
randomly. There are (m + 1) values in each parameter if m independent 
variables are selected in the phase of multiple regression analysis. Each 
parameter is then measured by equation (2). These steps form one iteration, and 
then the roulette wheel selection method is performed again to start the next 
iteration. The method will not stop unless the predetermined number of 
iterations is conducted. 
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Figure 3. Multiple regression analysis 

 
III. Conclusion 
Having constructed the hierarchical tree, logistics practitioners make use of 

pairwise comparison to find out the interrelation among the factors. As supply 
chain involves various parties including suppliers, distributors, retailers, and 
customers each of them can contribute to construct the hierarchy. Pairwise 
comparison is then made through discussion, bargaining, and persuasion. 
Demand forecasting is a complex issue and the value chain embraces various 
parties with widely varying perspectives. 
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ABSTRACT: Organizations and enterprises around the world differ greatly in terms of 

mission, scale, and scope. Yet all of them aim to deploy the best possible network of facilities 
worldwide for developing, producing, distributing, selling and servicing their products and 
offers to their targeted markets and clients. Underlying this continuous quest for optimal 
network deployment is the facility location and layout design engineering. 
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I. Introduction 
Organizations and enterprises around the world differ greatly in terms of 

mission, scale, and scope. Yet all of them aim to deploy the best possible 
network of facilities worldwide for developing, producing, distributing, selling 
and servicing their products and offers to their targeted markets and clients. 

 
II. Exposition 
The intensity and pace of this flux is growing in response to fast and 

important market, industry and infrastructure transformations. Location and 
layout design is being transformed, from mostly being a cost-minimization 
sporadic project to being a business-enabling continuous process; a process 
embedded in a wider encompassing demand and supply chain design process, 
itself embedded in a business design [5]. 

Figure 1 exhibits levels of layout representation used for design purposes. 
The least aggregate first level, here termed processor layout, shows the location 
and shape of the building, each center, each aisle and each signifi cant processor 
within each center. 

At the second level of aggregation lies the net layout which does not show 
the processors within each center. The assumption when focusing the design 
process on the net layout is that prior to developing the entire layout for the 
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facility, space estimates have been made for each center, leading to area and 
shape specifications, and that as long as these spatial specifications are satisfied, 
then the net layout embeds most of the critical design issues. The space 
estimation may involve designing a priori potential alternative processor layouts 
for each center. The transposition of the net layout to a processor layout for the 
overall facility is left as a detailed exercise where the layout of each center is 
developed given the shape and location decided through the net layout. 

 
 

Fig. 1. Degrees of aggregation in layout representation for design purposes. 
 

At this third level, instead of including the aisle set explicitly, the design 
depicts the logical travel network [3]. This network, or combination of networks, 
connects the I/O stations of the centers as well as the facility entry and exit 
locations. There may be a network representing aisle travel, or even more specifi 
cally people travel or vehicle travel. Other networks may represent travel along 
an overhead conveyor or a monorail. The network is superimposed on the block 
layout, allowing the easy alteration of one or the other without having to always 
maintain integrity between them during the design process, which eases the 
editing process. Links of the network can be drawn proportional to their 
expected traffic. 

At the fourth level of aggregation, the travel network is not depicted, 
leaving only the block layout and I/O stations [2, 4]. Editing such a block layout 
with only input/output stations depicted is easy with most current drawing 
packages. These stations clearly depict where flow is to enter and exit each 
center in the layout. Even though the I/O stations of each center can be located 
anywhere within the center, in practice most of the times they are located either 
at center periphery or at its centroid. The former is usually in concordance with 
prior space specifications. It is commonly used when it is known that the center 
is to be an assembly line, a U-shape cell, a major piece of equipment with clear 
input and output locations, a walled zone with access doors, etc. 

The absence of travel network representation assumes that the design of the 
network and the aisle set can be straightforwardly realized afterward without 
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distorting the essence of the network, and that flow travel can be easily 
approximated without explicit specification of the travel network. Normally, one 
of the two following assumptions justifies flow approximation. The first is that a 
free flow movement is representative, computed either through the rectilinear or 
Euclidean distance between the I/O stations between which a flow is expected to 
occur. Figure 2 illustrates these two types of free flow. 

Euclidean distance assumes that one can travel almost directly from one 
station to another while rectilinear distance assumes orthogonal staircase travel 
along the X and Y axes, like through a typical aisle set when one does not have 
to backtrack along any of the axes. The second alternative assumption is that 
flow travel is to occur along the center boundaries. 

Figure 2 Free flow distance measured according to rectilinear or Euclidean 
distance. 

yxR DDD += ; 
22
yxE DDD += , (1) 

Where: 
RD  - rectilinear distance; 
ED  - euclidean distance. 

Thus distances can be measured accordingly through the shortest path 
between the two I/O stations of each flow, along the contour network of the 
facility. This network is implicitly created by inserting a node at each corner of 
one center and the facility, and inserting a link along each center or facility 
boundary segment between the nodes. In Figure 1, a flow from the northern 
output station of center B to the input station of center G would be assumed to 
travel from the output station of B southward along the west boundary of center 
B, then turning eastbound and traveling along the southern boundaries of center 
E, and keeping straight forward to reach the input station of center G. 
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Location and layout is about locating and shaping centers in facilities or 
around the world. The design effort attempts to generate expected value for the 
organization through spatial configuration of the centers within a facility, or of 
facilities in wide geographical areas. Space is thus at the nexus of location and 
layout design. It is therefore not surprising that representation of space has long 
been recognized to be an important design issue. The essential struggle is 
between a discrete and a continuous representation of space. 

Facilities location and layout are both inherently prone to hierarchical 
aggregation so as to best direct design attention and harness the complexity and 
scale of the design space. Depending on the scope of design decisions to be 
taken, the engineer selects the appropriate level of aggregation. Yet he must 
always take advantage of in-depth knowledge of higher and lower levels of 
aggregation to leverage potential options, taking advantage of installed assets 
and fostering synergies. 

 

III. Conclusion 
In most operational settings, the flow of materials and resources is a key for 

evaluating and optimizing a layout or location decision. It is sometimes 
sufficient to treat it through qualitative relationships. However, in most cases it 
is far more valuable to treat flow explicitly. Flow generally defines the amount 
of equivalent trips to be traveled from a source to a destination per planning 
period. There are two basic flow issues at stake here associated with 
implementing a design. First is the expected flow travel or flow intensity. 
Second is the flow traffic. The former is generically computed by summing over 
all pairs of entities having flow exchanges, the product of the flow value 
between them and their travel distance, time or cost, depending on the setting. 
Flow travel has long been used as the main flow-related criterion for evaluating 
alternative layout and location designs. 
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ABSTRACT: The design of a complex logistics system requires many people and 

resources to support the design of the various elements and stages, that can be used for 
specialized software products. One of the software that can be used for designing logistic 
systems such as warehouses, storage equipment, industrial buildings, transport schemes for 
road, rail, sea, air and combined transport is “AnyLogic” . 

Therefore the aim of this work is to present “AnyLogic” software product and its 
application in education of students in general engineering. 
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1. Introduction 
In modern learning environment provide opportunities to include 

educational content and activities with a high degree of interactivity and the 
ability to simulate various situations, such as systems and objects with abstract 
nature [5]. 

This report gives an overview of a software (AnyLogic), which is used in the 
training of students specialized in "Engineering Logistic" and is associated with 
the development and application of simulation in logistic. 

 
2. Exposure 
“AnyLogic” is the only simulation tool that supports all approaches to create 

a simulation of logistic processes. 
The software allows to examine any aspect of the modeling system of any 

level of detail of graphical interface, tools and libraries. Creating models for a 
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wide range of applications for modeling manufacturing, logistic, business models 
and processes for strategic development (Fig. 1). 

 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 

Fig. 1. Overview of AnyLogic 
 
“AnyLogic” allows to link different simulation models created in various 

departments. For example, a model combining internal structure of distribution 
centers and external supply. Chain with information about consumer behavior 
thus obtain precise recommendations about the amount of inventory or production 
plans (Figure 2). [4] All this is possible thanks to multitask modeling, which 
makes “AnyLogic” unique. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Pic.2. “AnyLogic” connect with different departments 
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“AnyLogic” can use different sources of GIS maps (eg, OpenStreetMap, 
shapefiles), to import CAD drawings and 3D-models or work with different 
optimization packages (eg, OptQuest) and tools for selecting the probability 
distribution. “AnyLogic” can easily be integrated with existing databases such as 
MS SQL, Oracle, text, Excel files and software for business management. [1 ... 4] 
Fully e compatible with CRM, ERP, BPM, BI and other software (Fig. 3 ) [4], 
which helps to make the right decisions to make optimization "on the fly" to carry 
out test scripts "what if" and more. AnyLogic is suitable for solving daily tasks 
and long-term planning 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Pic.2. “AnyLogic” connected with different departments 
 
 
“AnyLogic” can use different sources of GIS maps (eg, OpenStreetMap, 

shapefiles), to import CAD drawings and 3D-models or work with different 
optimization packages. (eg, OptQuest) Also use tools for selecting the probability 
distribution. “AnyLogic” can easily be integrated with existing databases such as 
MS SQL, Oracle, text, Excel files and software for business management. [1 ... 4] 
Fully e compatible with CRM, ERP, BPM, BI and other software (Fig. 3 ) [4], 
which helps to make the right decisions to make optimization "on the fly" to carry 
out test scripts "what if" and more. “AnyLogic” is suitable for solving daily tasks 
and long-term planning.    
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Pic. 4. library of sample 2D and 3D simulations 
 

 
3.Conclusion 
By studying AnyLogic students learn all aspects of modeling logistic 

systems at any level. Detail of graphical interface, tools and libraries to quickly 
create models for a wide range of applications for modeling manufacturing, 
logistic, business models and processes for strategic development . 

 
 
REFERENCES: 

[1]. Boev, V. D, Working with GIS kartami in AnyLogic 7.1, Saint - Petersburg, 
2015 

[2]. Boev, V. D, KOMPYYUTERNOE MODELIROVANIE, tool dlya 
prakticheskih occupation kursovogo and diplomnogo proektirovaniya in 
AnyLogic 7 Saint - Petersburg, 2014 

[3]. Katalevskiy, DU, Osnovы imitatsionnogo modelirovaniya and sistemnogo 
analysis in upravlenii, Moscow, 2015, ISBN 978-5-7749-1072-4 

[4]. http://www.anylogic.ru, Imitatsionnaya platform dlya polnogo business 
cycles, 2016 

[5]. http://www.leo.swu.bg/file.php/1/papers/Simulations_A4.pdf, Tuparov D., 
D. Dureva, T. mousses, simulatsiionni interactive learning objects. 

24 JOURNAL SCIENTIFIC AND APPLIED RESEARCH Vol. 9, 2016



 

Original Contribution 

Journal scientific and applied research, vol. 9, 2016 

Association Scientific and Applied Research 

International Journal  

 

 
           ISSN 1314-6289 

 

ATTITUDE TOWARDS WORK IN ORGANIZATION 

 

Nina Boteva 

 
FACULTY OF NATIONAL SECURITY AND DEFENSE, 

„G. S. RAKOVSKI“ NATIONAL DEFENSE ACADEMY 

Е-mail: azninka@abv.bg 
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employees’ attitude towards work. Based on analysis of attitudes towards work it has been 
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Attitude towards work can be seen at various levels from the perspective of 

the individual, organization and society. These different levels are intertwined in 

people’s lives. Modern organization is no longer a place where people only go to 

work knowing that they will receive their pay, but is also a place where 

employees want to express themselves, to feel valued and fulfilled with their 

accomplishment. 

Modern Human Resources Management faces a huge challenge to find the 

right people to achieve the objectives of the organization while the results of 

their work fulfill their potential. The realization of work potential of employees 

depends on the personal need to work and the attitude towards specific job. The 

outcomes of work tasks yet depend not only on the professional qualities, 

personal abilities and right attitude towards work, but also the work procedures 

and working conditions created by the employer. 

People, employed or unemployed, cultivate their attitude towards work as 

positive, neutral or negative. The personal attitude to work is a result of the 

impact of various factors on the individual in the process of building their 

employment behavior. The key factors in shaping attitudes towards work can be 

defined as follow: the perception of work, work motivation, satisfaction with the 

work performance, as well as education towards work. The way these factors are 

presented in the individual, shapes her or his work behavior. These factors affect 
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people in different way causing increase or decrease of their efforts, usage of 

their knowledge, skills and intellectual potential. 

Attitude towards work is in the foundation of personal aspirations to use 

one’s physical and intellectual abilities, knowledge and experience to reach 

certain employment outcomes. 

The results of work performance in organizations are mainly related to the 

motivation and commitment of employees. Why very often work performance 

of knowledgeable and skillful employees is not at the desired by the 

Management level? The answer to this question can be found in many directions 

- from organizational and technological factors and group dynamics towards 

personal ambition to apply all available intellect and knowledge up to 

motivation and attitude to particular job and generally towards work. All these 

attitudes interact with each other and have different influence on people. 

Attitudes’ expression reflects employees’ work performance. 

Many employers, faced with low productivity, tend to blame employees in 

unsatisfactory motivation. Some employers in similar situations introduce 

motivational programmes. However, often the productivity does not increase 

with these programmes. This is a reason for serious studies on interaction 

between motivation and productivity. According to Ronald Riggio, prior to 

blame workers for their low motivation other factors that directly or indirectly 

affect productivity must be analysed. These factors, according to him, can be set 

as four tendencies: variables of systems and technology, variables of individual 

differences, variables of group dynamics and organizational variables. [1] 

The motivation for work is important but employers tend to overestimate it 

and forget about other factors with serious impact on work productivity of 

employees. Here arises the question whether the attitude towards work can be 

associated only with motivation or there is influence by other factors and 

processes within the organization. Despite the importance of motivation for 

employees’ performance, we must not focus only on it because at the end of the 

day, it is only one of the factors that determine work efficiency. Focusing on a 

single factor and neglecting the others creates a rather limited idea about the 

behavior of people in employment. 

Often employers are unaware or are reluctant to admit the real reasons for 

low level of job performance of employees with proven knowledge, skills and 

experience caused by problems of inefficient business management of 

organizations, poor management of human resources and by external influences. 

These problems provoke employees’ undesirable attitude towards work. Often 

incompetent management leads to changes in attitudes towards work. If we add 

to this salary levels, we can get a better understanding of attitudes towards work 

that people build and change during their working lives. 

To perceive general attitude towards work of an individual is necessary to 

consider the process of learning to work and a family model of work, which is 
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often reproduced later in life by next generation’s workforce. Suitable work 

tasks aiming to develop positive attitude to work should be included in 

educational programmes from early childhood. To teach someone to work if 

they have not been taught while young is quite difficult. Even if someone is used 

to to work, it does not mean that the work is important for this person. People 

work for various reasons - to earn money for survival, to obtain funds to meet 

various needs, to accumulate wealth, etc. This means that work as a process is a 

purposeful activity and functions as a means to achieve desired goals. [2] 

People work for reward which will help them satisfy their needs. This is 

considered a labour of necessity, which could mean that the attitude towards a 

particular job depends mainly on the habits of individuals to work and on the 

pay which would allow them to meet a variety of individual needs. 

Despite positive impact of work on human existence, survival and 

development, generations’ involvement in work activities proved to be a 

complicated process. It is easy to an active hardworking person to un-learn to 

work and it is very difficult an idle one to learn to work. There are people who 

never worked in their lives. Work inclusion and work alienation are not 

mutually exclusive. A person can value work, can use the products of labor but 

at the same can avoid working. 

New generation more and more show attitude of work alienation which is a 

result of negative perception of work, population reproduction dynamics and 

accepted models for work education in the family. The drop in birth rates and 

tendency of raising only one child in the family who receives all attention and 

care creates settings where a child does not learn to work, which consequently 

forms alienation of work. When children grow they reproduce behavioral 

patterns of their parents - if one, several or all adults in the family, do not work 

for some reason - children adopt this as natural and when they reach working 

age they often do not work and rely on the welfare system or other income. 

Training to obtain personal work qualities in the process of work education 

shapes not only people’s attitudes to work, but also outlines an expectancy of 

standard of living of the individual. Value orientations toward different types of 

work are established in this process, and as a result, people develop different 

attitude to different types of work, make career choices or decide to change their 

current profession. 

In order to achieve a high level of performance it is important to pay 

attention not only to the motivation and attitude of the workers but also to 

various factors in the organization that are subject to managerial influence. The 

choice of person whether to employ the minimum or the maximum of their 

potential heavily depends on those factors.  

Modern people have certain expectations not only for nature and character 

of their jobs, but also for the organization, the leadership and the way of 

communication in the work process. Introduction of new technologies changes 

JOURNAL SCIENTIFIC AND APPLIED RESEARCH Vol. 9, 2016 27



 

the nature of work and requirements for workers. These processes become more 

dynamic nowadays and demand quicker adaptation to changes in job 

requirements. It is almost impossible to work in the same job position 

throughout entire working life as it used to be possible for many people 50-60 

years ago. It also becomes impossible for an individual with a certain range of 

knowledge and skills acquired in a certain stage of their life to work until their 

retirement. Continuous learning is becoming necessity for employees in order to 

maintain their professional skills at desired by the employer level. Continuous 

maintenance and accumulation of new knowledge require not only a motivation, 

but depends on available resources because in addition to work everyone has a 

personal life which involves other types of work activities. The continuous 

upgrading of knowledge and skills takes time and investment. When income 

from salary does not allow you to invest in yourself, the quality of your work 

will deteriorate. Employers often prefer to hire highly qualified people and cut 

the resources for training. When all these factors act simultaneously each 

individual makes a choice that depends on the balance between personal and 

professional life. 

On an organizational level these influences can be considered from two 

positions - problems of work performance resulting from employee’s negative 

attitudes towards work and problems of work performance resulting from 

organizational and managerial impacts. 

The problems in work performance are resulting from employee’s negative 

attitudes towards work are basically due to lack of work habits. For people who 

have not learned to work working is overwhelming. There is always someone or 

something they blame for creating problems and they often feel misunderstood. 

They frequently change different job and always find an excuse to leave current 

job and just stop working. Most often they state as an excuse that their pay is 

insufficient, they may not go well with their colleagues or the manager does not 

value them. Such situations can occur with people with established good work 

habits, but when the same scenario is repeated three or more times, then the 

person should realize that the problem is nothing to do with employers, 

managers and or colleagues – the problem is perhaps in themselves and they 

should try to change themselves and their attitude to work. 

The problems of work performance resulting from organizational and 

managerial impacts can be of a different nature. The most common are problems 

in group dynamics, lack of good communication between leaders and 

employees, too many written and unwritten rules and poorly structured job roles 

etc. 

Even when employees have the knowledge, skills and right attitudes 

essential to fulfill the position, they often do not reach the results expected by 

their employer. Why is that? Where expectations of employers and those of the 

staff disagree? 
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Primary goals for the employers are profits and economic efficiency. 

Employees, however, may have different purposes and financial reward is not 

always the most important results from their work performance. People expect 

to reconcile personal and professional life and to feel satisfied with their work. 

Nobody wants to work in an environment with constant conflicts between 

colleagues, managers or juniors, with overruled policies and imbalanced 

distribution of job roles and tasks between work positions. 

