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Mathematical modelling of surface roughness for evaluating 

the effects of WEDM cutting parameters 

Sergiu Lazăr1 

1Faculty of Engineering, Lucian Blaga University of Sibiu, Romania 

E-mail: sergiu.lazar@ulbsibiu.ro 

Abstract. Wire Electrical Discharge Machining is a cutting method used for obtaining parts 
with complex geometries or for cutting hard metals. In machining processes, it is necessary to 
obtain the desired surface quality in order to produce parts providing the required functioning. 
The surface quality also defines some mechanical properties of the product, such as wear 
resistance. Being such a considerable quality, surface quality is influenced by various 
parameters. It will be costly and time consuming to acquire the knowledge of appropriate 
cutting parameters. Unconventional technologies have not been sufficiently studied so far to 
provide such details. So, this рарer ѕeekѕ to emрhаѕіze the іmрortаnce of thіѕ unconventіonаl 
technology аnd more ѕрecіfіcаlly the іmрortаnce of knowіng the раrаmeterѕ of а рroceѕѕ 
before рlаnnіng the рroductіon of а benchmаrk. Cylіndrіcаl metаl cаrbіde раrtѕ wіth а hаrdneѕѕ 
of 1620 HV were cut durіng the analysis, uѕіng the mіnіmum аnd mаxіmum vаlueѕ of some 
cutting раrаmeterѕ. The roughneѕѕ of the obtаіned ѕurfаceѕ has been meаѕured after being cut 
аnd а comраrіѕon tаble that іncludeѕ the раrаmeterѕ vаlueѕ ѕet by the uѕer аnd the meаѕured 
roughneѕѕ wаѕ drаwn uр. Followіng the regreѕѕіon аnаlyѕіѕ, the mаthemаtіcаl model thаt 
determіneѕ the vаlue of the roughneѕѕ аccordіng to the vаlueѕ of the раrаmeterѕ wаѕ 
eѕtаblіѕhed.  
Keywords: WEDM, surface roughness, cutting parameters, mathematical model. 

 

Introduction 

The Electrical Discharge Machining process was discovered by two Russian scientists R. Lazarenko 
and I. Lazarenko in 1943 and in the beginning it was only used  in the military industry. This 
subtractive machining process is used to machine especially very hard metals like pre-hardened steel 
or Titanium, but it can also be used for other materials which are electro conductive. Sometimes EDM 
is used to make objects like mold cavities because it is impossible to obtain a complex geometry using 
traditional cutting processes. [1] 

It can be argued that only a mathematical model can serve to make better use of the process in a 
way that the tools can be used to the maximum, until they reach the required surface quality. The 
evolution of technology in the last two decades has put pressure on the development of unconventional 
technologies, especially micro technologies. Although the unconventional technologies like wire 
electrical discharge machining were extensively studied, no relevant aspects have been revealed 
regarding the cutting parameters influence on the workpiece. [2] 

Regression analysis is a state-of-the-art modelling tool that is used to determine a model of the 
links between numerical data arrays. The term "regression" was introduced in statistics by Frаncіѕ 
Gаlton. By researching hereditary problems based on their observations, he discovers, among other 
things, that in the realities of which it is more important than the collection. [3]  

DOI: 10.33727/JRISS.2020.2.1:5-12 
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Basic information of EDM process  
The main concept behind WEDM is about the way in which an electric arc can erode the surface of a 
material. These electric arcs form when the voltage difference between two closely separated objects, 
called electrodes, becomes high enough to overcome the resistance of the gap between them. When 
this occurs, a current of up to 500 A flows through a microscopically small area, vaporizing the 
surface of the electrodes. This vaporization separates some material from the larger workpiece, leaving 
a pit on the surface. As numerous arcs occur, this pitting erodes the surface over a large area, shaping 
it in the desired manner. [4] WEDM is based on complex, discontinuous and localized erosive effects 
of repetitive pulsed electric discharges between the workpiece and the electrode. As mentioned earlier, 
only materials that have electrical conductivity can be processed. [5]   

Experimental procedures 
As shown in the previous study Influence of machining parameters on surface roughness in WEDM 
cutting, experimental trials are performed by cutting Ø18.8 tungsten carbide bars. A metallographic 
analysis was performed to determine the elemental structure of the material. A Leіkа DM6 M LΙΒS 
metallographic microscope was used and the analysis can be seen below. 

Figure 1. Metallographic analysys for carbide bar 

Metal carbide contains 10% Cobalt (Co) and the size of the Tungsten (W) grains reaches a 
maximum of 0.5 µm. There is also Carbon (C) with black, Titanium (Ti) and Tantalum (Ta). After 
analyzing the elemental structure, the hardness of the carbide bars was analyzed. For this, the Vickers 
method was used on a Struers Duramin 40 durimeter. The square-shaped frame with a square base and 
a diamond tip was applied for 18 seconds, according to ISO6507. The hardness of the outer cylindrical 
surface was measured. In Table 1. the values obtained from the hardness test analysis can be found. 

Tаble 1. Hardness test results 

Sample nr. 1 2 3 4 5 6 7 8 9 10 

Hardness [HV] 1620 1618 1618 1620 1620 1620 1619 1620 1620 1620 

Metal carbide bars were machined on the AgieCharmilles AC Progress V4. The cutting was made 
with CobraCut A wire of size Ø0.25 mm, made of CuΖn36 material (brass). During machining, the 
maximum spark size was 0.06 [mm]. The tensile strength the wire was 900"N/mm2" . The main 
proprieties of CobraCut A can be found in Figure 2 in the below. As show in this Figure, this wire is 
used especially for finishing – 85% performante, with a very high cutting precision – 80%.  
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Figure 2. CobraCut A wire performance 

The next step of the study was to determine the parameters that can be changed on the 
machine mentioned above. In the table below one can find the parameters that could be modified by 
the user in correlation with their minimum and maximum values. 

Table 2. The minimum and maximum values of the parameters on the WEDM machine 

Parameter 
 Values 

 mіn. mаx. 
Wire feed rate [mm/mіn] - Vа  0,50 4 

Wire rotation speed [mm/mіn] - Vr  90 325 

Dielectric pressure [mmHg] - Pd  0,30 18 

Wire tension [N] - Tf  10 40 

Electrical current [Α] - Ι  1 40 
Electrical potential [V] - U  12 82 

The cutting раrаmeterѕ  in the table above are: Vа - wire feed rаte, Vr  - wire rotаtіon ѕрeed, Tf  - 
wіre tenѕіon, Pd - dіelectrіc рreѕѕure, Ι - electrіcаl current(Α) аnd U - electrіcаl рotentіаl (V). 
Considering that the user can change a number of six parameters, with two values (minimum and 
maximum), the total number of parts that must be made to have a complete study is to be determined:  

                                 26 = 64 – number of cutting parts                                      (1) 

Thus, 64 pieces were cut to determine the mathematical model. But first, the roughness 
measurement plan on the workpiece surface was established. The roughness of the cut parts was 
measured using a Mitutoyo Surftest SJ-301 roughness meter. A linear surface was measured at mid-
height, more precisely at half the diameter, as it can be seen in Figure 3.  
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Figure 3. Roughness measuring area 

Regarding the roughness measurement, the arithmetical mean deviation of the assessed profile Ra, 
the maximum height of the profile Rz and maximum peak height Rp were measured. [6] 

Tаble 3. The values of the test parameters and the resulting roughness 

Nr. 

Wire feed 

rate 

[mm/mіn] 

Wire 

rotation 

speed 

[mm/mіn] 

Dielectric 

pressure  

[bar] 

Wire 

tension  

[N] 

Electrical 

current  

[Α] 

Electrical 

potential 

[V] 

Rа 

[µm] 

1 4 325 18 40 40 82 2,86 

2 4 325 18 40 40 12 2,88 

3 4 325 18 40 1 82 0,52 

4 4 325 18 10 40 82 2,87 

5 4 325 0,3 40 40 82 2,87 

6 4 90 18 40 40 82 2,87 

7 4 325 0,3 10 40 82 2,88 

8 4 325 18 10 1 82 0,53 

9 4 325 18 40 1 12 0,54 

10 4 90 18 10 40 82 2,87 

11 4 90 18 40 1 82 0,53 

12 4 90 18 40 40 12 2,88 

13 4 325 0,3 40 1 82 0,53 

14 4 90 0,3 40 40 82 2,87 

15 4 325 18 10 40 12 2,89 

16 4 90 0,3 10 40 82 2,88 

17 4 90 18 40 1 12 0,54 

18 4 90 0,3 40 1 82 0,53 

19 4 90 0,3 40 40 12 2,89 

20 4 90 18 10 1 82 0,53 

21 4 325 0,3 10 1 82 0,54 

22 4 325 0,3 10 40 12 2,89 

23 4 325 0,3 40 1 12 0,55 

24 4 325 18 10 1 12 0,55 

25 4 90 0,3 10 1 82 0,54 

26 4 325 0,3 10 1 12 0,55 
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Nr. 

Wire feed 

rate 

[mm/mіn] 

Wire 

rotation 

speed 

[mm/mіn] 

Dielectric 

pressure  

[bar] 

Wire 

tension  

[N] 

Electrical 

current  

[Α] 

Electrical 

potential 

[V] 

Rа 

[µm] 

27 4 90 18 10 1 12 0,55 

28 4 90 0,3 40 1 12 0,55 

29 4 90 0,3 10 40 12 2,90 

30 4 90 0,3 10 1 12 0,56 

31 4 90 18 10 40 12 2,89 

32 4 325 0,3 40 40 12 2,89 

33 0,5 325 18 40 40 82 2,42 

34 0,5 325 18 40 40 12 2,44 

35 0,5 325 18 40 1 82 0,08 

36 0,5 325 18 10 40 82 2,43 

37 0,5 325 0,3 40 40 82 2,43 

38 0,5 90 18 40 40 82 2,43 

39 0,5 325 0,3 10 40 82 2,44 

40 0,5 325 18 10 1 82 0,09 

41 0,5 325 18 40 1 12 0,10 

42 0,5 90 18 10 40 82 2,43 

43 0,5 90 18 40 1 82 0,09 

44 0,5 90 18 40 40 12 2,44 

45 0,5 325 0,3 40 1 82 0,09 

46 0,5 90 0,3 40 40 82 2,44 

47 0,5 325 18 10 40 12 2,45 

48 0,5 90 0,3 10 40 82 2,44 

49 0,5 90 18 40 1 12 0,10 

50 0,5 90 0,3 40 1 82 0,10 

51 0,5 90 0,3 40 40 12 2,45 

52 0,5 90 18 10 1 82 0,09 

53 0,5 325 0,3 10 1 82 0,10 

54 0,5 325 0,3 10 40 12 2,45 

55 0,5 325 0,3 40 1 12 0,11 

56 0,5 325 18 10 1 12 0,11 

57 0,5 90 0,3 10 1 82 0,10 

58 0,5 325 0,3 10 1 12 0,11 

59 0,5 90 18 10 1 12 0,11 

60 0,5 90 0,3 40 1 12 0,11 

61 0,5 90 0,3 10 40 12 2,46 

62 0,5 90 0,3 10 1 12 0,12 

63 0,5 90 18 10 40 12 2,45 

64 0,5 325 0,3 40 40 12 2,45 
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From the data in the table above some main conclusions can be drawn. First of all, we must 
highlight the lowest value of the roughness that was obtained - 0.08µm and the highest value - 
2.90µm. The roughness values are low due to the machine, the wire and the dielectric on which the 
cutting process was made. 

 
Figure 4. Distribution of roughness graph 

As shown in the previous Figure, 16 roughnesses were obtained in the interval [0.08; 0.12], 16 
roughnesses in the interval [0.52; 0.56], 16 roughnesses in the interval [2.42; 2.46], and other 16 
roughnesses in the interval [2.86; 2.90].  

This equal distribution of 4 times 16, provides truthfulness of the mathematical model of 
roughness. In addition, a well-simmetry distribution can be observed, in each interval of measurement 
of the difference between the minimum and maximum points of 0.04 µm in all 4 intervals. Another 
symmetry highlighted in the graph Distribution of roughness values for machined parts refers to the 
difference between the minimum and maximum between the values of the first set of 16 roughnesses 
in relation to the next. 

Consequently, as can be seen in the graph below, the roughness distribution does not have a linear 
distribution. This is due to the uneven distribution of the processing parameters, respectively to the 
sudden touching of the minimum and maximum points. 

Reductio ad absurdum is applied to develop the mathematical model. It is understood that the 
functions Rа=f(Vа,Vr,Pd,Tf,Ι,U) are described by subtracting the processing parameters with a given 
coefficient: 
                                                      Rа= x*Vа+y*Vr+z*Pd+а*Tf+b*Ι+c*U                                 (2) 
 

All the values in Table 3 are entered in an analysis program for the implementation of the 
regression analysis and the following information is exported: 
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SUMMΑRY OUTPUT 

                Regreѕѕіon Stаtіѕtіcѕ 

       Multірle R 1 

       R Squаre 1 

       Αdјuѕted R 
Squаre 1 

       Stаndаrd 
Εrror 

3,73286Ε-

16 

       Obѕervаtіonѕ 64 

       

         ΑNOVΑ 

        

  df SS MS F 

Sіgnіfіcаnce 
F 

   Regreѕѕіon 6 90,70311887 15,11719 1,08Ε+32 0 

   Reѕіduаl 57 7,94254Ε-30 1,39Ε-31 

     Totаl 63 90,70311887       

   

         

  

Coeffіcіent
ѕ 

Stаndаrd 
Εrror t Stаt P-vаlue Lower 95% 

Uррer 
95% 

Ιnterceрt 0,000000 1,65148Ε-16 1,985267 0,051934 -2,8403Ε-18 

6,59Ε-

16 

Vа 0,125500 2,66633Ε-17 4,71Ε+15 0 0,1255 0,1255 

Vr -0,000011 3,97113Ε-19 -2,7Ε+13 0 -1,054Ε-05 -1,1Ε-05 

Pd -0,000478 5,27241Ε-18 -9,1Ε+13 0 -0,0004785 -0,00048 

Tf -0,000150 3,11072Ε-18 -4,8Ε+13 0 -0,00015 -0,00015 

Ι 0,060000 2,39286Ε-18 2,51Ε+16 0 0,06 0,06 

U -0,000250 1,33317Ε-18 -1,9Ε+14 0 -0,00025 -0,00025 

In conclusion, the mathematical model for the determination of roughness as a function of 
measurement is as follows: 

Rа=0,1255×Vа-0,00001054×Vr-0,0004785×Pd-0,00015×Tf+0,06×Ι-0,00025×U         (2) 

                         Ra = Va8 + 527Vr5×107 + 957Pd2×106 + 3Tf2×104 + 3I5×10+ U4×103                              (3) 

Conclusions 
In conclusion, it can be stated that this mathematical model is accurate. The author considers it 
imperative that the industry prepare a library with all the information regarding the processing of 
materials according to hardness and electrical conductivity.  

In this way, the development of mathematical models such as the one discovered in this study will 
help the unconventional technology industry. This is the only way that unconventional technologies 
will become much more powerful than they are at the moment. [7] 

Using this mathematical model it will be possible to calculate the processing parameters taking into 
account the two essential principles: the principle of high productivity and the principle of quality. 
Also, it will be possible to reduce costs because the intermediate control operation of the processing 
surface will be necessary only rarely. 
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This mathematical roughness calculation model refers only to tungsten carbide whose hardness and 
metallography are known. However, this mathematical model can be improved by adding correction 
coefficients to the formula for relative or other errors. The results of this study can also be improved.  

In this case, we analyzed the surfaces of 64 machined parts with a minimum parameter and a 
maximum parameter. If we had analyzed with a median parameter, ie with the average value of the 
parameters, the results would have been closer to the truth. But in this case, we should have analyzed 
729 pieces – 36 = 729.                                                                               

The third stage of this study will have to integrate through a software application all the values 
obtained and the determined mathematical mode. Then, this application will have to serve engineers, 
technologies and operators in order to be able to process materials better and faster. 
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Abstract. The paper deals with an analytical method for the kinematic analysis of the multi-link 
guiding mechanisms used for the rear beam axles of motor vehicles. The method is based on the 
representation of spatial movement of the axle as a screw motion. The finite rotation of the axle 
around the screw axis is modelled by using rotational indicators and tensors. For solving the non-
linear system that describes the kinematic behaviour of the axle guiding mechanism, an 
algorithm based on the Newton-Kantorovich approach was developed. The numerical 
application was carried out by considering an axle guiding mechanism by five points - on five 
spheres (codified 5-SS). 

Introduction 
Generally, the spatial guiding of the bodies can be achieved in two ways: by guiding a characteristic 
point of the body and orienting it with respect to the considered point (solution that is usually used in 
industrial robots), or by guiding several points of the body, the latest solution being also used for guiding 
the rear beam axles of the motor vehicles in relative movement to the chassis. The arrangement of the 
guiding points on the rear axle is made taking into account the kinematic requirements (regarding the 
accomplishment of the necessary movements, namely the vertical displacement of the axle and its 
rotation around the longitudinal axis of the car), as well as the dynamic ones (taking over the contact 
forces from the wheels). The structural systematization of the axle guiding mechanisms according to the 
possible guiding cases was depicted in [3]. 

In addition to the necessary specified motions of the rear axle, other additional linear and angular 
displacements occur during the operation of the guiding mechanism, as follows: rotations of the axle 
around the transversal and vertical axes, displacements of the axle centre along the transversal and 
longitudinal axes. These movements are undesirable and they have the effect of changing the direction 
of travel of the car and losing stability, changes in wheelbase and wheel track (with additional wear and 
consumption), increased rolling resistance, and additional stresses in the suspension system. Due to 
these negative effects, all the additional movements must be cancelled or minimized, as far as possible. 
The purpose of the kinematic analysis is to establish the functions that describe the stated movements, 
and to calculate their variations during the operation of the axle guiding mechanism. 

Considering the specific features, the kinematic analysis of the axle guiding mechanisms is based on 
simplified models in which the chassis is fixed connected to ground (thus being the reference part of the 
mechanism), and the force generating elements (such as springs, dampers, tires, bumpers, anti-roll bars) 
are not taken into account. The connections of the guiding links/arms to the adjacent parts (axle and 
chassis) are commonly modelled by spherical joints [3, 12-14, 16]. 
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In the scientific literature, the kinematic analysis of the axle guiding mechanisms is achieved in two 
ways: by developing analytical methods, which consist of formulating and solving the equation systems 
that describe the kinematic behaviour [3, 5, 7, 8, 15]; by using commercial MBS (Multi-Body Systems) 
software solutions, which automatically formulate and solve the movement equations [4, 9, 17, 18]. The 
use of MBS software brings important benefits for various types of applications, such as those presented 
in [1, 2, 6, 10], but their high cost is still a major impediment. 

This paper deals with the development of a numerical method for the kinematic analysis of the axle 
guiding mechanisms. The method is a general one, which can be applied for all types of rear axle guiding 
mechanisms (at least the frequently used ones). 

Problem formulation 
The numerical method proposed in this work is based on the modelling of the spatial movement (position 
and orientation) of the rear axle as a screw movement [11], considering the rotation around the screw 
axis u (i.e. the angle ) and the translation along this axis (i.e. the displacement b), as shown in Figure 
1. 

The axle position, with reference to the origin O of the global coordinate system, is determined by 
the position vector ru. In order to define the axle spatial movement, the position vector, velocity and 
acceleration of a certain point M on the axle must be known. The global position of this point is defined 
in the following way 
 

 qrr GM  , (1) 

 
where rG is the global position vector of a reference point G, while q is the local position vector of M relative 
to G. 
 

 

 
Figure 1. The modelling of the screw movement of the rear axle. 

 
In figure 1, the vector q defines the orientation of the rear axle, and it results by the rotation around 

the screw axis from the initial configuration q0, while rG is used to model the position of the axle. The 
scientific literature reveals several methods for modelling the orientation of the vector q around the 
screw axis u, such as Euler angles, Bryant angles, Kardan angles, director cosines, rotational indicators 
and tensors, and others. In what follows, the method based on rotational indicators and tensors [11] will 
be used. 
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The rotational indicator  = (u, ) contains the three components of vector u and the corresponding 
revolute angle . The finite rotation of the vector q (having the initial configuration q0) is obtained by 
integrating the differential rotation around the instant axis of angle d, 
 

 
0

q)βT()β(qqdβuqd  , (2) 

 

 T() = I + sin U + (1 - cos) U2 ,  ,

0uu
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  (3)  

 
where T() is the rotational tensor that describes the finite rotation of the vector q around the screw axis q 
(of angle ), I - the unit tensor, and U - the anti-symmetric tensor.  

Of the four parameters of the rotational indicator, due to the condition |u| = 1, only three are independent. 
The passing to three parameters is done by introducing the vector w of the same direction with u, 
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β
tguw  ,  (4) 

 
whose components are the Rodrigues parameters of the finite rotation (the three-parametric representation 
of the finite rotations). The rotational tensor T() will be: 
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The analytical representation of the screw movement of the point M is given by: 

 

 ,q)wT(r)w,r(r
0

GGM   (7)  

 
where the six components of the vectors w and rG are independent motion parameters. 

Case study 
The application for this paper corresponds to an axle guiding mechanism by five points - on five spheres 
(5-SS), which is shown in Figure 2. The mechanism, which has a single degree of mobility, contains 
contains four longitudinal bars, up-down arranged relative to the axle axis in pairs of two (1s-1d, 3s-3d), 
while the fifth bar (4), which is called Panhard bar, is transversally disposed.   

The geometrical model of this guiding mechanism is defined by the following parameters: the global 
coordinates of the joints M0i of the guiding bars to chassis, in the global coordinate system OXY; the 
local coordinates of the joints Mi of the guiding bars to axle, in the axle reference frame PXPYPZP; the 
static position of the axle, in OXYZ; the lengths of the guiding bars; the wheel radius and the wheel 
track. 
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Figure 2. The axle guiding mechanism of type 5SS. 

  
The center of the left wheel (Gs) is considered as reference point (corresponding to G in equation (1)), 

from equations (7) resulting: 
 

   0,lr)rr()wT(rF
2
i

2
M0i0GsMiGsi   (8) 

 
where i = 1 ...5; Mi  [Ms, Md, Ns, Nd, T]; M0i  [M0s, M0d, N0s, N0d, T0].  

The rotational tensor T(w) is defined by the following components: 
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Equation system (8) can be rewritten in the following form: 
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2
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  (11) 

  
The vertical displacement of the left wheel centre (ZGs) is selected as independent kinematic parameter, 

while the unknowns are XGs, YGs, wx, wy, and wz. In the initial position, the global coordinates of the guiding 
points and those of the wheel centre can be established depending on the stationary position (vehicle in 
rest) of the axle in the global reference frame OXYZ and the corresponding local coordinates in the axle 
reference frame PXPYPZP, as follows: 
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The solving the non-linear system (11) was carried out by using the Newton-Kantorovich method. The 
initial solution of the non-linear system corresponds to the stationary position of the vehicle, while for a 
current position of the guiding mechanism, the initial solution is that obtained in the previous position, and 
in this way the spatial positioning of the guiding mechanism (in terms of parametric vectors of the axle 
finite movement, namely rGs and w) can be determined for the whole vertical travel of the axle, transposed 
by the variation field of the independent parameter (ZGs).  

The global coordinates of the guiding points Mi are then determined based on equations (7): 
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where the rotational tensor T() has the following componenents: 
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For computing the coordinates for any other point of interest on axle (e.g. the axle center P), equations 

of form (13) can be used.  
Afterwards, the kinematic functions that describe the behavior of the axle guiding mechanism can be 

determined, namely the linear displacements of the axle center along the longitudinal (XP), transversal 
(YP) and vertical (ZP) axes (as shown in Figure 3), and respectively the rotations of the axle around 
the longitudinal (x), transversal (y) and vertical (z) axes (Figure 4), as follows: 
 displacements of the axle center: 
 
 XP = XP - XP

0, YP = YP - YP
0, ZP = ZP - ZP

0;  (17) 
 
 axle roll rotation: 
 

 ;  (18) 

 
 axle rotation around its own axle (where G is a point located on the local axis XP of the axle reference 

frame PXPYPZP - see Figure 2): 
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 axle pivoting rotation: 
 

 .  (15) 

 

 
Figure 3. The linear displacements of the rear axle. 

 

 
Figure 4. The orientation angles of the rear axle. 

Results and conclusions 

The method presented above was algorithmized and transposed on computer by using the programming 
software environment Borland Delphi (based on Object Pascal). The numerical simulation for this work 
was carried out by considering the following values of the input data for the kinematic analysis (in 
correlation with the notations in Figure 2): 
 the global coordinates of the joints to chassis: M0s (1624.0, -457.0, 79.0), M0d (1624.0, 457.0, 

79.0), N0s (1885.0, -255.0, 252.0), N0d (1885.0, 255.0, 252.0), T0 (2538.0, 457.5, 139.0) [mm]; 
 the global coordinates of the joints to axle: Ms(P) (-58.0, -457.0, -58.0), Md(P) (-58.0, 457.0, -58.0), 

Ns(P) (31.0, -205.0, 114.0), Nd(P) (31.0, 205.0, 114.0), T(101.5, -457.0, 0.0) [mm]; 
 the static/initial position of the axle center: P0 (2400.0, 0.0, 145.0) [mm];  
 the lengths of the guiding bars: l1s,d = 718.04, l3s,d = 548.33, l4 = 915.25 [mm]. 
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By the kinematic analysis, the results that describe the behavior of the axle guiding mechanism have 

been obtained. The diagrams in Figures 5 and 6 show the displacements of the axle center along the 

global reference frame axes, as well as the three rotations that determine the spatial orientation of the 

axle/guiding mechanism. The imposed variation field for the independent kinematic parameter is ZGs[-

80, 80]mm, thus simulating the up/down travel of the wheel/axle in a passing over bumps regime. 

 

 

Figure 5. The linear displacements of the axle centre. 

 

 

Figure 6. The orientation angles of the axle. 

 
Based on the study presented in this paper, the following conclusions can be drawn: the proposed 

method uses geometric parameters of the axle guiding mechanism that can be read directly from the 
execution and overall drawings; by choosing as an independent parameter the vertical movement of the 
wheel center, there is a good correlation with the actual load on the car; the coordinates of any point on 
the axle are easy to calculate.  

By reference to other methods from literature, the numerical algorithm proposed in this work brings 
several important benefits for the kinematic analysis of the axle guiding mechanisms, such as the high 
degree of applicability, the fast convergence of the non-linear system used to model the kinematic 
behavior, and the possibility to be adapted for the multi-link guiding mechanisms of the front wheels 
(with independent suspension). 

The method here presented can be integrated / implemented in a more complex numerical algorithm 
for establishing the static equilibrium position of the axle suspension system (by taking into account the 
elastic and damping elements, as well as the system of external forces applied to the car), this being one 
of the directions for further research in the field. 
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Abstract. The purpose of this study is to measure the response of galvanic skin with the 
accelerometer glove. In this paper, we focus on detecting the level of stress using GSR sensor 
data and testing the possibility of using the accelerometer glove (own implementation) on a large 
number of people. The experimental part of this study involved interviews with 15 people. The 
case study was conducted using a proposed questionnaire about stress at work and, in the same 
time each person was connected to the glove of the accelerometer. Occupational stress is an 
enemy of society and, in my view, every future direction of stress identification is a good start 
to discovering the best way to reduce it. 
Keywords: accelerometer, glove, GSR, stress, measurements. 

 

1. State of the art 
Reviewing the literature, we have found a lot of questionnaire about stress at work, such us: Holmes and 
Rahe Stress Scale Questionnaire to determine stress factors[1], Cohen Williamson Questionnaire to 
determine stress level[2], General Questionnaire on Working Environment and Health Status to 
determine the effects of stress and so on. [3] 

GSR is a method of measuring the electrical conductance of the skin, because the emotion can cause 
more sweat. GSR device allows you to spot strong emotions by attaching electrodes to two fingers on 
one hand for right prediction of stress level percentage. [4] 

Galvanic skin response measurement and analysis is used to measure skin resistance, skin 
conductance and stress level of people. With GSR device you can observe and record changes in 
respiratory rate, heart rate and skin resistance associated with cognitive behavior and emotion. [5] 

There are several studies which propose different methods of detecting stress levels by measuring 
skin conductance and skin resistance. [6] 
 
2. Experimental 
The research was performed with accelerometer glove. The description of components are presented 
below.  

The circuit consists of a three-stage transistor amplifier which are directly connected.  
Each of the transistors being connected to the next by a conductive connection. So, this amounts to 

a DC voltage amplifier. The last transistor T3 has an LED diode which should detect the skin 
conductance. When this transistor receives a base current from its predecessor T2, it transmits it and the 
LED lights up. The second transistor is connected in series with T1 that supplies T2 with base current. 
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This input transistor T1 receives a base current when the sensors are subjected to conductive 
overpressure. The high impedance resistance of dry skin is sufficient for this. If the fingertips are wet, 
the resistance descend to a few Kilo Ohms. The input potentiometer is used to adjust the sensitivity and 
it is turn to the left to make it insensitive and to the right for the highest sensitivity. 

To activate the LED diode, the pair of transistors T2 / T3 must be between 5 and 10 mA as soon as 
the base of T2 receives between 5 and 10 µA. When the potentiometer is turned completely to the right 
(maximum sensitivity), a resistance of 5 to 10 m Ohm at input and in this way T1 can arrived  to the 
diode with 0.7V. 

It is necessary to turn the potentiometer in the other direction in order to obtain an result on the 
resistance of the changing skin. The capacitor parallel to the base, emitter segment of T1 prevents the 
high impedance input parasitic signal from being absorbed. [7] 

The glove detects changes in skin resistance (skin wetness) and displays the slightest changes in skin 
resistance on an LED diode display. 

For the experimental part we take in consideration the following tools: 
• The questionnaire about the stress at work 

We elaborate an online survey which are presented below: 
The questionaire about the stress at work 

1) Did you feel stressed by the job tasks? 
a) Yes; b) No 

2) Interaction (physical, online) with people will make the activity worse? 
a) Yes; b) No 

3) Technology and changes regarding how to work will affect you? 
a) Yes; b) No 

4) Do you have time for your lunch break?  
a) Yes; b) No 

5) Usually do you make overtime work? 
a) Yes; b) No 

Interpretation of questionnaire:  
If positive answer (yes = 1) are more then 30 – considered high stress level at work. 
If negative answer (no = 0) are less then 30 – considered normal stress level (no affect the health). 

• The accelerometer glove to detect stress under GSR sensors presented in figure 1. 
 

 
Figure 1. Accelerometer glove 
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3. Measurement results 
To analyze the results, I used GSR package software [8] presented below: 

// save pin numbers to variables 
int sensorPin = A0; 
int ledPin1 = 2; 
int ledPin2 = 3; 
int ledPin3 = 4; 
int ledPin4 = 5; 
void setup() { 
    // define which pins are used for input and output 
    pinMode(sensorPin, INPUT); 
    pinMode(ledPin1, OUTPUT); 
    pinMode(ledPin2, OUTPUT); 
    pinMode(ledPin3, OUTPUT); 
    pinMode(ledPin4, OUTPUT); 
    // open a serial port connection to computer 
    Serial.begin(9600); 
} 
void loop() { 
    // read data from appropriate pin and assign value to variable 
    int sensorVal = analogRead(sensorPin); 
    // print sensor reading to the the computer via serial port 
    Serial.println(sensorVal); 
    // set all leds to off 
    digitalWrite(ledPin1, LOW);  
    digitalWrite(ledPin2, LOW); 
    digitalWrite(ledPin3, LOW); 
    digitalWrite(ledPin4, LOW); 
    // turn on leds based on value from sensor 
    if (sensorVal >= 20) {  
        digitalWrite(ledPin1, HIGH);  
    } 
    if (sensorVal >= 40) {  
        digitalWrite(ledPin2, HIGH); 
    } 
    if (sensorVal >= 60) {  
        digitalWrite(ledPin3, HIGH); 
    } 
    if (sensorVal >= 80) {  
        digitalWrite(ledPin4, HIGH); 
    } 
    // wait for 20 milliseconds before reading sensor again 
    delay (20);    
  } 

  The experiment involved 15 subjects from different institution of Romania.  
The result obtained after answered of questionnaire and GSR measurements with accelerometer 

glove are related in the table 1 from bellow. 
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Table 1. Results of GSR data collection 
Respondent Q1 Q2 Q3 Q4 Q5 GSR  

1 1 1 1 1 0 4.13 
2 1 0 1 0 1 4.99 
3 1 1 1 0 1 3.11 
4 1 0 1 0 1 4.99 
5 1 1 1 0 1 4.56 
6 1 1 1 1 0 6.93 
7 1 1 1 0 1 3.17 
8 1 1 1 0 1 3.97 
9 1 1 1 0 1 5.27 
10 1 1 1 0 1 6.01 
11 1 0 1 0 1 5.76 
12 1 0 1 0 1 3.99 
13 1 1 1 1 0 4.03 
14 1 0 1 0 1 6.37 
15 1 0 1 1 0 6.12 

 
The questionnaire puts the brain in motion and after that, during a 5 minute screening respondents 

are seated with accelerometer glove in front of the monitor and we can detect changes in stress level 
from the GSR sensor. 

The result obtained just with accelerometer glove, without survey, are related in the table 2 from 
bellow. 
 

Table 2. Results of GSR without survey 
Respondent GSR measurements   

1 2.99 
2 3.11 
3 2.73 
4 4.32 
5 3.00 
6 5.71 
7 1.97 
8 2.87 
9 4.07 

10 4.59 
11 3.99 
12 3.61 
13 2.91 
14 5.16 
15 4.84 

 
The GSR device generates the graphics which are showing the variation of stress. 
The results indicate that the stress level is high after they answer to the questionnaire. Analyzing the 

below figures (fig.2, fig.3, fig.4 and fig.5) we can see that the results for GSR screening are lower in 
case when the accelerometer glove was applied without survey than measurements GSR after they 
complete the survey (the brain processes the memory of different situations). 
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Figure 2. GSR stress level 

 
 

  
Figure 3. GSR measurements 

 
 

  
Figure 4. Results of average for the survey 
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Figure 5. Results of GSR screening 

 
4. Conclusion 
The conclusions for the results obtained in the research are presented below: 

• figure 2- GSR level showed a high variation of stress in case of respondents who complete the 
survey, but the GSR level for respondents without survey it is low. 

• figure 3 - GSR measurements denote that the stress level is low if the respondents do not 
remember things from the past with the help of the questionnaire. 

• figure 4 - as per average results, the questionnaire “stress at work” prove that the level of stress 
is very high if we make the screening after the survey.  

• figure 5 - the results of GSR screening for respondents who complete the survey compared to 
respondents without survey are high as per red signal showed in the picture and variation of black lines.  

This study is the first step in conducting scientific research with an accelerometer glove to determine 
the level of stress of workers from the perspective of skin galvanization. 

Research in this area is extensive and future directions for this article will be to continue research 
based on the accelerometer glove, improve glove functions and expand the sample. 
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Abstract. Wire Electrical Discharge Machining is a cutting method used for obtaining parts with 
complex geometries or for cutting hard metals. This рарer ѕeekѕ to emрhаѕіze the іmрortаnce of 
thіѕ unconventіonаl technology аnd more ѕрecіfіcаlly the іmрortаnce of knowіng the раrаmeterѕ 
of а рroceѕѕ before рlаnnіng the рroductіon of а benchmаrk. Cylіndrіcаl metаl cаrbіde раrtѕ wіth 
а hаrdneѕѕ of 1620 HV / 92 HRC were cut durіng the analysis9, uѕіng the mіnіmum аnd 
mаxіmum vаlueѕ of the cutting раrаmeterѕ: wire feed rаte, wire rotаtіon ѕрeed, wіre tenѕіon, 
dіelectrіc рreѕѕure, electrіcаl current(Α) аnd electrіcаl рotentіаl (V). The roughneѕѕ of the 
obtаіned ѕurfаceѕ has been meаѕured after being cut аnd а comраrіѕon tаble that іncludeѕ the 
раrаmeterѕ vаlueѕ ѕet by the uѕer аnd the meаѕured roughneѕѕ wаѕ drаwn uр.  
Keywords: WEDM, surface roughness, cutting parameters, machining. 

 

Introduction 
Electrical Discharge Machining process was discovered by two Russian scientists R. Lazarenko and I. 
Lazarenko in 1943 and in the beginning, it was used only in the military industry. This subtractive 
machining process is used to machine especially very hard metals like pre-hardened steel or Titanium, 
but it can also be used for other materials which are electro conductive. Sometimes EDM is used to 
make objects like mold cavities because it is impossible to obtain a complex geometry using traditional 
cutting processes. [1] 

The evolution of technology in the last two decades has put pressure on the development of 
unconventional technologies, especially micro technologies. Although the unconventional technologies 
like wire electrical discharge machining were extensively studied, no revealed aspects are known 
regarding the cutting parameters influence the workpiece. [2] 
 
Basic information of EDM process 

The main concept behind WEDM is about the way of an electric arc can erode the surface of a material. 
These electric arcs form when the voltage difference between two closely separated objects, called 
electrodes, becomes large enough to overcome the resistance of the gap between them. When this occurs, 
a current of up to 500 A flows through a microscopically small area, vaporizing the surface of the 
electrodes. This vaporization separates some material from the larger workpiece, leaving a pit on the 
surface. As numerous arcs occur, this pitting erodes the surface over a large area, shaping it in the desired 
manner. [3] 

WEDM is based on complex, discontinuous and localized erosive effects of repetitive pulsed electric 
discharges between the workpiece and the electrode. As mentioned earlier, only materials that have 
electrical conductivity can be processed. [4] 
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Experimental procedure  

Experimental trials are performed by cutting Ø 18.8mm metal carbide bars. A metallographic analysis 
was performed to determine the elemental structure of the material, Figure 1. A Leіkа DM6 M LΙΒS 
metallographic microscope was used. 

 
Figure 1. Metallographic analysis for carbide bar 

 
Metal carbide contains 10% Cobalt (Co) and the size of the Tungsten (W) grains reaches a maximum 

of 0.5 µm. There is also Carbon (C) with black, Titanium (Ti) and Tantalum (Ta). After analysing the 
elemental structure, the hardness of the carbide bars was analysed. For this, the Vickers method was 
used on a Struers Duramin 40 durometer, Table 1. The square-shaped frame with a square base and a 
diamond tip was applied for 18 seconds, according to ISO6507. The hardness of the outer cylindrical 
surface was measured. In Table 2. the values obtained from the hardness test analysis can be found. 

 
Tаble 1. Hardness test results 

Sample nr. 1 2 3 4 5 6 7 8 9 10 

Hardness [HV] 1620 1618 1618 1620 1620 1620 1619 1620 1620 1620 

 
 

Metal carbide bars will be machined on the AgieCharmilles AC Progress V4. The cutting was made 
with CobraCut A wire of size Ø0.25 mm, made of CuΖn36 material (brass). During machining, the 
maximum spark size is 0.06 mm. The tensile strength the wire is 900"N/mm2" . 
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The dielectric used for WEDM is a combination of water with cationic resin SurTec476, maintained 
at a temperature of 18.8...19.2 °C. The role of the dielectric is to cancel the electrical conductivity of the 
water, to cool the spark electrode and to wash the microparticles. 
The next step of the study was to determine the parameters that can be changed on the machine 
mentioned above. In the table below are the parameters that could be modified by the user in correlation 
with their minimum and maximum values. 
 

Tаble 2. The minimum and maximum values of the parameters on the WEDM machine 

Parameter 
 Values 

 mіn. mаx. 
Wire feed rate [mm/mіn] - Vа  0,50 4 

Wire rotation speed [mm/mіn] - Vr  90 325 
Dielectric pressure [mmHg] - Pd  0,30 18 

Wire tension [N] - Tf  10 40 

Electrical current [Α] - Ι  1 40 

Electrical potential [V] - U  12 82 
 

The cutting раrаmeterѕ found in the table above are: Vа - wire feed rate, Vr - wire rotation ѕрeed, Tf 
- wire tenѕіon, Pd - dielectric рreѕѕure, Ι - electrical current(Α) and U - electrical рotentіаl (V). 
Considering that the user can change a number of six parameters, with two values (minimum and 
maximum), it will be determined the total number of parts that must be made to have a complete study:  
                                               26 = 64 – number of cutting parts                                                            (1) 
 

In this phase of the study, it was decided to perform 6 cuts and making only 6 workpieces to find the 
preliminary data for establishing a mathematical calculation model. Subsequently, to validate the 
mathematical model will be done another 58 workpieces with the other parameters. The main reason 
why we chose to cut only 6 pieces is the ease of establishing a model of influence of the parameters on 
the surface roughness.  

The roughness of the cut parts was measured using a Mitutoyo Surftest SJ-301 roughness meter. A 
linear surface was measured at mid-height, more precisely at half the diameter, as can be seen in Figure 
2.  
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Roughness measuring area 

Regarding the roughness measurement, the arithmetical mean deviation of the assessed profile Ra, 
the maximum height of the profile Rz and maximum peak height Rp were measured. [5]. The values of 
the test parameters and the resulting roughness is shows in Table 3. 
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Table 3. The values of the test parameters and the resulting roughness 

 The veracity of the values presented above can be extracted from the measurement reports of the 
Mitutoyo Surftest microscope, which can be found below, in Figure 3.  

 
Figure 3. Roughness measurement reports 

Nr. 

Wire feed 

rate 

[mm/mіn] 

Wire 

rotation 

speed 

[mm/mіn] 

Dielectric 

pressure 

[mmHg] 

Wire 

tension 

[N] 

Electrical 

current  

[Α] 

Electrical 

potential 

[V] 

Rа 

[µm] 
Rz 

[µm] 
Rа 

[µm] 

1 0.5 325 18 40 1 82 0,08 0,92 0,12 

2 4 90 0.3 10 40 12 2,90 16,12 3,55 

3 2.8 310 16 35 14 80 1,16 6,88 1,41 

4 1 300 15 20 10 60 0,70 5,21 0,87 

5 1.5 305 13.5 27 3 75 0,33 2,29 0,42 

6 1.1 267 12 30 2.5 30 0,27 1,87 0,34 
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The purpose of this study is close to fulfilment. As can be seen, the most important parameter 
influencing the roughness of the surface is the wire feed rate: the higher the value of the wire feed rate, 
the higher the surface roughness. This is justified by the fact that during cutting the surfaces are 
processed very little due to the high speed of movement of the wire. Consequently, the wire fails to 
ensure their complete finishing. [6] 

The second important factor that influences the quality of surfaces is the electric current. The highest 
roughness Ra was obtained where the electric current has the highest value. This is explained by the fact 
that the size of the spark is difficult to control and erodes a larger amount of material. 

The roughness decreases only when the value of the parameter U, Pd and Tf have high values. Of 
these parameters that decrease the value of roughness, the most significant seems to be the electric 
potential. [7] 

Even if the low roughness values can only be observed with the help of special tools, in Fig. 4. a 
significant difference of the pieces obtained due to the pattern can be observed. 

 
Figure 4. Parts cut by EDM 

Conclusions 

For the industry it would be important to prepare a library with specified parameters for machining 
different materials. For example, for the same kind of machining (roughing or finishing), in the tables 
of the machine-tools, the parameters are optimized but it is not specified the quality of the surface that 
can be obtained. Also, a mathematical model will improve the knowledge of the phenomena and it will 
open the possibilities of using the process in different applications. This is the next step of this study. 
[1] 

Although it is very important that the productivity of this process is high, i.e. the parameter Va has 
maximum values during processing, it must be considered that the principle of the quality of the parts 
matters first. 

Thus, the most important thing in WEDM machining is to establish the optimal parameters that 
consider productivity and quality. It is unlikely that maximum productivity and maximum quality can 
be achieved. 
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Abstract. In the full global crisis, innovation must play an active part in solving problems facing 
the countries of the world. Investing in research and development and production of innovations 
is a practical and efficient way to combat recession. The paper presents some innovation models 
used for the development of a sustainable agriculture, the choice of the optimal innovation model 
can lead to the development of society 
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1. Definitions and evolutions 

In 1941, English economist Schumpeter [1] proposed the first definition, in technical-economical 
domain, innovation, definition with general character. He says that innovation is the action whose 
outcome is to produce anything or to produce otherwise. As Schumpeter's definition, it is recognized 
that the innovation in the following activities: a new product creation introduction of new manufacturing 
methods; entering a new market (creating a new market); appealing to a new material; new organization 
of the company; create a new image of the company.  

The classic definitions of “innovation” include:  
• “the process of making improvements by introducing something new”. 
• “the act of introducing something new: something newly introduced”. (The American Heritage 

Dictionary of the English Language) 
• “the introduction of something new”. (Merriam-Webster Online) 
• “a new idea, method or device”. (Merriam-Webster Online) 
• “the successful exploitation of new ideas”. (Department of Trade and Industry,UK) 
• “change that creates a new dimension of performance”. Peter Drucker (Hesselbein, 2002) 
• “a creative idea that is realized”. Frans Johansson (Harvard Business School Press, 2004) 

 
2. Innovation Models  

Many innovations result from seeking a new opportunity. Potential innovator must know that there are 
principles of innovation. These principles can be improved and allow people to innovate.  

Thus:  
1. Be oriented towards action, innovators always seek new ideas, new opportunities and new 

sources of innovation.  
2. To make the product, process or service innovation, to be simple and understandable.  
3. People have to easily understood how innovation function  
4. To achieve product, process, service based on customer preferences.  
5. To start with small-scale innovation.  
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6. Need for targeted high objectives. Successful innovators should aim at trying to find a niche 
market for innovative product.  

7. Innovators must follow the rule: attempt, test, review.  
8. Learn from mistakes. Innovation does not guarantee success. Analysis of fault may give rise to 

another innovation.  
9. Need to develop a schedule of the innovative project with   periodic inspections.  
10. Need to be rewarded those involved heavily in innovation activity.  

 
2.1 “Technology push” model 
The "Technology push" model is a linear model suggests that the innovation process starts with an idea. 
Sometimes the process has the idea / invention only a single man who has knowledge and skills that 
would transform the idea / invention into innovation. Nowadays the starting point of the innovation 
process is the process of research and development in the enterprise. This process includes product 
design and development can be put into production with minimal costs and can be done at a good price.  

Thus the market is seen as a receiver of the proposed products from research and development 
process. Therefore an increase in research and development leads to increased innovation. In the past 
governments support innovation in many countries, this process was to support research and 
development through direct financing. A team of research and development implies that knows enough 
about the consumer needs to develop a new product without consumer participation.  

Technology push model of innovation has not successful in all cases because sometimes the proposed 
innovations are not sufficiently appreciated by the customer and the product does not ensure 
expectations.  
 
2.2.”Market pull“ model 
Alternatively, the “market pull “model suggests that the need for innovation comes from consumers or 
market segment. These needs may be perceived by entrepreneurs or producers or consumers are clearly 
manifested. According to this model for a subsequent successful innovation is necessary first to 
investigate market needs, establishing the needs of both existing products and processes and how to 
meet the needs of new innovative product.  

Therefore this model adds “Technology push “model research phase of market needs (figure 1). 
 

  
Figure 1.Market pull model  

 
2.3. Model of innovation chain-link  

It is a third generation model of innovation third and is proposed by SJ Kline, N. Rosenberg [2]. 
Following this model the innovation process is divided into five stages. In the first stage it is identified  
the consumers needs on a potential market. The second stage begins with an invention or / analytical 
project with the new product or process which as planned will meet the needs found. In the third stage 
takes place design and testing, and innovation process itself. In the fourth stage the project is growing 
and is introduced in series production. Fifth stage of innovation is to present the innovation on the market 
with  the marketing process and distribution beginning .  

Characteristic of this model is the presence of five relations of the innovation process, describing the 
different origins of innovation and knowledge to enter, related to the innovation process( figure 2). Main 
link with the index denoted by arrow C (Central Chain) make  a process generalization which  occur as 
a response to market needs, invention or analytical design, development and production to  the marketing 
process.  

The second link of the innovation process reflects feedback during the duration of the main link. 
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The most important part of feedback, represented by F (feedback), comes from the consumer or user 
of the future customer of the innovation. This link reminds us that innovation is the source of consumer, 
or that they are consumer-oriented innovation processes. The second link shows the occurred  feedback   
in the enterprise, noted f (feedback), and presents the  company  work to solve / skip issues that may 
arise at different stages of innovation, or the source innovation which is  to learn from the  experience 
(learning by doing).  

The third link in the main link connecting the innovation process with knowledge. This link between 
innovation and fundamental research is denoted by D (discoveries), so for example many innovations 
are directly related to scientific research process appearing like enterprise and universities cooperation.  

The fourth link in the process of innovation denoted by K (knowledge) as the first source innovation 
evidences the   existing  knowledge and in the second place the  new emerging knowledge if the existing 
knowledge can not meet needs. 

The fifth link, denoted by I (Innovation) reflects the possibilities open by the innovation  for  
scientific progress. This means the utilization of innovations to make scientific research that will give 
new inventions.  

 

 
Figure 2. Model of innovation chain- 

 

2.4 The triple helix model 

The "triple helix" is a spiral model of innovation that captures multiple reciprocal relationships at 
different points in the process of knowledge capitalization. The first dimension of the triple helix model 
is internal transformation in each of the helices, such as the development of lateral ties among companies 
through strategic alliances or an assumption of an economic development mission by universities.  The 
"triple helix" of university-agrculture-government relations is a neo-evolutionary model of innovation 
process is a model for analyzing innovation in the economy based on knowledge. 

Definition given by Henry Etzkowitz (2002) [3] mentions that "triple helix is a spiral type innovation 
model which describes  the mutual relations in many different points of the accumulation of knowledge 
process." This concept has been approached by some Romanian authors, such as Miron, D. (2008) [4] 
N. F.G.Filip and Vasiliu (2009) [5].VINNOVA Swedish Agency for Innovation adopted triple helix 
model in order to provide efficient solutions to the problems of generation, technology transfer and use 
of new knowledge. The triple helix denotes the university-agriculture-government relationship as one 
of relatively equal, yet interdependent, institutional spheres which overlap and take the role of the other. 
There has been a movement from separate institutional spheres, which represent, at least in ideology, 
the US situation. There has also been a shift from the model of the state encompassing agriculture and 
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academia, in its strongest form in the former Soviet Union but versions could also be found in Latin 
American and European countries. 

Bilateral relations between government and university, academia and agriculture and government 
and agriculture have expanded into triadic relationships among the spheres, especially at the regional 
level. Academic-agriculture-government relations are emerging from different institutional starting 
points in various parts of the world, but for the common purpose of stimulating knowledge-based 
economic development. 

This is a different model of the relationship among the institutional spheres either than one in which 
the spheres are separate from each other and do not collaborate or one in which one sphere dominates 
the others. In figure 3, for example, depicts a model in which the state incorporates agriculture and the 
university. 

The model of overlapping spheres is also different from the model of institutional spheres as separate 
from each other, which, at least in theory is how the US is supposed to work (figure 4). 

            
               Figure 3.Relationship model              Figure 4.Relationship model. 
 

From each of these previous models, whether it was the state dominating the other institutional 
spheres or the spheres separate from each other, we are moving to a model where the institutional spheres 
overlap and collaborate and cooperate with each other (figure 5). 

 

 
Figure 5.Relationship model  
 

The model integrates the three "institutional spheres: research, agriculture and state. The first 
category is composed of researchers involved in the application of new concepts, designs and tools that 
they develop and universities which create educational programs focused on new vocational skills for 
future  graduates. The second category consists of decisional factors in agriculture (entrepreneurs, 
investors, managers, executives). The third category consists of decisional factors in legislative and 
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executive institutions of the state, which legally regulates the conditions for the functioning of 
agriculture, research centers and universities, public funds allocated to R & D and education[5].  

The triple helix model of innovation, with converging institutional spheres of academia, agriculture 
and government each taking the role of the other has been read in different ways in various parts of the 
world. In countries where the interface is well underway, whether occurring from the bottom up, through 
the interactions of individuals and organizations from different institutional spheres, or top down, 
encouraged by policy measures, the triple helix can be recognized as an empirical phenomenon. 

There were three main forms of triple helix model. In the model "triple helix I”, three spheres 
(university, agriculture and government) are institutionally defined. Interactions realized across the 
borders spheres are mediated by organizations as the agriculture liaison offices, centers of technology 
transfer and contract offices. In "Triple II helix “, the helix are defined as different communications 
systems, consisting by markets operation , technological innovation and control on the interfaces. The 
model "Helix Triple III" the institutional spheres (university, agriculture, government) assume each 
others roles, universities taking a quasi-governmental role as organizer of regional or local innovation. 
Triple helix model has been criticized as abstract [6].  
 
3.Conclusion 
In the actual situation, a solution to get out from the crisis is  the state investment in research-
development and stimulation of innovative work. The choosing of the appropriate model innovation can 

lead to the stimulation of   creativity and development of innovative products and services in the 

economy.  

A trilateral series of relationships among industries, governments and universities is emerging in 

regions at different stages of development and with different inherited socio-economic systems and 

cultural values. As regions seek to create a self-reinforcing dynamic of knowledge-based economic 

development, the three institutional spheres are each undergoing an internal transformation, even as new 

relationships are established across institutional boundaries, creating hybrid organizations such as 

technology centers and virtual incubators. The triple helix model and the implication of universities in 

innovative activity can be a solution for getting out of crisis. 

In the actual situation, a solution to get out from the crisis is the state investment in research-
development and stimulation of innovative work. The choosing of the appropriate model innovation can 
lead to the stimulation of   creativity and development of innovative products and services in the 
economy. The triple helix model and the implication of universities in innovative activity can be a 
solution for getting out of crisis. 
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Abstract. The automotive industry is one of the most developed industries in the world and is 

the engine of the economy of many states. This paper aims to present the values of the noise 

level to which a worker is exposed, in a factory in the automotive industry. The purpose of these 

measurements is to evaluate the impact of the noise produced by the activities that take place on 

the factory site and to verify the noise level if it falls within the limits in force at the moment. To 

perform the measurements, 6 areas of the factory were identified; 3 indoor areas: production 

area, office area and metrology laboratory area and 3 outdoor areas: smoking area, truck loading 

area and employee entry area.  
Keywords: Noise, production, noise pollution, office, metrology laboratory. 

 

1. Introduction 
This industry is characterized by a high consumption of raw materials to produce cars, trucks, and buses. 
There are companies that have units with a complete manufacturing cycle, they are also the big car 
manufacturers, but there are other companies that only deal with the assembly and production of 
parts.[1] 

Improving worker productivity, health and safety at work are major concerns of the industry.  
According to [4], productivity was one of the most important factors affecting the overall performance 
of any organization, from small businesses to entire nations. Increased attention has been focused on the 
relationship between the work environment and productivity since the '90. 

Laboratory and field studies have shown that physical and chemical factors in the work environment 
could have a significant impact on human health and performance and, consequently, on productivity. 
Noise in the workplace has a significant relationship with worker satisfaction and performance. [5], [6], 
[7]. 
 
2. The current state  
Noise pollution is a topical issue worldwide. 
Following studies by the World Health Organization (WHO), it has been found that half of Europeans 
live their lives in a continuous noise, and more than a trinity suffer from insomnia as a result of noise 
pollution. Noise is a harmful factor, met frequently in several industrial activities.  

Noise is a loud sound that is measured in decibels (dB). The dB is used as a unit of measurement to 
describe the intensity of sound, and dB (A) is based on the intensity of sound and how the human ear 
reacts. It also has negative effects on work performance in terms of cognitive skills, memory, motor 
skills and perception (Sanders and McCormick, 1993). Noise affects people's nervous system and 
hearing, weakens employees' concentration, reduces attention and reaction skills. There is a possibility 
of discomfort such as fatigue, sleep disorders and headaches. The most important effect of noise is 
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hearing loss. The duration of exposure to noise determines the severity of the disease, in addition to 
frequency, intermittent or persistent disease, age and vulnerability.[8] 
 

3. Monitoring the noise level in a factory from the automotive industry  
Measurements were made to determine the noise level in 6 areas located inside and outside the factory. 
The equipment used to perform the measurements is the iNCH Smartphone application. This is a unique 
application, developed by engineer Robert Bosch and is a basic tool to support noise assessments. The 
instrument comes with a sound level measurement module easy to use, general level mode as a function 
of time and data mode as a function of time. The application basically uses microphones and 
accelerometers built into a Smartphone. 

Contain the latest calibration values for most mobile phone ranges (because every mobile phone is 
different in its own way). There is also a sound calibration tool included to improve the accuracy of 
noise measurement.[2] 

The specific input of the noise analyser is sound, vibrational energy of a certain frequency and 
intensity. 

For the human ear, the frequency of sounds heard is between 20 and 20,000 Hz (Hertz). 
At the same time, in order to be heard, the sound must have a minimum level of intensity (minimum 
threshold) and not exceed a maximum intensity, over which the sound becomes harmful, and the 
auditory sensation is altered becoming painful (painful threshold for the ear). Noise has a complex action 
on the human body. 

To determine the noise level in the factory, the sound measurements were performed inside the 
factory in 6 areas, 3 outside and 3 inside.  
 

Table 1.  Paragraph from standard SR 10009:2017[9] 
Street type / Space considered Noise level 

[dB] 
Stadiums, cinemas, and open-air theaters, cultural, sports and outdoor entertainment 
events 

90 

Car parking 70 
Recreation and rest areas, medical and balneo-climatic treatment 45 
Markets, commercial spaces, outdoor restaurant 65 
Industrial units and spaces with activities assimilated to industrial activities 65 

Street of technical category IV, of local service 60 
Street of technical category III, collection 65 
Technical category II street, connecting 70 

 
 Identified noise sources: 

- supply activities carried out behind the factory; 
- production area noise (Figure 1). 
The total noise of a supply cycle provides from 3 factors: 
- noise produced by the road train engine;  
- truck loading noise (Figure 5);  
- noise from waste collection; 
- background noise. 

The background noise is represented by the road traffic from a nearby boulevard, present for the 
entire duration of the determinations and the noise coming from the neighbouring industrial units.  

In Figures 1, 2, 3, mentioned above, it can be see the determination of the noise level in the production 
area, office and metrology laboratory; areas inside the factory where the values that was measure, are 
within the limits in force. 

Tables 2, 3, 4 illustrate the average, the minimum and the maximum values from which it results that 
they fall within the limits.  
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Also, figures 4, 5, 6 represent the areas outside the factory, the smoking area, the truck loading area 
and the employee entry area. 

Both the values determined in the 3 figures and in tables 5, 6, 7 show that they have a maximum 
allowed value at the property limit of 65 dB (A) according to SR-10009-2017 and table 1. 

 

 
Figure 1.  Determination of production noise 

 
Table 2.  Noise level in the production area 

Average value 63,39 dB(A) 
Minimum value 35,80 dB(A) 
Maximum value 82,52 dB(A) 

 

 
Figure 2.  Determination office noise 
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Table 3.  Noise level in the office area 
Average value 58,08 dB(A) 
Minimum value 15,26 dB(A) 
Maximum value 82,90 dB(A) 

 

 
Figure 3. Noise in the metrology laboratory 

 
Table 4.  Noise level in the metrology laboratory 

Average value 59,44 dB(A) 
Minimum value 31,00 dB(A) 
Maximum value 80,93 dB(A) 

 

 
Figure 4. Noise level in the smoking area 
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Table 5.  Noise level in the smoking area 
Average value 34,90 dB(A) 

Minimum value 22,11 dB(A) 
Maximum value 61,35 dB(A) 

 

 
Figure 5. Determination of noise in the loading area of trucks 

 
Table 6.   Noise level in the truck loading area 

Average value 46,04 dB(A) 
Minimum value 21,54 dB(A) 
Maximum value 65,78 dB(A) 

 

 
Figure 6. Determination the noise in the employee entrance area 
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Table 7.  Noise level in the truck loading area 
Average value 43,84 dB(A) 
Minimum value 22,64 dB(A) 
Maximum value 65,23dB(A) 

 
 
4. Conclusion 
In conclusion, it can be specified that, at the factory limit, outside and inside, the noise level generated 
by the operation of various machinery / equipment, is manifested inside to the factory, not exceeding 
the limitations in force. 

The measurements were performed with the noise sources on, in normal activity. 
The source of noise is the supply activity that takes place using trucks. Another source of noise is 

represented by the production process. 
The background noise is represented by the other activities in the area (cleaning, maintenance, etc.). 
The measurement was performed by recording on certain time intervals and marking the events and 

the type of noise (source or background). 
The traffic and the own activities in the area generate the increase of the noise level. 

According to SR-10009-2017, industrial activities have a maximum allowed value at the property limit 
of 65 dB (A). 
Also, the noise level, generated by the activities inside the factory, are keep below the limits in force 
below 87 dB. 

Comparing the results of the measurements with the limitations presented in Table 1, it is observed 
that there are values that are found in all 3 areas located at the boundary of the unit, below 65 dB (A), 
which is the limit for industrial premises in urban areas. 

Near the noise sources, the noise level is higher and decreases with increasing distance from the noise 
source. 
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Abstract. The objectives of the study is to assess the engineering competence of the subsoil 
and develop subsoil competence map for northern parts of Ondo State, Nigeria, using 
integrated remote sensing, geotechnical studies, geophysical and geological investigations, 
static water level measurement, and borehole logging. The generated subsoil competence map 
was obtained by integrating the results data of these parameters measured. Consequently, the 
map classified the study area into moderate competence (60%), high competence (35%), and 
very high competence (5%). The corrosivity map of the topsoil shows predominant moderate 
to mildly corrosivity, prominently in Ose and Akoko areas, and constitute about 70 %. On the 
basis of design, the obtained settlement values were within the 25 mm commonly 
recommended.  Subsequently, areas characterized by moderate competence material can be 
improved by less expensive mechanical compaction and proper use of admixtures (lime, 
cement, bituminous addition, sand/gravel grading) to increase bearing capacity, compaction 
and shear strength, which will invariably reduce compressibility, settlement and permeability. 
Subsequently, shallow foundation such as pad or raft foundation of reinforced concrete can be 
adopted in the study area 

Introduction 

Site characterization usually provides subsurface information that assists civil engineers in the design 
of foundation of civil engineering structures. The primary purpose of all site investigations is to obtain 
the data needed for analysis and design [1]. Engineering structures are designed and constructed with 
long life expectancy [2] but most problems of structural failure are often associated with improper 
founding of foundations, poor quality of building materials, and inadequate knowledge of the physical 
parameters governing the competency of the soil supporting engineering structures [3]. Physical 
properties governing the stability of structures include but not limited to these: unit weights, porosity, 
consolidation, specific gravity, consistency limits of the soil in association in water, bearing capacity, 
shear strength, compaction characteristics, etc. Also these properties depend on the nature of soil or 
rock in terms of mineralogical contents, texture, and geologic structures. Therefore for engineering 
site investigation to be effective, it must employs an integrated method. Since engineering site 
investigation should be multidisciplinary in approach, if it is to be effective. It should involve 
geomorphological, geological, groundwater studies, remote sensing, geophysical investigation, 
geotechnical investigation/analysis, and borehole logging (to control the geophysical interpretation). 
Therefore many aforementioned workers failed in one or the other to use integrated approach, 
especially where geophysical methods were used. Many failed to constrain the interpretation of their 
geophysical results with borehole logging. Also, many couldn’t map the water table and flow 
direction. 
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All these information gap in the previous works were considered in this study by integrating all 
these methods to evaluate and characterized the northern part of Ondo State into different into 
different engineering subsoil competence zones, for construction purposes and building development. 
The findings of the study would aid the structural engineer and builders in the design of appropriate 
structures and earthwork that command professional feat. 
   
1.1. Description of the Study Area 

The study area is located within the northern part of Ondo State, Nigeria (Figure 1). The selected areas 
include Owo, Akoko, and Ose. These areas are located within longitudes 5°20´E and 6°10´E and 
latitudes 6°30´N and 7°40´N. The area is accessible through the Benin - Ifon highway, Abuja - Lokoja 
Highway and Ado-Akure Highway. The study area has a topographical elevation varying from 40 – 
750 m above the sea level. The northern part of the study area is a rugged terrain (i.e. hilly) especially 
in Akoko area [4], (Figure 2). The lowlands are widespread at Ute and Okeluse axes of the area with 
gentle slope, while the gradient of the northern areas are generally steep. Another aspect of the relief 
of the area is the prevalence of many erosion gullies along hill slopes (Figure 3). The gullies are very 
common and rather devastating in Owo, Ifon, Ikare, Oke Agbe and Isua.  

The mean annual temperature is between 21°C and 33°C (Figure 4a and b) with mean temperature 
of 24°C and mean humidity of 80%. The mean temperature is highest at the end of the Harmattan 
(averaging 28°C), that is from the middle of January to the onset of the rains at the middle of March. 
The area is situated within the tropical rain forest region, with a climate characterized by dry and wet 
seasons. According to Federal Meteorological Survey [5] the annual rainfall ranges between 1000 and 
1800 mm, with a mean annual rainfall of 1500 mm (Figure 4c). The vegetation is the rainforest type 
and is composed of teak, Melina/pulp wood (Figure 1), tall crowned trees mixed with thick 
undergrowth and of woody savannah. The vegetation is of distinct arrangement with tall trees of about 
60 m in height, with smaller herbaceous plants found below them. 
 

 
Figure 1. Land Use Map of the Study Area showing predominant Teak/Gmelina Plantation and 

Disturbed Forest. Inset: Location of Ondo State on Nigeria Map [9] 
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Figure 2. Topographical Elevation of the study area (a) Hill Shaded obtained from ASTER DEM data 

(b) Triangular irregular Network 
 

 
Figure 3. Slope Map of the Study area with northern areas showing very steep gradient, while Owo 

and Ose are predominantly gentle slope 
 

1.2. Geology and Hydrogeology  

The Precambrian Basement rocks of Nigeria include the Migmatized gneissic complex (MGC) of 
Achaean to early Proterozoic age [6], N-S trending Schist Belts of Upper Proterozoic age [7] and the 
Older Granitoid of Pan African age. The geology of study area falls within the southwestern basement 
complex (Figure 5a) and consists of migmatite, granite gneiss, fine grained quartzite, pegmatite and 
quartzo-feldspathic veins, schist, and quartz schist. These rock types dominate Owo and Akoko areas, 
notably along Owo – Oba Akoko, Iwaro – Akungba, Akungba – Supare, Ikare, Epinmi, Sosan, Oke 
Agbe, and Ido Ani. 
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Figure 4. (a) Annual minimum temperature across Nigeria showing a range of 20 - 23 °C in the study 
area (b) Annual maximum temperature ranging from 31 – 33 °C (c) Annual mean precipitation across 

Nigeria with a range of 1000 – 1800mm in the study area 
 

 
Figure 5. Local Geology Map of the Study Area with the Basement rocks occupying 90% of  the area, 

while the sedimentary rocks/deposits occupy a little portion of the southern area [10] (b) Drainage 
Map of the Study area showing a predominantly Dendritic Drainage Patterns 

(b)(a)

(c)

(a) (b)
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    The migmatite complex which is the most widespread basement rock in the area is mainly medium 
grained gneiss. They are strongly foliated rocks frequently occurring as outcrops. On the surface of 
these outcrops, severely contorted, alternating bands of dark and light coloured minerals can be seen. 
These bands of light coloured minerals are essentially feldspar and quartz, while the dark coloured 
bands contain abundant biotite. A small proportion of the area especially to the northeast, overlies the 
coarse grained granites and gneisses, which are poor in ferromagnesian minerals. These rocks are 
covered by regoliths with thickness variation across the town.  
     The sedimentary rocks/deposit is mainly of the post Cretaceous sediments and the Cretaceous 
Abeokuta Formation. The major surface waters in the study area are rivers Ogbese, and Ose (Figure 
5b). Others are the small tributaries joining the major rivers (Figure 5b). The volume of water in the 
streams depends on the seasons. During the raining season, there is a great increase in water flow 
volume in the major rivers while there is hardly water in some of the streams during the dry season. 
Therefore rainfall is the dominant factor that determines the occurrence of groundwater. 
 
1.3. Soil 

The soils derived from the Basement complex rocks are mostly well drained, with a medium texture 
[8]. The major soil associations in the study area are Iwo, Ondo, and Okemesi (Figure 6). The soil, 
classified as Iwo Association, is the most prominent soil type. All the soil associations are well 
drained.  
 

 
 

Figure 6. Soil Map of the Study Area (Extracted from [8]) 
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2. Material and Methods 

The investigation involved exploration and sampling of soil likely to be significantly affected by 
structural loads. The research work entailed: 
2.1. Literature Review 

The research work involved literature review of texts, technical journals, various articles, past projects 
thesis etc., as related to the uses of geotechnical, remote sensing, and geophysics as tools in 
engineering site investigation and groundwater studies. Existing Landsat-7 ETM+ satellite imageries 
were used for the production of lineament map of the study area. 
 
2.2 Reconnaissance Studies and Desk Study 

The purpose of the site reconnaissance is to confirm and obtain additional information from the site. 
This includes taking notes of the geologic and topographic setting of the area, taking of photography 
of the site. Personal interview were made with residents of the area with the relevant information 
which will assist in carrying out the research successfully. Also sample points locations for 
geotechnical investigation were marked and pegged respectively. The desk study included 
reviewing/updating and reconciling the information obtained during the reconnaissance study and 
those obtained during review of journals and various articles. Subsequently the following information 
was reviewed:  
i. Geological Maps/Report: The geological map/report together with an understanding mode of origin 
of the rocks and the associated depositional process enabled a preliminary assessment of ground 
condition. 
ii. Topographical Map: The topographical map was used to examine the terrain, access and site 
condition. The topographic map was confirmed through site reconnaissance. 
iii. Site Histories and Details of Adjacent Development: Also important information such as land use 
before the current development and underground services (like buried pipes and utilities) were 
acquired before the planning and conduct of the field test. 
  
2.3. Geophysical Investigation  

The geophysical investigation involving electrical resistivity (Vertical Electrical Sounding (VES) and 
Dipole-Dipole profiling); Very Low Frequency Electromagnetic (VLF-EM) were carried out along 
thirty six traverses (Figure 7). The geographic co-ordinates of data stations were taken using 
GARMIN’S GPS 12 - Channel model. One hundred and three (103) sounding stations were occupied 
with current electrode spacing varied from 1 to 225m.  
 
2.4. Geotechnical Investigation 

Twenty four soil samples were taken according to the geology/rock units in the area (at a depth less 
than 3m) from borough pits (Figure 7). These samples were subjected to grain size analysis, specific 
gravity determination; natural moisture content test, consistency limit test, compaction test, cone 
penetrometer test, undrained triaxial test, shear strength and bearing capacity were determined. 
 
2.5 Hydro-geological Measurement 

This includes determination of hydraulic head of wells/borehole and measurement of static water 
levels from three hundred and two (302) water wells using water level meter recorder (Figure 7). 
 
2.6 Data Analysis and Interpretation 

The geophysical data were interpreted qualitatively and quantitatively, as related to the objectives of 
the study. Profiles, maps, geoelectric section, graphs, chart were produced from the interpretation of 
both geophysical, geotechnical, and hydrogeological data. 
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3.  Results and Discussion 

3.1   Lineament Analysis 

Some of the lineaments mapped are joints and faults. Other linear features are suspected to be fracture 
and fissure zones. As shown by the lineament map (Figure 8) four major structural trends that are 
typical of the Nigerian basement complex are all represented in this area. These include the NE – SW, 
NW – SE, N- S and E – W trends (Figure 8). The predominant structural trend is NE – SW. The 
lineament map shows a wide spatial variation as the lineaments are generally sparse in the southern 
areas (Ifon – Okeluse), and high in Akoko area, especially around Oba, Isua, Ogbagi, Ikun and Irun. 
The denser lineaments area typified the intensity of rock fracturing, which is a prerequisite for 
development of hollow passages over an area. According to [11] the zones of relatively high lineament 
density are identified as zones of high degree of rock fracturing, which are prerequisite for 
groundwater conduit development which might be inimical to foundation structures especially when 
they occur at shallow depth. The lineament intersection provides interpretation of hidden subsurface 
tectonic configuration in the form of linear feature intersection / cross cutting geological structures, 
which are indicators of deep seated fracture / fault medium. Figure 8a shows that the areas underlain 
by high density are characterized by relatively high lineament intersection. The zones of high 
lineament intersection over the study must be seriously taken into consideration during the design 
process of structures and utilities in study area, especially areas where the rock outcrops. 