Over the last few decades Human Resources Management changed 

significantly to meet the growing expectations of the people in the modern 

organization. Are these changes really enough? Are the expectations of 

employees too high or the management of changes in organizations is falling 

behind? On the one hand, there is a need for organizational and management 

changes that create conditions to meet people's expectations. On the other hand, 

it is important to enhance work education towards appropriate employment 

behavior. 

There are still many questions related to people’s attitude towards work but 

the main question is under what conditions expectations of employers and 

employees will meet. Is it time for modern generation attitude towards work to 

become more positive or it is necessary to build new models for management of 

human resources to support reaching the balance between the expectations of 

employees and employers' requirements? The answer to this question can be 

given after analyzing the organizational and management processes and 

activities, group dynamics and employees’ attitude towards work in a particular 

organization. The results will reveal what are the problem areas, the main of 

which have been described above. Then specific decisions on necessary changes 

will be taken at an organizational level.  
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The restructuring of Bulgaria’s public administration according to EU’s 

requirements calls for rethinking its goals and priorities in the view of greater 

efficiency and expenditure reduction. This reduction comes as a consequence of 

the limited resources that the state may allocate for public services.   Great effort 

has been put towards improving efficiency, motivation and training, but a lot 

less emphasis is being put on optimizing business process. The emphasis is put 

on improving the skills and qualifications of the staff. The improvement of 

motivation is done primarily at linear leadership level. An adequate optimization 

of any business process must be done on the basis of job analysis system, but 

that is not usually done in this manner. Using an analysis of the business process 

will allow for a more adequate distribution of tasks between the departments and 

between specific employees. [1] Developing and introducing a job analysis 

system will be vital to the management of the human resources in the public 

administration, as well as an important tool for the optimization of the business 

processes and the structural development of a public institution.  

The increasing demand to cut down expenditure and raise the efficiency 

within the public sector postulates the need to find and introduce new methods 

in order to achieve those very same goals. As tools that will yield such results 

are: better planning, more effective governing, better structuring including of the 

business processes, more effective control, working schemes that make personal 

selection and  evaluation more effective, creating opportunities for career 

development, creating proper stimulus and better motivation.  
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The job analysis can be employed as a tool for perfecting the business 

processes. The introduction of a job analysis system will be vital to the workings 

of Bulgaria’s public sector that is because it will allow mitigating some negative 

trends concerning personal selection, training, career growth, promotions. It also 

will be very helpful as far as restructuring and the development of the job 

descriptions are concerned.  

According to the fourth of the Strategy for modernization of administration 

“Bulgaria’s administration will be able to answer adequately to the needs both of 

the public and industry if it has well motivated personnel, who excel at their 

professionalism and expertise. That calls for reforms in the policy of human 

resource management in the administration that will allow for its management to 

be more efficient and effective. With emphasis on career development and 

acquisition of new knowledge and skill, this will enable the individual employee 

to better preform his tasks.” [2] This strategic goal is described by its six areas 

which it will affect: evaluation and planning of the needs of the personal; 

improved selection; improvement of skill; policies for career development; 

incising the capacity to participate in the EU’s decision making process and to 

perform Bulgaria’s obligations; upgrading the departments responsible for the 

human resources; introduction of hi-tech solutions to the business processes.  

Those six areas will greatly benefit from the information that will be 

gathered with a job analysis. 

In the area of evaluation and planning of the needs of the personal the 

information gathered with a job analysis will be beneficial to: 

Job designing– as it is pointed in the strategy the practice of job designing 

will expend. According to the theory and the practical experience of the 

successful organizations the job designing is preceded by a job analysis. 

According to Ivanchevich and Lobanov a job analysis goes through eight stages. 

During these eight stages passes in the existing organizations, and for the newly 

formed there are additional activities. Particularly important is considered to be 

the first step, which gives an overview of the functioning of the organization as 

a whole and reveals the importance of each position (workflow). In the second 

stage the analyst must decide how and which information to use for the design 

of the position. In the third stage is determined which position / positions to be 

analyzed. In the fourth stage, with the help of certain methods to collect the 

necessary information on the content of the position and the requirements 

towards the employee. The information obtained is used in the fifth stage of job 

description and the sixth stage of developing job specification. Data collected 

from the first to the sixth stage serve at the seventh stage to design the 

positions. In the eighth stage the designed in the previous stage positions are 

evaluated and introduced. [3]  

The job analysis provides a solid basis for the job design, it provides for a 

better structuring of tasks, duties, responsibilities and demands to the one who is 
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going to exercise a given job. They will be taking into account the specifics of 

each position within every particular public institution; 

 ̶ Human resource planning – a job analysis is fundamental for any HR 

planning. It will clarify the tasks that a given position must perform within a 

given administrative structure; it will also serve as a basis for determining the 

most optimal number of employees needed in a certain category in any general 

or specialized administration. 

According to the strategy the methods for improved selection “will be 

modernized and improved, in order to granite that only the most appropriate and 

bets qualified candidates will be hired” [2]. In order for this aim to be achieved 

first and foremost before starting with the selection process, the specific tasks 

and obligations of a given position must be defined, as well as the necessary 

knowledge, skill set, attitude and experience that a candidate must possess. By 

the Job specification, which will be developed during the process of analysis, 

will outline unified criteria for determining the requirements for attracting and 

selecting candidates for a given position.  Professional specification or 

specification of the position is developed in two parts: the first are the skills 

needed to fulfill the position: education, training, specialized training, personal 

qualities and abilities and the second part includes physical requirements 

brought by the office to employees (requirements for walking standing, talking, 

etc., needed to complete a job), work environment and risk situations. Michael 

Armstrong formulates the following key features that must contain the 

professional specification, required for the job knowledge, skills and 

professional qualities; experience and qualifications necessary for the 

performance of his duties; age restrictions, if necessary; career prospects; 

Performance characteristics; terms and conditions of employment. [4]  

During the selection process the ones conducting it will be able to use the 

information provided with the job specifications for a specific position to 

determine which of the candidates possesses the necessary knowledge and skill 

set to carry out the duties of that particular position. 

According to the strategy the policies for career development will be based 

on the elaboration of “specific career pathways, which will provide for the 

employ a clear perspective of their career development, according to their own 

interests and competence”. [2] The introduction of a comprehensive and 

systematic job analysis to all the positions in the administration will provide 

information for all the functions, activities and tasks performed by a given 

administrative structure, which will be grouped in fields according to function 

and performed tasks – that by itself is the outline of a career field.  Within a 

specific field the functions, the tasks, the responsibilities will be organized in 

hierarchical manner, and this will enable the creation of career pathways. They 

will give the opportunity to an employee to have a horizontal as well as vertical 

career development. Within one career field many career pathways may be 
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developed, it is desirable that they by tied to achieving certain benchmarks. 

When the job specification for every position is written down, then it becomes 

clear, what are the required skills for performing the duties of every given 

position.  When we take into account the fact that the professional development 

is a voluntary process and the forcible one is undesirable, it becomes apparent 

that the employees that should be stimulated are not just the ones who have the 

abilities, but also the desire to.  This should be e “step by step” process where 

periodically goal are set and those goals are related to the career development of 

an employee. It’s advisable that those goals are set during the process of 

attestation. In that way the links between professional development and 

evaluation will be improved. Than it will be possible to assess the fitness of an 

employee to the position that this person desires, as well as making apparent any 

need for him to acquire more knowledge and professional experience before 

furthering ones career.  

The elaboration of e system for career development will take the 

information gathered during the job analysis and will provide with a 

understanding which positions will benefit from horizontal and which will 

benefit from vertical development and in what way the career fields and 

pathways must be synchronized.  

Skill improvement within the dynamic development of the internal and 

external environment of the public institutions calls for an ongoing improvement 

of the skill set, the knowledge and attitude of the employees. The restructuring, 

modernization as well as the introduction of a hi-tech solutions calls for a 

constant improvement of the skill set, the knowledge and attitude of the 

employees.  Through the job analysis it is possible to determine the changes that 

are occurring in the business processes, the new demands and the demands that 

are outdated towards the skill set, the knowledge and attitude. It will be possible 

to assess which is outdated and no longer needed, and which one needs 

updating. On that basis it will be determined the need for higher or lower 

demands towards the level of education and/or skill for a specific tenure.  

The ever growing demand for improvement of the skills in the modern 

world calls for investment in the human resources. In order to avoid the 

scattering of resources by conducting mass trainings – that is the usual practice 

at the moment – only the employees that are lacking in knowledge should attend 

any trainings and it must be in the area where they need it. After the job analysis 

outlines the necessary skill set, knowledge, attitude and experience only then it 

is possible to compare between what is needed and the actual situation. After 

that it can be evaluated were a skill set needs improving or the attitude is in need 

of improvement or the knowledge of the employee is not up to date.   

According to the strategy in the areas of upgrading the departments 

responsible for the human resources and introduction of hi-tech solutions to the 

business processes the emphasis is put on “introducing hi – tech solutions to the 

JOURNAL SCIENTIFIC AND APPLIED RESEARCH Vol. 9, 2016 33



 

management of human resources in the public administration”. [2] The 

development of the organizations structure ways as well as the staff itself and 

the functional structuring of their human resources management units will be the 

basis for increasing the efficiency of the public organizations. In order to create 

the optimal structure and standards, which intertwine the number of employees 

needed at the human resource departments with the overall number of 

employees in a given institution an analysis of the business processes and tasks 

needs to be conducted. It will provide the necessary information and show were 

certain business processes and departments need to be restructured, according to 

their tasks, obligations and responsibilities and the opportunities for them to be 

grouped by positions. According to Beers design of a position is a process that 

must go through three phases. The first is an analysis of individual tasks (what 

tasks will be implemented). The second phase is the specification of methods for 

implementation of each task (exactly how to be performed). The third phase is a 

combination of individual tasks in specific works and giving them to the 

employee (how to group the various tasks to form the position). This phase 

corresponds closely to the process of organizational structuring and creation of 

job descriptions.[5] 

 The job analysis may show if there is a need for any change in the number 

of employees for optimal efficiency. 

The employment of the job analysis as a practical tool by the HR specialists 

in the public sector is rarely done. The job analysis is a very labor intensive and 

time-consuming – which calls for understanding its importance, understanding 

the process itself and the products coming out of the business processes as well 

as their application to the function of an employee, time to produce well-trained 

analysts. Every organization needs to apply a suited for her conditions model for 

job analysis, which will facilitate the personal management, as well as the basic 

management functions. The job analysis as a tool for surveying the state and 

content of the positions is a prerequisite for improving the management of 

human resources. The introduction of an integrated system for it to the public 

sector in Bulgaria will give the ability for the management of the human factor 

on the basis of position requirements, and not to be used as a way of finding a 

new job for the already employed. 

It is a challenge for the employers to develop and introduce a working 

system for job analysis because the process of that analysis is very labor 

intensive, it calls for interdisciplinary knowledge, understanding and effort, and 

the fact that it is not very popular makes the implementation even harder.  

The analytical models may be called differently it does not matter if they 

are called a technique, system or a method. The important thing is to realize that 

they are a tool for gathering, analyzing, sorting, using and storing information 

through which a real survey of the content and state of positions is being 

conducted as well as of the employees that hold them. The gathered information 
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is needed by the leadership and the experts at strategic level, when HR 

managing programs are being elaborated and by the specialists at operative 

level. 

The introduction of a job analysis system will answer to the challenges of 

our present – more flexible, more efficient and productive employees, who are 

fulfilling the requirements of their job descriptions and at the same time they are 

satisfied with their occupation.  

The introduction of an integrated system for job analysis in the public 

administration will give the ability for the management of the human factor on 

the basis of position requirements. 
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ABSTRACT. Studies of dust deposition on plants growing along road dividers in the 
city  of Mumbai  was carried out in December-2009 and March-2010. Foliar dust from the  
most commonly grown ornamental plant species found in the city ,Bougainvillea spectabilis 
Willd, Ficus benjamina Linn., Nerium odorum Aiton and Pedilanthus tithymaloides Poit. was 
estimated to undestandthe dust their capturing potentials. The leaves of these were collected 
from three different sites within the city viz, Colaba, Western Suburb and Western Express 
Highway . each site differed in the type of vehicles and the study was aimed at comparing dust 
fall in different areas of the city . Nerium odorum Aiton showed maximum dust capturing 
capacity. The area Colaba , was relatively less dusty in comparison to other sites. The study 
shows that plants can be effectively be used to monitor dust and mitigate the problem to some 
extent. 

KEY WORDS: dust, urban plants, phytomonitors, green belt choice 
 
 

INTRODUCTION: 
Mumbai is a densely polluted and populated city. SPM (Suspended 

Particulate Matter) is a major contributor to air pollution. The Air Quality 
Laboratory, at Khar shows high concentrations of SPM within the city (Table 1). 
Urban trees have effectively being used in the city in past to assess the level of 
dust pollution in the city[1, 2 and 3]. Leaf morphology, phyllotaxy and surface 
characteristics play very important role in dust capturing capacities of plants [3]. 
Automobile exhaust pollution are the primary cause of air pollution in urban 
areas (60%) followed by industries (20 – 30%) and fossil fuel [4]. Bio-
monitoring of air pollutants through the use of plants, microbes and animals has 
now become a standard procedure in the study of air pollution ecology [5]. 
Particulates are deposited on plant surface by three processes – sedimentation by 
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gravity action, impaction under the influence of precipitation. It has been 
suggested that impaction is the principal means of deposition [6]. Dust is 
captured by leaves of plants, leaf epidermal outgrowths like hairs and scales, 
hairy axils of stems & leaf bases etc. [7]. 

Several studies have been conducted on the effects of air pollutants on 
plant in India and elsewhere since past several decades. Rao [8]  have listed 
plants in respective localities with higher dust capturing capacities absorb and 
combat pollution. The current work was undertaken to assess the dust deposition 
on the leaves of plants growing along the city roads having different traffic 
densities and to observe the variation in dust deposition on leaves with respect to 
species and season. 
 

Table 1: SPM Levels at various localities in Dec-09 and Mar-10 in micrograms/m3 

Sites 
SPM (December, 2009) SPM (March, 2010) 

Average Maximum Average Maximum 
Worli 303 347 216 353 
Khar 394 430 329 591 

Andheri 276 331 320 621 
Borivali 162 206 202 202 

Courtesy, Air Quality Monitoring Laboratory, Khar, Mumbai. CPCB STANDARDS200micrograms/m3

METHODS: 
The Study Area: Dust Impaction and sedimentation on the leaves of 

different plant species was studied at 3 areas of the city of Mumbai.  
I- COLABA(C): Predominantly moderate traffic along the roads receiving sea 
breeze and salt spray. Mainly private vehicles are seen at this site. 
II- WESTERN SUBURBS(WS): The site ranges from Bandra to Borivali. 
Moderate to heavy traffic, sea-breeze in certain areas and construction activity 
are noticed. 
III- WESTERN EXPRESS HIGHWAY(WEH): The site ranges from Bandra to 
Dahisar. Construction activities and high traffic of all types of vehicles is seen 
at this site. The air quality data of Khar of western suburbs in Mumbai and 
Worli closer to south Mumbai is represented in Table 1. The data was obtained 
from MCGM Air Quality Monitoring and research Laboratory, Khar 
 
Collection of Plant samples: 

The leaves of plants growing along the road dividers at Colaba, Western 
Suburb and Western Express Highway were collected in the months of 
December 2009 and March 2010. The common species studied at all the three 
sites were Bougainvillea spectabilis Willd, Ficus benjamina Linn., Nerium 
odorum Aiton and Pedilanthus tithymaloides Poit.. The leaves were collected in 
Zipper lock bags and brought to the laboratory, and washed with 100 ml water 
using a brush in a beaker, and then traced on a graph paper and leaf area was 
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calculated. The water containing the dust was filtered through pre-weighed 
Whatman’s No. 1 filter paper and the filter paper was dried in the oven at 80°C. 
The dried filter paper was weighed and the difference was noted. The amount of 
dust present on the leaf is expressed as gm/m2. 

RESULTS: 
The results of dust present on the leaves collected in December 2009 and 

March 2010 from all three sites in Mumbai are represented in Table 2. It is 
observed that the maximum dust in in the month of December was recorded  at 
Colaba , 18 g/m2 was present on the leaf surfaces of Nerium odorum Aiton 
being, 19.3 g/m2 at Western Suburb and 21.1 g/m2 at Western Express highway. 
Similarly in March also Nerium odorum Aiton leaves were found to be best dust 
capturer with values 30 g/m2 at Colaba, 39.67 g/m2 at Western Suburb and 64 
g/m2 at Western Express highway. 

Table 2: Dust in gm/m2 on leaves of plants on road at Colaba, Western Suburb 
and Western Express Highway in Dec-09 and Mar-10 

PLANT 
SPECIES  

C DEC 
2009 

C 
MAR2010  

WS 
DEC2009 

WSMAR 
2010 

WEHDEC 
2009 

WEH MAR 
2010 

Bougainvillea 
spectabilis Willd  1.17 1.2 2.87 5.6 20 11.1 
Ficus benjamina 

Linn.  3.4 3.5 3.33 4.41 18 21.1 
Pedilanthus 

tithymaloides 
Poit.  

6.06 6.2 7.92 20 14.6 27.9 

Nerium odorum 
Aiton  18 30 19.3 39.67 21.1 64 

C = Colaba, WS = Western Suburb and WEH = Western Express Highway 
 

 
Fig 2: Dust values at Colaba, Western Suburb and Western Express highway in 

Dec-09 and Mar-10 
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Colaba area showed least amount of dust on the leaf surfaces of all the 
plant species, in both the study periods. This is largely due to the area being 
close to the sea, no three wheelers are allowed to run in this area and restrictions 
for trucks to run in this area. High foliar dust values were observed at Western 
Express Highway in both the study periods , this is largely  due to constant 
traffic movement throughout the 24 hrs along this road which connects it to 
toher states of the country The dust captured by all the plants was more in the 
month of March. In both the months Nerium odorum Aiton leaves showed 
maximum dust deposition. Pedilanthus tithymaloides Poit. and Ficus benjamina 
Linn. showed moderate dust deposition in both the months. 

DISCUSSION: 
The entire study shows that Nerium odorum Aiton leaves have maximum 

dust deposition. It has whorled phyllotaxy and epidermal outgrowths on its 
lower surface.Pedilanthus tithymaloides Poit. and Ficus benjamina Linn are 
commonly grown along the road dividers within the city which can also 
effectively be used for monitoring dust.Western Express Highway, which has 
high density of vehicles, along with construction activities in its vicinity shows 
maximum foliar dust deposition on its plants, suggesting that urban plants can 
effectively be used for monitoring dust. There is a necessity to standardize 
plants for development of green belt and as phytomonitors of dust.The work 
throws light on phytoremediation of suspended particulate matter using plants 
on highways, traffic islands and road dividers. Nerium odorum Aiton, 
Pedilanthus tithymaloides Poit. and Ficus benjamina Linn. can play a very good 
role in filtering atmosphere. 
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ABSTRACT: The research has been done in the industrial region Devnya, Bulgaria for 
the term 2010 – 2014. The period has been chosen in accordance with the coming into force 
of the IPPC permits of the different operators of production installations. It has been used 
data from a monitoring station - automated measuring station "Izvorite" as the monthly and 
average annual concentrations of specific air pollutants were examined such as: SO2, NO2, 
O3, CO, C6H6, NH3 and PM10. The results show that the annual average concentrations of air 
pollutants are below the emission thresholds for the protection of human health. For some 
pollutants (PM10, SO2, NO2, CO and benzene) a seasonal dynamic was observed, associated 
mostly with emissions from combustion processes - heating in the residential and commercial 
sector. The results note also, that the measures, pursuant to the Integrated Pollution 
Prevention and Control permits (IPPC permits) of the industrial and combustion plants in the 
industrial region Devnya are effective and give their contribution for improvement of the 
ambient air quality. 