 
Figure 7. Data Acquisition Map of Study Area showing the Vertical Electrical Sounding Stations, 

Borehole Points, and Geotechnical Sampling Points 
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(a) 

 

 
(b) 

Figure 8. (a) Lineament Density map (b) Lineament Interception map generated for the study 
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3.2. Geophysical Investigation 

Table 1 gives a summary of the results of the VES curves obtained from the study area. The number of 
layers varies between three (3) layers and six (6) layers. Ten curve types have been identified: A, H, 
HA, HK, KQ, KH, QH, HKH, KHK and KHKH (Figure 9)  The most occurring curve types identified 
are H, HA, and KH. Typical curve types are shown in Figure 10. These type curves can be classified 
into four distinct classes in relation to their engineering competence (table 2) by using their interpreted 
resistivity and thickness values as Class 1, 2, 3, and 4 and are rated very good, good, moderate, and 
fair respectively. A-curve type is rated “very good” and widely found in Akoko area; KH, KHK, 
KHKH, and KQ are rated “good”; HK and HKH are rated “moderate”; and H, HA, and QH are rated 
“fair”.  
 
 

Table 1. Curve Types and their Statistical Frequency obtained from the Study Area 
Location/Curve 

Type 

HKH H HA HK KHKH KQ KH A KHK QH Total No. 
of VES 
Curves 

Owo Area 2 15 2 4 3 1 6 2 - - 35 
Akoko Area - 25 9 - - - 1 8 - - 43 
Ose Area 3 5 5 - - 1 8 - 1 2 25 
Frequency (unit) 5 45 16 4 3 2 15 10 1 2 - 
Frequency (%) 4.8 43.6 15.5 3.8 2.9 1.9 14.5 9.7 0.9 1.9 - 

 
 

 
 Figure 9. Curve Types obtained in the Study Area with a predominant H-Curve 
 
3.3 Geo-electrical Maps 

The topsoil competence and corrosivity map of the uppermost 5 m and depth to basement rock over 
the study area are presented in Figures 11-13 respectively. The topsoil constitutes the layer within 
which normal engineering foundation is founded especially in the basement complex [12] and can be 
qualitatively evaluated from layer resistivity and the geotechnical parameter. Figure 11 shows a 
predominant moderate competence in Okeluse, Elegbeka, Amurin, Owo, Ipele, Ido Ani, Imeri, and 
about constitutes about 60 % of Akoko area. The moderate competent soil account for 70 % of topsoil 
with resistivity between 100 Ω-m and 350 Ω-m. Areas that show incompetency include Ikun, Oba, and 
Aiyegunle and account for 15 % with resistivity less than 100 Ω-m. High competent areas are 
observed in Isijogun, Arigidi, Ehinogbe, Agbaluku and Ajowa These areas are underlain by quartzite, 
granite, granite gneiss and gneiss, and account for about 15 %. Therefore civil engineering foundation 
structure can be carried out in the study area without any failure expectation (on the basis of resistivity 
values obtained), while Ikun, Aiyegunle, and Oba can be graded or stabilized with more competent 
soil like laterite, sand or gravel to increase their density, compaction, and bearing capacity. 
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Figure 10. Typical Curve Types obtained in the Study Area   
 

The corrosivity map of the topsoil shows predominant moderate to mildly corrosivity and very 
prominently in Ose and Akoko areas, and constitute about 70 %. The essentially non-corrosive areas 
which account for 10 % are observed in Ajowa, Agbaluku, Ehinogbe, and Isijogun. However, the 
corrosivity of the subsoil in the study area shows that Akoko area are essentially non-corrosive except 
few places like Oba, Ikun, Ipesi, some part of Irun. Owo area and Ose are moderately/mildly 
corrosive. Figure 13 shows the overburden thickness/depth to basement rock across the study area. It 
shows that Akoko area (except Oke Agbe, Agbaluku, and part of Ikare) are generally characterized by 
thin overburden thickness less than 10 m, and signifies  shallow depth to basement rock and low depth 
of weathering; while Owo and Ose have thick overburden thickness ranging from 10 m to 50 m. 
 

3.3. Hydrogeological Measurement 

A good set of reliable groundwater level measurements is the best foundation on which to build an 
understanding of a groundwater system. Groundwater conditions play an important part in the stability 
of foundations. If the water table lies very close to the base of footings, the bearing capacity and 
settlement characteristics of the soil would be affected. The water level in the well represents the water 
table or phreatic surface. Static water level refers to the level of water in a well or borehole under 
normal, undisturbed, no- pumping conditions. The hydraulic head obtained in the area were used to 
determine the groundwater flow direction as presented in Figure 14. Static water level measured in 
Owo varies from 1.2 m to 14.7 m with an average of 6.5 m. In Akoko area it ranges between 0.8 m 
and 15.2 with an average of 1.8 m; while in Ose area it is between 3.1 – 15.9 m and an average of 10 
m. The hydraulic head recorded in Ose and Owo ranges between 40 m (Okeluse) – 390 m (Ido Ani) 
and 240 to 390 m respectively. Akoko area is varies between 290 and 540 m (Irun, Arigidi, Oke 
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Agbe). The general groundwater flow direction is south. Consequently, the SWL in the northern areas 
are very high indicating a likelihood of high water levels during the rainy season (which could even 
lead to spring condition), that may affect basement/foundation footings, and subsequently compromise 
the integrity of such structures.   

 
 

Figure 11. Map showing Topsoil Competence with prominent moderate competence 
 

 
 

Figure 12. Map showing Topsoil Corrosivity, with pronounced mildly / Essentially non corrosivity 
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Figure 13. Map of Depth to Basement of the Study area 
 

` 
Figure 14. An overlay of Contoured Static Water Level and 1-Grid Vector Layer obtained in the 

Study Area with presumably North – South Flow directio 
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3.4. Geotechnical Investigation 

The summary of the geotechnical results is presented in tables 3-5. The various values of Natural 
Moisture Content (NMC) obtained from laboratory tests are presented in table 3. The natural moisture 
content gives information on the condition of the soil. The natural moisture content of soils varied 
from 4.3 % to 17.4 %, with an average of 10.4 %. The samples have low moisture content in their 
natural state. 
     The tested soils show % fines (percentage passing 0.002 mm) variation of 14.5 – 54.6 %, with an 
average of 33.3 %. The % of sand and gravel in the sampled soils vary from 42.2 % to 76 % and 1.1 % 
to 5.5 % respectively. Therefore the soils are dominated by sand and clay (clayey sand) except in Ose 
area where the soils are dominantly clay (with classification group of sand-clay). Based on British 
Standard BS 1377 [13] if percentage fine is less than 35 % it is adjudged a good foundation material. 
Therefore the soil samples can be generally classified as suitable foundation material since the mean 
% of fines is less than 35%. However, samples taken from Ose area needs some level of stabilization 
due to high % of fines (clay) with high plasticity [14]. The specific gravity correlates well with the 
mechanical strength of sub grade and depends on the amount of sand and also on mineral constituents 
and mode of formation of the soil. The specific gravity (Gs) for all the soil samples and vary between 
2.64 - 2.76 with an average of 2.70. These values portray resistant soil material in line with [15].   
     The liquid limit, plastic limit, and plasticity index of the soil samples vary from 22.2 % to 54.2 %, 
11.0 % to 26.6 %, and 2.95 % to 29.05 %, with average values of 39.8 %, 23.2 %, and 16.2% 
respectively. Good foundation materials must among other significant criteria be of low plasticity such 
that its resistance to swelling, total expansion and linear shrinkage should be minimal. The high 
plasticity index and liquid limit values are indicative of poor engineering properties. The Federal 
Ministry of Works and Housing [16] recommended liquid limits of 50 % maximum, plastic limits of 
30 % maximum, plasticity index of 20 % maximum for civil engineering foundation/construction 
material. The liquid limit of the soils are generally less than 50 %, while the plastic limits are generally 
lower than 30 % and the plasticity index are generally lower than 20 % except samples AK 5 and 6 
which are greater than 20 %. Hence, most of the studied soils fall within the specification. Linear 
shrinkage is an important parameter in the evaluation of material soils for foundation construction. It 
has been suggested that a linear shrinkage (LS) value below 8 % is indicative of a soil that is good for 
foundation material [15, 17]. The lower the linear shrinkage, the lesser the tendency of the soil to 
shrink when desiccated. The values range between 7.4 % and 13.4 % with an average value of 9.8 %. 
Using table 5, the soils can be classified as medium good material.  
     The importance of compaction test is to improve the desirable load bearing capacity properties of a 
soil as foundation material. The best for foundation engineering structures is one with high MDD at 
low OMC. The OMC varies from 10.4 % and 27.5 % with an average of 17.1 %. The MDD ranges 
from 1532 - 2065 Kg/m³, with a mean value of 1820 Kg/m³. The degree of compaction is sensitive to 
moisture content, thus the higher the value of MDD and the lower OMC, the more suitable the 
material to sustain any load imposed. All the soil samples have MDD at moderately low OMC. 
However, MDD values are a little bit lower in Ose area with a range of 1532 – 1749 Kg/m³. Cohesion 
is the ability of the soil to resist shearing stress. The cohesion of the studied soils varies between 51.5 
kPa – 102 kPa and average of 88.3 kPa. The values of angle of friction is between 20.4° and 32.5°. 
This range of value is classified as hard soil material by Holtz and Kovacs18. The shear strength varies 
from 151.7 kPa to 237.4 kPa and average of 187 kPa. These values indicate moderately cohesive 
material with high shear strength. 
     The cone penetrometer test was carried out in order to obtain geotechnical parameters required for 
the design of the foundation support for civil engineering structures. From table 6, the maximum cone 
resistance values of 100 Kg/cm² to 126 Kg/cm² indicative of clayey sand and lateritic material were 
obtained between depths of 1.4 m and 3.0 m. Six major geological layers are delineated comprising 
clay, clay silt, silty clay, sandy clay, clay sand, and lateritic clay. Therefore the soils show high degree 
of competence at Owo at depth range of 1.0 – 2.5 m, 1.0 m in Akoko area and 3.0 m in Ose area. 
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     The allowable bearing capacity of the soils in Owo, Ose and Akoko areas varies from 17 KN/m² to 
293 KN/m², 20 KN/m² to 309 KN/m², and 10 KN/m² to 270 KN/m² respectively, while the ultimate 
bearing capacity varies between 51 KN/m² and 879 KN/m², 60 KN/m² and 927 KN/m², and 30 KN/m² 
and 810 KN/m² respectively. The settlement values obtained from the area are generally less than 20 
mm. The minimum settlement values obtained from Owo, Ose and Akoko areas ranged from 0.75 mm 
to 1.4 mm, 0.68 mm to 0.80 mm, and 0.78 mm to 0.86 mm corresponding to depth(s) of 1.4 m – 2.4 m, 
3 m, and 1.4 m – 2.0 m respectively.  
     Nevertheless for safety purpose Akoko area should not go beyond 1.0 m due to high water level. 
The minimum allowable bearing capacity of at least 200 KN/m² (corresponding to 80 – 100 kg/cm² 
cone resistance values) for a raft, simple spread foundation and/or structure was recommended by 
[19]. This average value was found at depth of 1.0 m – 2.4 m (Owo), 3.0 m (Ose) and 1.4 m – 2.0 m 
(Akoko). These allowable bearing pressures are considered appropriate for use in the design of bases, 
strips or raft foundations. Subsequently, shallow foundation such as pad or raft foundation of 
reinforced concrete can be adopted in the study area [21]. Therefore the thematic maps of the topsoil 
resistivity and thickness, plasticity index, soil association, allowable bearing capacity, shear strength, 
lineament density, and static water level are integrated to generate a sub-soil competence map for the 
study area by allocating different weights/ratings to each of these parameters as shown in tables 7-9. 
Figure 15 shows the generated subsoil competence map of the study area. The map classifies the study 
area into low competence (<40 %), moderate competence (40 % - 55 %), and high competence (55 % - 
65 %) and very high (>65 %). Low competence area are not represented on the map, while moderate 
competence account for 60 %.  The high and very high competence areas account for of 35 % to 5% 
respectively. The very high competence occur as small closures in Ajowa, Ikeramu, Eporo, parts of 
Ikare, Arigidi, and Ido Ani. The moderate competence areas are prominent in parts of Owo, Ose and 
Akoko areas. In Owo, it’s observed in Ipeme, Ipele, and Amurin. Also in Ose, it is widespread in 
Elegbeka, Ifon, Imoru, Arimigija, and Okeluse. In addition, moderate competence is noticed in Akoko 
area around Oba, Ikun, Afo, Iwao Oka, Ikakumo, Irun, Oke Agbe, Auga, and Ise. Furthermore, the 
high competence subsoil is observed in Owo (Eporo, Otapete, Ehinogbe, Isijogun, Iyere and Ute); and 
Akoko (Agbaluku, Oka, Isua, Ifira, and Ipesi). 

 
Table 3. Summary of Results of Geotechnical Tests 

 

LOCATION 

 

SAMPLE 

NO. 

 

N.M.C    

(%) 

G.S.D  

 

S.G 

Consistency Limits   Compaction  

 

AASHTO 

Group 

 

 

Rating 
%  

Fines 

% 

Sand 

% 

Gravel 

L.L     

(%) 

P.L. 

(%) 

P.I 

(%) 

L.S 

(%) 

OMC 

(%) 

MDD 

(Kg/m³) 

OWO 
AREA 

OW 1 6.4 38.8 61.2 - 2.67 37.4 24.1 13.35 10.1 15.3 1852 A-6 Poor 
OW 2 8.3 43.3 53.5 3.2 2.69 39.5 25.2 14.34 9.6 16.2 1816 A-6 Poor 
OW 3 4.3 22.7 76 1.3 2.66 22.2 19.3 2.95 12 11.9 1996 A-2-4 Good 
OW 4 5.4 24.2 73.7 2.1 2.68 23.2 19.8 3.40 12 11.3 2019 A-2-4 Good 
OW 5 6.5 24.1 74.7 1.2 2.65 24.0 19.7 4.35 12 10.4 2065 A-2-4 Good 
OW 6 6.4 32.8 65.9 1.3 2.64 24.0 19.9 4.15 12 11.2 2035 A-2-4 Good 
OW 7 6.5 38.7 61.3 - 2.65 31.8 25.2 6.64 11.5 18.6 1738 A-5 Fair 
OW 8 7.6 39.0 59.8 1.2 2.64 38.4 26.5 11.95 10.6 19.5 1703 A-6 Good 

OSE AREA OS 1 6.7 54.3 44.2 1.5 2.68 45.0 23.5 21.50 8.7 25.9 1586 A-7 Poor 
OS 2 11.3 54.6 42.2 3.2 2.68 52.4 24.3 28.15 7.7 27.0 1549 A-7 Poor 
OS 3 11.1 53.3 45.4 1.3 2.75 53.4 24.6 28.85 7.7 27.5 1532 A-7 Poor 
OS 4 12.4 52.8 46.1 1.1 2.76 54.2 25.2 29.05 7.7 26.3 1572 A-7 Poor 
OS 5 11.4 32.6 66.2 1.2 2.76 50.4 26.3 24.10 7.7 19.0 1741 A-2-6 Good 
OS 6 12.2 48.1 50.6 1.3 2.76 52.4 26.6 25.80 7.7 19.8 1711 A-7 Poor 
OS 7 12.3 52.8 47.2 - 2.74 53.8 26.6 27.25 7.7 18.8 1749 A-7 Poor 
OS 8 14.4 52.9 45.9 1.2 2.74 52.5 26.6 25.90 7.7 19.7 1715 A-7 Poor 

AKOKO 
AREA 

AK 1 16.4 16.5 55.6 - 2.72 37.2 22.4 14.80 10.1 14.2 1910 A-2-6 Good 
AK 2 12.2 16.1 64.7 - 2.73 30.0 22.2 7.85 12.0 12.1 1988 A-2-4 Good 
AK 3 12.7 16.5 51.4 5.5 2.72 41.2 23.2 18.00 9.6 15.0 1879 A-2-7 Good 
AK 4 9.3 14.5 70.9 2.1 2.73 27.0 23.3 3.70 13.4 11.1 2027 A-2-4 Good 
AK 5 17.4 17.4 51.4 1.3 2.73 47.2 23.4 23.80 8.7 16.0 1824 A-2-7 Good 
AK 6 16.2 20.9 49.7 2.2 2.70 48.4 23.7 24.75 8.7 16.5 1804 A-2-7 Good 
AK 7 14.4 17.2 51.3 2.5 2.70 40.8 23.4 17.45 9.6 14.8 1885 A-2-6 Good 
AK 8 8.2 15.1 68.7 3.3 2.69 27.9 11.0 6.85 11.0 11.8 1988 A-2-4 Good 
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Table 4. Results of the undrained triaxial Test 
 

 

 

 

Location 

 

 

 

 Sample No. 

(𝝈) Deviator stress at 

Different Cell Pressures 

(KPa) 

 

Cohesion (c)  

Kpa 

 

(𝜽 °) Angle 

of Friction 

Shear Strength 

(KPa) 

(𝝉) 

Undrained 

Compressive 

Strength 

@ Max. Cell 

Pressure (Kpa) 
30 60 90 

OWO 
AREA 

OW 1 395 470 545 85.1 29.1 201.9 545 
OW 2 395 468 542 86.2 28.8 196.2 542 
OW 3 440 532 625 85.3 31.2 212.5 625 
OW 4 440 528 616 88.1 30.7 230.6 616 
OW 5 440 537 633 82.9 31.7 232.4 633 
OW 6 440 545 650 78.1 32.5 237.4 650 
OW 7 337 376 415 98.2 21.5 175.0 415 
OW 8 337 372 408 102.0 20.4 176.4 408 

OSE AREA OS 1 337 383 429 91.3 23.5 173.9 429 
OS 2 337 381 426 92.7 23.1 175.0 426 
OS 3 337 378 419 96.1 22.1 171.2 419 
OS 4 337 384 431 90.4 23.7 173.8 431 
OS 5 337 382 427 92.3 23.2 175.1 427 
OS 6 395 459 523 93.2 27.3 199.0 523 
OS 7 395 455 515 96.5 26.6 198.7 515 
OS 8 337 380 422 94.7 22.5 175.5 422 

AKOKO 
AREA 

AK 1 337 380 422 94.7 22.5 173.8 422 
AK 2 296 360 425 65.3 27.3 160.8 425 
AK 3 323 381 425 82.9 24.6 168.5 425 
AK 4 269 339 419 51.5 29.1 151.7 419 
AK 5 337 384 431 90.4 23.7 175.1 431 
AK 6 337 382 427 92.3 23.2 177.6 427 
AK 7 395 459 523 93.2 27.3 200.0 523 
AK 8 395 455 515 96.5 26.6 198.2 515 

 
Table 6. Bearing Capacity and settlements obtained for all the CPT locations at an interval of 0.2 m 
Depth 
 

 CPT 1 (OWO) CPT 2 (OWO) CPT 3 (OSE) CPT 4 (OSE) 

Depth 
(m) 

𝑞𝑎 
(KN/m²) 

𝑞𝑢 
(KN/m²) 

S 
(mm) 

𝑞𝑎 
(KN/m²) 

𝑞𝑢 
(KN/m²) 

S 
(mm) 

𝑞𝑎 
(KN/m²) 

𝑞𝑢 
(KN/m²) 

S 
(mm) 

𝑞𝑎 
(KN/m²) 

𝑞𝑢 
(KN/m²) 

S 
(mm) 

0.2 17 51 12.3 41 123 5.1 21 63 10.25 22 66 9.67 
0.4 21 63 10.01 82 246 2.56 20 60 10.37 31 93 6.78 
0.6 54 162 3.91 127 381 1.67 26 78 8.05 43 129 4.86 
0.8 63 189 3.32 174 522 1.22 32 96 6.67 42 126 5.01 
1.0 87 261 2.41 270 810 0.78 43 129 4.89 76 228 2.79 
1.2 102 306 2.07 273 819 0.77 70 210 2.99 10 30 21.00 
1.4 112 336 1.88 293 879 0.72 88 264 2.41 11 33 19.13 
1.6 124 369 1.71 - - - 83 249 2.55 21 63 10.13 
1.8 123 369 1.72 - - - 98 294 2.16 33 98 6.47 
2.0 131 393 1.62 - - - 116 348 1.82 42 126 5.01 
2.2 179 537 1.18 - - - 123 369 1.72 61 183 3.44 
2.4 281 843 0.75 - - - 156 468 1.35 83 249 2.54 
2.6 - - - - - - 172 516 1.23 112 336 1.88 
2.8 - - - - - - 215 645 0.98 163 489 1.29 
3.0 - - - - - - 309 927 0.68 262 786 0.80 

 CPT 5 (AKOKO) CPT 6 (AKOKO) CPT 7 (AKOKO) CPT 8 (AKOKO) 

Depth 
(m) 

𝑞𝑎 
(KN/m²) 

𝑞𝑢 
(KN/m²) 

S 
(mm) 

𝑞𝑎 
(KN/m²) 

𝑞𝑢 
(KN/m²) 

S 
(mm) 

𝑞𝑎 
(KN/m²) 

𝑞𝑢 
(KN/m²) 

S 
(mm) 

𝑞𝑎 
(KN/m²) 

𝑞𝑢 
(KN/m²) 

S 
(mm) 

0.2 22 66 9.78 10 30 21.00 61 183 3.44 11 33 19.57 
0.4 20 60 10.50 22 66 9.67 39 117 5.38 25 75 8.36 
0.6 33 99 6.43 52 156 4.06 21 63 10.01 54 162 3.90 
0.8 43 129 4.86 82 246 2.59 54 162 3.90 121 363 1.75 
1.0 53 159 3.99 163 489 1.29 125 375 1.69 162 486 1.30 
1.2 73 219 2.91 195 585 1.08 153 459 1.38 207 621 1.02 
1.4 82 246 2.59 249 747 0.85 197 591 1.07 248 744 0.85 
1.6 109 327 1.94 - - - 245 735 0.86 - - - 
1.8 173 519 1.22 - - - - - - - - - 
2.0 270 810 0.78 - - - - - - - - - 
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Table 7. Rating of Subsoil Competence using Resistivity values [22] 
Apparent Resistivity Range 

(ohm-m) 

Lithology Competence Rating 

< 100 Clay Incompetent 
100 – 350 Sandy clay Moderately competent 
350 – 750 Clayey sand Competent 

>750 Sand/Laterite/Crystalline Rock Highly competent 

 
Table 8. Soil Corrosivity Rating [23] 

 
Soil Resistivity (ohm-m) Corrosivity Rating 

>250 Essentially/Practically Non-corrosive 
150 – 250 Mildly/Slightly Corrosive 
50 – 150 Moderately Corrosive 
UP to 50 Very Strongly Corrosive 

 
 

Table 9. Multi-criteria Evaluation Parameters for the Subsoil Competence Map 
 

S/N Thematic Map Attribute Rating (%) Weight-Age (%) 

 
1 

Topsoil Resistivity (ohm-m) <100 
100 – 350 
350 – 750 
>750 

1 
5 
10 
15 

 
15 
 

 
2 

Topsoil Thickness (m) <5 
5 – 10 
>10 

3 
10 
15 

 
15 

 
3 

Plasticity Index (%) <10 
10 – 20 
>20 

10 
5 
1 

 
10 

 
4 

Shear Strength (KPa) 200 – 300 
300 – 400 
400 – 500 

5 
10 
15 

 
15 

 
5 

Allowable Bearing Capacity 
(KN/m²) 

<50 
50 – 100 
100 – 200 
>200 

1 
5 
10 
15 

 
15 

 
6 

Soil Association Okemesi 
Iwo 
Ondo 

10 
7 
3 

10 

 
7 

Lineament Density 0 – 8 
8 – 12 
12 - 16 

10 
6 
2 

10 

 
8 

Groundwater Level < 3 m 
3 – 5 m 
>5  m 

2 
5 
10 

10 

 
 
4. Conclusion 

The engineering competence of the subsoil/rock in selected northern area of Ondo State was 
conducted, and the results of various parameters measured were integrated to generate an engineering 
competence map for the study area. The research work was able to meet up with its set objectives 
except that it has not been able to (fully) determine the geotechnical capability of the rock units in the 
study area to host engineering structures such as building, road, dam etc. The generated subsoil 
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competence map classified the study area into low competence (<40 %), moderate competence (40 % - 
55 %), and high competence (55 % - 65 %) and very high (>65 %). 
 

 
Figure 15. Subsoil Competence Map generated for the Study Area 

 
 
Low competence area are not represented on the map, while moderate competence account for 60 %. 
The high and very high competence areas shared the remaining 40 % in a proportion of 35 % to 5%. 
The corrosivity map of the topsoil shows predominant moderate to mildly corrosivity, prominently in 
Ose and Akoko areas, and constitute about 70 %. The essentially non-corrosive areas of the topsoil 
account for 10 %. The corrosivity of the weathered layer (subsoil) generally varies from mildly 
corrosivity to essentially non-corrosivity. This type of corrosivity is suitable for buried communication 
equipment and electrodes, as it will protect the instrumentation when there is lighting or thunderstorm; 
hence any protected steel or metal structure buried within the area may not be “seriously” affected by 
chemical corrosion 

References  

 
[1] Oyedele K F, Oladele S and Adedoyin O 2011 Application of Geophysical and Geotechnical 

Methods to Site Characterization for Construction Purposes at Ikoyi, Lagos, Nigeria Journal 

of Earth Sciences and Geotechnical Engineering vol. 1 (1) pp 87-100. ISSN: 1792-9040 
(print), 1792-9660 (online) International Scientific Press. 

[2] Olorunfemi M O, J S Ojo F A, Sonuga, O A and Oladapo M I 2000 Geoelectric and 
electromagnetic Investigations of failed Koza and Nassarawa Earth dams around Katsina, 
Northern Nigeria Journal of Mining and Geology 36(1) pp 51 – 65.  

[3] Ofomola M O, Adiat K A N, Olayanju G M and Ako B D 2009. Integrated geophysical methods 
for post foundation studies, Obanla Staff Quarters of the Federal University of Technology, 
Akure Nigeria The Pacific Journal of Science and Technology 10(2), pp 93 – 110. 

[4] Marans R W and Rodgers W 1975 Toward an understanding of community satisfaction: In 



 

 

 

Journal of Research and Innovation for Sustainable Society (JRISS) 

Volume 2, Issue 2, 2020 

ISSN: 2668-0416 

Thoth Publishing House 

  

 

60 

 

Hawley A.H. and Rock V.P. (Eds). Metropolitan America in Contemporary Perspective, 
London: Wiley Publishing. 

[5] Federal Meteorological Survey 1982 Atlas of the Federal Republic of Nigeria, Second Edition. 
Federal Surveys, Lagos, Nigeria 160pp. 

[6] Dada S S 1999 Pb-Pb and Sm-Nd Isotope Study of Metaigneous Rocks of Kaduna Region: 
implications for Archaean Crustal Development in Northern Nigeria Global J. Pure Appl. 

Sci. (6) 7pp. 
[7] Rahaman M A 1988 Review of the basement Geology of Southwestern Nigeria. In Kogbe (Ed): 

Geology of Nigeria. Rocks view (Nig) Ltd, Jos. Nigeria. pp. 39-56. 
[8] Smith A J and Montgomery R F 1962 Soils and land use in Central Western Nigeria. The 

Government of Western Nigeria, Ibadan Publication. 
[9] Daramola J O, Adekunle M F, Olaniyi M O and Alayaki F M 2009 Diagnostic Survey Report of 

Ondo State Agricultural Production, Institute of Food Security, Environmental Resources 

and Agricultural Research, University of Agriculture, Abeokuta, Nigeria pp. 171. Available 
www.unaab.edu.ng/ifserar 

[10] Geological Survey of Nigeria 1984 Geological Map of Southwestern Nigeria. Geological 

Survey Department, Ministry of Mines, Power and Steel, Nigeria. 
[11] Edet A E, Okereke C S, Teme S C and Esu E O 1998 Application of remote sensing data to 

groundwater exploration: a case study of Cross River State, Southeastern Nigeria 
Hydrogeology Journal 6(3) pp 394-404. http://dx.doi.org/1010.1007/s100400050162 

[12] Olorunfemi M O 2008 Voyage on the Skin of the Earth: A Geophysical Experience. Inaugural 

Lecture 211 Obafemi Awolowo University, Ile-Ife 75 pp. 
[13] British Standard Institution 1990 Methods of Test for Soil for Civil Engineering Purposes. 

BS1377, London. 
[14] Okogbue C O and T U S Onyeobi 1999 Potential of marble dust to stabilize red tropical soils for 

road Construction. Engineering Geology 53 pp. 371 – 380. 
[15] Brink A B A, Parridge J C and Williams A A B 1992 Soil Survey for Engineering, Claredon, 

Oxford. 
[16] Federal Ministry of Works and Housing 1972 Highway Manual Part 1, Road and Bridge 

Design, Federal Ministry of Works and Housing, Lagos. 
[17] Madedor A C 1983 Pavement design guidelines and practice for different geological area in 

Nigeria. In: Ola S.A. (Ed) tropical soil of Nigeria in engineering practice. A.A. Balkema, 
Rotterdam, pp. 291-297. 

[18] Holtz W G and Kovacs W D 1981 An Introduction to Geotechnical Engineering, Prentice-Hall 
Publishers, New Jersey 733pp. 

[19] Bell F G 2007 Engineering geology, second edition, Elsevier Ltd 581pp. 
[20] Murthy V N S 2007 Advanced Foundation Engineering, Geotechnical Engineering Series. CBS 

Publishers and Distributors Ltd., New Delhi – 110002, India 795pp. 
[21] Schmertmann J H 1978 Guidelines for Cone Penetration Test: Performance and Design. US 

Department of Transportation, Washington, DC. 
[22] Idornigie A I, Olorunfemi M O and Omitogun A A 2006 Integration of remotely sensed and 

geophysical data sets in engineering site characterization in a Basement complex of 
southwestern Nigeria. Journal of Applied Sciences Research, 2(9) pp. 541-552. 

[23] Agunloye O 1984 Soil aggressivity along steel pipeline route at Ajaokuta, J. Mining Geol. 21(1 

& 2): pp. 97-101. 
 
Acknowledgments 
Special thanks go to Mr. Samuel Alabi of Engineering geology Laboratory, Federal University of 
Technology Akure, Ondo State Nigeria. 



   

 

Journal of Research and Innovation for Sustainable Society (JRISS) 

Volume 2, Issue 2, 2020 

ISSN: 2668-0416 

Thoth Publishing House  

 

 
61 

 

 

Considerations regarding the relationship between 

environment, health and life quality 

Daniela Cîrţînă1, Valentin Nanescu1 

1“Constantin Brâncusi” University of Targu-Jiu, Faculty of Medical and Behavioral Sciences, 
No. 4, Tineretului St., Targu-Jiu, Romania 

E-mail: danielacirtina@gmail.com 

Abstract. This paper presents aspects related to how the factors that define the environment, 
such as physical, chemical, biological and social factors directly or indirectly exert their 
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Introduction 
Different ways of defining the quality of life are known, but it can be appreciated that regardless of the 
meaning, the quality of life is closely related to the environment. The interaction between the natural 
environment and the quality of life has led to the need of studying health problems and the appearance 
of some diseases in certain social, climatic, biological and psychological circumstances in which humans 
lives and works. 

Life quality has been medically defined as physical, mental, and social wellbeing, as well as the 
patient’s ability to perform their usual tasks in their daily lives. A definition given by the WHO in 1998 
presents the meaning of life qualityas given by the perceptions of individuals on their social situations, 
in the context of the cultural value systems in which they live and depending on their own needs, 
standards and aspirations. Another definition given in 1993 by Revicki & Kaplan is that ”life quality 
reflects the preferences for certain health conditions that allow improvements in morbidity and it is 
expressed by a single weighted index - standardized life years, depending on the quality of life”. [1,2] 

The factors that define the environment, physical, chemical, biological and social factors can 
influence people's health, part of life quality. The phenomenon of air, water, soil pollution, radiation 
exposure, unhealthy eating, nutritional and microbiological quality of food are just a few examples of 
factors that have consequences on the quality of life. There is a set of conditions and elements that have 
an impact on the health of people and the general population. [3,4] 

Currently, both sanogenic (health) and aggressive (human pathogens) factors are being studied, 
which mainly affect the age groups most sensitive to these factors - children and the elderly. The research 
shows that fast changes in the ecosystem lead to a much difficult ability of the human body to adapt to 
the new living conditions. In order of their importance, environmental risks to human health can be 
classified into three main categories. The high environmental risks represent the first category that 
includes elements such as dangerous meteorological phenomena, the ozone depletion, the degradation 
of natural habitats and the reduction of biodiversity. The second category is represented by the medium 
risks that include phenomena such as: acid rain, pollution of water with toxic substances, the impact of 
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greenhouse gases, soil pollution with pesticides and the radioactive pollution of the environment. 
Thermal and noise pollution are forms of pollution with low health risk. [4,5] 

 
Drinking water and ambient air quality and the health risks 

There are a number of substances and concoctions considered to be dangerous for the environment and 
implicitly for health, substances that, if they penetrate in the environment present or could present in 
certain conditions an immediate or delayed risk. The quality of life can be influenced by toxic substances 
and concoctions which, by inhalation, swallowing or penetration through the skin, can cause acute or 
chronic health disorders. The environmental risk assessment includes, as an important component, the 
monitoring of persistent organic pollutants, heavy metals, biocidal products and plant protection 
products, substances that degrade the ozone layer. The presence in the environment of ionizing radiation, 
carcinogens, irritants or oxidants substances can produce effects starting with altered health to serious 
diseases of the human body. Through the harmful effects of pollutants on the main environmental 
factors, there are created conditions that have a direct influence on the health and life quality. [4, 6-8] 

Drinking water must not be harmful to the human health, therefore it must not contain pathogenic 
bacteria. The large amount of water used centrally by the population presents the risk, that under 
pollution conditions, water can be an important factor of disease. Waterborne diseases can include a 
large number of people, and can be mass-spreading. Thus, in order to obtain drinking water, natural 
water is subjected to operations such as decantation and filtration, which aim to reduce the suspended 
substances. By settling and filtering, the number of microbial germs that are in the water is greatly 
reduced without, however, achieving the bacteriological conditions required by a drinking water. 
Although that water decantation and filtration greatly reduce the quantity of microorganisms in the 
water, do not, however, give a full guarantee of their final removal, which is why water sterilization is 
applied. This is done in all cases where the water supply source is not sanitary safe. Water disinfection 
can be performed by chemical methods (chlorine treatmentand chlorogenic substances, ozone, 
potassium permanganate etc.) and physical methods (distillation, boiling, ultraviolet radiation, ionizing 
radiation, ultrasonic). [4,8,9] 

 Drinking water quality can be an important factor in the transmission of diseases among the 
population. Waterborne diseases can be infectious diseases (bacterial, viral, parasitic) and non-infectious 
diseases. The category of bacterial diseases includes: typhoid fever caused by the bacillus (Salmonella 
typhi). The disease is specifically human, the germ being eliminated from the human body once with 
the ingested water, dysentery caused by dysenteric bacilli (Shigella disenteriae) and cholera is another 
digestive bacterial disease in which water plays a major role. 

The viral diseases are polio and epidemic hepatitis. The high danger of spreading polio is based on 
the fact that polio viruses have a high resistance in the environment, in the water they survive 150-180 
days.  