KEY WORDS: ambient air quality, industrial region Devnya, monitoring station 
Izvorite, PM10, pollution. 

 
INTRODUCTION 

The research of the ambient air quality is current. This is due to the 
requirements of [7] for clean air in Europe. It is necessary the implementation of 
effective strategies to reduce the level of air pollution not only internationally 
but also locally. 

 In Bulgaria except the Clean Ambient Air Act, which requires an 
improvement of the ambient air quality [6], different kinds of environmental 
documents are implemented to demand of the operators of industrial and 
combustion plants to use the best available techniques in carrying out industrial 
activities and effective treatment facilities of harmful substances in exhaust 
gases. The ultimate goal is decreasing the concentrations of pollutants in 
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ambient air and reach the standards set to protect human health and the 
environment as a whole. Regulation No 12 of 15 July 2010 is a typical “tool” for 
achievement of the reduction of some pollutants in the ambient air by regulating 
their emission thresholds [15]. The assessment of the ambient air quality and its 
management [14] also requires the informing the population [12]. 

A number of authors study the air pollution in environmentally threatened 
areas in Bulgaria by establishing high concentrations of many pollutants (SO2, 
NOx, O3, CO, benzene) [18] and especially of particulate matter PM10 in 
industrial and urban areas [2, 5, 11, 19]. 

The purpose of this study is the research of ambient air pollution in the 
industrial region Devnya, the concentrations of pollutants to be compared with 
the permitted limit values and the effect of coming into force of IPPC permits of 
operators of industrial installations for improving of the ambient air quality to be 
assessed. 

 
MATERIAL AND METHODS 

The study has been done in the industrial region Devnya. Devnya 
Мunicipality is located in northeastern Bulgaria, district of Varna, an area of 
121.052 km2. Devnya is approximately 30 km far away from the district city 
Varna, in a small valley, surrounded on all sides by low limestone hills as this 
favors the development of various industries in the area. In the industrial region 
Devnya there are plants with high rate of production, which are essential for the 
national economy. Solvay Sodi JSC is a plant for production of light and dense 
synthetic soda, and soda bicarbonate as a by-product for food processing and 
industrial consumers. Agropolychim JSC is one of the main leaders in 
production of fertilizers in the Balkans. There are two production lines at the 
plant – one for the production of nitrogen fertilizers which includes production 
of ammonia, nitric acid, ammonium nitrate and urea ammonium nitrate solution 
and another one for the production of phosphate fertilizers which includes 
phosphoric acid, sodium tripolyphosphate, triple superphosphate and compound 
fertilizers monoammonium phosphate and diammonium phosphate. Deven JSC 
is a co-generating power station for thermal and electrical power. The power 
station is based on separate combustion of imported coal, petroleum coke, 
natural gas and mazut. Produced thermal and electrical power is transferred to 
the other industrial plants in the region as part of the electrical energy is 
transferred to the national energy system. Part from the industrial region is also 
Devnya Cement JSC, which is plant for production of clinker and cement. The 
main raw materials for cement production are limestone, sand and marl.  

In Devnya there is a monitoring station of the ambient air, which is part of 
the national system for monitoring and control – the automatic monitoring 
station Izvorite with nonstop operation. The station has been operating since 
1990 and gives data about the concentrations of main pollutants, which are 
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essential for the ambient air quality in real time. The automatic monitoring 
station Izvorite which is placed in region “River Devnya” is classified as an 
industrial / urban background monitoring station with a range 10-100 m/100 m- 
2 km. The station is handled by Regional laboratory Varna, which is a 
department of the Executive Environmental Agency at the Ministry of 
Environment and Water. At the monitoring station concentrations of the 
following pollutants are measured: sulfur dioxide SO2, nitrogen dioxide NO2, 
carbon monoxide CO, ozone O3, particulate matter 10 µm in diameter PM10, 
ammonia NH3 and benzene C6H6. The assessment of the ambient air pollution is 
based on a data from the monitoring station for the five-year period: from 2010 
to 2014. 
 
RESULTS AND DISCUSSION 

The results from the monitoring about sulfur dioxide show that for the 
entire period of research the average annual concentrations of SO2 are 
significantly below the limit value – average daily limit value for protection of 
the human health (125 µg/m3) [15]. At the beginning of the research (2010) the 
average annual concentration of SO2 is highest – 10.25 µg/m3. There is a 
descending trend in sulfur dioxide pollution and in the end of the period (2014) 
the average annual concentration reaches 5.69 µg/m3. 

 

 
 

Fig. 1. Average annual SO2 concentrations in the ambient air 
 
 

The data for the monthly concentrations of sulfur dioxide for 2010 and 
2013 is marked in fig.2. It is chosen the period when the highest and lowest 
annual average concentrations of the pollutant are registered (in fig.1). 
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                                    2010                                                       2013 
                     Fig. 2. Average monthly SO2 concentrations in the ambient air 
 

 It is obvious from the results that the average monthly concentrations of 
sulfur dioxide are the highest through the winter months. The highest values of 
sulfur dioxide are during the months November and December of 2010 – 
respectively 14.82 µg/m3 and 14.42 µg/m3 (the exception is observed in May – 
21.14 µg/m3). In 2013 again the highest concentrations of sulfur dioxide are 
reported through the winter months – January and February, respectively 9.46 
µg/m3 and 7.38 µg/m3. We can summarize the higher concentrations of sulfur 
dioxide during the winter periods are not random, but they are a result of 
combustion processes and mostly of the residential heating in the use of solid 
and liquid fuels with high sulfur content. 

The average annual concentrations of nitrogen dioxide for the period of 
research are presented in fig.3. It is very clear that concentrations of NO2 are 
under the average annual limit value for the protection of the human health - 
40µg/m3 [15]. The highest average annual concentration of nitrogen dioxide is 
established at the beginning of the period of the research in 2010 – 20.0 µg/m3. 
After 2011 the average annual concentrations gradually are declining from 18.2 
µg/m3 to 12.15 µg/m3 (in 2014). It is typing a model of a descending trend. 

 

 
        Fig. 3. Average annual NO2 concentrations in the ambient air 
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In fig.4 the average monthly concentrations of nitrogen dioxide are 
represented in 2010, (at the beginning of the research) and in 2013, when there 
is a drop of the pollution by NO2. The results show that the most contamination 
is during the winter months, but the limit value for the protection of human 
health for NO2 (40 µg/m3), is not exceeded. Through the two years of research, 
the highest monthly concentrations of nitrogen dioxide are reported during the 
period November – December. In 2010 the average monthly concentrations 
reach 31.05 – 32.96 µg/m3, and in 2013 the highest monthly concentrations in 
December is 19.08 µg/m3. The annual monthly concentrations express seasonal 
relation in the ambient air pollution by nitrogen dioxide. The impact on the 
higher values in concentrations during the cold months of the year is mainly 
caused by the combustion processes. In the industrial region Devnya it is places 
the co-generating power plant “Deven”. Except this the heating in the residential 
and commercial sector contributes to pollution not only by sulfur dioxide but 
also by nitrogen dioxide.  

 

      
                                       2010                                                         2013 
 

Fig. 4. Average monthly NO2 concentrations in the ambient air 
 
 

The results about carbon monoxide show (fig.5) that the average annual 
concentrations of CO are below the limit value for protection of the human 
health – maximum eight hours average value for twenty-four hours (10.0 
mg/m3) [15]. There is no trend in the pollution by carbon monoxide. The 
average annual concentrations of СО vary from 0.30 mg/m3 to 0.69 mg/m3, as 
the highest value is established in 2012 – 0.69 mg/m3. After 2012 there is a 
gradually descending of the concentrations and the lowest levels of CO are in 
the end of the research in 2014, when the average annual concentrations reach 
0.30 mg/m3. 
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Fig. 5. Average annual CO сoncentrations in the ambient air 
 

Data about the monthly concentrations of CO for 2012 and 2014 is 
indicated in fig.6, because during these periods there are the highest and the 
lowest pollution with carbon monoxide. From the results it is observed that the 
average monthly concentrations of CO are significantly below the limit values in 
both years. In 2012 the highest levels of the pollutant are established during the 
winter months – the highest average monthly concentration of CO is in 
February, which is 0.93 mg/m3. In 2014 it is observed again high average 
monthly values of carbon monoxide during the heating season – the highest 
concentration of CO is in January – 0.54 mg/m3. The seasonal relation of the 
pollution with carbon monoxide is caused by the residential heating during the 
winter period of the year mainly with burning of coals in home stoves.  

 

                       
                                        2012                                                      2014 

Fig. 6. Average monthly CO concentrations in the ambient air 
 

The ozone (О3) is a powerful oxidant, which is a powerful pollutant. It does 
not emit directly to atmosphere. It is a result of the interaction of nitrogen oxides 
and volatile organic compounds under the influence of high temperatures and 
solar radiation. There are no significant variations in air pollution with ozone for 
the whole period of research. It is obvious from the data in fig.7, the average 
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annual concentrations of О3 are below the limit value for protection of the 
human health – the maximum eight-hour value within the day (120 µg/m3) [15]. 
The average annual concentrations of ozone range from 32.77 µg/m3 (2012) to 
44.42 µg/m3 (2010). 

 

 
 

Fig. 7. Average annual O3 сoncentrations in the ambient air 
 

Data about average monthly concentrations of ozone in 2010 and 2012 are 
presented in fig.8 when there is highest and lowest level of pollution. It is clearly 
that the average monthly concentrations of ozone are higher during the spring – 
summer months of the year. In 2012 the highest average monthly concentration 
is founded in July – 44.49 µg/m3. The seasonal relation and the higher levels of 
О3 in the hot period of the year are due to the higher intensity of solar radiation 
during the summer months. As we mentioned earlier, the ozone is a secondary 
pollutant which is formed at high temperatures and under the influence of solar 
radiation.  

 

                       
                        2010                                                        2012 
 

Fig. 8. Average monthly O3 concentrations in the ambient air 
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Particulate matter can be transported in the atmosphere for thousands of 
kilometers, and the pollutants emitted in one country can affect PM10 
concentrations in countries which are close or even far away from the source 
[10]. 

The average annual concentrations of PM10 for the period 2010 – 2014 are 
presented in fig.9. At the beginning of the study (2010 – 2011) the average 
annual concentrations are higher, respectively 23.31 µg/m3 and 20.82 µg/m3 and 
the average annual limit value for protection of the human health hasn’t been 
exceeded (40 µg/m3) [15]. After 2011 there is a gradually increase of the 
average annual concentration in 2014 which reaches 30.97 µg/m3. There is an 
upward trend at the end of the research but the limit value is not exceeded.  

 

 
           

         Fig. 9. Average annual PM10 сoncentrations in the ambient air 
 

It is presented information about the average monthly concentrations of 
particulate matter about 2011 and 2014 in fig.10. It is chosen the period when 
there are the lowest and the highest levels of pollution with particulate matter.  

 

                                      
                                    2011                                                         2014 
 

Fig. 10. Average monthly PM10 concentrations in the ambient air 
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The results in fig.10 show that the average monthly concentrations of 
particulate matter are significantly higher through the winter heating season. In 
2011 the highest average monthly concentrations of PM10 at the station 
„Izvorite“ are registered in the period January – March (35.02 – 36.11 µg/m3) 
and in November – December (39.38 – 41.96 µg/m3). The average monthly 
concentrations of PM10 in November exceed the limit value for protection of the 
human health 1.05 times. During the summer months, the concentrations of 
particulate matter vary from 15.62 µg/m3 (in June) to 19.67 µg/m3 (in August). 

In 2014 there are again higher concentrations during the winter months. 
The highest average monthly concentrations of PM10 are in November and 
December – till 36.65µg/m3 and till 41.18 µg/m3, as the average annual limit 
value for protection of the human health has been exceeded 1.03 times. The high 
concentrations of PM10 during the cold months of the year are mainly related to 
the residential heating with burning of coals and firewood. Another sources of 
particulate matter in the industrial region are the co-generating power plant 
“Deven” JSC, where there is mainly burning of coals, which creates a large 
amount of ash [1], “Devnya Cement” JSC – huge quantities of particulate 
cement dust is emitted, “Solvay Sodi” JSC for production of synthetic soda ash 
and “Agropolychim” JSC for production of granulated nitrogen and phosphate 
fertilizers.  

Fig.11 displays the average annual concentrations of benzene in the 
ambient air. Тhe benzene is with proven carcinogenic effect. The International 
Agency for research cancer (IARC) classifies the benzene in first group (proven 
carcinogens for people), as it causes benzene leukemia – cancer of the blood.  

 

 
 

Fig. 11. Average annual  сoncentrations of benzenе in the ambient air 
 

As it is visible by the data, there is no significant variations in the average 
annual concentrations of benzene through the period of the research and the 
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limit value for protection of the human health has not been exceeded (5 µg/m3) 
[15]. The highest average annual concentration is in 2010 – 0.75µg/m3. After 
2010 there is a slight downward trend as the average annual concentrations of 
benzene reach 0.65 µg/m3 in 2013 and 0.51 µg/m3 in 2014. 

The average annual concentrations of benzene in 2010 and in 2014 are 
shown in fig.12. There are chosen periods in which the concentrations of 
benzene are respectively highest and lowest.  

 

                       
                                         2010                                                     2014 

 
Fig. 12. Average monthly concentrations of benzenе  in the ambient air 

 
During the two years of research, the highest concentrations are in the 

winter months respectively in the periods January – February and November – 
December. In 2010 the highest average monthly concentration is in December – 
1.57 µg/m3, аnd in 2014 – in January and February (1.12 µg/m3). This seasonal 
relation with higher values during the cold months and lower levels of pollution 
during the hot months of the year is mainly due to the combustion processes 
through the heating season by residential heating with burnings of firewood.  

The average annual concentrations of ammonia for the period 2010 – 2014 
are presented in fig.13. It is obvious from the results that the average annual 
concentrations of ammonia for the period of research are significant below the 
average daily limit (100 µg/m3) [16]. The highest average annual concentration 
of NH3 is in 2010 – 1.85 µg/m3. After 2010 there is a drop of the pollution with 
ammonia. The average annual concentrations of NH3 in 2012 and in 2013 are 
0.6 - 0.7 µg/m3 and low level of pollution is maintained. The concentrations of 
ammonia gradually increase in 2014 – the average annual concentration of NH3 
is 1.0 µg/m3, but again it is highly below the limit value. The drop of the average 
annual concentrations of ammonia during the period of research is mainly due to  
the low capacity of some productions at Agropolychim JSC (reducing the 
production of ammonium nitrate, urea ammonium nitrate solution), in which 
NH3 is the main pollutant. 
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         Fig. 13. Average annual NH3 сoncentrations in the ambient air 
 

The concentrations of the research pollutants in the ambient air in the 
period of study are below the limit values for protection of the human health in 
accordance with Regulation No 12 of 15 July 2010 relating to limit values for 
sulfur dioxide, nitrogen dioxide, particular matter, lead, benzene, carbon 
monoxide and ozone in ambient air. The low level of pollution is connected with 
the implemented IPPC permits of industrial and combustion plants in Devnya 
region for reducing of harmful emissions and improvement of the ambient air 
quality. Тhe Directive which concerns the issues from the industry requires 
integrated pollution prevention and control upon all industrial activities. By this 
environmental act some special measures come into force, which aim prevention 
and there where it is not possible – to limitation of the emissions in the 
environment [8]. For many industrial and combustion plants which are with 
significant importance for the ambient air quality in some region IPPC permits 
are required in accordance with the Directive. By the Regulation on terms and 
methods for IPPC permits issue, the conditions and the order for coming into 
force of IPPC permits are regulated for construction and operation of new and 
operation of already existing plants and facilities for different kind of activities 
according to Annex № 4 of Environmental Protection Act [17, 9]. In some other 
studies we have analyzed the measures for reducing of the pollution and 
improvement the ambient air quality in the industrial region Devnya [3, 4, 13]. 

All plants in the industrial region Devnya have IPPC permits – IPPC permit 
№ 68 of Agropolychim JSC since 14.01.2006; IPPC permit № 63 of Devnya 
Cement JSC since 14.01.2006; IPPC permit № 74 of Solvay Sodi JSC since 
14.01.2006; IPPC permit № 93 of co-generating power plant Deven JSC since 
06.05.2006. For implementation of the activities of the IPPC permits in the 
industrial plants there are introduced monitoring systems for nonstop control and 
operation of the emissions of harmful substances in the ambient air; at 
Agropolychim JSC there are implemented high efficiency facilities for tail gases 
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from dust and the plant for the production of ammonium nitrate is reconstructed; 
at the co-generating power plant Deven JSC there is a new circulating fluidized-
bed steam generator with low level of issues; at Solvay Sodi JSC there is a new 
line for the production of soda ash dense, an issue free distillation column, a 
carbonizing column and a limestone blast furnace. As a result of the 
implemented measures for reduction of issues and introducing new technologies, 
the ambient air quality is improved.  

 
CONCLUSIONS 

As a result of the research it is established that the average annual 
concentrations of all pollutants in the ambient air in the industrial region Devnya 
are below the limit values for protection of the human health for the period 
2010-2014. For the different pollutants there are different trends. For the sulfur 
dioxide and nitrogen dioxide it is observed a pronounced downward trend at the 
end of the period in 2014. The concentrations of PM10 increase gradually at the 
end of the research, but the limit value for protection of the human health has 
not been exceeded. About the secondary pollutant ozone there are no very 
marked variations in the period of the study and the average annual 
concentrations for the period of research does not exceed the threshold. The 
research indicates also that it exists a seasonal relation between the pollution of 
the ambient air and some pollutants as:  PM10, SO2, NO2, CO and benzene, as 
during the winter months there are significant higher average monthly 
concentrations аs compared to the summer months of the year. The seasonal 
dynamic is associated mainly with emissions from combustion processes – the 
heating in the residential and administrative sector. The results from the research 
demonstrate that the measures implemented in the IPPC permits of industrial 
and combustion plants in the industrial region Devnya are effective and 
contribute to improvement of the ambient air quality.  

  
REFERENCES 
[1]. Almira D., M. Filipova. Distribution of Carbon Monoxide in Almaty city 

depending on the distance from thermal power plants - 2. Journal Scientific 
and Applied Research, 2015, vol. 8, 26-30. 

[2]. Chuturkova R. Atmospheric Air Quality Management, 2014, TU – Varna,    
        248 p., ISBN: 978-954-20-0603-9. 
[3]. Chuturkova R., M. Stefanova, S. Radeva, D. Marinova. Technical    

Engineering in industrial IPPC as a key tool for ambient air quality     
improvement. International Journal of Research in Engineering and   
Technology, 2014, vol. 3, No 8, 8-20. 

[4]. Chuturkova R., S. Radeva, M. Stefanova. Assessment of Harmful   
Emissions in the Atmospheric Air from the Production of Nitrogen and 

JOURNAL SCIENTIFIC AND APPLIED RESEARCH Vol. 9, 2016 51



Phosphate Fertilizers. International Journal of Sustainable Development, 
2014, vol. 18, 128-133. 