In the case of parasitic diseases, water plays a dual role in their transmission. On the one hand, for 
some parasitic diseases, water has a passive role, namely to serve as a path of transmitting the parasite 
from the sick or carrier to the healthy person, as in the case of bacterial or viral diseases, and on the 
other hand, water it is a mandatory environment without which they cannot complete their evolutionary 
cycle or in other words, they cannot reach the stage of disease production. Amoebiasis or amoebic 
dysentery is the most common waterborne parasitosis. The parasite is eliminated in the external 
environment in the form of a cyst, which gives it a high resistance. Another example is lambliasis or 
giardiasis caused by lamblia or giardia intestinalis. The parasite is also eliminated in the form of a cyst 
resistant to external environmental factors; in the water it survives for several months. The disease 
occurs mainly through the ingestion of infested water and less often through food. Trichomoniasis is a 
parasitosis in which transmission water plays an important role, along with the direct interpersonal 
contact. [8-10] 

Water can also transmit a series of non-infectious diseases caused by polluted water, including 
endemic goiter or thyropathic dystrophy. This is a mass-spreading disorder which leads not only to a 
large number of cases but also to endocrine complications. As it is known, iodine is a natural constituent 
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of the thyroid gland, being the essential element of thyroid hormone. Iodine deficiency is the cause of 
endemic goiter as a result of pituitary stimulation due to thyroid hormone deficiency. The goiter has a 
serious character, up to forms of cretinism and deafness, at concentrations below 2-3 µg/dm3 of water. 
Other examples can be nitrate poisoning that causes methemoglobinemia, with lead (lead poisoning), 
mercury poisoning that has symptoms of headache, dizziness, insomnia, memory and visual 
disturbances and even teratogenic effects. To all of these, can be added cadmium poisoning that has 
effects on the liver, produces anemia, decreased of calcium, arsenic poisoning that causes metabolic and 
digestive disorders, headaches, dizziness etc., fluoride poisoning that can have dental, bone and kidney 
forms. At high concentrations of fluorine (above 5 mg/dm3 of water) fluoride acts on the bones, 
producing a significant increase in opacity to X-rays. At even higher concentrations (over 20 mg/dm3 of 
water) there are changes in bone composition with increasing the amount of fluoride in the detriment of 
calcium. [10, 11] 

Ambient air quality has an important role in triggering certain diseases and can influence the 
wellbeing and generate a deterioration in quality of life. Air pollutants can be grouped according to their 
health effects. Thus, we have irritating pollutants such as sulfur oxides, nitrogen oxides, sedimentable 
or suspended dusts. The powders act on the airways that can be affected by inflammation, rhinitis, 
pharyngitis, laryngitis, bronchitis or alveolitis. The sulfur dioxide, resulting from the burning of fossil 
fuels and industrial processes, is considered to be the main harmful substance in the air. The effects of 
the sulfur dioxide on humans are manifested primarily by a respiratory irritation, salivation, 
expectoration, spasms and breathingdifficulty that can lead to chronic bronchitis. The synergism of the 
sulfur oxides with other pollutants present in the atmosphere, leads to new physiological reactions.  

The nitrogen oxides produce at the level of the airways the cilia of the bronchial and tracheal 
epitheliamovementsblocking. At the blood level it combines with hemoglobin resulting in 
methemoglobin which prevents the transport of the oxygen to the tissues. The asphyxiating pollutants 
include those substances whose predominant pathogenic effect is hypoxia or anoxia by blocking the 
supply, transport or use of the oxygen in the metabolic processes. Of these, the most common air 
pollutant is the carbon monoxide, resulting from incomplete combustion, it combines with hemoglobin 
generating a lack of oxygen with the most serious consequences, headaches, dizziness, drowsiness, 
nausea, arrhythmias etc. [9,10,11] 

The fibrous pollutants contain a group of substances that penetrate the lung causing a fibrous reaction 
by complex mechanisms, specific to each substance. The dusts persists in the lungs, causing a decrease 
in the elasticity of lung that leads to fibrosis. The systemic pollutants are very numerous, coming mainly 
from industrial processes and means of transport. The lead is an environmental pollutant that can enter 
into the human body along with food or water. The population exposure to lead can be professional or 
unprofessional. Released into the atmosphere in vapors form that condense quickly, it can enter into the 
human body through the respiratory or digestive tract. The harmful action takes place at the blood level, 
anemia occursat the nervous system level as well, it causes a slowdown in the intellectual development 
in children. Penetrated into the circulation, the lead is found in small amounts in plasma, most part of it 
is fixed in the red blood cells. The lead is mostly stored in the bones, especially in the long bones. The 
carcinogenic pollutants - in case of prolonged exposure, polycyclic aromatic hydrocarbons resulting 
from incomplete combustion of solid and liquid fuels are concentrated in the human body. Carcinogenic 
substances are also arsenic, chromium, beryllium, cobalt, selenium, elements present especially in 
industrial environments. The allergic pollutants are responsible for increasing the frequency of allergic 
diseases, and especially respiratory allergies. The main allergenic factors in the atmosphere are natural 
products such as pollen, fungi or volatile products came from certain plants. The list can continue with 
the pollutants with infectious action represented by various pathogenic germs that can be found in the 
atmosphere. 

The air plays an important epidemiological role, constituting the transmission route for a large 
number of pathogens. Infectious diseases that are transmitted through the air are childhood diseases 
(measles, rubella, scarlet fever, chicken pox etc.) the flue and other respiratory viruses, microplasmosis, 
diphtheria, smallpox, tuberculosis, pneumonia, various respiratory mycoses etc. There are diseases that, 
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in addition to other routes of transmission, can spread by air, such as polio, tularemia, or less often, 
plague, coal etc. Also, the pathogenic flora or conditioning pathogenicflora from the air can cause wound 
or burn infection. The survival of the pathogenic or conditionally pathogenic germs in the air depends 
on a number of factors. In general, the air does not offer conditions for the development of the microflora 
of human origin, their survival being limited by the existence of unfavorable conditions. In the air there 
is no nutritional support for microorganisms that parasitize human or animal organisms. To these 
unfavorable factors is added the existence of agents with bactericidal or bacteriostatic action, of which 
the most important is the ultraviolet radiation. [10-12] 

 
Conclusions 
The most known impacts on health and implicitly on the quality of life refer to the pollution of the 
ambient air, to the inadequate quality of the water and to the insufficient hygiene. There are a number 
of categories that contain chemicals substances dangerous to the human health, substances and 
preparations that present, directly or through the interactions they have, risks of disease to the 
population. In the natural environment there are conditions and elements that, taken separately or as a 
whole, have an impact on human health and on the population, generally. Drinking water quality can be 
an important factor in the transmission of diseases among the population. Waterborne diseases can be 
infectious diseases (bacterial, viral, parasitic) and non-infectious diseases with symptoms. Through the 
presence in the air of various pollutants with irritating, asphyxiating, carcinogenic, allergenic action, 
there are created conditions that have a directly influence on the health and quality of life. The air plays 
an important epidemiological role and is the path by which numerous pathogens are transmitted. 
Bacteriological analysis of the air allows the hygienic characterization of the potential that the 
environment has in the aerogenic transmission of the infections. 
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1. Introduction 
The continuous development of the economic and social systems, the transition to the knowledge-
based economy and the continuous diversification of the labor market requirements, create continuous 
pressures on the educational systems, both in terms of the applicability of the knowledge provided and 
in ensuring the compatibility between the national educational systems. Under the conditions of 
globalization, education systems must be directly linked to the labor market [1] so as to build skills 
and abilities for future members of society [2], which will lead to sustainable economic and social 
development [3,4]. 

Viewed from the point of view of systems theory, education and economics are two open systems 
that are interconditioned [5]. The connections between them must function in such a way as to produce 
positive effects in both, in the sense that economic development must stimulate the development of 
education system, in general and also the vocational education, and this will provide a trained 
workforce that will produce economic development. 

Although secondary vocational education, a few decades ago, was considered inferior compared to 
general secondary education [6], starting with the last decade of the last century, its role in the 
formation of the workforce is beginning to be reconsidered [7]. Furthermore, in the study, Silliman 
and Virtanen [8] point out that the graduates of secondary vocational education have a higher 
competitive advantage in the labor market compared to those with general secondary education level. 

The development of secondary vocational education is closely linked to the need to change and 
adapt educational systems to the needs of economic and social development [9], all the more so, as 
this is in direct connection with the economy and the business world, education oriented in this sense, 
being a key factor in sustainable development, social mobility and raising the standard of living [10]. 
 At the level of European educational policies, by signing in 2002 the Copenhagen Declaration on 
strengthening European cooperation in vocational training, favorable premises have been created for 
the compatibility of the national educational process with the tendencies and good practices used in 
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the EU Member States. The measures of reform of vocational education were also supported by the 
implementation of numerous projects carried out within the PHARE program [11]. 
 In Romania, the high school education fields were defined by the Education Law no. 84 of July 24, 
1995 [12] which stated in Art. 24. - (1) that “high school education works, as a rule, with the following 
profiles: theoretically - real and humanist -, informational, pedagogical, technical, economic, 
administrative, agricultural, forest, agro mountain, military, art, sports and theology”. This law was 
amended and supplemented by Government Ordinance no. 151/1997 that reformulates Art. 24. - (1) 
defining the following fields and profiles: ”a) the theoretical profile with the humanist and real 
profiles; b) the technological profile with the technical profiles, services, exploitation of natural 
resources and environmental protection; c) vocational profile with military, theological, sports, artistic 
and pedagogical profiles ”. 
 In the context of the ones outlined above, the paper aims to identify and highlight the main 
structural and dynamic characteristics of vocational secondary education in Romania, as organized by 
law 84/1995 and subsequent amendments and completions, the period under review being 1997- 2018. 

The paper was structured in four sections, as follows: this introduction, the second section 
describes the research methodology, respectively the identification of variables used to analyze the 
evolutions of vocational education in Romania, the use and testing of regression models for variable 
analysis, section 3 presents the results of the tests and their interpretation, and the last section was 
dedicated to the general conclusions. 

2. Methodology 

The data series used in the analysis of the evolutions of vocational education in Romania are 
based on the series of data available in NIS databases [13]. The main data sources were constituted by 
the data series on enrolled population, by level of education, gender, macro regions, development 
regions and counties [14] in 1997-2018 period. Of these, in accordance with ISCED [15] and the Law 
of National Education Law 1/2011 [16], were extracted the data series regarding the evolution of the 
number of students enrolled in high school education, in the profiles: military, theological, sports, 
artistic and pedagogical. Starting from this, six main indicators were defined (Table 1). 
  

Table 1. The variables used to analyze the evolutions of vocational education in Romania 

Indicator Significance Units 

SVE Students enrolled in vocational education number 

SNE Students enrolled in normal schools (Pedagogical High Education) number 

SAP Students enrolled in high schools with artistic profile number 

SPES Students enrolled in high schools with a physical education and sports program number 

SMS Students enrolled in military high school number 

STS Students enrolled in theological seminars number 
 

To identify the characteristics of the evolution of the variables in the period included in the 
analysis, as well as for their analysis, regression models were used, of the form: 

   nttbatY
m

k

k
k ,1,

1
 


      (1) 

 

In (1), the parameters mkba k ,1,,  , m is the order of the polynomial model and n represents 

the number of time points of the analyzed series. 
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Testing the validity of the models (1) was performed using the ANOVA methodology [17], and the 
evaluation of the quality of the estimates was carried out with the correlation ratio (R), and the 
coefficient of determination (R2). The null hypothesis of test F is: 

HM0: the model is not statistically significant ( 1,,  knkcalc FF  or Sig.F>α). 

Testing the statistical meanings of the model parameters (1) was performed using the bilateral t 
(Student) test, whose null hypothesis is: 

HP0: the parameter bk and / or a does not differ significantly from zero; is not statistically 

significant (
1,

2


kncalc tt   or Sig.t>α). 

The identification of the models (1), as well as the testing of their statistical significance, and of 
their parameters, were performed using SPSS, for Confidence level 95% (significance level α = 0.05). 

3. Results and discussions 

Between 1997 and 2018, the evolution of vocational education in Romania is characterized by a series 
of particularities at the level of each of the five profiles, both in terms of the number of students 
enrolled and the weightings of the profiles as a whole.  

3.1. Evolutions of vocational education in Romania 

In Romania, between 1997 and 2018, the number of students enrolled in secondary vocational 
education (SVE) had an oscillating evolution (Figure 1), both at the general level and at the level of 
the development regions, determined on the one hand by the changes in structure of the education 
system, and on the other hand by the demographic dynamics. 

 

 
Figure 1. Evolutions of the number of students enrolled in vocational education in 1997-2018 period 

 
During the analyzed period, the number of students enrolled in secondary vocational education has 

some variations depending on the periods. Thus, it can be seen that the number of students enrolled in 
secondary vocational education registered slight decreases during the periods 1997-1999, 2005-2009, 
and increases were registered during the periods 2000-2004, 2010-2018. 

Starting with the 2009/2010 school year, the measure of increasing the number of schooling in high 
school education was applied, as a result of taking over the places of the SAM (school of arts and 
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crafts) type of education, thus significantly increasing the number of pupils. enrolled in secondary and 
vocational education, respectively [18]. 

If in 1997, 53753 students were included in secondary vocational education, at the end of the 
period analyzed, in 2018 at this educational level there were 51323 students, representing a decrease 
of 4.5%, due in particular to the decrease of the school population. 

In territorial profile, the evolution of the students from secondary vocational education had the 
same irregular dynamics, as at national level. It should be noted that if at the beginning of the period 
analyzed, most of the students enrolled are in the North-West region (9197 students), at the end of the 
period, this region is surpassed by the North-East Region, which has a number of 8956 students 
compared to 8017 existing students in the North West Region. The West Region is characterized by a 
low level of students enrolled in secondary vocational education compared to the other regions. 

Regarding the share of the students enrolled in the secondary vocational education out of the total 
of the students enrolled in the secondary education, at the level of the regions it is possible to find a 
concave trajectory during the analyzed period. (Figure 2), with a significant decrease in the period 
2005-2010 determined by the decrease of the school population and the educational reforms. 

The increase of the number of students attending secondary vocational education in the last eight 
years is explained by the fact that this route has become an attractive option, given that it offers the 
student qualifications for which there are opportunities in the labor market. 
 

 
Figure 2. The changes of the shares of students enrolled in vocational education (SVE) in the total of 

students enrolled in high school in 1997-2018 period 
 
If at the beginning of the period, the highest rate of inclusion in secondary vocational education 

existed in the North-West Region (10.0%) at the opposite pole being the Bucharest Ilfov region 
(4.4%), at the end of the analyzed period, at the top of the ranking will be found Center Region 
(10.49%), and the last place is South-Muntenia Region (6.35%) 

It is worth noting that for Bucharest-Ilfov Region, the evolution of secondary vocational education 
was on a different trend compared to the other regions during the period under analysis. Thus, if in 
2005, most of the regions recorded significant decreases in the weight of students enrolled in 
secondary vocational education (SVE) in the total of students enrolled in high school, except 
Bucharest Ilfov (increase compared to the previous year by 0.24 percentage points) and the region 
South-East (up from the previous year by 0.03 percentage points). 

From 2010 there is an increase in the number of students attending secondary vocational education 
at both national and regional level, with a more pronounced growth rate for Bucharest-Ilfov Region 
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(with a share of students enrolled in secondary vocational education in total students registered in high 
school in 2018 by 8.23%), North-West Region (10.10%) and Center Region (10.49%). The region that 
registered at the end of the analyzed period the lowest weight of the students who opted for the 
profiles in the vocational sector was South-Muntenia (6.35%) 

The analysis of participation in secondary vocational education on training profiles in the period 
1997-2018 is shown in figure 3. 

 
Figure 3. Evolutions of the shares of educational profiles, in total students enroled in secondary 

vocational education in 1997-2018 period 
 
On average, during the period analyzed 1997-2018, the highest shares are noted for Students 

enrolled in high schools with a physical education and sports program (SPES - 28.94%), followed by 
Students enrolled in high schools with artistic profile (SAP - 25.94%), Students enrolled in theological 
seminars (STS-22.30%), Students enrolled in normal schools Pedagogical High Education (SNE-
19.49%) and Students enrolled in military high school (SMS) - 3.32%). 

 
3.2. Pedagogical High Education 

The evolution of the number of students enrolled in normal schools in 1997-2018 is generally 
similar to that recorded in secondary vocational education, with variations of increases and decreases 
as can be seen in figure 4. 

 

 
Figure 4. Evolutions of the number of students enrolled in normal schools in 1997-2018 period 
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in the Center Region. Unfortunately, the next 12 years were characterized by a decrease in the number 
of students enrolled in normal schools in all regions, and during 2010-2018, there was a growing 
trend, but below the level recorded at the beginning of the analyzed period. 

As against of 1997, in 2018 there were no significant changes in the share of students enrolled in 
pedagogical high schools by development regions (figure 5). In 2018, the minimum values of the share 
of students enrolled in pedagogical high schools were registered in Bucharest-Ilfov Region (2%), and 
the maximum values were registered in North-West Region (18%) and Center Region (18%). . 
Between the two values of minimum and maximum, the regional hierarchy according to the share of 
students enrolled in pedagogical high schools was: North-East (17%), South-Muntenia (15%), South-
East (14%), South-West Oltenia (10%), West (6%). 

 
  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Evolutions of the share of students enrolled in pedagogical high schools by 
development regions in 1997 and 2018 

3.3. Students enrolled in high schools with artistic profile 

During the analyzed period, both the number of high schools with an artistic profile, as well as the 

students enrolled in the high schools with this profile, had a significantly different evolution from that 

of secondary pedagogical education. This evolution is characterized by three distinct periods: a period 

of upward growth (1998-2004), a crossing of a minimum (2004-2011) and a period of relative stability 

(2011-2018). 

 

 
Figure 6. The characteristics of the evolution of the number of students enrolled in high schools with 

artistic profile between 1998-2018 
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Taking these aspects into account, three evolution models were tested. The results obtained (Table 
2) show that of the three models, only the first two are valid (statistically significant), for the third one 
(Model A3), given that Sig.F = 0.597> α = 0.05, the hypothesis is accepted. null HM0. 

 
Table 2. Results of testing the statistical significance of the evolution models of the number of 

students enrolled in high schools with artistic profile 

Model Period 
Models validation Regression validation 

R R2 F Sig.F Coefficients t Sig.t 

A1 1998-2004 0.995 0.989 467.653 0.000 
a 7402.14 35.81 0.000 
b 999.54 21.63 0.000 

A2 2004-2011 0.949 0.861 22.691 0.003 
a 14889.77 90.99 0.000 
b1 -555.23 -6.65 0.001 
b2 60.83 6.72 0.001 

A3 2011-2018 0.222 0.049 0.312 0.597 
a 14305.04 123.74 0.000 
b -12.79 -0.222 0.597 

Source: author calculations using SPSS 

 

For the period 1998-2004, taking into account that R2 = 0.989, it turns out that the model offers a 
very good description of the evolution of the number of students enrolled in high schools with artistic 
profiles during this period. The model is: 

  1,54.99914.7402 199820041998  tttSAP     (2) 

The value of parameter b (the slope of the regression line) shows that in this period, the number of 
students enrolled in high schools with artistic increased by approximately 1000 students annually, 
reaching in 2004 to 14298 students, 64.68% more than in 1998. 

The second period, 2004-2011 shows a period of recoil, followed by a return of the number of 
students enrolled in this education profile. From an econometric point of view, the characteristic 
model of this period is a parabola of the form:  

  1,83.6023.55577.14889 2004
2

20112004  ttttSAP    (3) 

 
The peak of the parabola is located in the year 2007 when the number of students enrolled in high 

schools with artistic profiles registers a minimum of 13552 students. Starting with 2008 there is a 
comeback so that in 2011 the number of students enrolled in this profile (14400 students) slightly 
exceeds (104 students) their number in 2004. 

The third period (2011-2018) is characterized by alternating trends around a slightly decreasing 
trend, number of students enrolled in high schools with artistic profiles evolving between a maximum 
of 14400 students in 2011 and a minimum of 13962 students, in 2015. 

To provide an intuitive picture of the evolution of the share of students enrolled in high schools 
with an artistic profile in the total number of students enrolled in secondary vocational education and 
their area of distribution at regional level, figure 7 was constructed, which captures the range of 
minimum and maximum throughout the analyzed period (1997-2018). 
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Figure 7. The evolution of the share of students enrolled in high schools with an artistic profile in the 
total number of students enrolled in secondary vocational education and their area of distribution at 

regional level 
 

If in 1997, at the regional level, the highest share of students enrolled in high schools with an 
artistic profile in the total number of students enrolled in secondary vocational education was found in 
Bucharest-Ilfov (27.15%), and the most low value in South-Muntenia (8.33%), at the end of the period 
South-Muntenia recorded the lowest share (21.07%), while the highest value is registered in the West 
Region (38.77%). Therefore, during the period analyzed there are changes in the regions regarding the 
share of students enrolled in high schools with an artistic profile in the total number of students 
enrolled in secondary vocational education. 

Compared to 2008, in 2018 there were no significant changes in the share of students enrolled in 
high schools with an artistic profile by high school types (figure 8). In 2018, the minimum values of 
the share of students enrolled in high schools with an artistic profile by high school types were 
registered at the high schools with plastic arts profile (46%), and the maximum values were registered 
at the high schools with choregraphy profile (2% ). Between the two minimum and maximum values, 
the hierarchy the share of students enrolled in high schools with an artistic profile by high school types 
was: music (31%), visual arts (14%), theater (7%). 
 

 
 

Figure 8. The share of students enrolled in high schools with an artistic profile by high school types in 
2008 and 2018 
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Between 1998-2003, the evolution of students enrolled in high schools with a physical education 
and sports program shows an upward trend. Thus, compared to 1998 when a number of 10331 students 
was registered, in 2003 a number of 15068 students was registered, which represents an increase of 
45.85%. At the regional level, between 1998-2003, the highest value of Students enrolled in high 
schools with a physical education and sports program was registered in 2003 in the North-East region 
(2894 students), and the lowest in 1998 in Center Region (723 students). 

Between 2004-2007, the evolution of students enrolled in high schools with a physical education 
and sports program shows a downward trend. Thus, compared to 2004 when a number of 15313 
students was registered, in 2007 a number of 13863 students was registered, which means a decrease 
of 9.47%. At the regional level, in 2004-2007, the highest value of students enrolled in high schools 
with a physical education and sports program was registered in 2004 in the North-East region (2952 
students), and the lowest in 2007 in Center Region (1070 students). 

Between 2008-2018, the evolution of students enrolled in high schools with a physical education 
and sports program shows an upward trend. Thus, compared to 2008 when a number of 13947 students 
was registered, in 2007 a number of 16982 students was registered, which represents an increase of 
21.76%. At the regional level, in 2008-2018, the highest value of students enrolled in high schools 
with a physical education and sports program was registered in 2018 in the Bucharest-Ilfov region 
(3195 students), and the lowest in 1998 in West Region (1034 students). 

 
Figure 9. Evolutions of the number of students enrolled in high schools with a physical education and 

sports program, in 1997-2018 period 
 
Between 1998 and 2004 the number of students increases from 10331 to 15313 students. It should 

be noted that the annual increase is approximately constant which led to a linear upward evolution of 
the form: 

       1,94.9662.9081 199820041998  tttSEPES      (4) 

After 2008, was recorded a regression of the number of students enrolled in high schools with a 
physical education and sports program, described by model (5), a regression that continues until 2008, 
so that in 2008 their number was 9.46% lower only in 2004. 

    1,0.4765.15795 200420082004  tttSEPES       (5) 

At the level of the school year 2008-2009, there is a slight stabilization around 13900 students, 
followed by an upward evolution (model 6) which is maintained until the end of the analyzed period. 
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In 2018, a number of 16982 students enrolled in high schools with a physical education and sports 
program were registered. 

  1,24.3188.13946 200820182008  tttSEPES      (6) 

The results of the tests performed to verify the validity of the models (4-6) are presented in table 3. 
Given that all Sig.F values corresponding to the three models are lower than the significance threshold 
(α = 0.05), as well as that the values of the ratio of correlation (R) and of the coefficient of 
determination (R2) are very close to 1, it results that the null hypothesis HM0 is rejected and, 
consequently, models (4-6) describe very well the evolution of number of students enrolled in high 
schools with a physical education and sports program, during the analyzed period. 

Also, considering that on the one hand the Sig.t values are lower than the significance threshold, 
and on the other hand the confidence intervals for 95% confidence level do not include the value 0, it 
follows that the values of the slope of the regression line (parameter b) are statistically significant. 
 

Table 3. Test results of statistical significance of the evolution models of the number of students 
enrolled in high schools with a physical education and sports program. 

  Model validation Regression validation 
 

Period R R2 F Sig.F b Std.Err t Sig.t 
95% 

Conf.Interval 
Lower Upper 

S1 1998-2004 0.992 0.984 248.6 0.000 966.94 61.32 15.7 0.000 796.7 1137.2 

S2 2004-2008 0.998 0.997 612.6 0.002 -476.0 19.10 -24.9 0.002 -558.1 -393.8 

S3 2008-2018 0.958 0.981 101.3 0.000 318.24 31.62 10.1 0.000 246.7 389.8 

Source: author calculations using SPSS 

 
Compared to 2008, in 2018 there were significant changes in the share of students enrolled in high 

schools with a physical education and sports program by regions (figure 8). In 2018, the minimum 
values of the share of students enrolled in high schools with a physical education and sports program 
were registered in the West region (6%), and the maximum values were registered in Bucharest-Ilfov 
(19%). Between the two minimum and maximum values, the hierarchy of students enrolled in high 
schools with a physical education and sports program by regions was: North-West (13%), North-East 
(17%), South-East (15 %), South-Muntenia (12%), South-West Oltenia (10%), Center (8%). It is noted 
that the most pronounced changes were in the North-East region (a decrease by 5 percentage points) 
and Bucharest-Ilfov (an increase by 11 percentage points). 
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Figure 9. The share of students enrolled in high schools with a physical education and sports program 
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3.5. Students enrolled in theological seminars 

During the analyzed period, after a slight increase until 2003, the number of students enrolled in 
theological highs decreases significantly in most of the development regions. 

As can be seen from figure 10 and figure 1, the evolution of the number of students enrolled in the 

theological high schools is not similar to the one registered in the secondary vocational education. 

 

 
Figure 10. Evolutions of the number of students enrolled in theological seminars, in 1997-2018 period 

 
From figure 10, it can be seen that after the period of increase (1997-2003), the number of students 

enrolled in theological seminars is on a downward trend both at national and regional level. 
If in 1997, in the theological seminars were included 12560 students, at the end of the period 

analyzed, in 2018 there were 8791 students, representing a 70% decrease, due on the one hand to the 
decrease of the school population, but especially to the reduced opportunities offered by the labor 
market. 

In the regional profile, the evolution of the number of students enrolled in theological seminars had 
the same downward trend, as at national level. The West region is characterized by an increased level 
of theological seminars compared to the other regions, at the opposite pole being the South-East 
region. 
 

Table 4. Results of testing the statistical significance of the evolution models of the number of 
students enrolled in theological seminars 

Model Period 
Models validation Regression validation 

R R2 F Sig.F Coefficients t Sig.t 

T1 1997-2008 0.967 0.935 38.601 0.000 

a 12891.57 27.53 0.000 
b1 -635.13 -2.12 0.067 
b2 194.68 3.71 0.006 
b3 -13.45 -5.06 0.001 

T2 2009-2018 0.908 0.824 37.405 0.000 
a 10879.87 50.69 0.000 
b -211.52 -6.12 0.000 

Source: author calculations using SPSS 

 
At the level of Romania, the evolution in time of the number of students enrolled in theological 
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evolution of the number of students enrolled in this profile during the period 1997-2008 and is of the 
form: 

  1,45.1368.19413.63557.12891 1997
32

20081997  tttttSTS    (7) 

With the exception of coefficient b1, which is statistically significant for 90% confidence level (α = 
0.10), the others are statistically significant for 95% confidence level (α = 0.05). On the other hand, 
the value of the coefficient of determination (R2 = 0.935) shows that model (7) gives a very good 
description of the analyzed process, highlighting the two extreme points of the evolution of the 
number of students enrolled in theological seminars during this period. The first extreme point is a 
minimum, and corresponds to the needle 1998 (12242 students), and the second is a maximum, 
corresponding to 2003 (13733 students). The model further describes the downward evolution of the 
number of students enrolled in this profile until 2008, when their number reaches 10242 students. 

The second period (2009-2018) corresponds to a linear model of form: 
  1,52.21187.10879 200920182009  tttSTS      (7) 

The model (7), by the value of parameter b (slope of the regression line) shows that during this 
period, the number of students enrolled in theological seminars decreased annually with approximately 
212 students, reaching in 2018 to 8791 students enrolled in high schools with this profile. 

 
3.6. Students enrolled in military high schools 

The evolution of students enrolled in military high schools in the period 1997-2018 registered an 
oscillating evolution both at national and regional level, characterized by two periods, respectively a 
period of decline (1997-2007) and a period of growth (2008-2018 ). It should be noted that the level 
reached in 2018 is well below the level recorded in 1997, 1972 students compared to 3061 students. 

At the territorial level, there are significant differences regarding the number of students enrolled in 
military high schools in the period 1997-2018. (Figure 11) 

 
 

Figure 11. The number of students enrolled in military high school, in 1997 and 2018 at the level of 
the development regions 
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Oltenia, there were small increases in the number of Students enrolled in military high schools. 
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Conclusions 

The secondary vocational education aims the specialization in various profiles (military, theological, 
sports, artistic and pedagogical) of all graduates in order to prepare for the labor market or to continue 
their studies. 

The analysis of the number of students enrolled in secondary vocational education emphasizes that 
the demographic pressures, the reforms in the national education system and the opportunities offered 
by the labor market have produced structural changes at this level of education. 

Between 1997-2018, the school population decreased by 17.8% for the level of secondary school 
education. Secondary vocational education was on the same downward trend, the school population 
enrolled in the vocational chain reaching in 2018 to be 4.5% lower than in 1997. For all the profiles in 
the vocational sector there were fluctuations during the analyzed period, with sub periods of decrease, 
especially at the beginning of the period analyzed, and sub periods of growth in the last years, but 
without reaching the level from the beginning of the period analyzed. 

The structure by profiles of the students enrolled in secondary vocational education, in 2018, 
reflects the choice of most students to study at the physical education and sports program (33.0% of 
total vocational), following artistic profiles (27.9%), pedagogical high education (18.2%), theological 
seminars (17.1%), military high school (3.8%). 

The tendency of increasing in the last years of the number of students in secondary vocational 
education has been influenced by the action of multiple factors, of which the most significant were the 
desire to continue the studies, the educational offer and the access to the labor market. 
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Abstract. Internationally, after the Second World War, the health and economic sector is 
facing a major challenge with a new disease: COVID-19. The transmission of the virus was 
quite fast so that the population of each country was affected. Given that quite a few cases of 
COVID-19 infection have been reported both internationally and regionally for Romania, we 
considered it important to observe and analyze the evolution of this disease in Taking into 
account the daily number of COVID-19 infections in each county in the South Muntenia 
region, between June 11 and August 31, 2020, the research included the analysis of evolutions 
of absolute and relative values compared to the total of Romania, the region included in the 
study, from one county to another or overnight. The results showed an overall growth trend for 
each county, mainly for Argeș, Prahova and Dâmbovița. Thus, it is necessary both to take new 
measures appropriate to the existing situation, customized at the level of each county, and to 
comply as drastically as possible with the measures to eliminate and prevent COVID-19 
disease. 
  
Keywords: COVID-19, counties, South Muntenia Region, Romania 

 

1. Introduction 

The year 2020 began with the rapid spread of the COVID-19 pandemic, which caused thousands of 
deaths worldwide. This has led to an international public health concern declared by the WHO since 
30 January 2020 [1]. 

The problems facing the pandemic are many and quite little known. They have a spatial dimension 
that requires a detailed and in-depth approach [2]. In terms of health, there is a gradual need for 
research into the different dimensions and spatial aspects of disease and medicine. They intertwine 
spatial analysis, spatial-temporal dimensions with demographic aspects of health, presenting evidence 
of health inequalities and pandemics. [3, 4].  

In this context, the concept of health geography can be highlighted with a predominantly 
utilitarian and analytical perspective in the territory. It includes structuralize approaches, either as a 
cultural and sociological view of social welfare, or as a sense of "place" for people [5]. 

Like any infectious disease, its rapid spread endangers public health by requiring important 
measures and actions, starting at the community level, then at the regional level and last but not least 
at the national level. In this context, due to measures that encourage hygiene and social distancing, the 
damage caused by blocking economic and social life has been gradually recognized in all countries. 
The measures taken were varied.  
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They have undergone a different evolutionary trajectory from one state to another, including 
issues aimed at either intensifying hygiene by carefully washing hands, or closing certain units from 
small shops, restaurants, pubs, to malls, and even to banning public meetings. Governments have 
gradually resorted to quarantine of vulnerable people and restrictions on national and international 
travel [6].   

In this context, Romania has gone through difficult situations, a fact confirmed by the number of 
cases that are quite high, from one period to another. Thus, during the pandemic, Romania faced 
different experiences and implemented various health and economic policies, at different times and in 
different forms, in order to end the pandemic and economic activities appropriate to the context were 
carried out, with favorable investments.  

However, as in other countries [7, 8], the heterogeneity of its impact in geographical areas was 
acute, people with high incomes abruptly reduced spending in mid-March 2020, enterprises laid off 
most low-income employees, leading to a rising unemployment in the more economically developed 
regions. At the same time, macroeconomic instruments in the form of stimulating aggregate demand or 
providing liquidity to enterprises had a reduced capacity to restore jobs because consumer spending 
was constrained by health problems. 

At the Romanian level, considering the need to identify and develop for the future both health 
policies and economic and social strategies, the paper presents a dynamic, spatial explanatory 
description of the distribution of COVID-19 cases by counties, during 11 June - August 31, 2020, at 
the level of the South Muntenia region. The research elaborated from June 11 to August 31, 2020 
focused on studying the evolution of COVID-19 during the summer. The aim is to conduct future 
research in the fall and maybe even winter, studying the differences that occur in the evolution of the 
disease from one season to another. The results obtained could be supplemented with aspects that 
highlight the impact in economic and social terms, thus determining, specifying and adopting 
measures to be applied in order to economic recovery of the South-Muntenia region. 

Thus, the introductory part of the article is followed by a framework for presenting the 
characteristics of the number and weights of COVID-19 cases determined at the level of the period 
included in the analysis. In the chapter results and discussions are presented multiple aspects that 
highlight a general growth trend.  

After presenting the evolution of the share of cases registered in the South Muntenia region 
between June 11 and August 31 in the total number of COVID-19 cases registered in Romania is 
analyzed both the number and the weights of COVID-19 cases registered until June 11 in counties of 
the South Muntenia region. The research continues with a rendering of the evolution of the total 
number of COVID-19 cases in the counties of the South Muntenia development region in the period 
included in the analysis.  

The analysis of the evolutions of the daily increase of COVID-19 cases in the counties of the 
South Muntenia development region between June 11 and August 31 is followed by a description of 
the daily evolutions of the structural weights by counties for the number of COVID-19 cases in the 
South Muntenia development region. June 11 - August 31. The chapter ends with an overview of the 
number and weights of COVID-19 cases registered until August 31 in the counties of the South 
Muntenia region. 

The article concludes with a chapter of conclusions that highlights that the counties of Argeș, 
Prahova and Dâmbovița represent the counties of the South-Muntenia region which during the 
mentioned period registered the most significant increases in terms of the number of COVID-19 cases. 
In view of this fact, as a final conclusion it can be mentioned that, especially for these counties, it is 
necessary to adopt strict preventive measures and restrictions to be imposed and applied by local 
governments and health units involved in this extensive eradication process of COVID-19 disease. 
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2. Methodological aspects 

Taking into account the objective of the study to identify the evolution of COVID-19 disease in the 
counties of the South Muntenia region (Argeș, Călărași, Dâmbovița, Giurgiu, Ialomița, Prahova and 
Teleorman), seven variables were identified and used (Table 1). 