[5]. Chuturkova R. Air Pollution, 2015, TU - Varna, Bulgaria 
[6]. Clean Ambient Air Act. GN 45, 28.5.1996, amendments GN 102, 

21.12.2012.  
[7]. Directive 2008/50/EC of the European Parliament and of the Council of 21 

May 2008 on ambient air quality and cleaner air for Europe. 
[8]. Directive 2010/75/EU of the European Parliament and of the Council of 24 

November 2010 on industrial emissions, concerning Integrated Pollution 
Prevention and Control. 

[9]. Environmental Protection Act. GN 91, 25.9.2002, amendments GN 98, 
28.11.2014.  

[10]. Gupta M., M. Gupta, M. Mohan. Assessment of contribution to PM10 
concentrations from long range transport of pollutants using WRF/Chem 
over a subtropical urban airshed. Atmospheric Pollution Research, 2013, 
vol. 4, 405-410. 

[11]. Kozarev N., 2015, Air quality. Monitoring. Assessment. Management, first 
edition, Geya – Libris, Sofia, Bulgaria.  

[12]. National Report of the status and protection of the environment in 2012, 
accepted by the Council of Ministers, 04.06.2014, Sofia. 

[13]. Radeva S., R. Chuturkova, M. Stefanova. Assessment of Measures for 
Reducing Harmful Emissions in Air from Soda Ash Producing Plant in 
Devnya, Bulgaria. International Journal of Engineering and Advanced 
Technology (IJEAT), 2015, vol. 4, 139-146.  

[14]. Regulation No 7 of 3 May 1999 on ambient air quality assessment and 
management, GN 45, 14.5.1999. 

[15]. Regulation No 12 of 15 July 2010 relating to limit values for sulfur 
dioxide, nitrogen dioxide, particular matter, lead, benzene, carbon 
monoxide and ozone in ambient air, GN 58, 30.07.2010. 

[16]. Regulation No 14 of 23.9.1997 relating to limit values for harmful 
substances in ambient air of urban areas. GN 88, 3.10.1997, amendments 
GN 42, 29.05.2007. 

[17]. Regulation on terms and methods for IPPC permits issue, GN 80,  
9.10.2009, amendments GN 5, 19.01.2016. 

[18]. Todorova M. Air Pollution with Sulphur Oxides from Industry in South-
Western and South-Eastern Regions of Bulgaria. Journal Scientific and 
Applied Research, 2014, vol. 5, 213-224. 

[19]. Vlaknenski T., P. Stoychev, R. Chuturkova. Dispersion Modeling of 
Atmospheric Emissions of Particulate Matter (PM10) and Evaluation of the 
Contribution of Different Sources of Air Pollution in the Town of Svishtov, 
Bulgaria. Journal Scientific and Applied Research, 2014, vol. 5, 202-212. 

52 JOURNAL SCIENTIFIC AND APPLIED RESEARCH Vol. 9, 2016



 

Original Contribution 

Journal scientific and applied research, vol. 9, 2016 

Association Scientific and Applied Research 

International Journal  

 

 
           ISSN 1314-6289 

 

COMPATIBILITY ASSESSMENT – PROBLEMATIC AREAS AND  

THINGS LEFT UNSAID  
 

Alexander Doichinov*, Darina Bachvarova, Masha Radoslavova, Presiyana 

Koleva 

 
KONSTANTIN PRESLAVSKY UNIVERSITY OF SHUMEN 

*E-mail: doichinov_shu@abv.bg 
 

 

Abstract: The purpose of this article is to provide an overview of the essential 

requirements specific to the Compatibility Assessment which is drawn up under the 

provisions of Directive 92/43/EEC and Directive 79/409/EEC and pursuant to Art. 31, para. 

10 of the Biodiversity Act as well as in conjunction with Art. 20 para. 1 of the Decree on the 

conditions and procedures for the assessment of the compatibility of plans, programs, 

projects and investment proposals with the object and purpose of conservation of protected 

areas. Some critical moments in the Compatibility Assessment have been analyzed herewith, 

seen not only from their legislative, but above all from their content and methodical side. 

Some of the weak points in the process of development of Compatibility Assessment based on 

the specific conditions of Bulgaria have been pointed out and some suggestions have been 

made on the improvement of the climate for the preparation of an objective Compatibility 

Assessment.  
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After some initial difficulties related to the conservation regime and the 

requirements of Art. 6 of the Habitats Directive, and with the exception of some 

details, Art. 6 has been applied successfully in practice. The legal basis of the 

conservation regime of Art. 6 para. 3 of the Habitats Directive generally consists 

of three stages of evaluation, each one of which tries to answer one basic 

question: “Can a project, a plan, or an investment proposal, individually or 

together with some other investment intentions, which are completed, in the 

process of realization or already in exploitation, lead to a significant impact on 

the components and the conservation objectives of the protected area of Natura 

2000 network?” [1]. That is why a preliminary assessment is required for all 

projects, programmes and investment proposals. It should decide whether there 

are legal as well as expert prerequisites which make the Compatibility 

Assessment (CA) mandatory or the project at hand could be accepted without it. 

During the preliminary assessment it should be clarified whether the realization 
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of the proposed plan or a project could alone or in combination with some other   

plans and projects harm an area of importance for the Community or a European 

protected area under the Birds Directive.    

In order to answer this question there are three basic principles that need to 

be addressed:  

1. Does this measure in its essence fulfill the legal definition of a plan, a 

project or an investment proposal?  

2. Does the plan/ project relate to an area under Natura 2000, which in its 

own turn requires further assessment?  

3. Can considerable influences be definitely ruled out in that particular 

case?  

Contrary to the assessment of the need for Compatibility Assessment, 

Compatibility Assessment itself presents the essence of the whole process of 

assessment. At the time of its making there is evidence that is being gathered 

whether a project or a plan would lead to considerable impacts on some 

substantial components of the protected area under Natura 2000 which are at the 

same time essential for the achievement of the conservation goals. If the answer 

to this question is negative the project can be given a green light, if the answer, 

however, is positive, the project is inadmissible or may be authorized in 

exceptional cases only, when the examination of the conditions permitting 

exceptions shows that the legal requirements for such exceptions are met.  

Practical experience shows the importance of registering and documenting 

the results from the primary assessment of the need for CA. This is especially 

valid in the cases when a decision has been reached that the execution of a plan 

or a project will not lead to considerable impacts and that is why a procedure for 

CA is not necessary to be initiated. The report on the assessment of the need for 

CA records the information used for the decision to be reached and serves as a 

proof for the conclusions and decisions which were made. It is also important 

for the assessment of future projects as at that time the cumulative effect of the 

realized project should be reported.  

The preliminary assessment could lead to various results. In some cases the 

need for CA is so obvious that the preliminary assessment of the need for CA 

could be considered unnecessary. The preliminary assessment can be brief in the 

cases when there is no area under Natura 2000 close to the territory subject of 

the intended project as well as when impacts such as a rupture of the connection 

between remote areas or the flow of pollutants, transported at great distances, 

into the rivers are  considered impossible. Here the preliminary assessment is 

more or less restricted to documenting the actual state, e.g. documenting the 

protected areas included in the assessment. In other cases the situation is a bit 

clearer which brings up the question of the degree of detail and scope of the 

preliminary assessment of the need for CA and of the borderline between the 

preliminary assessment of the need for CA and the CA itself.   
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The borderline between the preliminary assessment of the need for 

compatibility assessment and the compatibility assessment itself is not clearly 

defined in the Habitats Directive or in the Law on biological diversity and there 

is still complete darkness on the matter. With the objective of obtaining higher 

efficiency and applicability a distinction should be made between the 

preliminary assessment and the compatibility assessment within the frame of a 

graded approach [2].    

1. A preliminary assessment is built around the strict principle of caution. It 

assesses whether in principle there could occur some negative impacts on any 

area under Natura 2000. Later on, in the process of CA, it is studied whether the 

negative impact could be rated as considerable for the components of the area 

which are crucial for the object and goals of conservation.  

2. A preliminary assessment should be able to exclude totally the 

considerable negative impact. What matters here is the “scale of opportunity”. If 

the possibility of a considerable negative impact cannot be ruled out, then there 

is a need for CA. On the other hand, there is “the scale of probability” which is 

included in CA: how probable it is for a considerable negative impact on the 

area to occur without the actual need for greater accuracy of forecast.     

3. In general, the preliminary assessment is approximate, based on the 

information available on the distribution of species and habitats, as well as on 

the generally available information on default values (out of experience) for the 

impact and intensity of violations to an area (e.g. audible or visual 

interruptions). CA in its own turn is based on detailed research which includes 

mapping of habitats and species, and allows for accurate conclusions on the 

special chains of influences and harm.  

4. A preliminary assessment generally includes damage control measures 

(mitigating or preventive measures). A CA is required when considerable 

negative impact could be prevented only through damage control. The CA 

specifies on the one hand, the negative impact, while on the other, the impact of 

the damage control measures. CA fully integrates damage control measures. 

Their planned execution and projected efficiency are presented separately.   

This shows that the preliminary assessment on the need for a compatibility 

assessment is important mostly in cases of plans and projects outside or within 

the borders of protected areas as well as for small projects lacking in direct 

impact on protected habitats and species [3].    

Compared to these, preliminary assessments (based on the definition 

presented above) of plans and projects within protected areas are not a suitable 

tool as the possibilities which occur in such cases and the potential for negative 

impact are mostly the subject of CA.  

For a good CA it is necessary to have both qualitative and quantitative 

information on all components of the protected area which are essential to the 

object and purpose of preservation as well as such which may be affected by the 
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plan or project. In addition to the collection of data from standardized forms or 

existing management plans, as a rule, mappings to identify the specific 

distribution of habitat types and species in the scope of the project or plan are 

also needed. The corresponding range and intensity of impact factors are of 

importance for the delimitation of the area and the scope of the study [4].   

It is not always easy to decide on the characteristic species from the 

protected habitats which require information within a CA. There is a variety of 

species typical for a habitat type. The choice of important data to be collected so 

that a decision could be reached should focus on those species/ groups of 

species, which on one hand are susceptible to the impact factors induced by the 

project, and which, on the other hand, are typical for the habitats of the studied 

region, and thus potentially occur in them. Above all, species will determine the 

scope of the study, due to their sensitivity to factors with long-range effects such 

as noise, light or fragmentation.  

It is not necessary to study the characteristic species (groups of species), 

which up to the present moment have not exhibited any effects as a result of 

certain impact factors, or which in the particular case might be excluded as a 

possible impact target [5]. This applies to all species that do not show any other 

specific vulnerability but the one characteristic of the habitat type; they cannot 

provide additional important decision-making information.  

In practice, it is still open to debates whether it is still necessary in the work 

with specific species to use the biocenotic, therefore the indirect observation of 

groups of species (ecological guilds), or to concentrate on single important 

species which as an important component of the area can indirectly determine 

the result of the compatibility assessment of a project.  

The significance of impacts is always determined separately for each 

specific case. The most frequent criteria to be used are the scope, intensity and 

duration of impact [6].    

Even if the significance of the impact of a particular project does not lead 

firmly to its inadmissibility, it is frequently the reason for the project to be 

reworked, special damage control measures to be implemented or for assessment 

of exceptions to be conducted.  

Although the significance of impacts within CA is determined 

independently and according to specific scales laid down in Art. 6 para. 3 of the 

Habitats Directive, the term “significance” not only creates certain linguistic but 

also content-methodological problems.  Determining the threshold of 

significance poses a major problem in its use [7].  

There is no quantification of the degree of impact. Concepts such as "low 

impact", "medium impact", "high impact", "no effect" are commonly used in the 

text of any report but are not evaluated in terms of quantitative indicators. When 

it is a matter of impact assessment of a habitat which is under protection in a 

protected area, the problem is solved to a great degree by its presence or absence 
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in the area included in the investment proposal. When a habitat is affected by an 

investment intention the degree of impact is assessed quantitatively based on the 

ratio between the percentage of damaged territory and the total representation of 

the habitat in the specific area or in the country as a whole.    

Whether any use of space and the associated destruction of habitats subject 

to conservation in the protected area must be assessed as a significant impact or 

there could be exceptions in the cases when it is a matter of a very small area 

losses in relatively large habitats as well as in habitats in a similar state has been 

and continues to be a controversial issue among scholars.  

As there are no envisioned measures to assure coherence for the impacts 

considered insignificant, such habitat losses could lead to a constant reduction 

and slow-acting destruction of the area of Natura 2000 network.   

That is why habitat losses in the big sites of Natura 2000 should be assessed 

as considerable even in cases in which they look relatively small compared to 

the total size of the type of habitat in the site. Impacts should be assessed first on 

the basis of some qualitative-functional criteria as well as according to their 

absolute area size and they should not be assessed as smaller based on a 

comparison to the size of the site as a whole. 

In separate cases, territories outside the protected area should also be taken 

into consideration as far as there are any expectations for any effects of the 

impact on the components of the site. In order to achieve certainty of the 

prognosis in some complicated and dubious cases, the use of more 

comprehensive methods could be required, such as population viability analysis.  

When assessing the impact on animal populations the principles used are 

the same, with the only difference that the determination of the distribution, 

abundance and population status is quite difficult and depends entirely on the 

preparation and accuracy of the person carrying out the CA. In this case the 

assessment of the degree of impact is quite subjective and it is frequently 

provoked by commercial motives. Therefore, the method of payment of the 

labour of the person doing the CA should be seriously reconsidered. Payment is 

usually made by the investors who having paid the agreed fee expect the 

conclusion of the assessment to be in their favour; while experts led by their 

desire to receive their payment are very often not free in their decision-making 

process.   

This could be avoided with the inclusion of a preliminary deposit made by 

investors to compensate the work of the experts regardless of the final decision 

of CA. The amount of this fee could be arranged in the Compatibility 

Assessment Guidelines.   

The assessment of cumulative effects is a significant part of CA. When two 

projects or plans are viewed separately, they might not cross the threshold of 

significance, however, if they are combined they might lead to a significant 

impact. In such cases it should be taken into consideration that previous burdens 
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could possibly increase the sensitivity of a site and that once the official period 

for the declaration of a site has passed a CA should report on all projects and 

plans which have been carried out.  

Thus a project awaiting approval today could be admitted on the basis of 

having an insignificant impact, however, a second project with a similar impact 

might be inadmissible in the future as cumulatively both projects will cross the 

threshold of eligibility. This justifies on the one hand the need for a system to 

register in a systemized manner all CAs which have been conducted of all sites 

and regions, while on the other hand, the need for prudent, managerial, spatial 

planning decisions, so that should a conflict arise, one could correctly set the 

priorities following the principle of sustainable spatial planning.   

In addition, it should be taken into consideration that the different impact 

factors are interdependent and that their interaction leads not only to cumulative 

but also to mutually enhancing (synergetic) effects.  

In order to assess the cumulative effect objectively, the experts carrying out 

the CA should have at their disposal the complete information on all other 

investment projects in the region which have been completed, admitted or in the 

process of development which in combination with the plan being assessed 

could have a negative impact on the protected area. This information is required 

by the respective regional inspectorate, who is responsible for the assessment of 

the proposal, however, such information is also very difficult to obtain and as a 

rule is incomplete and inaccurate. Information cannot be obtained on objects 

within the powers of other Regional inspections which based on the assessment 

of the expert could have a cumulative effect through transfer of masses of air or 

of underground and surface waters.  

A mandatory part of the CA is an assessment of the degree of fragmentation 

of the habitats and populations of species. The effects of fragmentation 

determined by the facility or its operation can lead to significant impacts 

principally through two distinct courses of action. They include first the 

occurrence of barrier effects and disruption of the various forms of spatial and 

functional relationships between different parts of the habitats and second 

isolation of different parts of the habitats and populations in which the residual 

areas are often smaller than the minimum necessary for a species or the habitat 

for its survival.  

The content of the term “fragmentation” is not entirely clearly defined [8]. 

Is the implementation of the project going to dramatically fragment the habitat 

and the populations of species in it, so that the individuals of the separate 

fragments cannot exchange genetic material with each other or is it going to 

limit the mobility of individuals in the border areas of the fragments. The 

construction of a house can really be an insurmountable obstacle for some 

species, but for others it can have a positive effect. New ecological niches 

emerge and conditions are created for the entry of suburban and synanthropic 
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species. The urbanization of a site is not always linked to a reduction of 

biodiversity - if the neighboring areas offer suitable conditions many species 

migrate there, and new ones that enrich the composition of the biota in the area 

come in their place. 

The impact of fragmentation between the area and its surroundings can be 

significant when different parts of the habitat or separate parts of the populations 

of the species are located outside the protected area [4]. In cases of very mobile 

species (e.g. migratory birds) or species that need habitats of big size (e.g. a 

vulture, wolf, jackal), the effects of fragmentation between different areas may 

also have significant negative effects, without directly affecting the area 

announced in Natura 2000 sites. 

The compatibility assessment involves as a main task the evaluation of 

alternatives [9]. As a rule, the discussion of possible alternatives and assessing 

their impact on the protected area is carried out formally. Land ownership is the 

main argument given for the realization of an investment proposal in a particular 

part of the country. This, however, in no case justifies a positive decision in the 

CA. A zero alternative is only mentioned as a possibility and is almost never 

discussed. In it the lost benefits outweigh by far the possible negative effects on 

the components of the environment and on biodiversity. If a project or a plan is a 

viable alternative with less or no adverse effects on the Natura 2000 site, then 

this alternative should be selected. The sponsor of the project is not given any 

leeway in this case. Only the fact that it is a project whose implementation 

would be considered the exception to the rule, Article 6 para. 4 of the Habitats 

Directive [10], requires its avoidance.   

“Alternatives” can refer to the technical alternatives and alternatives to the 

spatial location or route as well as to the content of the project as far as such 

alternatives are appropriate for the achievement of the objectives of the plan or 

project with other means.  

The apparent higher costs of the implementation of the alternatives are not 

a fundamental criterion for its rejection [9]. If an alternative has significantly 

fewer impacts than those preferred by the project proponent, higher costs cannot 

be the ground for its rejection.  

Alternatives that seemed impossible during a previous EIA or in another 

preliminary process (e.g. a spatial planning procedure) can be considered 

acceptable and even mandatory if they have fewer negative effects on Natura 

2000 sites.  

Compensatory measures, if there is still a negative impact found in the 

implementation of the project, are very banal and almost always the same. As a 

rule, it is recommended that in the construction and operation of a property the 

neighboring properties are not affected, that in excavation work the topsoil is 

removed and disposed of on a designated site in the field, and is later on used for 

reclamation, that spills of lubricants and transport vehicles fuel is not allowed, 
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that elements foreign to the local flora and fauna are not to be imported and so 

on.  

In conclusion, we stress the need to rethink some parts of the Regulation on 

the terms and conditions for assessing the compatibility of plans, programs, 

projects and investment proposals with the object and purpose of conservation 

of the protected areas. It is necessary to increase the qualification of the experts 

responsible for providing compatibility assessments by organizing courses, 

seminars, discussions and other forms of education.  
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 Abstract: The assessment of the biodiversity of natural complexes has a significant 

practical application and can be used as a sample for the analysis of the role of environment 

in the spread and bio-geographic distribution of species, the models of faunogenesis and the 

establishment of the specific biota. The aim of this research is to study the α- and β-diversity of 

millipede and centipede communities in the various habitats along the Madara Plateau, North-

eastern Bulgaria. The material for the analysis was collected through pitfall traps, arranged in 

lines of ten on eleven sampling plots, which have been reported on a monthly basis in the period 

June 2012 - February 2015. A total of 3415 myriapods have been collected – 2776 millipedes 

of 12 species and 639 centipedes of 16 species. The millipede communities feature higher 

diversity in species and a comparatively higher degree of equality compared to those of the 

centipede communities. The forest habitats along the Madara Plateau are characterized with 

high diversity of millipede communities, while the open areas are the preferred habitat of 

Chilopoda. 

  Keywords: α-diversity, β-diversity, biodiversity, Diplopoda, Chilopoda. 
   

Introduction: Nowadays the preservation of biodiversity is one of the main 

environmental issues. It has already gained global significance as its reduction 

leads to destabilization of the biota, violation of the integrity of the biosphere and 

the conditions for the existence and sustainable development of mankind.    

All activities in terms of biodiversity preservation should be based on 

reliable inventarization of the taxons which has not been completed as of yet. 

Large-scale international programmes (Planetary Biodiversity Inventory 

Program, Encyclopaedia of Life, Catalogue of Life, Tree of Life) are trying to fill 

in the lack of information on various taxons, however, a big number of groups of 

invertebrates still remain poorly studied and documented.   

The assessment of the biodiversity of natural complexes has a significant 

practical importance as it allows for the genetic potential of the species to be 

controlled and preserved, it gives an idea of the condition of the eco-systems in a 
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specific region and serves as the basis for the development of strategies for the 

management of the protected areas.   

The aim of this research is to study the α- and β-diversity of subphylum 

Myriapoda (Diplopoda, Chilopoda) in the various habitats in a region in North-

eastern Bulgaria, which has been comparatively poorly studied – the Madara 

Plateau.  

 

Materials and methods: 

Region of research: The study was conducted in the region of the Madara 

Plateau, situated in North-eastern Bulgaria, in the southern part of the East 

Danubian Plain. Together with the Krivnensko Plateau, situated east of the 

Madara Plateau, they comprise the Royak Plateau, which is part of the protected 

area Provadiisko-Royaksko Plateau. The climate is moderate-continental 

characterized with comparatively cold winters and warm summers. The soil is 

carbonate, typical and leached chernozems, while the higher parts are defined by 

grey forest soil. 

 The Madara Plateau is situated in the eastern part of the Moesian forest 

vegetation area, lowland-foothill and foothill midmountain belt of oak forests (0-

600 m a.s.l).   

The specific natural conditions of the Madara Plateau contribute to the 

development of rich and varied vegetation. There are over 95 woody shrub 

ecosystems in it (Donchev & Karakashev, 2012). The vegetation cover is 

characterized by a predominance of xerophilous and thermophilic elements that 

are prevalent in almost all parts of the plateau. They are represented mainly by 

ecosystems of Carpinus orientalis Mill., Quercus pubescens Willd., Quercus 

cerris Linnaeus, 1753, Quercus frainetto Ten., Syringa vulgaris L., and Paliurus 

spina-christi Mill., among others. 

 The mesophilic and mesothermal elements are more sparsely distributed. 

Their main representatives are Carpinus betulus Linnaeus, 1753, Quercus robur 

Linnaeus, 1753, Tilia tomentosa Moench, Ulmus campestris Mill., etc. 

Sampling plots: The study was conducted on 11 sampling plots, located in 

the north-western part of the Madara Plateau, situated 12 km East of the town of 

Shumen, North-east Bulgaria (Fig. 1). The plots reflect the main ecosystems and 

include the major forest and open-space habitats on the Plateau. The altitude they 

were located at varies between 300 m and 450 m. The sampling plots differ in 

terms of the type and composition of plant formations in them: 

 МР1- coniferous forest of Pinus nigra of artificial origin; МP2-open 

meadow covered with wheat and steppe grass and sporadic shrubs; МР3-

deciduous forest comprised of Carpinus orientalis shoots; МP4-open meadow 

with herbaceous vegetation and single shrubs and trees; МP5- deciduous-

coniferous forest dominated by Pinus sylvestris and P. nigra with single members 

of Tilia platyphyllos, Carpinus betulus, Quercus cerris and Betula pendula, of 
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artificial origin; МP6- deciduous forest composed of Q. cerris, C. betulus, Acer 

campestre with single members of T. platyphyllos and Fagus sylvatica; МP7-

coniferous forest composed of P. nigra (70%) and P. sylvestris (30%) of artificial 

origin; МР8-deciduous forest of C. orientalis (100%) shoots; МР9-deciduous 

forest dominated by C. orientalis (80%) and C. betulus (20%) shoots; МР10-

deciduous forest of C. orientalis (100%) shoots and МP11-deciduous forest 

composed of T. platyphyllos (60%), Fraxinus ornus (10%), A. campestre (10%), 

Q. cerris (10%) and C. betulus (10%) shoots. 

 Collection of material: The material was collected through pitfall traps, 10 

in each sampling plot, arranged in a straight line at a distance of 10 m from one 

another. The catch from the traps has been reported on a monthly basis in the 

period June 2012- February 2015.   

 The variety of species was estimated using the index of Shannon-Weaver 

(H’) and the degree of equality using the index of Berger-Parker (d). β-diversity 

was determined through comparison between the myriapod communities 

collected from the different sampling plots using the quotient of similarity 

Czekanowski-Dice-Sørensen (Qs) as well as using cluster analysis of the data on 

the quality content of myriapod fauna in the various habitats. 
 

 

 Fig. 1. Map of the area of research (in Google Earth format) and the 

distribution of the habitats under study 

 

 Results and discussion: The total of 3415 myriapods have been gathered 

in the period of research – 2776 millipedes and 639 centipedes. Up to the present 

moment the faunistic database of the myriapod fauna on the Madara Plateau 

includes a total of 28 species – 12 species of class Diplopoda, of 4 orders – 

Glomerida, Polydesmida, Chordeumatida and Julida and 16 species of the class 

Chilopoda of the orders Scutigeromorpha, Lithobiomorpha, Scolopendromorpha 
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and Geophilomorpha (Kaczmarek, 1970; Doichinov & Bachvarova, 2014; 

Krasteva et al., 2015).  

The comparison of the two analysed classes of Myriapoda shows 

considerable differences in their diversity of species. Shannon-Weaver’s index 

(H’) for the millipede community (1,93) is higher compared to the one of the 

centipede community (1,30) (Table 1 A, B).  

         Table 1 A, B 
α-diversity of the millipede (А) and centipede (B) communities on the Madara Plateau 

А. Diplopoda 

Species 

Number of 

individuals pi ln pi H’ d 

Glomeris balcanica 31 0.011167147 -4.494779117 -0.050193859 3.478696742 

Glomeris hexasticha 798 0.287463977 -1.246657724 -0.358369187  

Polydesmus complanatus 489 0.176152738 -1.736403832 -0.305872289  

Polydesmus renschi 19 0.00684438 -4.984327342 -0.034114632  

Anamastigona bilselii 13 0.004682997 -5.363816964 -0.025118739  

Leptoiulus trilineatus 270 0.097262248 -2.330344363 -0.226654531  

Cylindroiulus boleti 351 0.126440922 -2.067980098 -0.261477311  

Megaphyllum bosniense 365 0.13148415 -2.028868968 -0.266764111  

Megaphyllum lictor 73 0.02629683 -3.63830688 -0.095675937  

Megaphyllum transsylvanicum 336 0.121037464 -2.111655162 -0.255589386  

Megaphyllum unilineatum 1 0.000360231 -7.928766322 -0.002856184  

Pachyiulus hungaricus 30 0.010806916 -4.52756894 -0.048929059  

Total: 2776 1  1.931615226  

 

B. Chilopoda 
 

Species 

Number of 

individuals pi ln pi H’ d 

Scutigera coleoptrata  1 0.001564945 -6.459904454 -0.010109397 1.558536585 

Lithobius forficatus  6 0.009389671 -4.668144985 -0.043832347   

Lithobius lucifugus  4 0.006259781 -5.073610093 -0.031759688   

Lithobius mutabilis  62 0.097026604 -2.332770069 -0.226340758   

Lithobius muticus  33 0.051643192 -2.963396893 -0.153039276   

Lithobius nigripalpis  72 0.112676056 -2.183238335 -0.245998686   

Lithobius crassipes  1 0.001564945 -6.459904454 -0.010109397   

Lithobius microps  1 0.001564945 -6.459904454 -0.010109397   

Pleurolithobius patriarchalis  410 0.641627543 -0.443747295 -0.284720486   

Scolopendra cingulata  The species is not registered in the current study 

Cryptops anomalans  31 0.048513302 -3.02591725 -0.146797237   

Himantarium gabrielis  1 0.001564945 -6.459904454 -0.010109397   

Clinopodes flavidus  6 0.009389671 -4.668144985 -0.043832347   

Stenotaenia linearis  2 0.00312989 -5.766757274 -0.018049319   

Henia illyrica  2 0.00312989 -5.766757274 -0.018049319   

Strigamia crassipes  7 0.010954617 -4.513994305 -0.049449077   

Total: 639 1   1.302306126   
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The millipede community is represented by species with comparatively high 

numbers. It is only the species Megaphyllum unilineatum and Anamastigona 

bilselii, registered with 1 and 13 individuals respectively, that feature low 

numbers. All other species, especially: Glomeris hexasticha, Polydesmus 

complanatus, Leptoiulus trilineatus, Cylindroiulus boleti, Megaphyllum 

bosniense, Megaphyllum lictor, and Megaphyllum transsylvanicum have high 

and comparatively similar numbers which attributes high degree of equality to 

the community and high values of the index of Berger-Parker (d) – 3,478 (Table 

1 А). 

The bigger part of the species comprising the centipede community feature 

very low (from 1 to 10 individuals) or average numbers (between 30 and 70 

individuals). Only the species Pleurolithobius patriarchalis has high numbers – 

410 registered individuals which makes it the dominant species in the 

community. This considerable difference in the numbers of the species 

comprising the centipede community on the Madara Plateau attributes to the 

community a low degree of equality and small values of the index of Berger-

Parker (d) – 1,558 (Table 1B). 

α-diversity of the myriapod communities in the analysed habitats on the 

Madara Plateau is very different. The highest diversity of species (H’=1,748) and 

comparatively high degree of equality (d=2,876) are characteristic of the 

millipede community in the pine forest (МР7). In general, all forest habitats on 

the Madara Plateau are characterized with big α-diversity of the millipede 

communities where the index of Shannon-Weaver and the degree of equality are 

the highest (Table 2). The lime forest (MP11) and the open spaces (MP2 and 

MP4), which feature more xeric conditions, which are unfavourable to the 

development of the millipedes, particularly in the hot and arid summer months, 

are characterized with low biodiversity.   

 
 

         Table 2 

α-diversity of the millipede communities in the analysed habitats on the Madara Plateau 

Sampling plot Diversity index 

(H’) 

Equality index 

(d) 

МР1– Coniferous forest 0.966073 1.39 

МР2– Open meadow 1.433655 2.666667 

МР3– Deciduous hornbeam forest  1.287368 1.808824 

МР4– Meadow with steppe grass and scrubs 0.917194 1.346809 

МР5– Mixed coniferous forest  1.316851 1.643777 

МР6– Mixed deciduous forest 1.418084 2.548077 

МР7– Pine forest   1.748316 2.876289 

МР8– Deciduous hornbeam forest 1.088859 2 

МР9– Deciduous hornbeam forest  1.516192 2.363636 

МР10– Deciduous hornbeam forest 1.445034 3.058824 

МР11– Lime forest   0.911658 1.894737 
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In general, the centipede communities in all analysed habitats are 

characterized with lower diversity of species and lower degree of equality 

compared to those of the millipedes (Table 3). As open areas are the preferred 

type of habitat for the centipedes, the analysed crest meadows (МР2 and МР4) 

feature the highest index of diversity (H’=1,494 and 1,308 respectively) and 

degree of equality (d=2,666 and 1,747). In contrast, the centipede communities 

in the forest habitats are characterized with low values of the index of Shannon-

Weaver – 0,311 for the mixed deciduous forest (МР6); 0,693 for the lime forest 

(МР11) and 0,850 for the coniferous forest (МР1). Due to the high number of the 

species Pleurolithobius patriarchalis, which is dominant in almost all sampling 

plots, the values of the index of equality of Berger-Parker are low. 
 

Table 3 

α –diversity of the centipede communities in the sampling plots on the Madara Plateau 

Sampling plot Index of diversity 

(H’) 

Index of equality (d) 

МР1– Coniferous forest 0.850771 1.333333 

МР2– Open meadow 1.494175 2.666667 

МР3– Deciduous hornbeam forest 1.071018 1.7 

МР4– Meadow with steppe grass and shrubs 1.308964 1.747253 

МР5– Mixed coniferous forest 1.099627 1.602151 

МР6– Mixed deciduous forest 0.311435 1.067164 

МР7– Pine forest 1.275851 1.680556 

МР8– Deciduous hornbeam forest 0.950271 1.666667 

МР9– Deciduous hornbeam forest    

МР10– Deciduous hornbeam forest   

МР11– Lime forest 0.693147 2 
 

 

 The comparative analysis of the myriapod fauna in the analysed sampling 

plots shows that in the area of research, in terms of species composition, there are 

no fully identical habitats as the distribution of species on the one hand is 

determined by the potential species’ carrying capacity of each habitat, the feeding 

grounds and the living conditions which they offer, while on the other hand, it 

reflects the specific biological abilities of the species to adapt and reproduce 

(Trojan, 1994). The level of similarity in the composition of millipede 

communities on the Madara Plateau varies widely. Sørensen’s gradient is lowest 

between the lime forest (МР11) and the coniferous forest (МР1) – 0,44 but it 

reaches almost maximum values when comparing the deciduous hornbeam forests 

(МР6 and МР3 – 0,92 and МР6 and МР10 – 0,91) (Table 4). 
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         Table 4 

Values of the gradient of Czekanowski-Dice-Sörensen (Qs) 

 for the millipede communities in the analysed habitats on the Madara Plateau. 
Sampling 

plot 

MP1 MP2 MP3 MP4 MP5 MP6 MP7 MP8 MP9 MP10 MP11 

MP1 1           

MP2 0.91 1          

MP3 0.77 0.83 1         

MP4 0.63 0.53 0.71 1        

MP5 0.63 0.53 0.71 0.9 1       

MP6 0.67 0.73 0.92 0.75 0.75 1      

MP7 0.63 0.53 0.71 0.9 0.9 0.75 1     

MP8 0.6 0.67 0.73 0.57 0.57 0.8 0.57 1    

MP9 0.5 0.55 0.77 0.75 0.75 0.83 0.75 0.8 1   

MP10 0.55 0.6 0.83 0.67 0.67 0.91 0.67 0.67 0.73 1  

MP11 0.44 0.5 0.6 0.46 0.46 0.67 0.46 0.86 0.67 0.75 1 

 

 The highest quotient of similarity is registered between the millipede 

communities in the coniferous and mixed coniferous-deciduous forests with the 

open habitats on the plateau. Sørensen’s quotient is 0,91 for the coniferous forest 

of P. nigra (МР1) and the open crest meadow (МР2), where 5 out of the total of 

11 registered species are common for both sampling plots. The quotient shows 

such high values (0,90) when comparing the mixed coniferous-deciduous forest 

МР5, dominated by P. sylvestris and P. nigra to the coniferous forest МР7, as 

well as these two to the open crest meadow МР4. These are the sampling plots 

characterized with highest abundance of species. This high degree of similarity 

between habitats which greatly differ in their flora component and food base is 

probably due to the nearly identical environmental conditions they offer. This fact 

coincides with the research carried by Kime et al. (1992) in Belgium which proved 

that the distribution of soil organisms depends most of all on the climatic and 

edaphic environmental factors – soil structure, its water and mineral content, the 

type of humus and temperature. The habitats mentioned above are characterized 

with more xeric conditions and very poor trophic base mostly due to the absence 

of typical deciduous forest leaf litter. They offer a very harsh living environment 

during the hot and arid summer months and are inhabited mostly by evritopic and 

polytopic species which adapt to these living conditions thanks to various devices 

– ability to fold and bury themselves in the leaves and the soil, waterproof body 

coverings, a special type of respiratory apparatus, and the ability to move to 

adjoining territories, among others. These species belong to the “bulldozer” 

ecomorphological type according to the classification offered by Hopkin & Read 

(1992) and Gruner et al. (1993), which allows them to penetrate very hard soils 

freely and to migrate to a considerable depth. Most of these species have cuticle 

structures heavily coated with calcium and magnesium carbonate which prevents 

the body from the evaporation of water. The results fully correspond to the data 

collected from the research on the myriapod fauna on the Madara Plateau where 
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the highest quotient of similarity of millipede communities is also shown by the 

habitats which offer the most xeric conditions (Bachvarova et al., 2015). 

The comparison of deciduous forest habitats also registers high degree of 

similarity in the species composition of the millipede communities. The 

similarity quotient of Czekanowski-Dice-Sörensen fluctuates from 0,73 between 

sampling plots МР10 and МР9 and reaches 0,83 for МР9 and МР6. 

The lowest similarity is registered between the millipede communities 

inhabiting deciduous forest habitats and the coniferous forests and the open crest 

meadows (Table 4). 

 The millipede fauna in the analysed area features comparatively high 

quotient of similarity in the separate sampling plots. It is divided into three main 

groups, two of which are formed by the more xeric habitats – the open crest 

meadows and the coniferous forests, and the third one is formed by the habitats 

dominated by Carpinus orientalis (Fig. 2). 
 

 
 

Fig. 2. Dendogram of the similarity in composition of the species in the 

millipede communities in the analysed habitats on the Madara Plateau. 

 

The group of the open crest meadow (МР4) and the mixed deciduous-

coniferous forest (МР5) and the pine forest (МР7) stand out with the highest 

quotient of similarity (90%). The deciduous forest of C. orientalis (МР9) joins 

this group. This weird similarity between unusual habitats is most likely due to 

the fact that these sampling plots feature a very steep gradient (100) and are 

characterized with very poor, rocky and heavily leached soils with low water 

retention properties, making them the most xeric habitats of the deciduous 

forests. Sampling plot MP2, located in the second open meadow and the pine 
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forest composed of P. nigra (МР1) form the other group of xeric habitats with a 

quotient of similarity of 83%. In the group of the deciduous forests there are two 

tandems with a comparatively equal quotient of similarity of around 82-83% that 

are formed. The first tandem is comprised of sampling plots MP6 and MP10, and 

the second one of MP8 and MP11 featuring Sørensen’s quotient of 0,91 and 0,86 

respectively.   

These three groups correlate at a very low quotient of similarity (17%) 

which is an indication of the very high specialization of the millipedes to the 

composition of plant formations and the ecological conditions of the habitat.  

In general, the centipede fauna in the analysed area shows a very low 

quotient of similarity compared to that of the millipedes. The values of the 

quotient of Sørensen move within very wide range – from 0,17 of the lime forest 

(МР11) and the mixed deciduous-coniferous forest (МР5) to very high values 

(0,89) obtained at the comparison of the mixed deciduous-coniferous forest – 

МР5 and the coniferous forest of P.sylvestris and P. nigra – МР7 (Table 5). 