Given the motivation to conduct the study, to identify and develop in the future health policies and 
strategies in economic and social terms during the article aimed to highlight the similarities and 
differences between them in terms of indicators analyzed, taking into account the data available in 
study period (June 11-August 31, 2020).  
 

Table 1 List of variables 
No. Variables Units 

1 The total number of COVID -19 cases in Romania (TNC_Rom) number 
2 Total number of COVID -19 cases in the South Muntenia development region 

(TNC_SM) 
number 

3 The total number of COVID -19 cases in county X (TNC_CX) number 
4 Daily number of new COVID -19 cases registered in the county X  number 
5 The share of the number of COVID -19 cases at the level of the South Muntenia 

development region in the total number of cases registered in Romania 
% 

6 The share of the total number of COVID -19 cases in county X in the total number of 
cases registered in the South Muntenia region 

% 

7 Share the daily number of new COVID -19 cases registered in county X in the total 
number of cases registered in the South Muntenia region 

% 

 
The highlighting of the similarities and differences between the counties was based primarily on 

some important characteristics of the variables that represented basic indicators in the analyzes 
performed in the paper (table 2). 
 

Table 2 Main characteristics of the total number of COVID -19 cases 

 
Between June 11 and August 31, 2020, out of the average number of COVID-19 cases determined 

in Romania (approximately 46123 cases), 15.58% is represented by the one registered for the South 
Muntenia region (approximately 7188 cases).  

The analysis of the average number of COVID-19 cases at the level of each county, shows that 
Argeș County is on the first place with 2465 cases, i.e. 34.29% of the average of the South Muntenia 
region, registering the highest amplitude of diseases of 4711 cases compared to other counties. Less, 
with approximately 829 cases, Prahova County is also in the top of the ranking by the average number 
of diseases, given that it represents 22.75% of the average of the region.  

 Mean Median Maximum Minimum Std. Dev. 
TNC_Rom 46122.63 39648 87540 21182 20948.00 
TNC_SM 7187.49 6131 15111 1668 4525.80 

TNC_CX 

TNC_CAG 2464.54 2220.5 5017 306 1686.01 
TNC_CCL 276.05 245 540 109 121.85 
TNC_CDB 1485.15 1271 3080 342 931.96 
TNC_CGR 384.96 329 690 237 136.20 
TNC_CIL 641.18 606.5 962 397 198.37 
TNC_CPH 1635.22 1218 4230 130 1321.401 
TNC_CTL 300.39 241 592 147 147.85 
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With a difference of only 150 cases compared to Prahova, Dâmbovița ranks third with a fairly 
large amplitude of 2741 cases. At a difference of approximately 844 cases compared to the first three 
counties and approximately 256 cases compared to the last three counties in the ranking, Ialomița 
County is in the middle of the ranking.  

The lowest shares in the number of COVID-19 cases registered in the South Muntenia region, of 
5.36%, respectively 4.18% and 3.84% of the total are registered in Giurgiu, Teleorman and Călărași 
counties.  

Starting from these basic indicators (the total number of COVID-19 cases in Romania, the one in 
the South Muntenia development region and the total number of COVID-19 cases in the component 
counties of that region), as well as their characteristics , the analysis of the evolutions of the cases of 
COVID-19 diseases was further approached both in number and in weight compared to the total of 
Romania, of the region included in the study, from one county to another, as well as from one day to 
another. 

3. Results and discussions 

The study begins with an analysis of the share of COVID-19 cases registered in the South Muntenia 
region in the total number of cases in Romania. 

 
Figure 1 Evolution of the share of the number of cases registered in the South Muntenia region 
between June 11 and August 31 in the total number of COVID-19 cases registered in Romania 

 
Figure 1 shows very clearly the sharp increase from one day to another, the weights of the number 

of cases in the South Muntenia region compared to the total number of COVID-19 cases in Romania, 
from 7.87% determined on June 11 to 17.91% when they were calculated for the 17th of August. 
During this period there are exceptions on June 19 and 20 when the share is the same of 8.52%, 
respectively on June 22 and 23 when the same percentage of 8.82% is determined.  

A small fluctuation occurs on July 29, 30 and 31 when percentages of 17.20%, 17.18% and 17.28% 
are recorded. In the next analysis period (August 17-August 31), the cases were lower, a fact noted by 
the decreasing weights from one day to another from 17.82% from August 18 to 17.26% on August 
31.    
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Figure 2 Number and weights of COVID-19 cases registered until June 11 in the counties of the South 

Muntenia region 
 
With over 300 COVID-19 cases registered until June 11, Ialomița, Dâmbovița and Argeș counties 

are at the top of the ranking, representing 23.80%, 20.50% and 18.35% of all cases in the South 
Muntenia region. With 237 cases, Giurgiu County has 14.21% of the total in the South Muntenia 
region. The ranking of counties in relation to the number and weights of COVID-19 cases registered 
until June 11 in the counties of the South Muntenia region places the counties on the last places with 
over 100 cases: Teleorman (with 8.81% in the total region), Prahova (with 7.79%) and Călărași with 
6.53% (figure 2). 

 
Figure 3. Evolutions of the total number of COVID-19 cases in the counties of the South Muntenia 

development region between June 11 and August 31 
 

After June 11 to August 31, in the South Muntenia region, the evolution of the number of COVID-
19 cases is constantly increasing, but it differs numerically from one county to another (figure 3). 
Thus, Argeș County registers the highest increase, with approximately 58 cases / day (from 306 cases 
on June 11 to 4711 cases on August 31), followed by Prahova with approximately 51 cases / day (from 
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a minimum of 130 cases to a maximum of 4100 cases) and of Dâmbovița with approximately 33 cases 
/ day (minimum 342 cases, maximum 2708 cases). With a maximum of 565 cases on August 31 from 
397 cases to June 11, the average increase was determined to approximately 7 cases / day for Ialomița 
County. Giurgiu, Teleorman and Călărași represent the counties with the lowest average increase in 
cases registered between June 11 and August 31, of approximately: 6 cases / day in the case of the first 
county, 5 cases / day for the last two.  

Taking into account the number of COVID-19 cases from each day compared to the previous day, 
starting with June 11, at the level of each county was determined the daily increase whose evolution is 
shown in Figure 4. Thus, on June 23, the lowest increase in the number of COVID-19 cases is 
registered on the whole of the South Muntenia development region, with only 19 cases in addition to 
the previous day (June 22), which represents a growth rate daily by only 0.89%. At this date, the 
distribution of the daily increase in cases by counties is different. Thus, Dâmbovița County registers 
the most significant increase (9 cases more than in the previous day), compared to the other counties 
(the rate is 2.10%). This county is followed by Ialomița and Prahova (5 cases more than on June 22). 

Although they have only 5 more cases than on June 22, the daily growth rates are different: 
Ialomita has an increase of 1.22%, and Prahova County with 2.13% on June 23 compared to June 22. 
Călărași County registers only 1 case more on June 23 than the previous one, represented by a rather 
low daily growth rate, by 0.68%. On June 23, the counties of Argeș, Giurgiu and Teleorman registered 
the same number of cases as on June 22 (of 510 cases - Argeș, 255 cases - Giurgiu, respectively 154 
cases - Teleorman) 

 
Figure 4. The evolutions of the daily increase of COVID-19 cases in the counties of the South 

Muntenia development region between June 11 and August 31 
 

At the level of the South Muntenia development region, the biggest increase in the number of 
COVID-19 cases is on July 27, when there are 398 more cases than on July 26, the zinc rhyme of 
growth being 5.42%. The distribution of the daily increase in cases by counties on the mentioned date 
varies. Thus, the most significant increases in July 27 compared to the previous day are reported in 
Dâmbovița counties with a cynical increase of 131 cases and a rate of 8.73%, Argeș with 129 cases, 
respectively 4.80% and Prahova with 120 cases representing 7.94%. Then, for Giurgiu County, the 
difference between the two days of analysis is 9 cases, which represents a relative increase of 2.43%. 
The situation of the increase from one day to another on July 27 compared to July 26 is the same for 
Ialomița and Teleorman with 4 cases, but with different rates of 0.58% for the first county and 1.28% 
for the second. Regarding Călărași County, the difference of July 27 compared to the previous day is 
also 1 case, as on June 23, only that the daily growth rate is only 0.36%.    
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Between June 11 and August 31, as mentioned, the counties of Dâmbovița, Argeș and Prahova 
correspond to the most significant increases on July 27. Ialomita has a maximum increase of 50 daily 
cases COVID-19 on July 23 compared to July 22 transposed in a relatively daily increase of 8.21%, 
followed by Teleorman with a daily increase of 36 cases on July 24 (by 13.74%) and Giurgiu with 32 
cases on August 28 for which the daily growth rate is 4.95%. Călărași County registers the highest 
daily increase in cases on August 20, with 21 cases transposed by a relatively daily increase of 4.99%. 

  The total number of COVID-19 cases from the counties of the South Muntenia development 
region between June 11 and August 31 allowed the determination of the structural weights that in 
time, from one county to another, had significant fluctuations (figure 5). 

At the level of the South Muntenia development region, the structural weights for the number of 
COVID-19 cases of Argeș and Prahova counties compared to those of the other counties, changed 
from one day to the next in the sense of an increasing trend over the entire analysis period at 18.35% 
and 7.79% (June 11) at 37.08% and 27.99% (August 5 and August 31).  

The general trend of reduction of the structural weights determined by region at the county level is 
manifested first of all in Ialomița, the oscillation being of 16.74 percentage points between the 
maximum of 23.80% on June 11 and the minimum of 6.34% from August 30 and Giurgiu with 10.06 
percentage points maximum of 14.21% on June 11 and minimum of 4.15% on August 7). The same 
decreasing trend, however, is recorded by only 5.16 percentage points for Teleorman County 
(maximum of 8.81% on June 11 and minimum of 3.65% on August 16) and only by 4.22 percentage 
points for Calarasi (from 7.36% on June 18 to 3.14% on August 9). Dâmbovița represents the county 
with the smallest oscillation of the number of COVID-19 cases compared to other counties, the 
structural weights being only between the minimum of 18.85% from June 26 and the maximum of 
22.04% from July 12. 

 
Figure 5. Daily evolutions of the structural weights by counties for the number of COVID-19 cases at 

the level of the South Muntenia development region between June 11 and August 31 
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Figure 6 Number and weights of COVID-19 cases registered on August 31 in the counties of the 

South Muntenia region 
 
If the analysis carried out during the article started with a presentation of the number and weights 

of COVID -19 cases registered on June 11 in the counties of the South Muntenia region, it will end 
with the presentation of the level of the same indicators but on August 31 (figure 6). Thus, it can be 
mentioned that Argeș County has faced a significant increase in COVID -19 cases. The process of 
rapid spread (growth) of the disease brought it to the first place on the last day of analysis (August 31) 
compared to the first day (June 11) in which it ranked third.  

With 4711 more cases than in June 11 in the South Muntenia region, compared to other counties, 
this county has 33.20%. Prahova is the second county with serious problems in terms of the spread of 
the disease. It rose in the ranking of COVID-19 cases, returning to August 31, 27.99%, given that at 
this time their number is 4100 cases higher than the first day of analysis when it was on the 
penultimate place. Dâmbovița remains among the first three counties with a large number of cases 
(2738 more cases than on June 11) which, compared to the other counties, has a percentage of 20.38%. 

Ialomita, from the first place occupied on June 11, reaches the fourth place on August 31, with 
962 COVID -19 cases, representing 6.37% of the total cases of the South Muntenia region. At the 
same time, on August 31, Giurgiu County has a higher number of cases than on June 11, but, 
compared to the other counties, a small number, the percentage being only 4.57%. 

The last two places are occupied by Teleorman with 3.92% of the total cases of the South 
Muntenia region (445 cases more than those registered on June 11) and Călărași with 3.57% 
(compared to the number of cases registered on June 11 are more with 431 cases). 

The last two places are occupied by Teleorman with 3.92% of the total cases of the South 
Muntenia region (445 cases more than those registered on June 11) and Călărași with 3.57% 
(compared to the number of cases registered on June 11 are more with 431 cases) 

4. Conclusions 
Knowledge of COVID-19 dynamics at the regional level is important to clarify the magnitude and 
impact of the pandemic. This context creates the necessary premises for the adoption and 
implementation of decisions at the level of local and implicitly regional communities. In this sense, the 
study offers an analysis of the evolutions of COVID-19 cases at the level of each county in the South-
Muntenia Region, under different aspects, for the entire period from June 11 to August 31. 
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The evolution of the number of COVID-19 cases registered in the South Muntenia region in the 
total number of cases registered in Romania is highlighted in the form of the weights determined for 
the period June 11 - August 31. If from June 11 to August 17 there were increasing weights from one 
day to another, in the next period, until August 31, they will be oscillating below the maximum value 
of 17.91%.  

The most drastic situation, due to the large number of COVID-19 cases and the corresponding 
weights by counties compared to the total registered in the South Muntenia region is encountered until 
June 11 in Ialomița, Dâmbovița and Argeș, and on August 31 in Argeș, Prahova and Dâmbovița. If 
Giurgiu is placed in the middle of the ranking on June 11, until the end of the analysis period, the 
place of this county is taken by Ialomița. Furthermore, if by June 11 the counties of Teleorman, 
Prahova and Calarasi, in descending order, face fewer cases of infection than those recorded in the 
South Muntenia region, the situation is quite good on August 31 for Giurgiu, Teleorman and Calarasi.  

The evolutions of the total number of COVID-19 cases, between June 11 and August 31, are 
different from one county to another. The largest increases in the number of COVID-19 cases from 
one day to the next were reported for the counties of Argeș, Prahova and Dâmbovița. In the middle of 
the ranking is Ialomița, followed by Giurgiu, Teleorman and Călărași counties with the smallest daily 
increases in the number of COVID-19 cases.  

At the level of the South Muntenia development region, the smallest increase and daily rhythm 
(minimum values) is registered on June 23, when, compared to June 22, the smallest increase in the 
number of COVID-19 cases is observed from one day to the next. . At the mentioned date, taking into 
account the two reference indicators (daily increase and rhythm), the counties of Dâmbovița, Ialomița 
and Prahova correspond to the most significant increases. The three counties are followed in ranking 
by Călărași County, and the lowest daily increments and rhythms on the mentioned date belong to 
Argeș, Giurgiu and Teleorman counties. Regarding the fastest increases (maximum values of increase 
and daily rate) recorded in the same region included in the analysis, the date of July 27 can be 
reported. And by counties, in July 27 compared to July 26, the most significant increases are registered 
for the counties of Dâmbovița, Argeș, and Prahova. These counties are followed by Giurgiu County, 
so that the last three counties, Ialomița, Teleorman and Călărași correspond to the lowest daily 
increments and rhythms. 

The analysis of the evolution of the increase and of the daily rhythm of COVID-19 cases on each 
of the counties of the South Muntenia development region, between June 11 and August 31 places, 
through the highest values, on the first place Dâmbovița, Argeș and Prahova on July 27 , followed by 
Ialomița on July 23. With lower values are Teleorman County on July 24, followed by Giurgiu on 
August 28 and Calarasi County with the highest daily increase in cases on August 20. 

Comparing daily the number of cases in each county with the one in the South-Muntenia region, 
the determined weights allowed the presentation of some evolutions between June 11 and August 31. 
The evolutions show that the structural weights for Argeș and Prahova changed from one day to the 
next in the sense of an increasing trend over the entire analysis period, compared to those of the other 
counties. For the rest of the counties, the structural weights registered a rather significant decrease. 
The exception is Dâmbovița County, which, during the entire study period, the number of COVID-19 
cases compared to the one in the region as a percentage, compared to the other counties, oscillates 
insignificantly from one day to the next, highlighting a fairly constant evolution. 

The regional distribution of COVID-19 cases can be explained by environmental conditions, 
various social processes, including those based on unplanned population growth, social inequalities, 
living standards and civilization [9]. This statement considers on the one hand the deficient water 
infrastructure, and on the other hand the built infrastructure, in the South Muntenia region, i.e. the 
availability of water and the relations between the prevalence and the level of overcrowding. At the 
same time, socio-economic factors in the region are targeted with significant spatially significant 
impact on the spread of COVID-19 cases, such as social processes that shape the epidemiological 
vulnerability of localities, overcrowding and access to health services, which require the design of 
urban and health policies effective. 
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Understanding the distribution of the number of cases confirmed by COVID-19 in the counties of 
the South Muntenia Region is relevant for the elaboration of health policies, future economic and 
social strategies, aspects that should be included in the 2030 Sustainable Development Goals. 

A critical analysis of current literatures shows that considerable changes will occur in local, 
regional and international trade patterns. Thus, the trajectory from boom, recession, changing 
environment to general trade policies will return to the forefront for many countries [10]. 

The paper provides useful information and provides a perspective for future bibliographic queries 
as a resource for understanding the evolution of tools used in the management of this pandemic. At the 
same time, it represents an opening of future research that should include other development regions in 
Romania.  

The decisions to be taken against COVID-19 should be tailored to the spatial-temporal dimensions 
and demographic aspects of health. In this way they must represent challenges from an 
interdisciplinary perspective, imposing proactive planning, and international solidarity in close 
interdependence with the global perspective. 
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Abstract: This paper is limited to the current concerns at European level generated by the 
scale and consequences of the phenomenon of posting of workers in cross-border services. The 
different, sometimes opposite, perception of these issues has led to the active involvement of 
many stakeholders, from the European institutions to the governments of national states, trade 
unions and employers' organizations in trying to give the strongest possible foundation to 
initiatives to change the legal framework. 
The adoption of new regulations and the creation of mechanisms that enable the collection of 
complete and accurate information are considered necessary to outline a topical picture of the 
posting of workers within the Community and to develop strategies that contribute to the 
manifestation of an 'equitable' labour market and fair competition between European 
companies, as well as to provide an adequate level of protection of the rights of workers posted 
for the provision of cross-border  services. 

 
Keywords: transnational posting, posted workers, cross-border services, labour force mobility 

 
 

 

1. Setting out a roadmap for the posting of workers at European Union level 
Currently, a number of studies addresses the issue of posted workers with an emphasis on wage 
provisions and working conditions, but  there is also the need to ensure a climate of fair competition 
and respect for the  workers` rights, presenting the current situation in a country (Italy in the case of 
Ianuzzi Francesco, Finland in the case of Lillie Nathan and Markku Sippola or Germany in the case of 
Vladimir Bogoeski), as well as at the level of the European Union (Lillie Nathan, KairitKall, Ian 
Greer, Aukje Van Hoek, Mijke Houwerzijl) or a field of activity (Pablo Sanz de Miguel, Michiel 
Rogierrs, Sonila Danaj). Choosing as a research methodology, the analysis based on an extensive 
literature review, it can highlight the ongoing concerns of adapting European and national legislations 
to labour migration and to workers' rights, but also a number of issues that remains unresolved: "either 
lack (effective )of strategies focused on posted workers or considered this as a target group outside 
their jurisdiction or just too difficult to engage with. " [11]. 

Ensuring economic growth and a standard of living as high as possible for the citizens are the 
desideratum of all states, imposing an economic development that requires a demand for labour which, 
in the case of developed countries, often exceeds the 'internal resources' at the level of certain 
activities, economic sectors or skills, despite the phenomenon of labour force migration. One of the 
solutions that companies use for the temporary supplementation of the workforce is the use of workers 
posted for certain periods of time from other states, a process regulated in the European Union since 
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1996 through Directive 96/71/EC regarding the posting of workers in the framework of the provision 
of services [18] comprising a set of minimum conditions relating to wages, maximum work period, 
annual leave or conditions of employment which apply to all posted employees. Based on the 
fundamental principles of the internal market set out in the Treaty on the Functioning of the European 
Union (TFEU), namely the free movement of workers, the freedom of establishment and the freedom 
to provide services, companies have been guaranteed the right to provide services in another Member 
State of the European Union and to temporarily post their workers to the territory of that Member 
State for that purpose; posted workers have the same legal status as their own employees, except for 
the social security system (pension insurance, accidents at work and occupational health, health 
insurance, family benefits) and tax obligations, in which case employees are subject to the law of the 
state of origin. The legal regime of the host country also applies, in general, to the length of the 
working day, the minimum rest period, paid annual leave, the minimum wage, the place of work, 
health, as well as to measures for the protection, safety and hygiene at work, working conditions for 
pregnant women or women who have recently given birth, to equal treatment for men and women and 
other anti-discrimination measures [3]. 

Allowing for the fact that labour market conditions have changed over time and that a number of 
issues have either not been regulated at all or have been insufficiently addressed (insufficient 
administrative supervision, poor communication between Member States on the exchange of 
information etc.) - due to abusive or fraudulent practices, European legislators considered it necessary 
to revise the rules, initially set out through Directive 2014/67 and followed by Directive 957 in 2018. 
The rules imposed by Directive 2014/67 aim to "improve access to information for both Member 
States and service providers, the information being transparent, free of charge, in an accessible format 
and published on a single official website, in multiple languages, taking into account the demands of 
the labour market in the host countries. In the same context, cooperation between Member States was 
expected to be improved through the use of the Internal Market Information System (IMI)." [3]. At the 
same time, the Directive improved the implementation of workers' rights, including the case of 
subcontractors, by introducing joint liability of companies using posted workers, which is compulsory 
in the construction and transport sectors, with the possibility of extending it to other sectors. […] In 
order to monitor the correct implementation of the Directive, a list of control measures at national 
level was provided, which could be amended by host countries, if they thought it necessary." [3]. 

The adjustment made by Directive 957 of the European Parliament and of the Council of 28th June, 
2018 amending Directive 96/71/EC on the posting of workers in the framework of the provision of 
services (Directive (EU) 2018/957) was aimed at 'encouraging the free provision of services across 
borders, in a climate of fair competition, respecting workers' rights and adapting to new economic and 
social conditions, as well as an improvement of the EU legislation in this field'. Its adoption due to a vote 
in the European Parliament gave EU member states a two-year deadline to transpose this directive into national 
law. 

The rights of posted workers relate to working conditions, accommodation, health and safety 
(which must comply with the national rules of the Member State where the workers are posted), wages 
(the principle of equal pay has been implemented through secondary legislation and covers not only 
equality between men and women, but also equality between fixed-term workers and permanent 
contract workers carrying out similar work , between part-time and full-time workers and between 
temporary agency workers and employees of the host company carrying out similar activities), 
covering accommodation costs, transport and meal expenses (posted workers must benefit from at 
least the same allowances or the same level of reimbursement of transport costs and accommodation 
applicable to local workers in the host country), non-discrimination provisions, as well as the right to 
receive, from the host Member State, general information on national law and/or national practices 
applicable to them. [17, 18]. 

Taking into account the fact that the posting takes place for a fixed period (and this period may 
exceed 12 months or even 18 months), and that the posted worker may be made available to a host 
company by a temporary employment company or a temporary employment agent, the aforementioned 



Journal of Research and Innovation for Sustainable Society (JRISS) 

Volume 2, Issue 2, 2020 

ISSN: 2668-0416 

Thoth Publishing House  

 

 
91 

Directive 2018/957 can be corroborated with European Directive 2008/104/EC of the European 
Parliament and of the Council of 19th November, 2008 on temporary agency work, the principle of 
which is that the basic working and employment conditions applicable to temporary agency workers 
should be at least those which would apply to such workers if they were recruited by the user 
undertaking for the same job. [20]. 

The main amendments made by Directive 2018/104 to the previous Directive relate to [22]: 
• remuneration of posted workers is made in accordance with the law and practices of the host 

country; Remuneration means both wages and other elements (bonuses, allowances, salary 
increases, etc.), Member States being obliged to specify in a transparent manner the elements 
that make up the remuneration in their country; 

• the employer must cover the costs of travel, accommodation and meals (instead of deducting 
them from employees' wages); 

• the maximum period of posting was set at 12 months, with a possible extension of up to 6 
months. After that, all labour rules in the host country will apply; 

• temporary employment agencies must guarantee posted workers the same conditions applied 
to temporary workers employed in the country where they work; 

• cooperation in the field of fraud is strengthened. The new rules will apply to the transport 
sector once the legislation on this sector comes into force. 

Although the European Commissioner for Employment, Marianne Thyssen, believed that the vote in the 
European Parliament 'constitutes an important step in the process of building a more equitable single market', 
this directive has led to the creation of two opposing camps (made up of European Union institutions, trade 
unions, employers' organisations and other stakeholders): one that shares the European representative's point of 
view and includes in particular defenders of the interests of states where the share of posted workers in their 
country is large (e.g. France, Germany, Austria, Belgium, the Netherlands, Sweden or Luxembourg). Of these, 
France, Germany and Belgium hosted together 50% of the workers received in 2016 [7]) and considered that 
by not intervening at the level of Directive 96/71/EC, posted workers from Eastern European countries 
such as Romania, Bulgaria or Poland, 'accustomed' to lower wages, will take over the jobs in these 
countries. Although companies that use these workers can increase their earnings as a result of lower 
labour costs, at the level of the national economy, the losses are estimated to be higher as a result of 
the increase in unemployment among the resident population and their social welfare expenditures. In 
fact, this has been the case since the establishment of the European Union and it expanded when the 
newly acceded states, with a lower standard of living than in the EU started the 'export' of labour force 
either indefinitely, in the form of external migration, or for a fixed period of time in the form of posted 
workers by a subcontractor. Even if the supporters of this directive admit that 'companies that post 
workers in low-wage sectors, such as constructions, will be affected and that the new rules will 
increase wage costs for companies that post workers, they can still remain competitive due to lower 
costs of social security and the income tax which is lower than in some host states'. [3].  

On the opposite side, there are the defenders of the interests of the countries “exporting” mainly 
posted workers (Bulgaria, Czech Republic, Estonia, Hungary, Lithuania, Latvia, Poland, Slovakia and 
Romania) who see in this vote an elimination of their competitive advantage compared to competing 
economic agents from the developed countries of the European Union, represented by the practice of 
remuneration at the level of their country, not of the country where they posted the workers. In 
Romania, the National Council of Small and Medium Private Enterprises (CNIPMMR) had a sharp 
point of view by which it asked the Romanian MEPs to oppose the proposal to revise Directive 
96/71/EC based on considerations such as [5]:  

– 'there is a comprehensive legal framework: Directive 96/71/EC on the posting of workers in 
the services sector has already laid down a set of mandatory and restrictive rules on 
employment terms and conditions applied to posted workers and it has also established 
additional rules on the posting of workers by addressing issues related to fraud, circumvention 
of regulations and the exchange of information between Member States'; 
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– there is a need for a broad and rigorous analysis of the available data on the challenges and 
specifications of cross-border services and the SMEs Test to change the legal framework in 
this area; 

– "free movement of services" is a fundamental principle of the internal market of the Union, 
enshrined in the Treaty on the Functioning of the European Union (TFEU); 

– the principle that posted workers should be subject to the same pay rules as local employees is 
incompatible with a genuine single market, in which sustainable economic development is 
driven by efficient, innovative and competitive companies, with pay gaps being a legitimate 
element of the competitive advantage that service providers have; 

– the principle that posted workers should be subject to the same pay rules as local employees is 
not feasible in practice because: cross-border service providers incur costs that are not borne 
by local service providers; local employers pay for their employees only staff salaries, taxes 
and insurance contributions; significant differences in wages do not distort the conditions of 
fair competition between companies, the total cost (including wages, daily allowances, 
transport costs, administrative costs) of a cross-border service provider is not significantly 
lower than the one borne by local businesses and the profit of a cross-border service provider 
has very low margins in order to be competitive; one must also take into account the 
differences that exist between Member States, resulting from different levels of economic 
development, tax systems, labour law and social protection regulations, etc. 

The transnational movement of workers is amplified not only by wage disparities between EU 
member states, but also by the need for skilled and highly skilled labour force, which can be found 
mainly in developed countries. [7]. 

The concerns of all states in managing the issue of posting of workers from cross-border services 
(even if their position is influenced by the place occupied within the framework of posting: senders or 
receivers of posted workers), is justified by the evolution and size of this phenomenon: in 2016 in the 
EU, the number of posted workers reached 2.3 million (chart 1), with a high frequency of posting 
occurring in certain economic sectors such as industry (69.1%, of which 45% in constructions), 
services (29.4% comprising mainly education, health and social services) and 1.5% in fishing and 
agriculture (chart 2). 

 

 
Chart 1 Evolution of the number of posted workers in the European Union  
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Chart 2. Number of posted workers by economic sectors (2016) 

 
Although between 2010 and 2016, their number increased by 41%, the share of posted workers in 

the total labour force is low, at 0.4% in the European Union [2], which makes the impact of postings to 
be limited if total employment rates are taken into account; however, if we consider the employment 
rates at the level of certain sectors of economic activity, such as construction, or of certain countries, 
such as Germany, France or Belgium, these numbers will increase significantly. 

82.3% of the number of secondments was made to 15 countries. Germany, France, and Belgium 
received the largest number of posted workers, hosting together 50% of the workers received. [22]. 
For example, in 2015, 285,000 workers were posted to France (the second most sought-after host 
country); by comparison, in 2000 there were only 7,500 posted workers working in France [14]. The 
average duration of secondments to the EU is less than 4 months. [2]. 

In the study conducted by the European Parliament - Posting of Workers Directive - current 

situation and challenges. Study for the EMPL Committee (2016), the authors noted 'a significant lack 
of reliable information on the posting of workers within the European Union, most statistics being 
made for the purpose of ensuring social protection […] the estimation method used by the EU 
Commission is based on an analysis of the number of portable social security documents A1'. The 
discrepancies between the real situation and that provided by these data can be significant and are due, 
according to the study, to the fact that, for example, companies may not request the A1 forms if the 
worker is being posted for a very short period of time, but they are needed for social security only. In 
addition, postings lasting more than 12 months are not considered secondments in terms of social 
security. In conclusion, the same worker may be registered several times within a year; therefore, the 
A1 forms would only reflect the number of registrations and not the number of posted workers. At the 
same time, the study carried out by the European Commission in 2016, Impact Assessment. 

Accompanying the document Proposal for a Directive of the European Parliament and the Council 

amending Directive 96/71/EC concerning the posting of workers in the framework of the provision of 

services, shows how large differences can be between the actual situations and those provided by the 
A1 documents by presenting the case of three States: Belgium, Denmark and France at the level of 
2014: 
 

Table  1 Comparison between EU and national data sources on received posted workers (2014) 
Country Number of PD A1 received 

(EU data) 
Number of registrations 

(national data) 
Belgium 159,753 Number of declarations: 499,840  

Number of unique persons: 205,279  
Denmark 10,869 59,351  
France 190,848 228,650  

Source: European Commission, IMPACT ASSESSMENT. Accompanying the document Proposal for a Directive of the European Parliament 

and the Council amending Directive 96/71/EC concerning the posting of workers in the framework of the provision of services, SWD(2016) 

52 final, https://ec.europa.eu/transparency/regdoc/rep/10102/2016/EN/SWD-2016-52-F1-EN-MAIN-PART-1.PDF 
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2. Legal Romanian framework for posting workers 
According to the Labour Law, the secondment is 'the act by which an employee is assigned on a 
temporary basis to work for another host employer, in order to carry out work in his interest. 
Exceptionally, secondment may also change the type of work carried out, but only with the written 
consent of the employee.' [24]. 

In Romania, the regulation of the aspects derived from the posting of employees to carry out 
transnational services is subject to Law No. 16/2017 which establishes 'a common framework of 
provisions, measures and control mechanisms applicable in Romania to posted employees in the 
context of carrying out transnational services, including measures to prevent and sanction any abuse or 
circumvention of the rules' [23]. When posted workers are taken into account, the provisions of the 
law apply to both the companies established within a Member State other than Romania, or on the 
territory of the Swiss Confederation which, within the provision of transnational services, sends 
employees to Romania with whom they have struck up working relations and to enterprises set up in 
Romania which, within the framework of the provision of transnational services, posts employees to 
EU Member States, other than Romania or to Switzerland.  

The institutional framework for implementing and complying with the provisions of Law no. 
16/2017 in the sense of identifying the cases of transnational posting and preventing abuses and 
circumvention of the provisions of the law is provided by the Labour Inspectorate, through the 
territorial labour inspectorates. The Labour Inspectorate is the public authority with liaison offices, 
which exchanges information with the competent institutions of the EU Member States or the 
European Economic Area. Thus, in the light of the administrative cooperation, at the level of 2019 [8] 
the Labour Inspectorate has received: 

- requests for communication of the decisions imposing financial-administrative sanctions on 
various Romanian employers whose employees provide transnational services (from Austria - 
23 and Italy - 4); 

- requests for information requesting details of: the Romanian company which posts employees 
(head office address, proof of RECOM registration, activities carried out and the period of 
time, authorizations in the case of temporary work agents); employees of the company 
(individual employment agreements, duration of posting, salary rights as per employment 
contracts registered in the country, etc.); the existence of special allowances relating to 
secondment;  payment of contributions to the consolidated budget of the state; A1 forms 
issued by the National Office of Public Pensions; wages paid to workers during posting (from 
Austria - 242, Belgium - 103, France - 52, Italy - 49). 

During the same period, the liaison office of the Labour Inspectorate sent a number of 34 requests 
for information to offices in Italy, France, Germany, the Netherlands, Hungary, Bulgaria, Sweden, 
Belgium, etc. on the posting of employees in transnational services. The main shortcomings identified 
as a result of checks on the legality of the work carried out by undertakings established in an EU or 
EEA Member State which post employees in Romania, are the following: 

- non-compliance with the obligation to send a notification in Romanian regarding the 
secondment of employees to the territorial job centre within the boundaries the activity is to be 
carried out;  

- non-compliance with the deadline for submitting the notification;  
- submission of incomplete or erroneous notification; 
- failure to contact the representative of the company from abroad has the effect of not being 

able to communicate the results of the checks carried out. 
In 2015, 46,871 Romanian workers were posted in the Member States of the European Union, 

representing 2.3% of the total number of posted workers in the EU, the main fields of activity being 
construction - 40.7%, industry - 38.3%, business services - 7.3%, transport - 5.5%, while the 
destination countries were: Germany - 37.6%, Spain - 15%, Italy - 13.9%, Belgium - 13.4%. The 
highest number was reached in 2011, when 59,363 posted workers were registered. [12] 
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Currently, the provisions of the Labour Code are not fully harmonized with those of Law no. 
16/2017 and the Directive 2018/957 on the posting of workers from cross-border services. 

The rules imposed by law no. 16/2017 take over the rules imposed by the European Directive 
96/71/EC on the posting of workers in the framework of the provision of services, so that amending 
and supplementing them by Directive (EU) 2018/957 also requires amending the national legislation 
in the field. The first steps towards aligning national regulations with European ones are a bill 
submitted to Parliament where new provisions would apply from July 30, 2020, if adopted in due time 
by Parliament, until then the provisions of the Law no. 16/2017 remain valid.  According to the 
explanatory memorandum [25], the new draft law seeks to clarify some notions, such as the minimum 
wage applicable to the employee posted to Romania, remuneration, collective labour agreements, 
administrative financial sanction, administrative cooperation, etc.; completing the provisions of Law 
no. 16/2017 on the activity of the temporary work agent within the transnational posting; regulation of 
the working and employment conditions applicable to employees posted on Romanian territory if the 
posting exceeds 12 months, and the method of calculating the duration of the posting in case of a 
posted worker replacing another posted worker. 

 
3. Conclusion 

Although with an extremely low share of the employed population in the European Union, the 
deployment of workers has received special attention from the European institutions, Member States, 
trade unions and employers' organizations, depending on the gains and losses associated with the 
amplification of this phenomenon. 

As a beneficiary of a legal framework since 1996, the posting of workers in cross-border services 
has divided states and stakeholders at European level, given that certain issues considered 
insufficiently regulated has allowed, from the point of view of the 'recipient' states of a large number 
of workers posted from other EU Member States to lead to 'social dumping' and an unfair labour 
market. On the other hand, countries that post a significant number of workers to other Member States 
consider that the amendments made to the legal framework in 2018 by Directive 957, do not take into 
account some of the basic principles that govern the functioning of the European Union, such as the 
freedom of companies to provide services. 

No matter how 'solid' the arguments of each party are, the attempts to justify them as thoroughly as 
possible have revealed that the dimensions of this phenomenon are insufficiently known, that there is 
no reliable information on which one can build a complete picture and an accurate assessment of the 
dimensions, consequences and trends of the movement for posting workers to other States within the 
Community. 

 In this context, the development and implementation of measures, policies and strategies aimed at 
stimulating fair competition, at eliminating social dumping and ensuring adequate social protection of 
posted workers, are considered either premature or necessary to create the most complete legal 
framework possible and more adapted to current realities. 

The two-year period granted to the Member States of the European Union as a deadline for 
transposing the new provisions into national laws, requires that Romania, both a 'sender' of a large 
number of posted workers to EU Member States especially in the industrial field and construction, and 
a 'recipient' of posted workers from other non-EU countries, in particular, to be in a position to adopt a 
new legislative initiative as soon as possible in order to amend the existing legal framework, 
regardless of its reluctance and different standpoint on the new regulations. 
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Abstract. The Corona pandemic as bad as it seen can opens an opportunity for the revival of local 
agriculture and fill a large part of food shortages in which demography along with other factors plays 
a major role key by saving the informal Employment on the black market that surround major cities 
in the Arab World inhabited by tens of millions who went from their countryside to big cities in 
search for a better life. This in itself constitutes a rare opportunity for all governments in the Arab 
World helping to stabilize the rural population by making them a source in providing food security, 
not to add that this would reduce congestion and pollution and considering  that the Arab states are, 
by virtue of their geographical location, among the dry areas with fragile ecosystems we can think 
of: investing in modern technologies, following the recommendations made by the experts, using 
rainfall skyscrapers, converting buildings into power generators, applying vertical farming, 
innovation for afforestation of deserts, taking into account the local experiences, and using 
biodiversity by cultivating many new plants proven their feasibility. 
Keywords: Pandemic, Economy, Arab World, Geography, Demography, International and Arab 

Organizations   
 

 

Introduction  

Corona returns agriculture to center the of preoccupation and the orientation towards quality crops is a 
necessity nowadays in the Arab World due to the closure of border crossings avoiding the global pandemic 
caused by Corona virus and knowing that the success of economies depending on it is indicating that many 
countries, not only in the Arab World, will revert to the importance of agriculture and pay attention to it as 
well after the pandemic.  

Food security is greatly affected due to mobility restrictions which further reduces the purchasing power 
and as cases of contagion increase, governments may take a more drastic measures to stop the spread of the 
virus influencing the global food system. The premise of any measure adopted should be to protect the 
health and food security of the population in detriment of economic growth. How damaging this approach 
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turns out to be for food security will depend on policy responses over the short, medium and long term. In 
the short term, governments must manage multiple demands such as: responding to the health crisis, 
managing the shock to the economy and ensuring a smooth functioning of the food system. While the 
pandemic poses some serious challenges for the food system in the short term, it is also an opportunity to 
accelerate transformations in the food and agriculture sector and to build its resilience according to the 
specific of the individual country.   
 

The economy of the Arab region on the ground 
The fatal flaws of the current economic pattern in the midst of the Corona crisis are not only apparent in the 
shortage of medical protections, but also in the lack of food and other vital products. What is the position 
of the Arab countries regarding to these flows and do they learn the lessons and work to overcome them? 

The changes in our world find their reflection in the dramatic change in our daily lifestyle. Within less 
than couple of months of the escalation of the Corona crisis, the lives of a third of the universe's population- 
more than 2.5 billion people-have become confined between the place of residence, food, beverage stores 
and household. Overnight, thousands of factories and institutions, along with tens of millions, stopped 
operating, with losses estimated by the United Nations Conference on Trade and Development at about two 
trillion dollars. In this situation, e-commerce is flourishing and the status of our virtual lives on the Internet 
and its multiple means of communication are enhanced like never before. 

The Corona pandemic has caused violent economic effects on the Arab economy [1], as the total losses 
so far have reached about $ 1.2 trillion, amid expectations that about 7.1 million workers will lose their jobs, 
according to a report issued by the League of Arab States [2], which called for the creation of a crisis fund 
that can push to alleviate the burden caused by the Corona crises. 

In detail, the report indicated that the losses are of 420 billion dollars of market capital, losses of 63 
billion dollars of income (gross domestic product) of member states, additional debts amounting to 220 
billion dollars, and a loss of 550 million dollars per day of oil revenues, a $ 28 billion decline in exports, a 
loss of more than $ 2 billion in tariff revenue, and a loss of about 7.1 million jobs in 2020. 

According to a preliminary assessment by the International Labor Organization [3], the "Covid-19" 
epidemic will have a significant impact on labor markets around the world with high unemployment, 
indicating that financial markets have been negatively and significantly affected by the outbreak of the virus 
regarding the growing global connection between countries worldwide from the beginning of the 
millennium so to say the economists is predicting the occurrence of stagflation, that is recession and 
stagnation in the markets coupled with high levels of inflation. 

Oil demand drastically [4] declined following lockdowns and travel restrictions due to the coronavirus 
pandemic. Initial outlooks and uncertainty surrounding the course of the pandemic led to a disagreement 
between two of the largest oil producers, Russia and Saudi Arabia in early March. Bilateral talks between 
global oil producers ended in agreement on April 13th, with promises to cut petroleum output and hopes 
rising that these might help stabilize the oil price. However, with storage facilities and oil tankers quickly 
filling up, fears grew over where to store excess oil, leading to benchmark prices seeing record negative 
prices. 

 
Table 1. An example of some crude oil prices from the Weekly Brent, OPEC basket and WTI crude oil 

prices from December 30.2019 to September 14, 2020 [5]. 
Date  OPEC Basket Brent WTI 
Sep 14 2020  38.96 39.61 37.26 
Aug 10 2020 45.01 44.99 41.01 
Jun 15 2020 35.09 39.72 37.12 
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Date  OPEC Basket Brent WTI 
Apr 14 2020 19.7 29.6 20.13 
Mar 16 2020 30.63 30.05 28.7 
Feb 10 2020  54.17 53.27 49.57 
Dec 30 2019  68.89 68.44 61.68 

 
In the world as we saw the health care field and food security are among the branches that are greatly 

affected by the crisis and the most affected branch by them all of this epidemic in the Arab countries are the 
oil, tourism and air transportation. This call paying attention to the medical supply industry, communication 
and information technology as a result of "Corona" crises and last but not least to agriculture and the 
demographic disposal of the work force across the Arab nations. A report distributed by the General 
Secretariat of the Arab League [6] calls for the establishment of an Arab Crisis Fund to address Small and 
Medium Enterprises as a Support Fund, reviewing the conditions necessary to provide financial support to 
member states, by setting a more flexible conditions and postponing the installments owed by Arab countries 
during that period by this granting them additional facilities or bearing any fees for this postponement. 

Another proposal is the formation of work teams from the relevant joint Arab action institutions and 
Arab financing institutions whose task is to monitor the impact of the crisis on Arab countries in order to 
prepare to conduct sectoral studies on the impact of the crisis and to suggest the necessary policies and 
measures to be taken. 

As part of the efforts of the Organization of Islamic Cooperation (OIC) and its relevant organs to contain 
the effects of the coronavirus pandemic, the Islamic Solidarity Fund (ISF), an OIC subsidiary organ, has 
disbursed the first payment of its urgent financial grant to the least developed countries among OIC Member 
States to strengthen their capabilities in the face of the novel coronavirus disease (COVID-19) pandemic, 
especially in the health sector. 

 
Food Security in the Arab Countries 
It is widely known that the Arab region is facing rising economic, socio-political and environmental 
challenges, which are impacting food security, first of all for its growing rapidly increasing population [7]. 
The region [8] is witnessing a rise in the prevalence of undernutrition, overnutrition and nutrient deficiency, 
classified as the triple burden of malnutrition. Undernourishment is increasing in conflict-plagued and Least 
Developed Countries, obesity is a high concern in the Gulf Cooperation Council, the Maghreb and the 
Mashreq countries, while nutrient deficiency is spreading and is especially rife among Arab women. 

Generally, we must acknowledge, for first, that the Arab countries [9] do not have sufficient nutrition 
supplies to meet the needs of there people making them unable to enhance food security for several reasons 
such as: regional water crises, low rainfall, desertification and dry, weak technical possibilities, the increased 
dependency on the international markets due to conflicts in the region “oil for food policy” making the 
region one of the area’s most vulnerable to food crisis [10] knowing that the region is the largest food 
importer, most depend on imports for over half of their needs. 

According to the International Monetary Fund [11], regional growth will be around 3 percent negative 
in 2020. The sharp drop in oil prices and demand hit hard the oil exporters and those dependent on them. 
All countries worldwide will see a sharp drop in tourism and remittances.  

Unemployment and poverty numbers will increase which lead Large countries from the region like Iran 
and Egypt to buy more wheat as a precaution against social unrest. Morocco will also import more due to 
climate change which caused a decrease in wheat production in 2020 by over 50 percent. In Yemen [12], 
24 million people, 80 percent of the population require humanitarian assistance.  
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In Syria [13], 9.3 million people, over half the population, are food insecure, in need of food and 
livelihood assistance. The new U.S. sanctions and the pandemic will surely increase these numbers. The 
about 6 million Syrian refugees in Lebanon, Jordan and Turkey those days are dependent on informal 
employment for daily wages make them vulnerable to closures and economic downturns. In the region there 
is about a 11 million people [14] internally displaced many of whom are concentrated in Libya, Iraq, Yemen 
and Syria whom are among the most vulnerable.  

In Iraq, the displacement caused by the Islamic State group (ISIS) persists with food aid. For the most of 
those parts health systems are inadequate to confront a pandemic. Out of the 3 million Palestinians [15] in 
the West Bank and the 2 million in Gaza, 1.7 million (mostly in Gaza) are food insecure in need for 
assistance. Further a number of 841,000 people are marginally food secure. The pandemic, its closures, and 
economic slowdown will lead in worsen the situation. 

Lebanon [16] is facing nowadays the biggest economic and political crisis in its history. The financial 
crisis constitutes in a currency depreciation of 80 percent, a sharp increase in unemployment and poverty 
and hurdle with food imports. Lebanon’s World Food Program Director [17] Abdallah Al-Wardat stated 
that a one million Lebanese could drop under the food poverty line in 2020. The Interior Ministry says that 
60 percent of the population, 2.4 million Lebanese people will drop below the poverty line in 2020. In Libya 
[18] food security is compromised by conflict and the pandemic, most of the cities facing shortages of basic 
food items, an increase in prices and supply chain disruptions.  

Addressing further the issue of regional Economic migrants [19] we can uphold to a challenge with 35 
million people just in the Gulf Cooperation Council countries, Jordan, and Lebanon. Many those days are 
unemployed and stranded which leads to a cramped living condition and further an invitation to pandemic 
outbursts so the access to food looms as challenge. 

The Gulf states [20], like UAE and Saudi Arabia, was not alone in fearing the disruptions in international 
supply chains and the risk of governments imposing protectionist measures which could trigger a food crisis 
especially that the Gulf states and are in no permanent rivers, lakes or minimal rainfall, importing almost 
90% of its consumptions which lead to an upsurge in overseas investments [21] in agriculture.  

UAE and Saudi Arabia, the region’s political and financial heavyweight, are accelerating their food 
security programs after the crises revived back memories from 2008 when rice and cereal prices soared. 
Back then, the wealthy countries rushed to secure overseas farming projects, particularly in African 
countries, stoking criticism that they were “land grabbing” which lead for many of those projects to fail and 
since then the Gulf States have been refining their strategies combining more targeted overseas investments 
with the development of technologies to produce at home. 

The Iranian economy [22] is the second largest in the Middle East after the Kingdom of Saudi Arabia.  
Iran has large reserves of oil and natural gas. The country is largely dependent on revenue from the export 
of hydrocarbon products. Therefore, its economic growth is directly affected by developments in oil market. 
In the last 20 years, Iran has tried to pursue an economic policy aimed at diversifying its revenues and 
reducing its dependence on oil.  

Agriculture in Iran accounts for 8 percent of the gross national product. And 19 percent of the workforce 
is employed in the agricultural sector. Iran, an important agricultural country, is among the world's 20 largest 
producers of products such as wheat, barley, chicken and potatoes. Both traditional and modern methods 
are used in the Iranian agricultural system. In addition to small and medium-sized farms, Iran has large-
scale commercial farms. 

According to the Food and Agriculture Organization [23] of the United Nations (FAO), the total 
cultivated land in Iran is 15 million hectares. And cultivation is more widespread in the western, northwest 
and northeastern areas of the country. Iran gets $ 80 billion annually from agricultural products, and 
consumes $ 75 billion worth of agricultural products inside the country. Agricultural production has 
increased in Iran in recent years. Among the primary products grown there are wheat, barley and corn. 
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Wheat is one of the most important grains in Iran. This product constitutes 70 percent of the total grain 
production in general. Domestic production of wheat covered the entire country's needs in 2006. However, 
due to the decline in production after the drought that struck the country in 2008, a decision was taken to 
start again to import wheat. In 2008, a severe cold wave hit the country, followed by a drought, which hit 
the production of grains, especially wheat and since then Iran was unable to achieve the same level of 
production. 

 
Table 2. An example of the volume of wheat imports. 

State [24] The volume of wheat imports million tons  

Egypt  12,5 
Algeria  7 
Morocco  4,8 
Iraq  3,3 
Yemen 3,3 
Saudi Arabia  3,2 
Sudan  2,7 
UAE  1,8 
Tunisia  1,7 

 
The reality of food security in the Arab World is unstable and may fluctuate [25] from time to time; there 

is also no self-sufficiency to cover the needs of the people from the Arab states. In addition, food security 
is connected with the power of water security, as all water resources come from non-Arab states, a shortage 
that may lead to famines, poverty and divisions.  

Therefore, this affects the social security due to the emergence of unemployment and the inability to 
develop and sustain the general services considered necessary, not to add the infrastructure for the Arab 
citizens. 

The weaknesses of technical abilities [26], rainfalls, desertification, drought are the main reasons for 
decreasing food security and increasing food subordination or dependency, which become significant in the 
Arab World, but the Corona crisis might be an opportunity to revive the local agricultural production, along 
with other medical and essential products analyzing  the last successful experiences in Egypt, Tunisia and 
the Gulf States in growing dates, olives, aloe vera, grains and producing medicines. 

Demography [27] may play a major role key by saving the informal Employment on the black market 
because the slums that surround major cities such as Cairo, Casablanca, Beirut and so on was inhabited by 
tens of millions who went from their countryside to the big cities in search for a better life. The majority of 
those people work on the black market having a low wage without unemployment insurance.  

There is no doubt that the Corona crisis will cause unemployment to these people more than any other 
group due to home quarantine and lack of work opportunity. This will push many of them to return to their 
countryside or to think of returning to it in order to carry out an agricultural or professional economic activity 
that helps them earn their daily livelihood where the state can be a major contributor by providing them the 
necessary means to be productive according to the state needs. 
 
Conclusions 

Experiences can be used in all the agriculture from cultivation of legumes and medicinal plants, oil and 
industrial plants on the basis of exploitering the agricultural lands abandoned by their owners in search of 
work in major cities such as Cairo, Casablanca, and Beirut or living in the major cities suburbs that lack the 
most basic elements of a healthy life. 
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This constitutes a rare opportunity for all governments in the Arab World helping to stabilize the rural 
population by making them a source in providing food security.  Reducing congestion and pollution in the 
overcrowded cities is required because nowadays it is widely known that pollution contributes to the spread 
of diseases and epidemics that cost tens of billions to confront annually worldwide.  

As we saw, the Arab states are classified, by virtue of their geographical location, among the dry areas 
with fragile ecosystems climate which plays an important role in their makeup. The fragility of ecosystems, 
the prevalence of dry climates, and the scarcity of water have exacerbated desertification in these countries 
which can be overcome by: investing in modern technologies, taking into account the recommendations 
made by the experts worldwide and by the International Organizations involved in agriculture like the 
AOAD [28] and the many UN organizations involved in the field, rainfall using skyscrapers, converting 
buildings into power generators, applying vertical farming, innovation for afforestation of deserts following 

the recommendations the local experiences, and using biodiversity by cultivating many new plants that have 
been identified to have been successfully grown in some Arab countries or other countries having similar 
desert conditions proven their feasibility in entering the Arab agricultural system, while recognizing the 
need for research to produce suitable and productive varieties. We can say that the Corona pandemic as bad 
as it seen can opens an opportunity for the revival of local agriculture and fill a large part of food shortages. 
The importance of local agriculture resides in saving transportation costs and supplies the consumer with 
healthy and fresh products benefiting even further from demography itself.   
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Introduction 
Chemical treatment and pollution of food represents currently a particular interest in terms of food 
quality control and the consequences that the aforementioned processes have on the human body. 
Changes and interventions made in the technologies for obtaining, preserving, marketing food have 
more or less justified consequences, which have often led to imperative decisions or behavior on the 
part of the responsible bodies for the public health safety. From the category of components of the 
environment that influence health, food has a major importance. The quality of food has, in fact, a 
significant impact from an ecological point of view, being in a position competing with food imbalances 
due to its excess or deficiency. [1] 

Over time, there have been a number of causes that have underpinned food conditioning by humans, 
causes determined by increasingly sophisticated subjective or objective consumer claims that have led 
to the diversification and accelerated growth in the number of assortments, causes due to the growing 
needs of a growing population or causes determined by the need to ensure an additional stock in order 
to supply rationally and efficiently the large urban agglomerations. Finding viable solutions for the 
production of foods that are enriched, concentrated or of major interest under certain conditions (dietary, 
used in certain physiological periods of childhood, pregnancy, for certain types of activities etc.) is also 
another cause of conditioning food. The need for food safety and food safety conditions has always been 
a priority objectives for those who are working in the field of food quality control and assurance. All 
these causes and needs have forced the emergence of a series of new manufacturing technologies, which 
often involve, although not necessarily, certain chemical treatments. Often, food undergoes purely 
chemical treatments or is simply contaminated, like the rest of the components of the environment, in a 
way that is difficult to avoid or irresponsible. [2,3] 

A series of synthetic chemical compounds, without nutritional value, reach the food in various ways, 
in an increasing number, through the chemical treatments to which the food is subjected, frequently 
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burdened by the probability of a harmful intake appearance. The scale of the processes of chemical 
treatment and pollution of food has reached such high levels, and the particularities of these processes 
are so obvious that it is now important to investigate possible harmful effects and potential toxicological 
risks that some foods can manifest it. [4] 

 
The main causes and consequences of chemical pollution of food 

The causes of chemical pollution of food are represented by the complexity and diversity of chemicals 
added to food deliberately or by illegal ways that raise serious public health problems. The action of 
these compounds can have effects on food and implicitly on the human body by manifesting various 
disorders, depending on the substances nature found in the food. The evaluation process of the potential 
risk to humans is a difficult one and necessarily requires constantly updated legislation at an appropriate 
level of knowledge and development.  

A classification of the main substances that reach the food implies the existence of two main 
categories, namely: adjuvants or food additives and contaminants or pollutants themselves. 

The legislative implications of the society for the possible existence of these substances in food, 
determinates that the difference between these two categories be made in relation to their usefulness, 
justification of their existence or toxicity. [5,6] 

Food adjuvants are a category of chemicals intentionally added to food for various purposes, their 
use is either a technological necessity, helping to improve the yield, thus avoiding losses and with a 
protection effect on the nutrients during the preparation process etc., or as a practical necessity 
(indispensable stabilizers or preservatives for the storage process). Also, their use can be accepted as a 
necessity of some modifications, improvements of the treated food, from an organoleptic point of view. 

The addition of adjuvants is generally preceded by a study regarding their technological necessity 
and safety. Due to the structural diversity characteristic of these substances and the fact that a number 
of difficulties arise in the toxicological evaluation process, their admissible number is in a continuous 
dynamic influenced by the information on the possible direct or indirect harmful action that adjuvants 
may have. The amount of such substances allowed to be found in food is regulated by the legislation in 
each country, as well as the nature of the food in which they can be added. [7,8] 

The chemical structure of the adjuvants used in the food industry is a complex one, the number of 
these substances is high and constantly growing, and a coherent classification of them takes into account 
the purpose for which they are used. Thus, food adjuvants are divided into preservatives substances: 
substances that oppose biological changes (antiseptics, antibiotics, antigerminatives), substances that 
oppose chemical changes (antioxidants) and substances that oppose physical changes (anti-caking, 
emulsifiers, binders etc.), respectively organoleptic (or ameliorative) substances: dyes and bleaches, 
flavorings and flavor enhancers and synthetic sweeteners. The contaminants (food pollutants) are found 
in a virtually unlimited number, which effectively depends on the possibilities of contamination or 
pollution under the influence of various environmental factors. The diversity of the chemical structure 
of these substances in relation to that of the adjuvants is bigger. [6-8] 

The qualitative and quantitative quantification of contaminants in food is strictly limited by food 
safety and security standards. The acceptance of their presence is allowed within certain limits, 
rigorously established by the current legislation which underlies the substantiation of food 
manufacturing technology and the prevention of its contamination. If the existence of contaminants 
becomes harmful to the human body, they cause the inability of the food and its exclusion from 
consumption. 

Among the sources of food chemical contaminants can be mentioned: chemical treatments in 
agriculture and animal husbandry (pesticides, biostimulators, fertilizers), excessive and traumatic 
physical treatments (formation of toxic polymers, degradation compounds), use of impure raw materials, 
solvents etc., contamination in packaging, contamination in the unpacking or handling process, 
contamination with toxic compounds resulting from biological processes (amines, mycotoxins), harmful 
compounds concentrated in the plant or animal tissues from the water, air, soil (carcinogenic 
hydrocarbons, metals, toxic metalloids) or pre-existing harmful compounds in some products. [8,9] 
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The action of chemicals on food assumes that adjuvants or contaminants and especially technological 
processes often have secondary actions on food. As a result of the heat treatments to which foods are 
subjected, toxic compounds, such as aldehydes, ketones or polymers with toxic action, can appear in 
food fats. Harmful compounds can also be formed through the reaction of some adjuvants and nutrients 
in food. The formation of sulfoximine in flours treated with nitrogen trichloride, the formation of 
nitrosamines in the presence of excess nitrates or the formation of ethylene chlorohydrin from ethylene 
oxide, used as a pesticide can be considered that type of examples. The nutrients destruction, namely 
inactivation of vitamins C, B1, heat treatments, inactivation of vitamins A, E and B2, due to oxidation, 
loss of water-soluble vitamins or mineral salts by washing, inactivation of the protein amino acids as a 
result of heat treatments or treatments with adjuvants such as carbon dioxide, bromates, ethylene oxide, 
methyl bromide, hydrogen peroxide etc., are also forms of the action of technological processes on food 
quality. [9-11] 

The influence of food contamination with foreign substances added or introduced illegally in the 
human body is materialized in direct or indirect actions. The toxic potential of foreign substances in 
food can only be assessed to the extent that these substances cause obvious manifestations or endanger 
the life of the consumer. 

A number of chemicals present in food may not be harmful themselves, but may facilitate the toxic 
action of others or may simply not be tolerated by the human body in a certain form of processing. Thus, 
examples can be a series of emulsifiers used in confectionery and bakery, or in the fat industry. Another 
example in which food can undergo changes caused by technology is modified starches, mechanically 
or enzymatically, in the sense of reducing the polysaccharide granule and obtaining improved 
organoleptic products with an increased digestive utilization coefficient for children's nutrition. In the 
case of these products, a certain harmful action was highlighted, due to the absorption without hydrolysis 
of the too finely divided polysaccharide, which causes allergic manifestations etc. 

The consequences of the use of contaminants can have for humans, an influence that can manifest 
itself from a simple action of digestive or metabolic interference, to oncogenesis. Thus, we can mention 
the local anti-enzymatic action of food preservatives that act by mechanisms similar to those that make 
them active against microorganisms. [10, 11] 

They exert inhibitory or destructive influences on the enzymatic system of the digestive tract and 
cause changes in the digestive utilization coefficient (preservatives, antiseptics, salicylic acid, benzoic 
acid etc.). Other forms of action are: irritating or keratinizing action on the digestive mucosa (salicylic 
acid, phenol, formic aldehyde, etc.), the organotropic action determined by a certain preference of 
chemicals for some tissues (tissues rich in lipids, bones etc.), or the possibility of the organs to 
metabolize, detoxify or excrete these substances as well as the allergenic action. The mutagenic, 
teratogenic, oncogenic actions explain the increased percentage of neoplasms caused by pollutants that 
reach the body through food. The explanation consists in the great diversity of carcinogenic compounds 
that can appear in food or coming from the intentional addition of substances with malignant, mutagenic, 
teratogenic potential. Another example is the possibility of the formation of carcinogenic compounds 
produced by a series of common molds, which populate food (aflatoxins). [10-12] 

 
Conclusions 

Although it has long been considered a secondary problem, the action of chemicals on food must be 
taken into account, which either results in a decrease in nutritional value or possible harm to the human 
body. Adjuvants or contaminants and technological processes often have side effects on food. The 
thermal, chemical, physical treatments to which the food is subjected, can generate toxic, harmful 
compounds, formed, in part, by the reaction between some adjuvants and the nutritional components of 
the food. The influence of foreign substances in food, added or introduced illegally is materialized in 
direct or indirect actions on the human body. A number of chemicals present in food may not be harmful 
themselves, but may facilitate the toxic action of others or may not be tolerated by the human body in 
some form of processing. The use of contaminants can have for humans, an influence that can manifest 
itself from a simple action of digestive or metabolic interference, to oncogenesis. Harmful effects can 
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be aggravated by the high incidence of contamination, by prolonged preservation of the harmful agent 
and the possibility of coexistence of co-carcinogenic factors, accessible to the consumer throughout life. 
The possibility of contaminating food with harmful, carcinogenic substances, which cause serious 
biological disorders, is higher than for other components of the environment. 
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Abstract. The paper “Integration of minorities in the EU states through public policies” wishes 
to present the problem of the integration of minorities within the EU states and to present how 

these problems are tackled through public policies. There are presented types of policies and 

how they affect direct and indirect the people that are the subject of these public policies and 

also what are the main areas in which visible changes have been made through the years. Another 

important subject that is presented, the problem of migration and refugees, is connected with the 

topic of integration, as being inter-dependent. Key findings are presented that show the main 

areas of focus, the main targeted people and concerns regarding the near future and how to 

improve the process of integration within the EU states 
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1,Introduction 

The integration of minorities has been a much-disputed subject through time and suffering many changes 

because of its complexity. Because of this, the researches on the topic needed to be expanded in order 

to fully grasp the meaning of the term “integration” and in order to create public policies that go through 
all the steps that are necessary for this process to be a success. 

International migration evolved as an important component in the process of liberalization and 

economic expansion, which took place in Western Europe after the Second World War. Whether as 

migrant receivers (north Western Europe) or as migrant-senders (southern Europe), all states became 

connected into an expanding migration 'systern', which soon extended beyond the region, incorporating 

former colonies and other states to the south and to the east. 

As presented earlier, the term ‘’integration’’ has a very vast understanding and because of this it 
makes the process for it to be defined in a precise way even harder. For a proper integration of minorities, 

this integration must be made at every level and in every sector of society. Its range ca vary from a long 

list of social actors: political decision-makers, public officials, employers, fellow-workers, trade union 

officials, neighbours and so on. Members of minorities also play a crucial role in this process.  

Seeking to accommodate minority claims implies searching for a balance between separation and 

unity, cohesion and respect for diversity. If one prefers solely unity, the risk is assimilation and the 

disappearance of a minority as a distinct group; if one chooses exclusively diversity, then the result can 

be the cultural ‘ghettoization’ of a minority group with consequent separation and marginalisation from 

society. 
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In order to understand this process we must go deeper and study it from not only a single social 

science, but almost all. Economics, law history, political science, sociology, anthropology, geography, 

urban studies, demography and psychology all have a part to play. As hard as it is to put a definition  on 

integration, it can be assumed that the terms is generally attributed to be a universal, singular, stage-

sequential and regular paces process which all members of minorities are exposed. It is within these 

presumed universal stages that minorities are often judged in public discourse to have either 

‘successfully’ or ‘unsuccessfully’ integrated.   
 

2. Public policies: types and areas of focus  

In Europe, as the case study, a deteriorated political, economical and social situation is generally 

unfavourable towards the encouragement and promotion of policies regarding diversity through for 

instance, affirmative exemptions or actions from general rules. Indeed, in some countries that have 

celebrated multiculturalism, such as the Netherlands, this model is experiences a reverse process even 

if there are more and more evidences that multiculturalism is still a current valid policy option. 

Several Government programmes, most notably those of Hungary, the Czech Republic, Bulgaria 

and Romania – reflect a comprehensive approach in regards to minority protection, clearly stating an 

intent to address discrimination as well as to promote minority identity. In Latvia and Estonia, where 

the principal target is Russian-speaking populations, Government programmes do not purport to 

guarantee comprehensive minority protection and instead promote societal integration through 

acquisition of proficiency in the State language. 

It is important to perceive minorities as active participants in the individual collective process of 

integration. One of the first steps in the process of integration operates through the consolidation of 

relationships with family and extended kin groups, then sub-groups and wider ethnic groups, then 

neighbourhood and cities, and finally into what is called a national society as a whole. All of this so 

called “nested processes” should and must be recognized in policy terms, since there are so many 
different domains of policies that can impact on each level of integration in this process. 

Although, for example, the protection of Roma culture is a priority for many Roma civil society 

organisations, this dimension of minority policy is not fully elaborated by any of the Government 

programmes, though integration is often identified as an objective. In fact, the inclusion of 

“socialisation” elements in many programmes (Lithuania, Hungary, Poland, and Slovenia) suggests that 
Roma culture is still identified with deviance, poverty, and other negative characteristics, and is viewed 

as being at odds with majority society. 

There are four dimensions regarding the process of integration that can be differentiated: legal or 

structural integration, which means the acquisition of rights and the access to membership, statuses and 

positions in the cores institutions of the society (training system, education system, labour market, 

citizenship, housing, trade unions and more). Another dimension in this process is the Cultural 

integration, which is a precondition of participation and refers to the process of cognitive, behavioural, 

cultural and attitudinal change in people. This change is mostly focused and concerned on minority 

groups, but is also an interactive, mutual process that changes the dominant/majority society as well.  

Cultural integration is a rather heterogeneous area relating to, cultural competences, popular culture, 

values and beliefs, and everyday practices. 

Another important factor that can share some light in the process of the integration of minorities in 

the private sphere is presented in the people’s private relationships and group memberships (friendships, 
social intercourse, marriages, and voluntary associations). All of these refer to the third dimension, 

which is social integration. The membership within a new society is manifested in the sense of 

identification and belonging, particular in the form of ethnic and/or national identification. This leads to 

the identification of the fourth dimension that is identification integration. 

As a result, the meaning of integration policies can be explained as an access to position and statuses, 

an acquisition of rights, a building of social relations, a change in individual behaviour and a formation 

of feeling of identification and belonging by minorities towards the community in which they live. 
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      Speaking in general terms, integration policies can be split into two types: targeted policies only 

aimed at specific types of persons that are disadvantaged and general policies aiming to improve the 

position of all people who are discriminated or marginalized or are at risk of becoming so. This can also 

be explained as direct and indirect integration policies. Some examples regarding indirect and direct 

policies could be those in which long-term unemployed have access to job schemes or retraining 

programmes, or, on a different front, urban renewal schemes, improving house quality, infrastructure 

and the like, in principle equally benefiting minority and majority groups or natives and immigrants1. 

Good examples regarding direct integration policies are those that assist minorities who lack the basic 

attributes needed to participate on the labour market, such as language courses or training courses to 

bring immigrants skill up to the necessary level. 

A secure residence status for immigrants is a necessary prerequisite for their integration. Without 

security, a person cannot feel part of the receiving society and has little incentive to take steps to become 

part of it. Public authorities too have little to no incentive to include immigrants with uncertain status in 

social welfare programmes, and they may have limited access to social housing and healthcare. 

Temporary status also reduces employability, and restricts immigrants to temporary, low skilled work. 

It is important for residence permits to be issued in a relatively short time. 

Governmental minority protection programmes are moreover policy documents, rather than 

legislative acts. As such, in most  of the cases the bodies primarily responsible for fully elaborating them 

and overseeing their implementation are specialised departments within Government ministries. 

However, these bodies seldom are authorised to do more than compile reports using information 

voluntarily supplied by participating ministries, and lack the mandate to coordinate the activities of other 

Government institutions efficiently and effective 

Other measures that were adopted by some governments regarding integration policies consist in the 

form of ‘introduction programs’ for the early phase of immigrants stay2. The introduction programmes 

consists in general of three main components: civic orientation, language tuition and professional labour 

market training. In particular, in those countries in which immigrants and refugees that are newly arrived 

do not have yet the knowledge of the native language through colonial or other ties, the language 

teaching programmes constitutes the centrepiece of introduction by the efforts of the respective state 

governments. 

Beside language, ‘social orientation’ is another important factor that is presented in the introduction 
courses and also the importance of giving immigrants the knowledge of the functioning and the values 

of the host city is another element which is discussed. In these courses, the people can find the 

fundamental elements regarding the constitution, such as the respect for democracy and human rights, 

and the functioning of the political system including opportunities for participation in civil and political 

society. Gender equality and children’s rights are other crucial components of many orientation 
programs. Regarding this subject, Joppke and others have interpreted integration programmes as those 

encouraging minorities to learn the official language or promoting citizenship ceremonies and others, 

citizenship education, or those labelled ‘ society orientation classes’ as a ‘retreat from 
multiculturalism’3. 

Other types of integration policies are the ones that extend the right to vote to non-citizens in order 

to increate their political participation and sense of belonging to a society. Also, it can help the 

established institutions to know what are the minorities problem by hearing and understanding their 

claims. In addition to this, policies are also conceivable whereby minorities are offered facilities for 

retaining some of their core aspects in their culture, such as religion or are even encouraged to do so. 

Broad public support is generally considered  to be necessary for the implementation of any large-

scale political programme, but the rapid pace of the accession process has meant that building public 

support for governmental policy often has been given short shrift in the wake of the broader accession 

                                                      
1 EU, A Common Agenda for Integration, 2005, CBP 1 
2 EU, Handbook on Integration Policies, 19 
3 Joppke Christian ‘’Towards Assimilation and Citizenship’’, 2003. 
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imperative. Measures that need to be adopted to comply with economic requirements can be more easily 

justified by political leaders in terms of the economic benefits that Union membership is widely expected 

to produce. However, the case for the advantages and benefits to society as a whole of improving the 

situation for minorities has not been so persuasively made. 

There are some problems regarding these types of direct integration policies, especially those that 

are brought under the general heading of positive action. Quota may be laid down in law or be 

institutionalized practice by which people that are belonging to disadvantaged ethic groups are receiving 

some kind of preference when applying for places in educational system or jobs. 

These types of policies can be active, for example, when employers face the obligation to give 

preference to members of such specified population categories in working places, or they can be passive, 

when they are under an obligation, for instance, to report the relative numbers of such persons in their 

work force. Somewhere between passive and active policies are those whereby government institutions 

prefer to offer projects to employers with a certain minimum number of disadvantaged workers among 

the employees. 

As presented, integration policies touch upon very different aspects of the majority-minority 

relationship, not only the cultural , legal, and social dimension, but also the sense of belonging and 

citizenship, the identification aspects that come along with it, complementary identities, they all 

represent a crucial aspect of the integration process. 

 

 

3. Migration: a challenge for Europe  
Integration is an open-ended, long-term process that requires a range of police actions that are taken at 

different stages and directed at a combination of targeted groups. Many of these policies address the 

impact and the consequences of migration and, as such, are targeted at refugees and migrants at various 

stages of the settlement process. Other policies are shaped in order to address racial, religious or ethnic 

differences, and thus focus on the management of diversity, regardless of its relation to migratory 

environments. 