Comparing 4 of the sampling plots – МР9 to МР1, МР9 to МР2, МР11 to 

МР9, and then all sampling plots to МР10 there are no common species that are 

found, whereby the quotient of Sørensen equals 0,00. Generally, the species 

composition of the centipede community in the lime forest (MP11) shows the 

lowest degree of similarity when compared to all other habitats (Table 5). 

 
 

           Table 5 
Values of the quotient of Czekanowski-Dice-Sörensen (Qs) 

for the centipede communities in the analysed habitats on the Madara Plateau. 

площадка MP1 MP2 MP3 MP4 MP5 MP6 MP7 MP8 MP9 MP10 MP11 

MP1 1           

MP2 0.8 1          

MP3 0.67 0.67 1         

MP4 0.57 0.57 0.62 1        

MP5 0.53 0.53 0.57 0.63 1       

MP6 0.4 0.6 0.44 0.57 0.53 1      

MP7 0.46 0.46 0.5 0.59 0.89 0.62 1     

MP8 0.25 0.25 0.29 0.33 0.46 0.75 0.55 1    

MP9 0 0 0.4 0.2 0.18 0.33 0.22 0.5 1   

MP10 0 0 0 0 0 0 0 0 0 1  

MP11 0.57 0.29 0 0.18 0.17 0.29 0.2 0.4 0 0 1 
 

The centipede communities in the analysed area are divided into two main 

groups at a quotient of similarity 46% (Fig. 3).  
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Fig. 3. Dendogram of the similarity in composition of the species in the 

centipede communities in the analysed habitats on the Madara Plateau. 

 

They strongly resemble the clusters of the millipede communities – the first 

one of them is formed by the deciduous forests, while the other, which is much 

richer, by the more xeric habitats. Once again, the two sampling plots: MP5 – the 

mixed deciduous-coniferous forest and MP7 – the coniferous forest of P. 

sylvestris and P. nigra, show the highest degree of correlation (90%). The second 

group of the xerophilic habitats – the open meadow (MP2) and the coniferous 

forest dominated by P. nigra (МР1) is formed at a quotient of similarity of 85%, 

while the open crest meadow – MP4 and the hornbeam forest – MP3 form the 

third domain at a quotient of similarity of 78%.  

The group of the deciduous forests is formed by the hornbeam habitats of 

sampling plots МР6 and МР8 which correlate at 78%, and at correlation of 57% 

sampling plot MP9 joins them. The lime forest (МР11) is with the lowest 

quotients of similarity and a degree of correlation 38%.  

In general, the myriapod fauna on the Madara Plateau is characterized with 

a comparatively poor species composition – 28 registered species of myriapods 

in all analysed habitats. In comparison, only in the reserve Bukaka, located in 

Natural Park Shumen Plateau, there have been registered 29 species 

(Bachvarova, 2011). Most probably this is as a result of the strong human 

presence and active agricultural activity on the Madara Plateau. The biggest 

diversity of species of both classes of Myriapoda in the region of Shumen is 

registered in the suburban area of park Kyoshkovete with 17 species of 

Diplopoda and 20 species of Chilopoda (Bachvarova, 2011), a fact which to a 

considerable degree confirms the trend of increase in the diversity of species in 

conditions of weak anthropogenic pressure as ascertained by some scholars 
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(Vepsäläinen & Wuorenrinne, 1978; Trojan, 1981; Schaefer, 1982; Kuznetzova, 

1994). 
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ABSTRACT: The research included 115 female patients with carcinoma of the vagina 

(Ca vaginae). Their blood types belonging to the systems AB0 and Rhesus factor were 

studied. Comparing the control group of Bulgarian population statistically significant 

differences in the distribution of all types of AB0 system were detected. The increase in blood 

type A (with 23, 26% - to 66, 96%) and the decrease in blood type 0 (with 18, 54% - to 19, 

13%) are especially obvious. There is no difference in Rh system. It can be assumed that 

having blood type A appears to be one of the risk factors for the emergence and development 

of the disease in the female patients. 

  KEY WORDS: blood types systems ABO and Rhesus factor, Ca vaginae 

  

A significant part of our research on blood types of systems AB0 and 

Rhesus factor is connected to the emergence and development of a number of 

diseases. Particular attention is paid to malignant neoplasms. In this regard and 

diseases of the breast and female genital organs are tracked - Ca glandulae 

mammae, Ca uteri, Ca ovarii [1], Ca vulvae [2]. Their emergence and 

development as well as other neoplasms may be associated with a number of 

factors. Hereditary predisposition, the way of life and the influence of 

environmental factors are considered fundamental. Hereditary predisposition is 

not normally associated with particular biological characteristics. Maybe we 

should be looking, albeit indirectly, for the relationship of neoplasms with blood 

types belonging to systems AB0 and Rhesus factor.  
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Aim of the study: To examine the relationship between the emergence 

and development of Ca vaginae with female patients’ blood types belonging to 

systems AB0 and Rhesus factor.  

Material and methods:  

The present study included 115 female patients with Ca vaginae. They 

were diagnosed with the disease and treated in the oncology ward of Fifth City 

Hospital in Sofia and the National Hospital Oncology in Sofia in the period 

1990-2014. Their blood types from systems AB0 and Rhesus factor were 

studied.  The patients' blood types and Rhesus factor were identified by means 

of test serums. The results have been compared to the data of excerpt of 

Bulgarian population [3]. The comparison was made via the χ2 criterion.  

Results and discussion 

The data of the study are presented in table 1 and figure 1 and 2. 

 

Table 1. Frequency of the blood types from systems AB0 and Rhesus factor in 

patients with Ca vaginae and the control group (%) 

Blood types  O A B AB Rh+ Rh- 

Patients with Ca 

vaginae 

n 115 

n 22 77 14 2 103 11 

% 19,13 66,96 12,17 1,74 90,43 9,57 

Control group 

n 1080 

n 342 472 184 82 916 164 

% 31,67 43,70 18,06 7,59 84,81 15,19 

 

AB0 system 

The frequencies of included female patients’ blood types are as follows: 

for group 0 –19,13%, for group А – 66,96%, for group В – 12,17% and for 

group АВ – 1,74%. Distinct differences are observed when comparing the 

distribution of the blood types in control excerpt [3], in which the data is: group 

0 – 31,67%, group А – 43,70%, group В – 18,06% and group АВ – 7,59%. In 

group A reported a strong increase with 23,26% to 66,96%. Decrease in the 

values in the other group is detected, though in varying degrees: in group 0 – 

with 13,54% to 19,13%, in group В – with 5,89% to 12,17% and in group АВ – 

with 5,85% to 1,74%. Significant differences are observed about the cross 

section as a whole in comparison to the control section (К=3; χ2=11,3; р<0,001) 

– table 1, figure1. 
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Figure 1. Frequency of the blood types from system AB0 in patients with Ca 

vaginae and the control group (%) 

 

 

Rhesus factor system 

The results received with the patients are: for Rh(+) - 90,43 and for Rh (–) 

- 9,57%. The comparison with the frequencies of the values of Rh in the control 

group - Rh (+) - 84,81% and Rh (–) - 15,19% [3], show a definite decrease in the 

values of Rh (–) of 5,62%. The differences were not significant (К=1; χ2=3,3) – 

table 1, figure 2. 

 

 

  
 

Figure 2. Frequency of the blood types from system Rhesus factor in patients 

with Ca vaginae and the control group (%) 
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This study examined the connection between blood group belonging to 

systems AB0 and Rh factor and probability of emergence and development of 

another of malignancy of the female genital organs – Ca vaginae. The reason for 

this is the received results so far of Ca glandulae mammae, Ca uteri, Ca ovarii 

and Ca vulvae, which were monitored.  

Ca vaginae is a relatively rare disease of the female reproductive organs. 

In our country it occurs in 0,10 / 100000 people and accounts for 0,2% of all 

malignant diseases of the Bulgarian population [4]. It is less common than the 

other tested by us: Ca glandulae mammae - 2,73 / 100000 or 12,9%, Ca uteri - 

61,4 / 100 000 or 16,2%, Ca ovarii - 2,62 / 100000 or 5,3% [1], and Ca vulvae - 

2,60 / 100,000 or 0,70% [2]. 

Most often this disease occurs in older women (postmenopausal), but also 

though very rarely, in younger women [5] - in our study in a 18-year-old female 

patient. 

Histologically, the onset of carcinoma is due to disturbances in the flat 

epithelial cells constituting the surface layer of the vaginal mucosa [6]. The 

cause of this cancer is not known, but there are suggestions that this could be a 

human papillomavirus and basic types 16 and 18. The emergence of dysplasia 

may not last long, but malignancy appears increasingly [5]. Particular attention 

should be paid to the leukoplakia, the thickening, infiltration, nodes and ulcerosa 

[6]. Excessive malignancy may be due to the close proximity of the organ with a 

rich network of lymphatic vessels [6]. 

In Ca vaginae can be identified three macroscopic forms [5]: 

1. Ekzofiten - grows towards the lumen of the body; 

2. Ulcerative - developed in depth; 

3. Eroded - nascent on the surface and in depth, increasingly deep layers. 

According to the scope of the process the following clinical stages can be 

determined [6]. 

1. Only in the rear wall of the vagina; 

2. It covers tissues and around the vagina, without reaching the wall of 

the pelvis; 

3. Reaches the walls of the pelvis; 

4a. It covers the wall of the bladder and the rectum and possibly extends 

beyond the pelvis;  

4b. The process of metastasis extends to distant organs. 

When the disease is detected, it is usually too late for successful 

treatment. In this connection, regular gynecological examinations (especially 
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after menopause) are recommended, allowing early diagnosis [6]. The 

difficulties come from undetected symptoms as malignancy is located in the 

epithelium [5]. 

Treatment in early stages is through surgery. In later stages, apply 

radiotherapy - percutaneous radiotherapy and brachytherapy. In all cases, the 

prognosis is for bad outcome, due to the nature of the disease, leading to 

infiltration into adjacent organs and the development of metastases [6]. 

A significantly higher incidence of blood group A compared with the 

control group is reported in most of the tumors of the female genital organs we 

studied: Ca ovarii - 49,55%, p <0,01; Ca uteri - 49,55%, p <0,01; Ca glandulae 

mammae - 48,33%, p <0,01. Only in Ca vaginae was noted significantly greater 

prevalence of blood group 0 - to 47,42%, p <0,05. 

In none of the researched diseases of the system Rhesus factor have 

significant differences been reported in comparison to the control group. 

Frequencies in Ca uteri and Ca glandulae mammae [1] are almost identical to 

those of the control. In Ca vulvae are recorded lower values for Rh(–) 3,75%[2].  

In patients with the Ca vaginae significant changes of individual groups of 

the AB0 system are found in comparison with the control group. Above all, a 

significant increase is detected in the value of blood type A. This fact gives 

grounds to assume that there is a certain correlation between this blood type and 

the emergence and development of the disease. Probably belonging to this group 

is one of the risk factors (predisposition) of the emergence of this cancer. 

 

Conclusions: 

1. The distribution of blood types of AB0 system in patients with Ca vaginae 

differs significantly (p<0,001) from that of the control group. This is 

mainly due to the very high levels of blood type A – 66,96%.  

2. We assume that belonging to blood types A is one of the risk factors for 

the onset and development of Ca vaginae. 
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ABSTRACT Faraday rotation in Bi12SiO20:Cr (BSO:Cr) has been investigated on 

(100) direction at room temperature using refractive index data in the spectral region 700 – 

850 nm. Verdet constant (V) spectrum is determined in the same spectral region for this 

crystal. The Verdet constant spectrum of pure BSO can be described by the linear 

dependence V-1 (λ 2) (λ is the wavelength of the light). The Cr-ions in the sillenite crystal 

lattice cause a deviation of Verdet constant from the mentioned linear dependence in the 

spectral region of the absorption impurity structure. The magneto-optic anomaly factor γ is 

also investigated. 

KEY WORDS: 3d transition metals, Faraday rotation, Verdet constant, magneto-optic 

anomaly factor 

 

INTRODUCTION 

Bismuth oxide compounds such as the sillenite-type Bi12MO20 (BMO, 

where M = Si, Ge, Ti) crystals are being extensively studied because of their 

potential applications including dynamic holography, optical information 

processing, optical phase conjugation and real-time interferometry [1–5]. The 

defect identification, including the dopant ions involved, their valence and local 

symmetry is essential because this information may guide the efforts for 

optimization of the synthesis conditions to obtain the intended material 

properties. The dopants in the sillenite crystals form the subband of the deep or 

shallow impurity levels in the forbidden band. This fact leads to the 

manifestation of paramagnetic or diamagnetic properties of the doped sillenite 

in magnetic field. 

In this paper, we present a detailed magneto-optic study of the 

paramagnetic behavior of Cr ions in doped Bi12SiO20 in the spectral region 700 

– 850 nm.  
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MATERIALS AND SAMPLES PREPARATION 

Bi12SiO20 crystals belong to the sillenite family of materials with the space 

symmetry I23 with a body centered cubic unit cell (a = 10.102 Å), which 

contains 24 Bi3+ ions, 2 Si4+ ions and 40 O2- ions (nominal valences). Two 

structural elements can be distinguished, the SiO4 regular tetrahedron and the 

BiO7 polyhedron [6]. The former exists at the corners and at the center of the 

cubic unit cell. In the BiO7 polyhedron, each of the Bi3+ ions is surrounded by 7 

oxygen atoms and is coordinated in a pseudo-octahedral configuration, in which 

the oxygen atom at one corner is replaced by two atoms at somewhat larger 

distance. BSO single crystals were grown in air by the Czochralski method from 

a melt containing a mixture of high purity (99.9999%) oxides including Bi2O3 

and SiO2 in a 6:1 molar ratio [7]. Platinum crucibles of 60 mm in diameter and 

80 mm in height were used as containers. The crystals were grown in a <001> 

direction under conditions of low temperature gradient over the solution (5–7 
oC/cm), at a growth rate of 0.7 mm/h and a rotation rate of 20 rpm. Fully 

facetted and optically homogeneous crystals of 35 mm in diameter and 50 mm 

in height were obtained. The starting chromium dopant was introduced into the 

melt solution in the form of the oxide Cr2O3. The analysis by atomic absorption 

spectrometry shows that they are present in the crystal at concentration of [Cr] = 

4.9x1018 cm-3. This corresponds to relative concentration [Cr]/[Si] = 0.25%. 
 

EXPERIMENTAL RESULTS AND DISCUSSION 

The magneto-optic Faraday effect presents the connection between optics, 

magnetism and atomic physics. The effect occurs when the rotation of a linearly 

polarized wave passes through a thickness of a transparent medium. However, 

rotations of polarized light are not only limited to optically active materials, but 

also including some optically inactive materials exposed to high magnetic field. 

In magnetized medium the refractive indices for right- and left-handed 

circularly polarized light are different. The precession of the angular momentum 

of an electron orbiting the nucleus leads to different indices of refraction for 

rightly or leftly polarized light. This leads to a rotation of plane polarized light. 

The rotation angle  and refractive index n are related by the formula [8]: 

 

                                         =  
2

𝑛
𝑑.                                               (1) 

 

The magneto-optic anomaly factor γ can be taken as a measure of the 

degree of covalency that exists in the bonds connecting the ions and atoms [9].  

 

                                           =  


𝑒

2𝑚𝑐2𝐷
                                            (2) 

 

JOURNAL SCIENTIFIC AND APPLIED RESEARCH Vol. 9, 2016 79



In the paramagnetic materials, the anomaly factors γ can vary with the 

wavelength of the incident light, even if there is only one a absorption 

frequency contributing to dispersion. The dispersivity of the investigated crystal 

can be presented by the following equation: 

 

                                        𝐷 =  −


𝑐

𝑑2𝑛

𝑑2  .                                          (3) 

 

The magneto-optic rotation in many crystals, glasses and solutions is 

expressible by the Becquerel’s formula [10]: 

 

                                     𝑉 =  
𝑒

2𝑚𝑐2


𝑑𝑛

𝑑
 .                                        (4) 

 

Equation (2) is substituted in equation (4) after the substitution of formulas 

(1) and (3) in (2). The final result is formula (5): 

 

                                        𝑉 =  −
𝑐𝑑

2
𝑑2𝑛

𝑑2

𝑑𝑛

𝑑
 .                                      (5) 

 

The anomaly factor γion for the chromium ions is calculated from the 

equation [10]: 

 

                                       𝛾𝑖𝑜𝑛 =  
[𝑖]𝑀

𝑒

2𝑚𝑐2[𝐷𝑖]𝑀
 .                                   (6) 

 

The equation (7) is obtained from formulas (4) and (6). 

 

                                             
[𝑖]𝑀

[𝐷𝑖]𝑀
=  [

𝑉
𝑑𝑛

𝑑

]                                       (7) 

 

The spectral dependence n() of chromium doped BSO is presented in 

figure 1. The dependence 1/φ(2) is shown in figure 2. The Verdet constant as a 

function of wavelength  is obtained in figure 3. The magneto-optic anomaly 

factor γ and the dependence [i]M/[Di]M() are presented respectively in figures 

4 and 5. All values of the Verdet constant are negative in the investigated 

spectral region. This is the proof for the manifestation of paramagnetism of the 

chromium in doped Bi12SiO20 [11]. The covalency of the bonds Cr-O in the 

oxygen substructures of doped crystal changes constantly in the spectral region 

700-850 nm. The attitude [i]M/[Di]M as a function of wavelength  shows the 

anisotropy of chromium rotativity and dispersivity. 
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Figure 1 The refractive index n of Bi12SiO20:Cr in the spectral  

region  700 – 850 nm. 
 

 

 
 

Figure 2 The linear dependence 1/ [deg-1] for Bi12SiO20:Cr in the spectral 

region 700 – 850 nm. 
 

 
Figure 3 The Verdet constant for Bi12SiO20:Cr in the spectral  

region 700 – 850 nm. 
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Figure 4 The magneto-optic anomaly factor  for Bi12SiO20:Cr in the spectral 

region 700 – 850 nm. 

 

 

Figure 5 The attitude of the molecular rotativity [i]M and the molecular 

dispersivity [Di]M as a function of wavelength  for Bi12SiO20:Cr. 

 

 

CONCLUSIONS 

In this work, we have been obtained the anomaly dispersion of magnetic 

rotation (ADMR) of chromium ions in doped Bi12SiO20. As it is known, ADMR 

is connected with the nature of electron levels of ions and their configuration 

and conformation. In this connection, the next step of our investigation is in this 

direction. As it is known, the Faraday effect due to paramagnetic ions is much 

stronger than that of diamagnetic lattice with the size of the effect strongly 

dependent on the choice of the paramagnetic ions and their density in the 

material. This choice is very important for the future applications of the 

investigated doped materials. Therefore we will continue to study their 

magneto-optical properties. 
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Introduction 

The marketing researches on the labour market are key elements from the 

Quality Management System in Shumen University. The Career Centre and 

lecturers who know the capabilities of companies and state institutions in the 

region to employ graduates carry out jointly these surveys. 

The professional fields in the main structural units also support continuous 

and effective contacts with employers. These are in the form of meetings, 

discussions, consultations, assessments and recommendations. The aim is to 

allow educational practices and internships in a real professional environment; 

to enhance mediation in the process of searching work from students and 

graduates. 