Regarding the aspect of migration management, a number of states offer, or plan to provide, special 

programmes for recognised refugees or newcomers holding residence permits. This comes as a 

reflection of the European Commission suggestion to offer “settlement packages’’4. In terms of 

naturalisation and its process. Candidates are sometimes required to take classes on citizenship and pass 

language tests, for example in Germany, Netherlands and Austria, which are thought to serve as 

integration helps for prospective citizens. Even though all the measures can seem to be potentially 

valuable, they can also shape barrier to participation and tend to be reserved for certain groups of 

migrants( for example if training expenses are involved. For spouse of primary migrants, ‘guest 
workers’, asylum seekers and irregular migrants, the restriction of socio-economic opportunities and 

rights at the begging of their stay can have a serious adverse impact on their integration trajectory. 

Because of this, it is important that the measures are not only developed for all types of migrants, but 

are also accompanied by policies that want to minimise any disadvantages that may be caused bu a 

restricted legal status upon arrival. 

Policies that are lead from initial arrival measures and address the long-term settlement of migrants 

are required to focus on the promotion of equal opportunities in relation to the native population. Such 

measures overlap with general policies that are aimed at managing diversity with a view to ensuring 

social cohesion5. Where the policy management of diversion intersects with that of the diversity, targeted 

groups are identified according to their migration experience on the one hand, and their ethnic, religious 

and racial background on the other. While migrants are often seen as ethnic or racial minorities, there is 

no necessary correlation between these two-targeted groups, which can also include large numbers of 

                                                      
4 COM(2000) 757 final, Communication from the Commission to the Council and the European Parliament, 

(Brussels, 22.11.2000), 20. 
5  Mary Coussey, Framework of Integration Policies, Council of Europe (Strasbourg 2000) 
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white migrants from Western countries who face no particular problem of integration. There can also 

be some racial and ethnic minorities in the EU, who have no recent migratory background, and yet 

encounter the same obstacles to full inclusion. Finally, there are some white migrants, for example from 

Eastern Europe, who suffer from exclusion, which may be related to their distinct ethnic, cultural or 

religious identification. As integration policies are formed, they need to take into account the main factor 

that is affecting the integration of migrants and that is the prevalence of racism. An example is presented 

in the case of asylum seekers where they are often racially designed and stereotyped in public discourse, 

even though many are in fact white. 

While some EU member states now aim to capture second-generation migrants into their statistics 

by adding the category of nationality at birth, it is also perceived that this is only a temporary stopgap 

before the introduction of detailed ethnic minorities’ categories. It is also important for the people that 

shape these policies to recognise that the adoption of policies targeted at specific ethnic groups as well 

as ethnic monitoring does not constitute a division of human beings into fixed groups, but is moreover 

a vital tool for delivering successful outcomes and for identifying the needs of the targeted people. 

The aspect of the integration of migrants in the labour market has been and, in the light of the recent 

events, still is, one of the main priorities in the framework of the European Union. Because of this, the 

European Commission recommends greater resort to a combined strategy with the help of the European 

Social Inclusion Process in order to eliminate the barriers of integration. This initiative is created in 

order to support innovative good practices that can prevent unemployment and fight labour marked 

discrimination of immigrants, including xenophobia and racism. 

In regards to the problem of migration and its continuous increase to an unpreceded level in the last 

years we must understand the meaning and what does it truly mean for the process of integration. The 

aspect of social cohesion is raised when we talk about migration and it reveals an unequivocal urgency 

for many if not most of the countries that consider themselves to be reasonably homogenous and 

cohesive. The result consists in the process of integration of minorities to be adopted by most countries 

in order to retain an adequate level of social prosperity and cohesion. 

Because of the unfavourable situation of immigrants in respect to unemployment and wages 

compared with native workers in many Member States, their integration is identified as one of the main 

and top priorities by the European governments. Enhanced integration could lead to a massive reduction 

in the unemployment gap between non-EU and EU nationals that exists in the Member states. 

Integration is perceived now, and ever since the Amsterdam Treaty, as a process that can be achieved 

by appropriate common, proactive and comprehensive policies. In this regard, EU has moved forward 

towards establishing a legal framework for managing migration, calling for “ more efficient 
management of migration flows at all their stages” and providing for a common migration policy that 
included legal migration and integration”6. 

The Communication on Immigration, Integration and Employment of the Thessaloniki Summit of 3 

June 2003 was perceived as a basis for developing EU integration polices. One of the most important 

message for this Communication was the in creation of immigration flows that are necessary in the EU. 

With this in mind, the second message that was outlined was that a better integration if immigrants 

should be achieved as a condition of future immigration. Not only this,  but another important topic that 

was discussed is that more coherent framework of integration policies must be created at the EU level. 

The European Commission underlines the necessity for minorities and migrants to be able to access 

the labour marked and integrate with an equal status to the native workers. In 2006, the problem of 

migration was considered to be by the European Council Presidency’s Conclusions as ‘’one of the major 
priorities for the EU at the start of the 21st century”. 

The problem of migration and how it can be properly dealt with was a topic to be discussed also over 

the following years. ‘Strengthening the Global Approach to Migration, ‘A Common Immigration Policy 
for Europe, Pact on Immigration and Asylum are also other important moments that helped shaped the 

                                                      
6 European Council (TAMPERE), “Tampere European Council, 15 and 16 October 1999, Presidency 

Conclusions”, 1999 
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public policies that are directed towards migration and the integration of minorities in the EU states. The 

main focusses in the examples above are focused mainly on legal immigration and integration, border 

controls. The control of illegal immigration, migration and development, and the finalisation of a 

common European asylum system. In these pacts, the need to treat migrants fairly and promote their 

integration into society with an emphasis on measures promoting language acquisition and access to 

employment are emphasized. It also invites the Members States to combat any forms of discrimination 

to which migrates may be exposed. 

The integration of refugees is another important topic, which the EU has been covering especially in 

the last years. Within its specialized body, the European Council on Refugees and Exiles several steps 

have been made in order to help improve the situation of refugees. Firstly, there are some legal steps, 

such as facilitating the application and acquisition of citizenship and easing the restriction on family 

reunification. After this step, some practical actions are needed, such as free language and orientation 

programmes, including during the reception phase, and policies encouraging and promoting civic, 

cultural and socio-economical participation. 

 

4. Conclusion 

In conclusion, there are several factors that are important to see when we are to discuss the problem of 

integration. Because of the fact that the term is very complex in its understanding, it makes it difficult 

to put a precise definition. Through the years, the EU has made more and more steps towards the 

implementation of a healthy and balanced environment in which the people to feel welcomed and can 

easily integrate in the respective society. There are several challenges that need to be fixed and dealt 

with properly in order for this environment to nourish. Changes need to be made in all sectors, especially 

in the educational and labour market system, in order to facilitate the integration of minorities in the EU 

states.                                                         

The problem of migration is another topic that concerns the EU and tis member states. Because of 

the huge waves of refugees that came across Europe in the last years, the system and its structure was 

not prepared and presented some flaws within its mechanism. In order to fix them, several steps were 

made by the European Union Council in order to eliminate, as much as it could, the gap socio-

economical gap between the migrants, refugees and the native people of the respective states.  

To sum up, the problem of migration, refugees and minorities are in strong connection one and other. 

Changes within the system of all member states are needed in order to facilitate their integration in the 

states. From language courses to training courses in order to initiate in the labour market, all represent 

key steps towards the integration of people from different states, even if they are of different religion or 

other consideration, inside the European Union system within the respective state. All people should 

have equal chances and compensation when applying for a job and must not be judged by the colour of 

their skin, religion or any other different considerations. 
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Abstract. In terms of sustainable development and improving living standards at the local 

and regional level, secondary education plays an important role.  The main objective of the 

study was to identify the characteristics of the evolution of secondary education 

development in South-Muntenia region and the counties included in this region for the last 

25 years. Its efficiency is also evaluated in terms of the number of Baccalaureate graduates 

awarded with a degree, compared to the high school level graduates in each county. The 

paper highlights the similarities and disparities between districts, on equipment and 

efficiency of secondary education in this region. 

Keywords: education, secondary education, development regions, students’ progress, the 
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1. Introduction 
 

The sustainable development of human society, the development of technologies for environmentally 

friendly production, information technology and communication of a society based on knowledge are 

the main goals of the utmost importance for long-term growth of quality of life, both at EU level and 

in Romania and with regard to regional development [1]. In these circumstances, education is a 

fundamental prerequisite for poverty reduction and increased social welfare at both the local and 

regional levels [2]. In terms of society, the free movement of labour, education and skills acquired are 

factors which contribute to building and maintaining a functional labour market [3] and ensure a 

standard of living adequate for the human communities.  

On the other hand, the social, environmental quality and social characteristics to educate and form 

the young population is an important factor of transition for the school-age population (and not only) 

from one level of education to another [4]. This forms a feedback loop that can lead local and regional 

communities towards sustainable living standards. Development and performance depend on the 

quality of educational stakeholders in the process. Firstly, we should consider the quality of 

teachers. Their attitudes and their involvement in both urban and rural areas, are key factors of 

educational performance [5, 6]. 

 Quality and performance of the educational systems depend on the quality of education 

infrastructure. In this regard, the development in the current telecommunication, computer equipment 

with high performance in schools is vital [7]. Last, but not least, the quality of education depends, on 

one hand, on the attention of the rulers of this area [8] and, on the other hand, on the quality of 

management at regional, county and local levels [9].  
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Another influence on sustainable development is the number and percentage of students enrolled in 

various levels of education, including the level of high school secondary education. In Romania, high 

school secondary school population decreased continuously. Thus, if in 1995 the number of students 

was 644 085, in 2010 there were only 523 362 students, and in 2018-447026 students [10]. After 2010, 

the gross enrolment rate in secondary education has been steadily decreasing, from 96.7% in the 

school year 2010/2011 to 96.0% in the school year 2011/2012; school year 2015/2016 reached only 

85.6% [11]. At the regional level, the direct effect of demographic developments, is generated by the 

following: reducing the birth rate, natural growth and external migration of the population of Romania, 

adjusted net enrolment rate in the school year 2011/2012, recording the lows in the North East (69.1%) 

and South-Muntenia (71.6%), corresponding to their level of economic development [12]. Given these 

aspects, the purpose of this article was to analyse the evolution and performance of secondary 

education development in South-Muntenia region in the recent decades.  

 

2. Methodology and key steps 

The analysis of the secondary education development in South-Muntenia region was performed on the 

data series on the number of students [10] and high school teachers in the region and within the seven 

counties [13] contained therein, on equipping high school students with personal computers [14]. Also, 

in order to obtain a qualitative evaluation of the development of high school education in this region’s 
development there were included in the analysis data sets on the number of high school graduates [15] 

and graduates with a Baccalaureate degree [16] both at regional and at county levels. For this were 

used and analysed five indicators. The codes and their meanings are shown in Table 1. 

 
Table 1. The main variables used 

Indicator Signification Units 

BAC Graduates with a baccalaureate degree. number 

TS Teaching staff number 

PC Personal computers number 

STD Students number 

HSG High school graduates number 

 

In this paper the developments are analysed according to five variables (identifiers) for the periods 

for which data were available. Thus, analysis of the number of students enrolled in high school and 

staff related, and the number of high school graduates is conducted during 1995-2018 and the 

evolution of the number of PCs during 2001-2018. Regarding the graduates with a Baccalaureate 

degree, the serial data is much shorter, covering only the period from 2010 to 2017. This is a 

consequence of the changes to complete the Baccalaureate, which induced a discontinuity in the data 

series.  

 
3. The case study. Detailed analysis 

In the analysed periods regarding secondary education, both in terms of the number of students and 

teachers involved in the education process experienced periods with different characteristics 

determined on the one hand, by the rate of birth, and on the other hand, by the characteristics of social 

media and legislation at different points in time.  

 

3.1. Students, teachers, IT resources  

In the South-Muntenia region, during 1995-2018, the evolution of the number of students 

enrolled in high school (STD), is characterized by three periods with slightly different characteristics 

(Figure 1). The first period was between 1995 and 2000. At the regional level, in 2000 compared with 

1995, the number of students enrolled in secondary education was lower with 18177 students (a 
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decrease of 16.22%), due, in particular, to reducing birth rates in the period 1982-1986, as well as 

changing attitudes towards education in the next period of 1989. The descendent trend is registered at 

the level of the region and its counties. The same downward trend is recorded in each of the seven 

counties. In terms of numbers, the largest decreases were recorded in Prahova (5669 students) and 

Arges (3858 students). In relative numbers, the largest reduction was recorded in Giurgiu 

(24.87%). This was followed by Prahova (19.42%), Teleorman (15.82%) and Ialomita (15.35%). 

 

 
  

Figure 1. Evolutions of the number of students enrolled in secondary high school in the counties 

from the South Muntenia region during 1995 until 2018 period  

 

The second period (2000-2011) is characterized by the relative increase in the number of students 

in the secondary high school education in the South region. At the regional level in 2011, compared to 

2000 in the education school enrolment there were 127 412 students, with 33 525 more than in 2000 

(an increase of 35.71%). In numerical terms, the highest increases were registered in Prahova (9732 

students), Arges (4438 students) and Dambovita (4336). In relative numbers, the highest increases 

were recorded in Giurgiu (72.89%) and Calarasi (57.01%). After 2011 the number of students 

registered for secondary school decreased continuously. At the regional level, the decrease was 

continuous and linear, described by a model of the following form: 

  1,11.55764.129622 2011  tttSTD     (1) 

Given that the level of significance of the test F (Sig.F = 0.00) and R2 = 0.951, that model (1) is 

statistically significant and accurately describes the evolution of the number of students registered for 

secondary school during 2011 and 2018. At county level, more than one third reduction in the number 

of students registered for secondary school were recorded in Călăraşi (39.93%) and Ialomita 
(33.22%). Another characteristic of the number of pupils registered for secondary school development 

in South-Muntenia region is that while during 2000-2011 there were increases, however, at the end of 

period, in 2018, their number was lower than in 1995, both at regional level and in each county. The 

evolution of the teachers is slightly different to the number of pupils (Figure 2). At the regional level, 

the development of a number of high-school teacher is characterized by a downward expressed by the 

linear model of the form: 

  1,73.6256.8856 1995  tttSTD     (2) 
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If the model (2) the significance test F (Sig.F = 0.00) leads to the conclusion that it is statistically 

important. Meanwhile, although the determination coefficient R 2 = 0.595, we believe that this model 

describes quite well the evolution of teaching staff numbers throughout the period. 
 

 

 
 

Figure 2. Evolutions of the number of teachers enrolled in secondary high school in the counties 

from the South Muntenia region during 1995 until 2018 period  
 

At the county level there have been two trends, one which was characterised by a decline and 

another by an increase in the number of teachers. Consequently, while counties such as Arges, 

Prahova, Teleorman and Dambovita, the number of teachers in secondary education fell by an average 

of values between 10 and 22 persons, in the counties Calarasi and Ialomita the number was constant, 

and Giurgiu slightly increased. 

 

  

 

Figure 3. Evolutions of the number of PC in secondary high school in the counties from the South 

Muntenia region during 1995 until 2018 period 
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Among the superstructure fundamental to the quality of education provided in schools in general, 

and high schools, in particular, there is the ICT infrastructure. The development of these media and 

improved accessibility and their usefulness has made after 2000, the number of high schools to grow 

significantly in a first period (Figure 3) then tending to stabilize. In the South-Muntenia region, 

changes in the number of computers in schools, in the period 2001-2018 can be described by a model 

of the form: 

  1,)ln(4.50836.1058 2001 tttPC 
   (3) 

For the model (3), according to the significance level of the test F (Sig.F = 0.000), and the 

coefficient of determination R2 = 0.943, it is clear that the model is highly statistically noteworthy and 

describes the evolution of the number of computers in high schools that are in the South -Muntenia 

region. Analysis of the number of computers available in schools, in the county, revealed that both in 

2001 and 2018, most of them are in Prahova (34.04% and 28.06%, 2018), Argeş (26.86% and 23.6 

%%, 2018) and Dâmboviţa (18.83% and 16.56 %%, 2018), and the least in the region Giurgiu (3.5% 

and 4.1 %%, 2018). A clear and conclusive ICT infrastructure development in South-Muntenia region 

is the number of pupils per PC. Thus, if in 2001, a PC was available for 37 high school students, in 

2018 the number drops to 6 students per PC, situation underlined in the model of the following form: 

  1,)ln(69.962.31 2001 tttPC 
    (4) 

The 4-th model is also statistically significant (Sig.F = 0.00) and describes the evolution of the 

number of high school students per PC (R2 = 0.902) in the period 2001-2018. Similar evolutions are 

recorded at county level except that the stabilizing trend that highlights the differences on the level of 

equipment of high school with the PC on the one hand, and on the other hand, the discrepancies 

existing in 2001 also maintaining in 2018. As a result, in 2001, although at regional level PC is back to 

37 students in Ialomita their number reached 87 (over two times higher) in Giurgiu was 51 students in 

Dâmbovița 45, and Calarasi, Teleorman 42 students, in Prahova County, one PC was used by 27 

students. Although during 2001-2018 the number of PCs in high schools in the South region increased 

significantly, some discrepancies maintained so that, while in Prahova and Calarasi one PC was used 

by 5 students in Teleorman their number reached 8, in Giurgiu county and a PC was available for 9 

students enrolled in high school. 
 

3.2. Efficiency aspects of high school education in the South-Muntenia 

The number of graduates of secondary high school education (HSG) in South Muntenia development 

region during 1995-2017 followed, to some extent, changes in the number of students enrolled in high 

school in the same period specifying that it covers only the last year of high school graduates, while 

the number of students enrolled in high school (STD) includes all high-school students. The difference 

is, however, that the number (Figure 4) is more uncertain because of the changes over the period of 

evolution of the birth, of structural changes, the requirements of the labour market on the level of 

training and the level exigency. But here distinguish three periods. 1995-2001 period aims on a new 

scale, type downward trend in the number of students enrolled in high school in that period. For the 

mentioned counties, the number of graduates of secondary education in 2001 was lower than in 1995 

to 1790 in Arges (a decrease of 15.75%), with 1638 in Prahova (a decrease of 12.19%), with 812 in 

Dambovita (a reduction of 12.18%), with the Teleorman 742 (a decrease of 13.17%), with 433 Giurgiu 

(a 15.62% reduction) and 11% Călăraşi and Ialomiţa. The second period (2001-2011) is one of 

oscillation around a trend slightly upward, so that the number of high school graduates in 2011 at 

regional level with 6701 graduates was higher than in 2001 (an increase of 33.75%), exceeding by 657 

the number of graduates in 1995. at the county level, the level in 2011 was higher than in 2001 at 

between 22.59% in Arges county, and 79.39% in Giurgiu. Except Arges County, in all other counties 

Muntenia Sud, the number of high school graduates was higher than in 1995. 
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Figure 4. Evolutions of the number of graduates in secondary high school in the counties from the 

South Muntenia region during 1995 until 2018 period 

 

In the third period (2012-2017) it has been a continuous decline, therefore, in 2017, at regional 

level, the number of graduates was lower with 4846 than in 2011 (a decrease of 18.25%). In the 

counties, the number of graduates has decreased between 11.43% in Argeş, and 22.85% in the Prahova 

region.  

 

 

 
Figure 5. Evolutions of the percentage of graduates with a Baccalaureate degree in secondary high 

school in the counties from the South Muntenia region during 1995 until 2018 period 

 

The most conclusive indicator of the efficiency of secondary education is the number and 

percentage of Baccalaureate graduates awarded with degree. In this respect, the measures taken by the 

Ministry of Education since 2010, on the organization of the Baccalaureate national exam, have 

highlighted both similarities and differences between counties in this regard. The development of the 

number of graduates with a Baccalaureate Degree, in the region of South-Muntenia and at the county 
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levels (Figure 5) highlights a regional upward trend based on a percentage of 53.13% in 2010 to 

66.07%, in 2016, followed by a slight decrease of 4.01 percentage pointed in 2017. 

At the county level in the last four years, with shares above the average level of the region were 

Prahova, Arges and Ialomita, and in 20017 Dambovita. By contrast, there are the counties Calarasi, 

Giurgiu and Teleorman. Analysing the evolutionary trajectories of the percentage of Baccalaureate 

graduates with a degree shows that disparities between counties, from this point of view is 

troublesome. Thus, in 2012, in Prahova the percentage of graduates with a Baccalaureate degree was 

57.36% and in Teleorman county was 47.78% (a difference of 6.96 percentage points), in 2017 the 

difference between the percentages of Graduates with a Baccalaureate degree in the two counties 

reached 22.40 percentage points. Significant differences between Prahova and Calarasi counties are 

highlighted (18.1 percentage points) and Giurgiu (16.85 percentage points). It thus forms, in the 

South-Muntenia, two groups of counties efficiency opposite trends of high school which, if not 

corrected, can lead to lasting damage to regional development in this region. 
 

 

4. Conclusions  
The results of the research confirmed the counties in the region of South-Muntenia development issues 

raised in the first part, however, they also highlight a number of peculiarities. A first difference 

between counties is given by the weight reduction in the number of students enrolled in high 

school. Giurgiu County was 24.88%, in Prahova County of 19.24%, and on the opposite is Calarasi 

County where registered numbers were only 12.19 %. Reducing the number of pupils enrolled in 

secondary education increased in the period 2011-2018, the most significant being in Călăraşi 
(39.93%) and Ialomita (33.22%).  

In terms of the teaching staff, although at regional level, between 1995-2018 the number of 

teachers has decreased annually by an average of 61 people in the counties have registered two trends, 

one of decrease, and other growth. While in counties such as, Arges, Prahova, Teleorman and 

Dambovita, the number of teachers in secondary education fell by an average of values between 10 

and 22 people in the counties Calarasi and Ialomita the number was approximately constant, and 

Giurgiu County recorded a slight increase.  

Although after 2000 the number of PC raised significantly, discrepancies are still maintained so 

that, while in Prahova and Calarasi a PC is used by 5 students in Teleorman their number reaches 8 

and in Giurgiu a PC is used by 9 students enrolled in high school. An important conclusion is also that, 

although in the South-Muntenia region there is an increase in the number of graduates with a 

Baccalaureate degree out of the total graduates high school education, there are still evident the 

differences between the group of Prahova, Arges, Dambovita and Ialomita counties that weights the 

degree of graduation above the average level of the region (61.98% in 2017) and the group Giurgiu, 

Calarasi and Teleorman counties which weights far below the average percentage of graduation. 

Evolutions in the health status of the population, such as restrictions aimed at reducing the degree 

of infection of the population with the new coronavirus (Covit-19), have and will have implications for 

education in the analysed development region. Given this fact, an important direction for future 

research is to identify the impact of Covit-19 on the school population taking into account local 

particularities regarding the level of development of electronic communications. 
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Abstracts: This paper presents the role of vitamin D in the body, namely: calcium absorption, 

maintaining muscle function, but also in strengthening the immune system. Vitamin D exerts its 

biological functions dependent on vitamin D receptor (VDR), which is a member of the 

superhuman family of nuclear hormone receptors and clearly expressed in a wide variety of cells. 

Vitamin D is mainly obtained by synthesizing Vitamin D3 in our skin using ultraviolet light B 

(UVB) and in small amounts from food sources. Respiratory epithelial cells can convert vitamin 

D to the active form and that vitamin D metabolites increase the cytokines involved in immunity 

in response to respiratory viruses. Studies have shown that the most vulnerable population group 

for COVID - 19 is also the one with the highest vitamin D deficiency. 

Keywords: vitamin D, metabolism, prevention, COVID-19. 

 

 

 

Vitamin D: synthesis and metabolic pathways 
Vitamin D is the name given to a wider group of vitamins. Vitamin D2 (ergocalciferol, which is found 

in plants) and vitamin D3 (cholecalciferol, which is found in animal tissues) are inactive 

pharmacological forms that can be metabolically converted into active compounds by hydroxylation in 

the liver and then in the kidneys.  

The liver converts vitamin D3 into 25-hydroxycholecalciferol, which is weakly active. The kidneys 

then convert this compound to either 24,25-dihydroxycholecalciferol, which is also weakly active, or 

1α, 25-dihydroxycholecalciferol, the most active form of vitamin D [1] (Figure 1).  

Vitamin D is important for bone metabolism and regulates calcium levels in the blood, increases the 

absorption of calcium from the intestine and reduces the amount lost by the kidneys. Many tissues have 

vitamin D receptors, and vitamin D may have other roles [2]. 
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Figure 1. Vitamin D: A. Compounds of the vitamin D group; B. Metabolic pathways in the body 

 

The role of vitamin D in the body is to absorb calcium and in maintaining muscle function, but 

also in strengthening the immune system, say experts from Cleveland Clinic, (USA). Its concentration 

in the skin depends on a number of factors, including the amount of vitamin D that the body produces 

in the epithelial tissue due to the sun's rays. Essentially, this is to be completed at the time of day, the 

season and the latitudes (Central or Northern Europe), [3]. 

Vitamin D exerts its biological functions dependent on vitamin D receptor (VDR), which is a 

member of the superhuman family of nuclear hormone receptors and clearly expressed in a wide variety 

of cells. While vitamin D / VDR signaling is known for its effect on bone homeostasis, its suppressive 

regulation of the inflammatory response is becoming increasingly attractive [4]. It has long been 

established that vitamin D / VDR signaling regulates duodenal transport of transcellular calcium. Recent 

studies have shown that intestinal epithelial VDR plays a key role in protecting the integrity of the 

mucosal barrier. The intestine is one of the tissues in the body that has the most abundant VDR 

expression. 

 

Sources of vitamin D 
Vitamin D is mainly obtained by the synthesis of Vitamin D3 in our skin using ultraviolet light B (UVB) 

and in small amounts from food sources (Figure 1). In countries with high latitudes, UVB in winter is 

not enough to synthesize the optimal need, so oral intake becomes more important. Dietary sources 

include products of animal origin, such as fatty fish, red meat, liver and egg yolks, as well as fortified 

foods such as infant formula, breakfast cereals and margarines. Some fungi can provide vitamin D if 

grown under ultraviolet light [5]. The Scientific Advisory Committee on Nutrition (SACN) recommends 

a daily intake of 10 µg (micrograms) (400 international units / day) for all four-year-olds living in the 

UK to ensure musculoskeletal health [6], and for adults, the standard dose of vitamin D deficiency 

prevention is 10 µg (400 IU) daily [7]. 
 

Vitamin D deficiency 
Vitamin D deficiency is very common, especially in winter. Vitamin D is usually measured in blood 

serum in the relatively stable form of 25-hydroxycholecaliferol (25 (OH) D3). In the UK, 25 nmol / L 

(10ng / ml) is used as a reduction for deficiency, but there is no universally agreed definition, so clinical 

trials have used different values to define vitamin D deficiency. [6] 
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People at high risk of disability: 

• Infants and children under four years of age; 
• Pregnant and lactating women, especially adolescents and young women; 
• People over 65; 
• People who have little or no exposure to the sun, for example, those who cover their skin for cultural 

reasons and those who are covered in or inside the house for long periods; 

• People with darker skin, for example, people of African, African-Caribbean or South Asian descent. 

 

Opportunity for vitamin D supplement in COVID-19 

There is in vitro evidence that vitamin D is involved in immune cell responses to some viral and bacterial 

respiratory pathogens. Vitamin D appears to regulate genes involved in immune cell responses that are 

exposed to Streptococcus pneumoniae [8].  

There are laboratory studies that show that respiratory epithelial cells can convert vitamin D to the 

active form and that vitamin D metabolites increase the cytokines involved in immunity in response to 

respiratory viruses. However, vitamin D metabolites do not appear to prevent viral replication in cell 

cultures [9, 10]. 

 

 Evidence of the vitamin D - COVID-19 correlation  
There are opinions that people with low serum vitamin D may have a higher risk of COVID-19 infection 

or worsen if infected [11]. There is also an overlap between the high-risk groups of vitamin D deficiency 

and the high-risk groups of severe COVID-19. Examples include people with chronic illness, old age 

and people with black and minority ethnic heritage (BAME). However, infants and children are at risk 

of vitamin D deficiency, but are not considered at high risk for severe COVID-19 [12]. 

On 10 April 2020, the UK National Center for Intensive Care Audit and Research (ICNARC) 

reported that 31% (310/993) of patients in need of advanced respiratory support defined their ethnicity 

in a white category compared to 24% of patients (99/408) receiving basic respiratory support [13]. These 

data are intriguing, but we must be careful about their over-interpretation. 

If vitamin D has a role in preventing or mitigating the effects of COVID-19 infection, 

supplementation would be a cheap and low-risk intervention. Therefore, we aimed to review the clinical 

evidence that vitamin D has a role in the prevention or treatment of COVID-19. 

A) Planned studies 

With PubMed and Google Scholar as a source, several studies have been found that are registered, but 

have not been reported yet. None seemed to be masked compared to placebo. 

o A study with vitamin D3 plus zinc, compared to regular care, is planned in an open-label 

randomized controlled trial (RCT) in adults over 60 who are “institutionalized” but asymptomatic [14]. 
The dose of vitamin D3 is 2000 IU (50 µg) plus 30 mg of zinc gluconate per day for two months. The 
main measure of outcome is mortality; the incidence of COVID-19 infection is a secondary outcome. 

o One study tests whether a single oral dose of 25,000 IU (625 µg) of vitamin D (form not specified) 
will improve mortality in patients infected with SARS-CoV-2, but has no severe symptoms compared 

to regular care [ 15]. The reason is based on veterinary findings that low levels of vitamin D in calves 

have been associated with bovine coronavirus infection. 

o Another RCT will compare single doses of vitamin D3, 50,000 IU to 200,000 IU (1250 Vs 5000 

µg) in people with COVID-19 pneumonia who are over 75 years old or over 70 with low oxygen 

saturation; the main measure of outcome is mortality at 14 days [16]. 

A single open-label study uses a combination of hydroxychloroquine, vitamins C and D (unspecified 

form) and zinc as prophylaxis in health workers who are healthy and at risk of COVID-19, by exposure 

to infected patients [17]. 

The same investigator recorded another study, which will provide all participants with 

hydroxychloroquine, vitamins C and D (unspecified form) and zinc plus azithromycin, in order to 

determine whether this combination can effectively treat COVID-19 [18]. It is not clear how these 

studies will meet their stated objectives without comparison groups. 
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B) Reported studies 

The Seneca study reported mean serum D value in the elderly in a number of European countries 

compared to severe deficiency defined as a 25 (OH) D serum less than 30nmol / L [19]. Such values are 

reported as follows: 26 nmol / L in Spain, 28 nmol / L in Italy and 45 nmol / L in the Nordic countries. 

In Switzerland, average vitamin D levels are 23 (nmol / L) in nursing homes, and in Italy, 76% of women 

over the age of 70 have found that they have circulating levels below 30nmol / L [219]. These are the 

countries with a large number of cases of COVID - 19, and the elderly are the group with the highest 

risk of morbidity and mortality with SARS-Cov2. The study concludes that significant relationships 

were found between vitamin D levels and the number of COVID-19 cases, but especially the mortality 

caused by this infection.  

The most vulnerable population group for COVID-19 is also the one with the highest vitamin D 

deficiency. The authors believe that we can recommend vitamin D supplementation to protect against 

COVID-19 infection.  

Vitamin D has already been tested as a protector against acute respiratory infections and has been 

shown to be safe. Martineau A.R. et al. (2017), concluded in a meta-analysis that vitamin D 

supplementation was safe and protective against acute respiratory tract infections. They described that 

patients with severe vitamin D deficiency showed the greatest benefit [20]. 

The importance of vitamin D deficiency is shown by a recently published analysis of COVID-19 

deaths in 780 COVID-19 patients in Indonesia [21].  

Table 1 illustrates that old age (old age), comorbidities and vitamin D deficiency or insufficiency 

have been associated with increasing chances of death. Based on these data, the plasma level of vitamin 

D is an independent precursor of mortality. 

 

Table 1. Data of patients with COVID-19 related to vitamin D levels and disease outcome.  
Vitamin D: <20 ng/ml 20-30 ng/ml >30 ng/ml 

Overall, N 179 213 388 

Mean age 66.9 ± 13.8 62.9 ± 14.7 46.6 ± 12.6 

Comorbidity, % 80.0 73.8 18.8 

Death, % 98.9 87.8 4.1 

Active, % 1.1 12.2 95.9 

Odds ratio 

Adjusted for age, sex and comorbidity 

10.12 (p < .001) 7.63 (p < .001) 
 

 

 

Recently, a number of 8 studies have begun to test the effect of vitamin D supplementation at 

various doses (up to 200,000 IU) during COVID-19 disease. The aim is to clarify whether vitamin D 

supplementation at different doses has an influence on the course of the disease or, in particular, on the 

immune response, or whether it can prevent the development of acute respiratory distress syndrome 

(ARDS) or thrombosis [22].  

A recent study (E Laird. May 2020) [23] assumes that vitamin D status may influence the severity 

of Covid-19 responses and that the prevalence of vitamin D deficiency in Europe will be closely aligned 

with Covid-19 mortality. The calculated mortality rate of Covid-19 (per million) in European countries 

according to the average concentration of 25 (OH) D is shown in Figure 2.  

The correlation between the concentration of 25 (OH) D and the mortality rate has a conventional 

significance (P = 0.046 ) of Spearman's rank correlation. 
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Figure 2. Mortality rate for a number of countries in relation to vitamin D levels (conc. Averages) 

 

 

Conclusion 
An inadequate intake of vitamin D has a variety of skeletal and non-skeletal effects. There is ample 

evidence that various noncommunicable diseases (high blood pressure, diabetes, CVD, metabolic 

syndrome) are associated with low levels of vitamin D in plasma. These comorbidities, together with 

the often concomitant vitamin D deficiency, increase the risk of severe COVID-19 events. More 

attention should be paid to the importance of vitamin D status for the development and evolution of the 

disease.  

In particular, in the methods used to control the pandemic (blockage), the skin's natural synthesis of 

vitamin D is reduced when people have few opportunities to be exposed to the sun. Specific dietary 

advice, moderate supplements or fortified foods can help prevent this deficiency. 
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Abstract: The current national and international economic environments have the hallmark of a 

high degree of uncertainty and are characterized by significant fluctuations under the influence 

of various factors. Thus, business sustainability becomes more sensitive to these influences, 

regardless of the business model applied. The results of multiple research and analysis of family 

business at the international level show that this type of entrepreneurial activity is sustainable 

and efficient from several points of view, contributing not only to the economic growth of the 

country of origin but also at international level. Since in the Republic of Moldova the 

entrepreneurial activity has been practiced for about 30 years, we found that, until now, the 

family businesses have not been analyzed as a separate segment and their specific features have 

not been identified. Through this research we intended to perform a scan of family businesses in 

order to identify their profile in the context of the existing business environment. The study 

carried out allowed us to establish the Portrait of family businesses in the Republic of Moldova, 

to find some common ground and differences between family businesses in both developed and 

developing countries. The results of the study can serve as grounds for other more in-depth and 

specific research, and for decision makers as support in developing and implementing policies 

and support tools for the development of this important segment of entrepreneurship. 

Keywords: family business, sustainability of the family business, successions, family members, 

business plan, conflict solving, business environment, decision making, business support 

instruments, future development. 

 

Introduction 
There could be used various models to carry out an entrepreneurial activity, family business being one 

of them. This model proved in time to be sustainable not only as regards the financial results, but also 

the attitude towards clients, society and traditions. Well-known trademarks such as Ommo, Oral-B, 

Adidas, Siemens, Samsung, Wal-Mart, Ford Motor, Koch Industries, Standard Oil, IKEA, thanks to 

successful combination of more factors have developed quickly and transformed into big well-known 

family companies. 

Family business is an important force of the world economy and a basic pillar in the economic 

systems of many countries worldwide. As to representativeness, family businesses cover between 75% 

and 90% of all enterprises in the world, where in Europe over 75% of businesses are family businesses, 

where over 50% of the total of manpower is employed. According to Forbes Magazine [1], family 

businesses generate about 50% of  the gross domestic product; less than one third of family companies 
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survive the transition from the first to the second property generation and another  50% of family 

businesses do not survive the transition from the second to the third generation.  