Analysis of the results of the polls 
The research on the labor market status and trends involves: 

 Assessment of staff needs within the labor market in order to optimize 

the academic profile of Shumen University; 

 Improvement of quality of education – to specify the knowledge, skills 

and competences required according to the market rules; 

 Enhancement of opportunities for students` realization. 
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The users` profile is determined and recorded in several ways: 

 by direct contact with representatives and experts from leading 

companies and public institutions and by discussion of opportunities for 

internships and practical training of students. Moreover, it is also 

discussed the environment in which business works and its requirements 

to students` training; 

 by collaboration with regional employment offices, Directorates of 

Labour, „Students` Work” units and other units of the Employment 

Agency; 

 by periodic surveys of representatives of companies, institutions and 

organizations, including Regional inspectorates of education and other 

state institutions. 

The following table provides information on the range of interviewers in 

respect to different institutions involved and different profiles of personnel 

required: 

 

Table 1 Interviewed Employers according to the Type of Institution  

(2009-2013) 

Institution/Company/Organization Number Interviewers 

Regional Inspectorates of the Ministry of 

Education  
28 

Companies 47 

Eparchies 15 

Primary Schools 32 

Kindergartens 41 

Secondary Schools 122 

Sports Schools 6 

VIIІth Grades Schools 254 

High Schools, Vocational Schools and 

Specialized Schools 
125 

Special Schools 10 

Total 680 

 

Shumen University establishes and maintains effective contacts with 

employers to ensure successful training and professional development of its 

graduates. There are also close links with experts from ministries and other 

departments, as well as with the Regional Inspectorates of the Ministry of 

Education and Science, with Principles of schools and kindergartens, with non-

governmental educational organizations, with local and state administration, 

with heads of companies and enterprises, with bishops from Bulgarian Orthodox 

Church. 
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As it was mentioned above, there are contacts established with employers 

and there is a system available that allows students to achieve professional 

realization (courses, internships, career development centers, preliminary 

contracts etc.). 

 

The University Career Centre is the mediator between employers, academic 

staff and the students. Its mission is: 

 to assist young people in their professional orientation and development 

including those from disadvantaged groups; 

 to promote the development of relations and cooperation in the field of 

vocational training and career development between educational 

institutions and business organizations, public administration and other 

representatives from social and economic life; 

 to monitor the trends within the labor market and to inform the academic 

management about labour market requirements. It allows more flexible 

adaptation between the majors offered and the actual needs of the 

economy; 

 to enhance the professional realization and career development of 

Bachelor, Master and Doctoral Degree students and graduates; 

 to provide information and to consult undergraduate and graduate 

students in relation to programs funded at national and European level in 

the fields of education, training and leisure. 

The aims, objectives and forms of supporting the career development of 

students, as well as the possibilities of their realization and internships offers 

are available on http://careercenters.staj.bg/?uni_id=315. There is a mail-group 

of students that allows quickly and effective dissemination of opportunities 

available. The University Career Centre assists students in preparing the 

required documents and in establishing contacts with the employers. 

The University Career Centre organizes meetings and presentations with 

leading companies and organizations from the public and private sectors. These 

events aim at presenting to students the opportunities for professional and career 

development. There are discussions organized between companies’ 

representatives and Shumen University students and bilateral protocols are 

worked out. 

The Career Centre expands its information and consulting activities and 

deepens its cooperation with employers` organizations, regional employment 

offices etc. 

The interaction process with employers is dynamic through registrations 

available that allows employers to offer internships, practical trainings and 

vacancies. The Career Center periodically organizes surveys that analyze 

employers’ attitude towards students` internships and trainings.  
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Students are duly informed about internships and trainings available for 

gaining specific skills and competences that are required by the specific needs of 

the labour market: http://careercenters.staj.bg/?page_id=168. Student can 

register online on the Web site of the University Career Centre. At the same 

time, there are lists of contacts of Shumen University graduates that allow 

getting feedback for their realization (http://careercenters.staj.bg/?page_id=183, 

199). There are joint meetings and festive organized with Shumen University 

graduates. Some of the graduates participate as employers. The graduates’ career 

development is documented in the film „Shumen University – University of 

Shumen City” 

The links with business representatives could be illustrated by the fact that 

some of them work as part-time lecturers at the University and others participate 

in University Quality Management Committee and Faculties Quality 

Management Committees. 

 

The following measures are taken in response to the critical evaluations 

about the practical training of Shumen University graduates: 

 the internships organization is optimized; 

 the aims, responsibilities and activities of the participants (students, 

academic staff, specialists) are updated; 

 the quality of performance of internships with their specific stages is 

increased; 

 documentation about organization of different internship programs is 

available; 

 criteria for evaluation of practical trainings and internships of students 

are updated, as well as those in regard to awarding credits; 

 instructions for conducting internships included in the curricula allow 

students to be introduced to professional environment; 

 the specialists are selected and precise financial security within 

internships is implemented; 

 the connections between lecturers, specialists at different departments 

and specialists are optimized; 

 effective indicators for enhancing the practical training and internships  

are implemented. The aim is to upgrade the system of competencies of 

students related to their professional qualification and their motivation 

for realization and career development; 

 students` psychological, pedagogical and social training is supported; 

 there are established inter-institutional networks with basic institutions 

and non-governmental organizations. 

As a result, the professional skills of students have increased, which had a 

positive impact on the assessment of the internships, practical trainings and 
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workshops held. In addition, it is important to say that the positive assessment is 

due to the practical skills hours included in the curricula (especially in 

pedagogical and technological majors). The contact hours are about 42,5% of 

the total workload, which is comparable with European standards. 

It can be supposed that the information about the system for evaluation of 

the knowledge and skills of students available in the curriculum and the 

student`s set, as well as the correct formulation of the assessment criteria 

implied in examinations form the students` attitude towards the education 

process and affect their motivation during different seminars and workshops 

organized. 

The results from the surveys in regard to students' opinion about the 

methods of practical training are periodically analyzed and published. This is the 

way to get feedback from students and academic staff. The educational content 

of „Bachelor” and „Master” degree programs are periodically upgraded 

according to the needs of the practical training and internships. There are 

initiated negotiations with employers for new internship possibilities. New 

contracts are signed with employers from state, private and non-governmental 

organizations. 

 

There is a feedback system developed in Konstantin Preslavsky University 

being a part of the system to ensure the quality of academic activities. That very 

system includes collecting of information for the realization of graduates in 

terms of quality of their professional and scientific training, as well as database 

with various names and contact details of employers and students. There are 

tools developed (inquiry cards, questionnaires, interviews) that allow to collect 

information about graduates` realization and their employers` satisfaction. 

There is a database for the realization of students after the first, the third 

and the fifth year of their graduation. That system takes into account 8 

indicators - directly employed in a major graduated, not directly employed in 

the major graduate, employed in another field, researchers, teachers, 

unemployed, etc. 

In order to monitor the realization after the first, the third and the fifth year 

of graduation The Evaluation and Quality Management Committee at Shumen 

University together with the University Career Center have developed a system 

of methods and forms that allows collection, processing and analysis of the data 

received. The system is developed in accordance with the criteria system 

implemented in institutional accreditation procedure and set by the National 

Agency for Evaluation and Accreditation. 

The information about the realization of graduates of Shumen University 

divided into professional fields is presented in Table 2: 
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Table 2 Students` Realization According to the Data Received by the 

Main Structural Units and the University Career Centre  

Main Structural Unit  Professional Field 
Realization 

in % 

Faculty of Education 

(FE) 

1.2. Pedagogy 54,1 

1.3. Pedagogy of Teaching 48,9 

3.4. Social Activities 61,4 

Faculty of Natural 

Sciences (FNS) 

4.2. Chemical Sciences 55,1 

4.3. Biological Sciences 20,4 

6.2.Agricultural Sciences and 

Plant Protection 
54,1 

4.1. Physical Sciences 32,5 

3.9. Tourism 62,2 

1.3. Pedagogy of Teaching.. 33,7 

Faculty of 

Humanities (FH) 

2.1. Philology 64,8 

2.2. History and Archeology 65,4 

2.4. Religion and Theology 79,1 

1.3. Pedagogy of Teaching 63,1 

3.5. Public Communications and 

Information Sciences 
67,9 

Faculty of 

Mathematics and 

Informatics (FMI) 

4.5. Mathematics 88,5 

4.6. Informatics and Computer 

Sciences 
78,7 

3.8. Economics 73,1 

1.3. Pedagogy of Teaching 82,5 

Faculty of Technical 

Sciences (FTS) 

5.3. Communication and 

Computer Technologies 
85,5 

5.7. Architecture, Construction 

and Geodesy 
75,3 

5.13. General Engineering 67,1 

9.1. National Security 84,8 

College in Dobrich 

(College) 

1.2. Pedagogy 64,7 

4.6. Informatics and Computer 

Sciences 
71,4 

6.2. Agricultural Sciences and 

Plant Protection 
52,4 

 

Surveys within employers analyses their attitude towards staff training, job 

performance, as well as their attitudes towards preferred forms of cooperation 
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with the university. Information from these surveys allow improvement of the 

relationship University - users and support the development of policies for a 

smooth and successful transition from academic studies to the realization of the 

labor market.  

 

The employers` opinions and evaluations are largely satisfactory in terms 

of the training of Shumen university graduates. 

550 users were interviewed and were asked to reply to the question: „Do 

you think that the education at Shumen University has given necessary training 

and skills for full realization?” The users` answers are as follows: Yes, 

absolutely - 88,54%; Yes, to some extent - 5,45%; I don`t know – 4,72%. The 

representatives of the University Career Center processed and systematized the 

survey data. 

 

Another question from the survey is „Why did you hire a Shumen 

university graduate?” 33,2% of the interviewed replied: „because of the very 

good training”, 23,22% of them replied they needed „an employee with a higher 

education diploma in majors offered by the University”, and 11,19% answered 

„I have already hired Shumen university graduates and was aware of the quality 

of their training”. 94,58% of the users are satisfied by the fact they have hired a 

Shumen university graduate, 79,46% are completely satisfied with the 

knowledge of the graduates, and 65,36% are satisfied with the skills of the 

Shumen university graduates. 

 

The summary data of 550 employers` answers on the question: „Do the 

Shumen University graduates possess the following competencies?” is presented 

in the table below:  

Table 3 Types of Competencies Acquired by Shumen University 

Graduates 

 

Skills / Competencies 

Answers in % 

Yes Partly No 
Not 

answered 

Fundamental knowledge in the 

professional area  
96,72 1,45 0 1,83 

Ability to apply knowledge in 

practice  
89,63 9,27 1,09 0 

Information technologies and 

Computer skills 
79,27 17,81 0,90 2,02 

Communication skills and ability to 

work in a team 
86,54 10,90 0,18 2,18 

Ability to solve problems 88,18 9,45 0,18 2,0 

Ethics and loyalty in relations 93,09 4,72 0,18 2,0 
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Another question: „Which of the competences below should be acquired by 

young professionals in order to be successful in your organization (company or 

institution)? The answers are: 

 

Table 4 Business Requirements to Build Different Types of Competences 

in Students  
 

Skills / Competencies 

Ranking in % 

1 2 3 4 5 6 
Not 

answered 

Fundamental 

knowledge in the 

professional area  

69,27 16,36 7,09 1,81 1,81 2,18 1,45 

Ability to apply 

knowledge in practice 
25,09 47,45 24,18 4,0 5,09 2,72 1,45 

Information 

technologies skills 
16,54 16,09 25,45 14,72 22,39 12,36 1,63 

Communication skills 

and ability to work in a 

team 

13,81 9,27 27,27 23,45 21,27 13,27 1,63 

Ability to solve 

problems 
21,27 13,45 17,81 22,36 29,09 34,54 1,45 

Ethics and loyalty in 

relations 
12,36 15,27 16,72 31,63 19,09 33,45 1,45 

 

The answers of the question „Would you like to employ Shumen University 

students for an internship?” are as follows: 

 

Table 5 Users` Willingness to employ Shumen University students as 

trainees  

 

Answers in% 

Yes 
Yes, in 

some cases 
Rather No No I do not know 

Not 

answered 

76,0 15,09 2,0 1,09 3,09 2,73 

 

Another question is: „What recommendations would you like to make in 

order to enhance the quality of university graduates training“ Expectations are 

as follows: 
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Table 6 Users` Recommendations to Enhance Quality of Shumen 

University Graduates Training  

Recommendations Answers in % 

More practical training during the education 

process  
56,36 

Work in multicultural environment 10,54 

Work with Information technologies  21,36 

Students to be more enterprising  9,63 

Foreign Language Teaching  24,18 

Adaptation of curricula, according to modern 

educational needs 
19,09 

Work with bilingual children 2,72 

 

It is 56,4% of the employers form the region that evaluate the level of 

graduates training with „Very good”. Others (almost 40%) evaluate the training 

with „Good”. Thus, they recommend their employees to focus on the Master 

Degree programs offered by the same university. 

 

Employers differ in their opinion about Shumen university graduates` 

knowledge and skills: 69.3% believe that the graduates` knowledge and skills 

are „to a large extent” in accordance with the required qualification, 11.3% say 

graduates` knowledge and skills are „to a very large extent” in accordance with 

the requirements and 12.6% think, these are „to a lesser extent”. Every second 

employer believes that the vacancies Shumen University graduates apply for, 

„basically” are in accordance with the major they graduate. 

 

The opinions regarding the practical training within Shumen University are 

analogous. 48.9% of the interviewed evaluate the practical training with „good”, 

17% of them evaluate the training with „very good”, but nearly one in a four (24 

6%) evaluate the training as „satisfactory” and this very fact proves that 

measures should be undertaken in this direction. 

 

The competitiveness of Shumen University graduates is highly evaluated 

compared to other universities graduates. It is almost the two-thirds of the 

interviewed (65%) that define Shumen University graduates competitiveness as 

„high” and every second asked employer define the skill as „very high”. 

 

Employers` opinion is further examined by organizing annually meetings 

with them. These meetings discussions include: 

 evaluation of the skills of the employees who are Shumen University 

graduates; 

92 JOURNAL SCIENTIFIC AND APPLIED RESEARCH Vol. 9, 2016



 creating opportunities for students` internships and practical trainings; 

 framework contracts for mutual collaboration on students` practical 

trainings. 

Meetings with employers and users are also organized when there is a need 

to consolidate opinions and to explore their opinions about the labor market 

status. During the implementation period of the projects BG051PO001-3.3.07-

0002 „Students` Practices” and BG051PO001-3.1.07-0040 „Education at 

Shumen University serves the Knowledge Economy” co-financed by the EU OP 

„Human Resources Development” the meetings with employers have 

significantly increased. The meetings are organized individually or in a group. 

They held every week. The discussions are about the problems in different fields 

of students` education. 

 

There are regular meetings in September held in the Regional Inspectorate 

of Education concerning the disciplines included in the professional field 

Pedagogy of Teaching…. The principles of different schools are interviewed 

during the school-based teaching practices of students. 

There shall be continuous contacts (at least twice per a semester) with 

employers from translation companies, travel agencies, community centers, 

libraries, museums and other cultural and administrative institutions in 

connection with summer internship for students from philological majors. Joint 

cultural and educational initiatives (readings, anniversaries, promotions of 

publications and so on..) shall be organized. These ensure continuous feedback 

on the quality of the students' training.  

 

In 2010 the Faculty of Mathematics and Informatics organized a round 

table where leading experts from the Ministry of Education and Science, 

mentors and principals from the region participated and discussed issues on: 

 the quality of students` professional practical training; 

 the professional contacts the academic staff of the Methods of Teaching 

Mathematics and Informatics Department within the Faculty of 

Mathematics and Informatics have with mentors in schools in order to 

both to improve the quality of vocational and practical training of 

students and enhance the training skills of mentors; 

 the professional contacts between the University academic staff and 

teachers from the region in terms of enhancement the professional skills 

of teachers through the professional qualifications acquirement and 

organization of qualification courses with different durations. 

 

The Faculty of Technical Sciences within Shumen University regularly 

organizes meetings with its academic staff and the management bodies of 

Alcomet Company, 3S COT Company, Alpha 2000 Company and PSIT 35 
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Company. The aims of the meetings is consulting and research on employers 

requirements for „System Administrator” and „Automation of Production” job 

vacancies. The employers` requirements are always reflected in the curricula of 

the disciplines included in the Communication and Computer Technologies 

professional field. 

There are also regular meeting organized between Shumen University 

representatives and representatives of Regional Inspectorate of Environment and 

Water – Shumen, Raiffeisen Bank, Trust Fund and etc. The meetings outline the 

problems that have negative impact on the education process. During these 

meetings the consolidation on the students` practical training is achieved. 

It should be stated that the contacts established between employers, users 

and Shumen University enhance a favorable environment for professional 

realization and career development of young specialists.  

 

The opinion of Shumen University students and graduates about the 

opportunities available for professional realization is reveled by surveys. 

The results of the surveys among graduates are listed in the tables below. 

The surveys held in 2012 – 2013. 

 

The answers of the question „Are you employed directly in the major you 

have graduated?” are as follows: 

 

Table 7 Shumen University Graduates in % according to the type of 

employment  

 

Are you employed 

directly in the major 

you have graduated? 

Answers in % 

FMI FNS FH FTS FE College 

Directly employed 33,16 22,69 17,22 22,26 22,43 24,36 

Not directly employed 9,51 14,65 18,01 9,24 14,79 26,55 

Employed in a sphere 

not connected with the 

graduated major  

18,50 20,08 13,26 16,38 15,57 21,17 

Researchers 1,02 1,80 1,98 0,00 0,29 0,00 

Teachers 10,28 7,42 14,85 1,68 25,72 15,29 

Not employed 6,16 8,07 5,74 23,10 4,19 4,8 

Other/maternity/ 3,38 1,40 5,58 5,5 2,22 3,27 

Not answered at all 17,99 23,89 23,36 21,84 14,79 4,56 

Total 100 100 100 100 100 100 

 

The answers of Shumen University graduates to the question „If you work 

how long after graduation you have started work?” are as follows: 

94 JOURNAL SCIENTIFIC AND APPLIED RESEARCH Vol. 9, 2016



 

 

 

Table 8 Shumen University Graduates in % according to the time they 

started their  

If you work how long 

after graduation you 

have started work? 

Answers in % 

FMI FNS FH FTS FE College 

Before graduation  10,28 6,22 15,84 9,66 4,35 3,54 

Up to the 6th month of 

graduation. 

44,98 35,94 39,22 20,18 49,72 56,47 

Between 6 months and 1 

year 

8,77 21,88 9,90 0,42 24,66 15,29 

From 1 year to 1.5 years 5,65 4,24 0,39 1,26 0,19 0 

After the 1.5 years 1,28 0,20 0 0,42 0 0 

Not answered at all  29,04 31,52 34,65 68,06 21,08 24,70 

Total 100 100 100 100 100 100 

 

Surveys held among the Shumen University graduates after the state exam 

or during the ceremony of awarding the diplomas give information after the first 

year of their graduation. Part of the Shumen University graduates continues their 

education in Master or Doctoral Degree Programs.  

The realization of the Shumen University graduates of the 3rd or the 5th year 

is monitored by the University Career Centre and by Departments and Main 

structural units within the University. 

The permanent monitoring on the realization and development of the 

gradates and the surveys held on that matter show that, despite of the 

unfavorable changes in the demographic and economic conditions, the majority 

of University graduates in the different professional fields are successful and 

work in state and municipal administrations, business structures. Also, some of 

them work as a faculty and administrative staff in Shumen University or other 

universities and scientific institutions. The feedback is positive which comes to 

prove their high professional qualification. 

 

There is an Alumni. 

There is an electronic data base available (Alumni), which has information 

about 4517 graduate of Shumen University. The information includes the period 

2009 – 2013. Moreover, the database is constantly updating and upgrading. 

The Alumni system provides updated information about: 

 opportunities for continuing education; 

 organization and conduct of scientific forums, research and sport events; 
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 opportunities to apply for Master and Doctoral Degree Programs. 

The Career Centre prepared an updated data set, which contains basic 

information about teachers who graduated Shumen University and work in 

schools. The survey was held in 773 schools in Bulgaria among в 4 551 

interviewed. The number of those who gave answers is 4 301 and is presented 

below: 

Positions                                                   Number 

Academic staff at Higher Institutions       240 

Experts            15 

Headmasters           218 

Deputy Headmasters          61 

Head Teachers            62 

Senior Teachers       1125 

Junior Teachers           35 

Teachers        2142 

Senior Educators          286 

Junior Educators            23 

Resource Teachers            33 

Speech Therapists           18 

Social and Special Pedagogues         13 

Pedagogues/Counseling Pedagogical Staff       22 

Human Resources Specialists           8 

Heads /Computer room, section, unit/           12 

TOTAL         4 313 

 

 

 
Fig.1. Distribution of positions of the interviewed who work in Secondary 

School Education System 
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The conclusions in the analyzed term are as follows: 

 There is established and maintained a system of surveys and other forms 

of feedback for Shumen University graduates. It is a source to make a 

research on the labor and the intellectual market. 

 The different forms of contacts and opinion survey applied, as well as 

the employers` evaluation about the quality of knowledge, skills and 

competencies in the professional careers of Shumen University graduates 

are an important source of information. 

 The data allow the University to form its policy about the academic and 

practical training of students according to the needs of the labor market 

and the intellectual market. 

 The faculties and the departments undertake actions to update the 

syllabus and to achieve a perfect match between the requirements of the 

labor market and of the academic staff from the different professional 

fields that train students at the University. 

 It became obvious that Shumen University has provided students with 

profound training which allow them to get positive feedback by the 

employers. The training also allows graduates to be flexible and 

successful in economic and social area. 

 The interviewed employers gave high evaluation about the degree of 

qualification, competence and competitiveness of Shumen University 

graduates. 

 The Career Center at Shumen University offers students the following 

advantages: contacts between employers and students by participating in 

the „National Career Days” events; information about paid or free group 

and individual internships within the European Union; building a 

professional community by feedback with university graduates 

employers and professionals in a particular field; organization of events 

in the form of lectures, discussions, interactive presentations, meetings 

with professionals, representatives of organizations, companies, agencies 

and their territorial subdivisions as one of the main tools for promoting 

business and attracting the attention of the public and business 

organizations; career counseling for students registered at the University 

Career Center. 

 The Center regularly carries out surveys with graduates, employers and 

analyzes the results. In addition, the Centre participates in international 

studies about academic youth opinion within Konstantin Preslavsky 

University of Shumen. 

 The Commission of evaluation and the quality of education and the 

academic staff at Shumen University and committees at the main 

structural units comprise of representatives of the users of staff, the 

business and the public sector. Their status is of permanent members. 
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They actively discuss the status, needs and requirements of the labor 

market in order to enhance the quality of education, practical training, 

opportunities for internships in a professional environment and 

qualification standards for the realization of graduates. 

 The inter-institutional, national, regional and international cooperation is 

expanded, as well as the cooperation with scientific, educational and 

other organizations and structures to boost research and creative 

activities. 

 The prestige of the University is strengthened by organization of 

international and national forums in the period discussed; promotion of 

university scientific and periodicals; training of teachers; signing 

agreements with foreign universities, etc. 

 The process of improving the quality of education in Shumen University, 

intended to enhance the realization of the students, is a result both of the 

efforts to apply modern teaching methods and the introduction of 

educational technologies aimed to improve the inclusion of students in 

all kinds of activities - research, cognitive and practical activities. The 

process aims at stimulating students` „original thinking”, analyzing skills 

to summarize details and expressing their own opinion. Students are 

encouraged to strive for reduction of information in the learning process 

and to pay attention on development of skills such as ability to find the 

necessary information, ability to summarize, discuss and debate, justify 

their own opinion, as well as to be able to make autonomous decisions in 

a professional situation, etc. 

 Modern teaching methods are applied: methods and techniques to collect 

information, discussions, games, dialogical lectures with case-studies - 

analysis of practical situations and etc. 

 

Conclusion 
There is a system organized within Shumen University that allows faculties 

to be informed on due time about the decisions taken by the Rector`s Body 

regarding the enhancement of the quality of training. By the end of each 

academic year, each University unit analyzes the quality of education and 

identifies the necessary measures for its enhancement. Measures that will allow 

University to update its activities in accordance with National Agency for 

Evaluation and Accreditation criteria are identified for longer periods. The 

effects of these measures are analyzed in self-assessment and accreditation 

reports made by the Rector`s Body.  
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Introduction 

In the last years of XX and the beginning of XXI century the policy for 

disaster and accident protection is a top priority for many countries in the world, 

including Bulgaria. To reduce the risk of them is needed a strong institutional 

basis, which can be facilitated by capacity building, good governance, promotion 

of appropriate policies, facilitating the flow of information and the adoption of 

effective coordination mechanisms. Knowledge of hazards, especially in the 

increasing volatility and instability of the climate allows for a better understanding 

of risks, their management, enhancing responsiveness and minimizing the adverse 

impacts. Information about the economic damage from disasters is also important 

because it enables the assessment of costs and benefits of various measures to 

prevent them.  

Exposition  

Protection of the population, infrastructure and national economy in the 

event of natural disasters, accidents and catastrophes is a complex activity.                       

It became widespread after the threat of use of nuclear weapons of mass 

destruction during the Cold War. Since the 70s of XX century began preparations 

for events to protect the population in case of disasters and catastrophes.  
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During the period 1936 - 2011, the protection of the population in Bulgaria 

exists under different names.   

On July 18, 1936, was established public service "Civil Protection" with the 

issued by the Bulgarian King Boris III Decree № 310. The decree approves a 

Decree-Law of antiaircraft and chemical protection of the population, as well as 

rules and instructions for its implementation. It defines the obligations of the civil 

service and armed forces in activities to protect the civilian population, material 

and cultural values in the Kingdom. In 1942 was formed Governance "Antiaircraft 

and Anti-chemical Protection", which in 1946 was renamed "Anti-aircraft and 

Anti-chemical Defense" (PVHO). In 1950 events by organizing anti-aircraft and 

chemical defense and the preparation of the population for PVHO were assigned 

to the Ministry of Interior (MOI).  

In 1951 a Central Management of Local Anti-aircraft defense was formed, 

which in 1962 was renamed Civil Defense (GO). The structure was directly 

subordinate to the Council of Ministers (MS) and in 1971 passed the authority to 

the Minister of Defense. At the Civil Defense (GO) has been established a system 

of national defense activities, and in addition entrusted tasks of prevention and 

mitigation of natural disasters and major industrial accidents.     In 1978 at the 

structures of the Civil Defense (GO) a system of resistance was built to withstand 

sectors and objects of the national economy and protect the population during 

military conflicts, natural disasters and accidents. 

After the democratic changes in Bulgaria in 1989 started a continuous 

restructuring and reforming of the Civil Defense (GO). In the process of accession 

of Bulgaria to the European Union (EU), particularly topical became the issues 

related to updating the legislation with international standards.   

In 1992 from Civil Defense (GO), the organization was renamed Civil 

Protection (GZ), which reports to the Ministry of Defense (MO). In the same year 

were created the first five professional staff formations for carrying out rescue and 

emergency restoration activities in case of disasters, accidents and catastrophes. 

By 2009, the same formations of Civil Protection (GZ) in the country increased 

to 31.  

In 1994 the Republic of Bulgaria joined the group for cooperation to prevent, 

protect and organize the major disasters and technological accidents established 

by resolution (87) 2 of the Committee of Ministers of the Council of Europe. Civil 

Protection (GZ) formations participate in the work of the Task Force to the Central 

European Initiative. In 1998 were approved "Rules for organization and 

procedures for prevention and liquidation of consequences of disasters, accidents 

and catastrophes."  

On March 24, 2000, governance "Civil Protection" at the MoD was renamed 

"Civil Protection" service and on May 1 it was demilitarized. In 2001, "Civil 

Protection" service at the MoD was transformed into the State Agency "Civil 

Protection", subordinated to the Council of Ministers (MS). The Agency 
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implemented the state policy of protecting the population from disasters, 

accidents and catastrophes.   

State Agency "Civil Protection" initiated the establishment of the civil-

military emergency planning for the countries of Southeastern Europe. The 

agreement was signed on April 3, 2001, in Sofia. In September 2002 was adopted 

a joint program between State Agency "Civil Protection", Bulgarian Red Cross 

(BRC), Ministry of Interior - National Service "Fire Safety" and the Ministry of 

Education and Science, which introduced training to protect the population, for 

students from 1st to 12th grade.  

On November 29, 2002, in Brussels was signed "Memorandum of 

Understanding between the European Community and the Republic of Bulgaria", 

which regulated the participation of Bulgaria in the "Community Mechanism to 

facilitate reinforced cooperation in civil protection." In 2006 the National 

Assembly passed the Law on Disaster Protection and "Rules" of the Ministry of 

State Policy for Disasters and Accidents (MSPDA). They regulated the closing 

from July 1, 2007, of  State Agency "Civil Protection", and the formation in its 

place of the Main Directorate National Service "Civil Protection" (GDNS-ILI) 

with 28 regional directorates.  

By decision of the National Assembly from July 27, 2009, Ministry of 

Emergency Situations was closed, and on November 11, 2009, were adopted 

amendments to the Interior Ministry Law. Through them, the Directorate General 

"Civil Defense" became a national specialized structure of the Ministry of 

Inferior. DG "Civil Protection" was closed on January 1, 2011, according to the 

latest amendments to the Law on Amending and Supplementing the Law on the 

Interior Ministry. According to it, DG "Fire Safety and Rescue" was renamed 

Directorate "Fire Safety and Population Protection" (GDPBZN), and assumed the 

functions of the closed Directorate "Civil Protection".  

Currently the defense is organized and carried out by Directorate "Fire Safety 

and Population Protection" (GDPBZN), which is a national specialized structure 

of the Ministry of Interior for Fire Safety and Protection of Population in case of 

fires, disasters, accidents and catastrophes. The Directorate operates 

independently or jointly with the executive authorities, legal persons and sole 

traders, in the execution of their duties under the terms and conditions of the 

Ministry of Internal Affairs and the Law on Disaster Protection. The main activity 

of the Directorate is to ensure the protection of life, health and property of the 

population, as well as environmental protection if any disasters. Protection of the 

population in Bulgaria when declared a "state of war", "martial law" or "state of 

emergency", is performed in accordance with the provisions of the Geneva 

Conventions from 12 August 1949, and the two Additional Protocols from 8 July 

1977. 
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Geneva conventions  

Until the signing of the four Geneva Conventions (12 August 1949) and two 

Additional Protocols (June 8, 1977), it was a long period of devastating 

destruction and millions of casualties in the two world wars, use of chemical and 

nuclear weapons, and numerous conflicts caused by social inequality, poverty, 

ethnic intolerance and aspirations of imposing dictatorship. Thanks to the efforts 

of the Red Cross, after prolonged international diplomatic conference in Geneva 

on August 12, 1949, it came to the establishment of universal norms of humanity 

in armed conflict.  

The purpose of the Geneva Conventions is a limitation of human suffering 

during armed conflict and prevention of barbaric excesses. From 1864 on, those 

provisions continue to improve. The terms "First Convention", "Second 

Convention", "Third Convention" and "Fourth Convention" mean respectively:  

- Geneva Convention of 12 August, 1949, for the Amelioration of the 

Condition of the Wounded and Sick in ongoing armed forces conflicts; 

- Geneva Convention of 12 August, 1949, for the Amelioration of the 

Condition of Wounded, Sick and Shipwrecked Members of Armed Forces at Sea;   

-  Geneva Convention of 12 August, 1949, concerning the treatment of 

prisoners of war;  

- Geneva Convention of 12 August, 1949, on the Protection of Civilian 

Persons in time of war;   

The term "Conventions" means the four Geneva Conventions from 12 

August, 1949, to protect victims of war. Those Conventions are a set of rules 

governing the detailed treatment of the wounded, sick, shipwrecked persons, 

medical personnel or prisoners of war and civilians and all persons who do not 

participate or discontinued their participation in hostilities.  

The two Additional Protocols, adopted on June 8, 1977, upgrade the 

protection granted to certain categories of persons and objects, further regulating 

the means and methods of conducting warfare, both in international and non-

international armed conflicts. The basic rules of the Geneva Conventions can be 

summarized as follows:  

-  to persons not involved or terminated participation in hostilities, must be 

granted life and their physical and mental integrity. They must be protected and 

treated humanely, without any discrimination;  

-  it is forbidden to kill or wound an enemy who is disabled or has 

surrendered;  

- subjects of protection are : the wounded, sick and shipwrecked persons, as 

well as medical personnel, medical equipment, vehicles and materials;  

- life, dignity, personal rights and beliefs of captured soldiers and citizens 

must be respected;  

- it is forbidden to use weapons or methods of warfare that could cause 

unnecessary casualties or excessive suffering;  
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-  it is forbidden prisoners of war to be subjected to physical torture, 

psychological abuse, cruelty or degrading corporal punishment; 

- it is forbidden to impose liability on individuals for acts they did not 

commit;  

- for the protection of civilians and property, it is forbidden to become subject 

to attack the civilian population and individual civilians. Attacks are allowed only 

against military targets.  

Protection of the population according to the protocols of the Geneva 

Conventions 

As already mentioned, the original goal of creating Civil Protection was to 

protect the population in case of a military conflict. Subsequently, the 

organization's mission is to carry out activities to protect the population in case of 

disasters and accidents. According to Protocol I, by the term "civil protection" is 

understood the implementation of some humanitarian tasks aimed at protecting 

the civilian population against the dangers of war or disaster, and assistance for 

the removal of the immediate consequences, as well as creating the necessary 

conditions for the survival of that population. 

According to the same Protocol I, the main humanitarian tasks of protecting 

the population are: warning; evacuation; providing havens and their fitment; 

implementation of measures to blackout in danger of air raids; rescue operations; 

medical services, including first aid and assistance of a religious nature; 

firefighting; detection and marking of hazardous areas; decontamination and 

similar protective measures; temporary shelter and supplies; providing emergency 

assistance in the restoration and maintenance of order in distressed areas; 

emergency restoration of essential utilities; immediate burial of the deceased; 

assisting in the preservation of objects essential to the survival of the population; 

additional actions needed to perform some of the tasks mentioned above that do 

not only include planning and organization.  

Warning (announcement) – expressed in the provision of timely and 

effective information on approaching or imminent danger of calamity or air 

danger to a certain circle of people who need to increase their readiness for 

responding and taking necessary precautions.  

Evacuation. Evacuation is carried out by 1873. Used as a preventative 

measure to protect the population, it has a humane character. Its nature is 

expressed in the rescue and relocation of the population from dangerous areas to 

safer ones, in declaration of an emergency or in case of danger of disaster. Most 

commonly evacuation applies to floods, river overflow, earthquakes, landslides, 

avalanches, radiological situation and others.   

Providing shelters. This task includes design, construction, use, furniture, 

maintenance, repair of shelters and others. Their construction and maintenance in 

many countries is imperative as it ensures the safety of the majority of the 

population in case of different hazards and concerns.  
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Management of the blackout is a preventive task. It concerns the protection 

of the population, facilities, military personnel, the means of existence of people 

and increasing their security of air raids. This task applies only to wartime.  

Rescue operations. This task is too complex, diverse, and consists in:  

- searching for people in the ruins of buildings damaged by earthquakes, 

landslides, hurricanes, etc.; 

- assistance to people isolated by floods, people found in burned down 

buildings, buried by avalanches, trapped people in an infected area, etc.;  

- assistance to people affected by earthquakes, floods, avalanches, industrial 

accidents, major catastrophes, etc.; 

- are carried out by specialized teams of Directorate "Fire Safety and 

Population Protection" (GDPBZN) to the Interior Ministry and its territorial units, 

regional police offices and centers for emergency medical care.  

Sanitary and spiritual service. The health service is to provide medical 

assistance to the injured and affected people from war, flood, earthquake, 

industrial accidents, catastrophes and others. Performed by medical staff and the 

Bulgarian Red Cross.  

Religious assistance is provided to wounded and dying by clergymen - 

priests, imams and others.  

Firefighting. Performed by specialized services, it aims to rescue people and 

protect facilities of national economy and population.  

Detection and warning for hazardous areas. These activities are required to 

detect, indicate and mark dangerous areas such as minefields, contaminated areas, 

volcanic zones, destabilized buildings after an earthquake, zones of radiation, 

landslides, avalanche areas and others.  

Decontamination. The activity includes:  

- decontamination of water and water sources (i.e. their cleansing);   

- decontamination of persons, housing sites and facilities. Their combustion 

is allowed in order to not spread diseases and epidemics;  

- infected persons are quarantined, and infected areas are under medical 

supervision.  

Providing shelter and food. For survival of the victims are constructed tents, 

shacks of prefabricated elements, vans and water tanks are provided, clothing, 

blankets, medicines and others. Mobile kitchens and canteens are formed, food 

warehouses, water sources are recovered and purified, care is taken for food 

supplies for the population, and others.  

Maintenance of order in the disaster area. This task is usually performed by 

the bodies of the Interior Ministry. Their task is to fight the crowd at intersections, 

exit roads, tunnels, underpasses, overpasses, bus stations, railway stations, not to 

create chaos, disorganization, disorder and the emergence of panic. They should 

intersect attempts to looting and theft, carried out by unscrupulous and criminal 

individuals.    
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Restoring communications. The task objectives are rapid recovery of 

aqueducts, power lines, gas pipelines, to prevent contamination of certain areas 

and the occurrence of epidemics.  

Burials. They have humanitarian, hygiene, ethnic, religious and routine 

function.  

Protection of sites and resources needed for the survival of the population. 

The problem is related to the protection and preservation of food warehouses and 

shops, agricultural sites and areas, animals, plants, irrigation systems, water 

supplies and other, necessary to feed the lives of civilians. Their protection can be 

carried out by gunmen.  

The last task completes all missed in the following fourteen, and is aimed at 

liquidation of the consequences of the disaster and survival of the population. This 

task includes activities related to planning, financing, management of vehicles in 

the disaster area and others.  

 

Conclusion      

Under the provisions of the Law on Disaster Protection and other regulations, 

one of the main tasks of the state is the development and the formation of national 

policy to protect the population and national economy, as well as regulation of 

social relations if any disasters and accidents occur. The law provides protection 

of life, health and property of the population and environmental protection in case 

of emergencies. At present, protection of the population is carried out by the 

General Directorate "Fire Safety and Population Protection" of the Ministry of 

Interior (GDPBZN-Interior Ministry) and components of the URS. The protection 

is carried out at national, regional and municipal level by conducting preventive 

action, preparedness to respond to disasters and emergencies, assistance and 

recovery, resource provision, delivery and acceptance of the aid.  
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