Lots of regular surveys conducted by specialized research companies,  family business associations 

and universities (PwC – Global Family Business Survey, EY Family Business Year book, The MGi 

Australian Family and Private Business survey, Kreischer Miller Family Business Survey, etc.) 

regarding the family business in different countries highlighted a few peculiarities that distinguish it 

from the non-family business, namely [2] 

: a faster and more flexible decision-making process, greater involvement and responsibility, a 

simpler and less bureaucratic management structure, entrepreneurial spirit doubled by creativity and 

innovation. There are features that provide for a stronger motivation for some persons to launch and to 

develop a family business despite difficulties that influence on its stability and competitiveness. 

Why family companies are important? Field studies of family companies carried out so far showed 

that this type of company has significant benefits for the economy and society in general, namely: 

o Family companies have a higher financial performance and are more profitable in time; 

o Family businesses are less susceptible to dismiss staff and have a higher probability of 

employment; 

o Family businesses in whole are better for communities they live in both for business 

development and philanthropic activities; 

o Family businesses’ perspective to survive in time is higher and, therefore, they have a better 

balance between short-term remuneration in long run. 

Even if the entrepreneurial activity in Republic of Moldova is rather young, the family business has 

already succeeded to show that it is an important sector for the economic development, but which 

practically is unknown and unstudied. The first steps to draw the attention to this sector have been taken 

by the Ministry of Economy, which was included in the action plan for 2018 under the action – the Draft 

Law on the activity of family companies  worked out and approved, but unfortunately not implemented.  

The majority of family businesses in Republic of Moldova are included in the SME sector, which 

has been studied under various aspects since 1990, and the financial and non-financial support, 

management, association and cooperation, new market penetration, innovation and research models 

were identified and applied, which are obviously valid for family businesses too. The results of those 

studies laid the basis for developing and adjusting along the standard framework related to SME. There 

were created structures meant to support this sector and significant resources were attracted from the 

national budget and development partners in order to support the SME sector, and the family businesses 

as part of the latter benefit from it too. Despite this, there was conducted no specific research focused 

on the analysis of this area, on the development and management specifics, on ensuring succession as 

such type of business is analyzed in many developed and developing countries.  

This survey is designed to conduct the first qualitative study of the family business sector in Moldova 

in order to identify its profile, specific features and to analyze by comparing the position of owners of 

family businesses as regards the process of management, settlement of difficult situations and further 

visions. 

We acknowledge that this is a first step and obviously just one research cannot study and analyze all 

aspects regarding the specifics of the local family businesses. At the same time, we are confident that 

the survey results shall serve to identify some specific elements to this important segment of the business 

environment and to lay the basis for subsequent studies and analyses.  

 

Study methodology 
This research has been conducted in order to identify the profile of family business in Republic of 

Moldova as a specific segment and model of sustainable entrepreneurial activity.  

The qualitative research was used as method to carry out this study, namely an online questionnaire 

was provided to about 325 local companies and answered by 196 respondents. The survey was 

conducted in the period September 2018 – February 2019. Most respondents were those who benefited 
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from SME Support Programs implemented by the Organization for Small and Medium Enterprises 

Sector Development (ODIMM) and residents of 11 business incubators in Moldova. The motivation for 

involving them in this study based on the acknowledgement of situation and their assignment to the 

category/class of family business. Pursuant to the distribution of respondents as to the duration of 

activity, a greater share was covered by FB with rather little experience (compared to other developed 

countries), but which was enough to voice their opinion regarding the questions included in the 

questionnaire. As regards the size of FB participating in this study, in line with the SME definition [3], 

more participants are included in the category of micro-enterprises based on the number of employees 

and the annual turnover (at least according to the answers provided). 

The questionnaire is divided into 4 units: family business profile, family business management, 

family business perspectives and demography. To work out this questionnaire aspects researched by 

regular surveys conducted by PwC – Global Family Business Survey, EY Family Business Year book, 

were considered, so that to make a comparison of opinions and visions, questions from the mentioned 2 

surveys, especially to sections 2 and 3 were included in. As regards the question structure, different 

types were implemented: direct questions, opinion questions, quiz question, and hierarchic ones. The 

SPSS data statistical analysis program was used to process the study results. 

The most important obstructions in conducting this study was the entrepreneurs’ reluctance, the high 

occupancy rate, the low on-line operation skills and diminished responsibility towards such method of 

research.  

Declaration: I hereby declare that this article has not been published elsewhere. 

 

Study results 

1. Family business description  

Firstly, we were set to find out the reasons that laid the basis for decision-making on launch a family 

business.  

About 48% of respondents highlighted - to provide family with financial stability - as main reason. 

This is influenced by the political and economic situation over the past period, which does not provide 

any stability and certainty in a non-family company. Another motivating factor for setting-up a family 

business was mentioned that of working together with family members – 30%, which the respondents 

consider more efficient and more sustainable (see Figure 1). 
 

Figure 1. What type of funds did you use to set up your business? 

 

According with figure 1 we found out that Moldovan entrepreneurs make use of various funds to 

initiate a family business. The combined financial means are the most used ones: own and foreign means, 

100% own financial means, bank credits etc. As many as 24% of respondents mentioned that they have 

accessed non-repayable funds provided by various national support organizations as financing source. 
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This variety of financing sources used to launch a family business shows that certain opportunities do 

exist, and the financing resources do not top the list of issues faced when initiating a business. On the 

other hand, local entrepreneurs are more reluctant to initiating a business with crediting sources, due 

to more reasons such as high bureaucracy among financial institutions, interest rate, document package 

and/or amount of pledge requested.  Or banks are more reluctant to financing a business that could 

generate significant financial risks for them. But entrepreneurs are opened to this type of funding when 

the business is developing and extending, steps when usually a business needs significant funds. 

Most family businesses in Republic of Moldova as in many countries in Eastern Europe and Russia 

[4] are at their first management generation (93.2% of participants) with slight passing to the second 

one. Only 0.5 % or 5 family businesses participating in the study mentioned that they are managed by 

the third generation. In line with the surveys conducted by PwC [5], EY și KPMG and other research 

institutions in this field, in most developed countries a significant share is covered by family businesses 

at the 2-3 generations [6], [7] followed by those managing businesses in the third and later generations 

[8]. Regarding the structure of family members involved in the business there is a diversification based 

on the I and II grades kin, which means that there is a willingness to concentrate the capital in the circle 

of closest family members in order to reduce related entrepreneurial risks (see Figure 2). 
 

Figure 2. Who exactly of the family is involved in your business? 

 

Thus, the greatest share of FB, namely about 78%, is launched together with the spouse, other 30% 

represent FB with mother and father, and third ranks FB with children and brothers/sisters. A significant 

percentage of respondents mentioned the involvement of other categories of relatives in the family 

business (see Figure 3). 

Figure 3. What position do family members hold in the company 
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The trend of power focus is also kept as regards the distribution of positions in a FB. Therefore, most 

key positions such as founder and administrator are held by the husband/wife in about 23% and, 

respectively, 16%, then and by other family members. Instead the specialist positions are held by 

different categories of family members, which in our opinion is a long-term strategy with great benefits 

for business’s sustainability.  This distribution contributes to create efficient teams and, at the same time, 

to facilitate the transfer of know-how and to keep the FB secret and innovation.  At the same time, 

referring to the business management and development strategy, this allows controlling all processes 

and keeping a high quality for long periods – which is one of the peculiarities and strong points of a 

family business. Not less important is the fact that other relatives are hired as employees in different 

subdivisions, which shows that this type of business does not focus only on financial benefits, but it is 

also socially responsible. 

The number of family members involved in a business varies between 1 and 7 persons, the highest 

share of FB consisting of 2 members in about 35% of respondents (figure appropriate to the average 

share of employees in a microenterprise in EU members states and RM [9]), followed by 3 members -

27.4% and 4 members – 19.5%.  This is not much different from the situation known in the developed 

countries, as the number of family members is often limited and the eagerness of some family members 

to work together is not enhanced, especially among the young generation. But as regards Republic of 

Moldova, where in average a family is made up of 4-6 members, this situation is rather good, showing 

that more than 50% of family members are involved. 

At the same time, the next diagram shows that most members of a family involved in the 

entrepreneurial activity are employed on a contract basis, except for the seasonal activities when other 

categories of relatives are involved. This shows the level of maturity of the FB management and a higher 

level of responsibility towards the company’s employees, regardless of the status and degree of 
relationship. 

As regards the share of employment of family members in the business’s activities, we found out 
that only about 46% of respondents mentioned a full (100%) involvement. In rest, one could observe 

small shares of entrepreneurs who mentioned a level of employment of family members of 90% and 

less. We consider that this distribution of share of employment of family members is directly connected 

to such criteria as: the number of family members involved in business, the family members’ status, the 

founder’s management style, the business’s stage of development etc. Certainly it is important for the 

founder to involve as many family members as possible in the business’s activities if a common vision 

regarding the development strategy exists, the same values and principles of activity are shared. 

According to statistical data, the trends of SME’s development over the past years show a rather 
stable situation [10]. As most of FB in RM and in other countries are part of this sector, we wanted to 

analyze how they developed in 2017 compared to 2016.  

To carry out this analysis we have identified some relevant indicators. The basic trend shaped showed 

that to all indicators proposed over 50% of entrepreneurs mentioned an increase in 2017 against 2016, 

and a greater share being covered by the mild increase. Most businessmen mentioned the indicator of 

increase of investments in the business development - 74.2%, followed by sales profits – 73.7% and 

number of customers – 72.6%.  On one hand these indicators refer to the long-term development 

perspectives, which characterize and distinguish the family businesses from the non-family ones 

pursuant to lots of researches [11], [12], and on the other hand those show a certain level of performance. 

At the same time, entrepreneurs highlighted no change in the number of employees, about 42% of 

respondents, no change in the sales market - 29% and no change in the variety of services 26%, which 

shows the level of stability of businesses, but which considering the increase of incomes from sales and 

in number of clients, in our opinion, represents a qualitative performance.  Considering that about 64% 

of entrepreneurs participating in this study manage their business for a rather short period 7-8 years, we 

may conclude that the situation mentioned by them, based on the indicators analyzed, could be 

described/considered as good, both due to how businesses are managed and the variety of instruments 

to support SME’s that were and are offered by the business support organizations, public authorities, 

business associations etc. [13]. 
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The analysis of opinions of FB entrepreneurs allowed us concluding that:  

 FB is a segment relevant for this type of entrepreneurial activity considering that most of FB are 

part of the SME sector, which presently represent about 98% of the total of enterprises at country 

level; 

 The activity experience of FB is little, as most FB are at their first management generation; 

 To initiate a family business, firstly the entrepreneurs were motivated by the opportunity to 

secure the financial stability to their family and by the willingness to work together with their 

family members; 

 Most often the core family members are involved in the FB activity, namely: husband/wife, 

mother, father, sister/brother. 

 Most key positions such as of founder or administrator are held by the husband/wife and those 

of specialists in different subdivisions are held by other relatives or persons do not intimate to a 

family; 

 Similar to situation in other countries the number of family members involved in FB vary from 

1 to 7 persons, and the most common FB are those made up of 2 members that confirms the 

hypothesis that FB in RM are mainly from the SME sector; 

 As to attracting family members in a FB, their level of involvement is rather high in most FB, 

showing that there is a strong and inherent motivation to achieve the goals set; 

 Regarding the dynamic of economic development, most entrepreneurs underlined the positive 

trend in growth to more indicators, thus confirming that FB is a sustainable model of 

entrepreneurial activity. 

 

2. Family business perceptions as model of entrepreneurial activity  

Considering that the FB sector in Republic of Moldova has not been almost researched, we thought 

necessary to analyze the main visions and opinions of entrepreneurs regarding this model of 

entrepreneurial activity popular all over the world.   

At the same time, we were set to identify the FB managerial features in order to have a clearer vision 

about the type of management that provides for the business’s sustainability. 

To question Which in your opinion are the advantages of a family business, entrepreneurs mentioned 

more advantages provided in Figure 6 below. 

As you could notice the first ranks the advantage related to the level of dedication/degree of 

involvement of family members, being mentioned by about 54% of entrepreneurs. This shows a high risk 

read by the entrepreneurs as to situation when non-family employees have a distant attitude towards the 

company and dedicate themselves to work strictly to within the limits of their duties, this being 

sometimes difficult or expensive to motivate them to get more involved.  

The second position is shared between the following advantages: Family members are ready to use 

even the last pecuniary means for the sake of business and the concentration of capital within the family 

- 45% of respondents.   

One can observe that both refer to the financial component, a very important element for all 

businesses not only for the family business, and this, on one hand, gives them the opportunity to use 

accessible and almost no-cost possibilities for long periods, and on the other hand this contributes to 

reduce risks related to the illegal taking over, expropriation usual to non-family businesses (see Figure 

4).  

 

 

 

 

 

 



Journal of Research and Innovation for Sustainable Society (JRISS) 

Volume 2, Issue 2, 2020 

ISSN: 2668-0416 

Thoth Publishing House 

 

 
135 

 

 

Figure 4. Which in your opinion are the advantages of the family business? 

 

Another advantage important for FB that relates more to the psycho-social and cultural aspect is Self-

confidence and safety, placed on the third place by entrepreneurs. We consider that this advantage has 

a higher influence on the family  business compared to the advantages ranking first and second positions, 

as it has at the basis a certain organizational culture fed up by certain values and principles educated in 

the family, developed and transferred through generations [14]. This is a situation typical to FB in other 

countries too, where social aspects prevail over the material and pecuniary ones [15] by providing a 

planning and decision-making framework and a foundation for building a competitive advantage for the 

family business.  

In the context of human resources crisis, especially in the rural area, it is relevant and important the 

advantage, underscored by about 35% of entrepreneurs, regarding the involvement of family members 

in more activities, thus holding more positions by plurality of offices. On one hand, savings to the salary 

fund are made, a family member has a diversified work and less organizational tasks set. But on the 

other hand, the burden of responsibilities increases, the shortness of time appears, which at their turn 

lead to the increase of stress situations, to mistakes in work and finally to losses that could be avoided. 

Respectively, the highest risk relates to finding a balance that would provide for the good operation of 

business without generating negative effects for employees, either family members or new members. 

Another advantage mentioned by 1/3 of entrepreneurs is that a FB is sustainable in time compared 

to non-family businesses [16], thus securing both to family members and partners a higher level of 

confidence in cooperation and conditions for long-term investments.  At the same time, over 20% of 

respondents also mentioned other FB advantages, such as: the Satisfaction with being your own boss 

and taking decisions on your own; the Possibility to spend more time with the family; To keep and to 

transfer some business traditions and secrets; To focus on customer and not on the immediate 

profitability.  
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It was interesting to analyze these advantages as from the viewpoint of gender, namely, to see what 

is important for women and men when launching a family business. 

 

Table 1. Top of FB advantages per gender (first 5 positions) 

Advantage 
position 

Women Men 

Concentration of capital within the family 2 5 

Family members may hold more positions  5 3 

Family members are ready to devote more time to the business 1  1 

Family members are ready to use the last money for the sake of business   3  2 

Family provides for safety and self-confidence  4 4 

 

Based on the answers provided, we found that the same advantages are priority for both sexes, but 

the degree of importance is partly different, that could serve as reasons for which the family businesses 

taking part in the study  have been set up.  

We consider that cumulatively all advantages mentioned by most entrepreneurs participating in the 

study set up the specific FB profile and represent a reliable model of entrepreneurial activity, position 

confirmed by the scientists in the field and more studies conducted [17]. As presently there is no 

unanimous accepted definition for family business or each country prefers to have its own interpretation 

for this type of entrepreneurial activity, we considered important to analyze the opinion of local 

businessmen - managers of family businesses. So, they were proposed to analyze more definitions for 

family business in order to set the main criteria for identifying this type of business. Based on the 

opinions shared, we are set to give our own definition of family business, characterizing its specific in 

Moldova.  

 

Table 2. Which of the following definitions for FB do you agree with? 

 Proposed definitions  % of 

according 

1 The ownership and management of the organization are concentrated in the 

hands of a family 

63.7% 

2 The family members hold a share of at least 50% of the company’s equity; 
At least 2 family members participate in strategic decision making; 

At least one family member holds a management position in the established 

family business   

16.8% 

3 Most decision-making rights are in the possession of the natural person who 

created the business or who is in the possession of the spouses, parents, direct 

heirs of the child or children; 

At least one representative of the family or relatives is formally involved in 

governing the organization; 

If the person who founded or acquired the company or family holds at least 

25% of the decision rights to which it is proved by holding the capital. 

11.1% 

4 The majority of votes are held by the person who set up or acquired the 

company (Or by the spouses, parents, children or direct heirs of the child) and 

(2) at least one of the family representatives is involved in the management 

or administration of the family business 

8.4% 
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The finding made is that for most respondents, about 64%, the business family means the 

concentration of ownership and management within the family, opinion shared in the definition provided 

by the scientists such as [Barnes and Hershon,1989], [Litz, 1995], [Donckels and Fröhlich ,1991)], 

[Ward and Dolan, 1998] [18]. This definition shows the high level of concentration and control of power 

and management of a company. As regards the structure of respondents per age regarding the above 

definition, it was found that most entrepreneurs out of 64% are young generation entrepreneurs and only 

11% were aged 50-65, who are on the eve to transfer their businesses to the next generation. As to the 

organizational and legal type of company, about 40% are LLC, 15% - farms and 9% - Private 

Companies. This might be influenced by more factors, such as: the unstable situation in the country, 

mistrust in other persons/partners, different visions regarding the business development/future, no 

willingness to share profits etc.  

Second position was occupied by the definition proposed by the author and shared by about 17% of 

interviewed entrepreneurs, mainly by young businessmen, namely:  Family members hold at least 50% 

of the company’s capital; At least 2 family members take part in strategic decision-making; At least a 

family member holds a management position in the family company created.  

Thus, one could conclude that the Moldovan entrepreneurs managing a family business have different 

opinions regarding the family business basics and how it could be defined, thing that gives room to 

scientists to carry out deeper researches about this type of entrepreneurship. 

To develop and to implement certain common policies to support family business, in 2009, EU member 

states agreed on a general definition based on some specific criteria, as provided below [19]:  

1) The majority of decision-making rights is in the possession of the natural person(s) who established 

the firm, or in the possession of the natural person(s) who has/have acquired the share capital of the 

firm, or in the possession of their spouses, parents, child or children’s direct heirs. 

2) The majority of decision-making rights are indirect or direct. 

3) At least one representative of the family or kin is formally involved in the governance of the firm. 

4) Listed companies meet the definition of family enterprise if the person who established or acquired 

the firm or their families or descendants possess 25 per cent of the decision-making rights mandated 

by their share capital. 

 

3. Family business management 
Considering that FB is a model of entrepreneurial activity, we decided to analyze how the management 

process takes place and if there are any features specific only to this type of business. 

The first positive finding set by us is that about 2/3 of respondents mainly from the field of 

agriculture, processing industry and services mentioned that they have developed a business plan – 

which is one of the main instruments for managing a business. Considering that a significant percentage 

of participants in the study have been beneficiaries of support programs provided by the state and 

implemented by ODIMM (PARE 1+1 Program, residents of business incubators, Women in Business 

Program), allowed us to conclude that drafting this managerial document was rather a need imposed by 

the requirements to take part in those programs that an initiative by those businesses both from the 

viewpoint of structure and of time,  but it also had beneficial effects on the development of skills in the 

entrepreneurial field, such as: studying, training, development, putting into practice. As regards the 

period for which the business plan has been developed for, one could observe that short-term business 

plans (that often are mandatory requirements for different SME support projects) prevailed, followed by 

the medium-term and long-term ones. This is a typical situation for most SMEs and not only in Moldova, 

as they mainly depend on the changes in the environment, they carry out their activities. 

Another important aspect of a business management process is that of participation/involvement of 

members/employees in decision-making. Respectively, we intended to see to what extent non-family 

employees take part in working out and making strategic decisions in a family business. Based on the 

answers provided by entrepreneurs we found out that mostly only family members and the founder of 
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the family business are involved in elaborating and taking strategic decisions. This means that a high 

level of power concentration within the family persists in this process too, which additionally confirms 

the replies given referring to business family definition (see Figure 5).  

 

Figure 5. Who does participate in the strategic decision-making of the company? 

 

At the same time, some entrepreneurs mentioned that not only family members are involved in this 

process, but also non-family related employees, especially those holding managerial offices or key 

specialists, take part too. Many studies on family business underscored an acute problem dealt by FB 

namely that of succession and specialization of children in the field of family business  (often children 

when taking over the business management do not have or do not want to acquire the know-how specific 

to that field, as they have other passions or predilections) [20], [21]. Therefore, rather often appears the 

need to employ in the business specialists qualified in the field that the family has no skills and, 

respectively, the level of involvement of those specialists in the company decision-making increases. 

The 21st century’s greatest challenge is related to the lack/insufficiency of qualified staff, especially 

of technical and vocational specialists, and very specific and narrowly specialized areas professionals. 

So we were also set to find out how family business deals with this provocation, namely what are the 

criteria it uses to hire family members and non-family members or possibly this situation is not 

appropriate to it.   

Referring to the requirements of employment of family members, over 60% of interviewed 

entrepreneurs mentioned – the willingness of that family member to actively involved in the family 

business. This is an important factor that is less taught at school, but it is cultivated through examples, 

behavior, early involvement of children and kin, traditions and business culture. For about 30% of 

entrepreneurs there is no difference when hiring relatives or non-family related persons and, 

respectively, it is important the level of education acquired and the work experience gained in the field 

(inclusively in other companies), showing a high level of maturity of family business in RM that focuses 

on the added value that an employee could bring to the business and not only on the fact of holding 

formally a position.  

The trend for the agricultural sector is to acquire education specific for the field by the members 

successors of the business, which both is an instrument to diminish risks of the crisis of specialists 

mainly in the rural area and a strategy to keep and transfer the secrets/innovations of the family business. 

The financial resources shortage was mentioned amongst the main challenges by more analyses 

carried out by local and foreign scientists and as well during roundtables, workshops with local 

businessmen. In the context of expanding the possibilities to attract financial resources and expertise  to 

13,7%

6,3%

20,5%

40,5%

47,4%

0% 5% 10% 15% 20% 25% 30% 35% 40% 45% 50%

Employees involved in running the business (not

affiliated with the family)

Administrator and other employees

Only family members who hold administrator / manager

positions

Only family members

Founder



Journal of Research and Innovation for Sustainable Society (JRISS) 

Volume 2, Issue 2, 2020 

ISSN: 2668-0416 

Thoth Publishing House 

 

 
139 

 

manage a business provided by the national legislation through new financing instruments, such as: 

venture capital funds, business angels, crowdfunding, mezzanine financing etc. [22], and support 

programs by the development partners [23], we were set to analyze how open entrepreneurs managing 

family businesses to develop those opportunities are.  

A key positive conclusion we have made based on the entrepreneurs’ answers was that in general 
family business owners in Moldova are open towards attracting financial resources and management 

expertise necessary to develop a business by using tools available and legally regulated. At the same 

time, as regards the acceptance of different categories of sponsors as co-founders, opinions were 

different (see Figure 6).  

 

Figure 6. To what extent will you accept as co-founder other entities/persons to develop the business? 

 

According to the above figure, a high level of openness as co-founders is shown towards  the core 

family members (this answer also shows the above-mentioned peculiarity of capital and power 

concentration within the family), investment funds, experts in the field, similar international companies, 

business angels.  

At the same time, a low level of openness as co-founder is shown towards friends, extended family 

members and similar national companies. This could be explained by more objective and subjective 

reasons.  

An objective explanation certainly would be the higher level of trust in the core family members and 

in international institutions/organizations. At the same, a subjective explanation would refer to the low 

level of culture of business, especially with the non-family related partners (friends, extended family 

members) for whom this business is rather a source of income, inclusively on short term, than a 

sustainable model of entrepreneurial activity.  

As regards similar national companies this would mean a closer cooperation, but examples in this 

context are less successful, showing a higher reluctance by the local entrepreneurs towards cooperation 

with partners within the country. 

Regarding the granting of sustainability  to family business based on the management principles, we 

found out that the majority of respondents mentioned that these principles are the key elements in 

developing their businesses, but they are not all the time implemented appropriately and, respectively, 

do not generate the expected results (see Figure 7).   
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Figure 7. Do you agree with the statements below? 

 

Some elements are entirely accepted by the family business entrepreneurs, namely: the need for a 

succession plan, the important role of society in this type of business, a clear separation of tasks and 

duties, conflict solving and sharing opinions. As to other elements of the management process, among 

which: working out of job descriptions for all family members involved in the business, free voicing of 

opinions different from the manager’s ones, regular informing about the business evolutions, were 

accepted less. This appreciation shows that the managers of family business need to develop their 

managerial skills either in formal studies or some continuing development programs. 

 

4. Family business conflict management  
This section focuses on the analysis of how conflict situations in a family business are treated and settled, 

considering the specifics of this activity. 

As to the frequency of conflicts arising and persons involved in a conflict, we found out the following 

(Figure 9): conflicts arise rather rare between family members hired in the business, between the 

founders and other employees not related to the business; but conflicts arise oftener between different 

generations and between family members and non-family related employees.  (see Figure 8). These 

conflict situations often arise due to differentiated treatment, unfair remuneration, unjustified 

promotions of family members hired against non-family employees.  

 

Figure 8. How often conflicts arise between the following persons hired in your company? 
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Another reason would be the weak communication between the family members hired and the non-

related employees, the first group considering unimportant this communication.  Unfortunately this 

situation is proper not only to family business, but also to other types of businesses, within which the 

management staff does not consider important to inform employees about situations and evolutions 

within the business, fact that leads to different interpretations, rumors, dissatisfaction and inappropriate 

reactions. 

Therefore, the top of consultations where a problem arises is provided in Figure 9. The majority of 

entrepreneurs mentioned that when a problem arises, they firstly consult the family members hired in 

the business, who in their opinion know better the situation and could provide efficient and actual 

solutions. They also prefer to consult the company’s specialists, who are not family-related members, 

but are well acquainted with this field/activity carried out, which is a positive aspect, allowing them to 

identify result-oriented solutions. At the same time, we noticed that over 70% of respondents prefer to 

solve issues arisen on their own, due to the fact that they do have nobody to consult (are very small) or 

do not want to be consulted (do not tackle the issues arisen). 

 

Figure 9. Who do you consult when a problem arises within the company?  

 

But once a conflict arisen, they should be solved. Thus, we could note that there is a variety of 

solutions for entrepreneurs to choose from, but these are influenced by more factors namely: the 

structure of the family committee, the period of activity of the company, the age of the business founder, 

the management style etc.  Despite this, the majority of respondents - 72% choose to discuss that issue 

with the parties involved and, at the same time, all together look for a solution, showing that the 

entrepreneurs managing a family business got to a certain level of maturity. Other businessmen, about 

35% mentioned that they choose to discuss separately with the parties involved in a conflict and, 

respectively, solutions are also taken separately, meaning that the final decision is up to the business 

owner. We consider that the role of the Family Committee in solving conflict situations is a positive 

factor that was pointed out by about 33% of respondents, which shows that there is a formalized structure 

for the management of a family business. 

It is also important the fact that some family businesses implement existing/worked out regulations 

and rules, which in our opinion represents a good indicator for the implementing of scientific approach 

in the process of management of a business. About 18% of respondents underlined that a conflict 

situation is unacceptable and, respectively, they try to settle it as soon as possible, without involving 

other persons, which on one hand would be a positive aspect, but on the other hand does not provide for 
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a long-term solution to that issue that could lead to its repeated burst out but in a more difficult way and 

with more painful effects for the business and its team members. 

Another important aspect to determine the profile of a family business in Republic of Moldova 

referred to identifying the main problems it faces. According to many researches in the field [24], [25] 

the most important to be mentioned are: ensuring succession, the balance between the business and the 

family, business sustainability, competitiveness etc. 

 

The top 3 difficulties highlighted by the local entrepreneurs’ lists 

 

These problems are almost similar to those faced by the non-family business, but to solve them you 

need to make great financial and non-financial efforts.  

Other problems mentioned by the entrepreneurs refer to weak financial resources necessary to 

develop/maintain the business, tax policy implemented, unfair conditions created for the business 

(facilities for foreign-owned companies compared to the national ones). Cumulatively these difficulties 

do not facilitate the development of businesses in general and especially of family ones. What 

distinguishes the variety of problems for family business in Moldova and that in the developed countries 

is the subject of succession and reorganization, which represent the bottom of the top of problems 

underlined by the local entrepreneurs, who are still at a young age and for whom the stage of 

transfer/succession is to last for a few years.   

As regards the business management process, one could notice that the range of problems mentioned 

by respondents is rather diversified, which confirms the lack of knowledge and competences in this field 

by the family business owners that could be developed through some educational programs, namely the 

license degree and master’s degree in business and business management, including via some continuing 

education programs. 

 

5. Development perspectives  

Any business, regardless of the model implemented, is willing to have a long and sustainable lifetime. 

In this context, we were eager to find out what the perspectives of interviewed family businesses are 

and how that future is planned. Over 67% of respondents intend and plan to keep this business under 

the management of family members. This is a good intent, but difficult to achieve as it was proven based 

on the examples of family businesses in other countries. A more realistic option mentioned by 27% of 

respondents was that to continue the family business through a joint management by the family members 

and non-family persons, which is a trend specific to more states where the family business has a 

significant share in the economic development.  

You could notice that a small share of 1.6% sees the business future to be handled by other persons, 

to be managed by other persons who have nothing to do with the family who founded and developed it. 

This is a way that could contribute to maintain this area of work, the type of products/services, but 

launched under other model of business possibly more efficient compared to that implemented by the 

founding family.  

The perspective to close the business was underlined only by 2.1% of respondents, which makes us 

more optimistic about that regardless of the management model, the business family founders focus 

mainly on the development, expanding and diversification as provided in the figure below. 

Further intentions are very ambitious, especially in the context of opportunities provided to local 

entrepreneurs once the Association Agreement signed in 2014 (see Figure 10). 

 

lack of qualified staff - 49%
availability of funds -

40%

compromise between 
business and family -

38%
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Figure 10. Which are you further intentions as to develop the company? 

 

Most entrepreneurs, about 75% intend to develop new products and services that will provide them 

with opportunities to enter new markets. This is a very good scope, but it needs significant efforts to 

develop, to test, to implement and to trade such new products and services. In our opinion this path is a 

risky and expensive one for family business in Republic of Moldova, inclusively due to weak 

cooperation between the research-development institutions and the business environment. The strategy 

to increase productivity is more realistic for the majority of local family businesses, which can be 

implemented both by creating consortiums and through technological development. Not less important 

it is the entrepreneurs’ vision regarding the entry on new markets, including via exports, which presently 

is supported actively by different support policies and tools. It is also welcomed the entrepreneurs’ vision 
related to business expanding by opening new branch offices, which was mentioned by about 27% of 

respondents. 

What are the main challenges / problems that may arise in the next 5 years for your business? 

Most respondents mentioned 3 main problems specific for emerging countries:  

 
Also, for our FB entrepreneurs are important to find solutions for following challenges: needs on 

innovation, needs to professionalize the business, retention on key employees, costs control.    

These challenges are common to all types of business, which require entrepreneurial efforts of 

knowledge, financial but also implications from the authorities who can provide various tools to support 

the development of this business model. 

 

Conclusions  

By this survey, we aimed to make a first input to the research of family businesses in the Republic of 

Moldova in order to identify the peculiarities of this business model.  

The analysis allowed us to identify some common peculiarities of the interviewed family businesses 

in Moldova and from other countries (based on the multiple analysed studies), including: it is a relatively 

new, but already widespread, model of entrepreneurial activity, at its first generation of management 

moving towards the second generation (specific to emerging and developing countries); most of them 

represent the SME sector; family business activities involve most frequently the members of the nuclear 

family; business management is mostly done intuitively, without resorting to scientific managerial 

approaches and methods (especially in micro and small family businesses); only the members of the 

General economic 
situation

The need of new 
technology

The price war
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nuclear family are involved in the decision-making process; succession in family business is a challenge 

the founders are still struggling with; family members are primarily employed based on qualification 

criteria (especially in very specific, technological fields); Family Council plays a significant role in the 

process of settling conflict situations; the range of difficulties is mostly the same, with the following 

being mentioned: finding a compromise between business and family, insufficient financial resources 

to develop/keep the business, tax regime, lack of qualified staff, ensuring the succession and 

competitiveness. 

At the same time, the survey allowed us to identify some specific features of family businesses in 

Moldova, namely: the financial motivation for starting up a family business is dominant; launching a 

business mainly with own resources or resources from relatives versus financial instruments available 

on the market (credits, investment funds etc); in defining a family business we can notice a trend toward 

the concentration of property and management in the hands of one family, an opinion that corresponds 

to the definitions given by scholars Barnes and Hershon (1989), Litz (1995), Donckels and Fröhlich  
(1991), Ward and Dolan  (1998); failure to develop long-term strategies and visions (a ground of 

justification would be the great uncertainty of the environment in which they operate); family members 

are primarily employed on the basis of the family member’s willingness to be actively involved in the 
business activity; openness for the nuclear family members, investment funds, experts in the field, 

similar international companies to become cofounders, and lesser openness for the friends, members of 

the extended family and similar domestic companies; as for the existing issues, family businesses in 

Moldova are, however, less focussed on those related to succession (the reason being the development 

stage that does not imply business transfer to successors yet); family business development strategies 

are focused on the development of new services and products, which is a longer and fairly expensive 

way; high risk level (due to the uncertain operating environment); entrepreneurial training programmes 

do not include any modules dedicated to this form of entrepreneurship and do not provide any continuous 

training programmes in this field. 

Entrepreneurs running a family business have different views on its essence and management, giving 

space for researchers to further analyse this form of entrepreneurship. We believe that the conducted 

research can be further developed on different dimensions, providing us a clearer and much more 

specific picture of family businesses. For the relevant institutions (ministries, implementing units, 

chamber of commerce and industry, SME support organization, investment agency, LPAs) these 

researches will serve as a sound information basis inspiring national support policies and instruments 

(as many developed countries have) for this relevant subsector of entrepreneurial activity. 

 

Acronyms and abbreviations 

FB – Family Business 

RM  - Republic of Moldova 

ODIMM – Organization for Small and Medium Enterprises Sector Development  

SME – Small and Medium-sized Enterprises 

PwC – Price waterhouse Coopers 

EY – Ernst & Young  

KPMG – Global Client Program Financial Services 

LLC – Limited Liability Company 

PE – Private Enterprise 
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Abstract. This paper highlights the importance of using tinctures and this is only due to a 

quick and easy assimilation in the body and the pharmacology of the active principles found in 

plants that are responsible for the action or actions that the tincture will have. The preparation 

of tinctures is also an essential step, because it is important to be able to benefit to the 

maximum from these active principles and one month or one year after the preparation of the 

tincture. 

Keywords: active principles, tincture, action, effects 

 
Introduction 
Pharmacology is the science that deals with the study of drugs in relation to living organisms and 

systems, and phytotherapy refers to a therapy that is performed with the help of the cell plant that 

biosynthesizes the active substances. The notion of phytotherapy started from medicinal teas and 

extended to everything that means pharmaceutical or medicinal product in the formula of which will 

enter as such the medicinal plant along with pure active and extractive substances that are obtained 

from the plant kingdom. There is also a mixed pharmaceutical product in which formula will be found, 

along with some active substances from plants, and compounds of semisynthesis and synthesis. 

Medicinal plants in the form of infusions, teas, syrups, decoctions, tablets, ointments, creams, 

capsules, tinctures are used for therapeutic purposes. Tinctures are phytotherapeutic forms for internal 

use, they being hydroalcoholic extractive solutions, are those pharmaceutical forms in which the plants 

will be percolated or macerated in a mixture made from a higher concentration of alcohol and a lower 

of water. Both percolation and maceration are two methods of cold extraction of active ingredients. 

One of the processes that lead to the production of tinctures is represented by maceration which is 

the process by which therapeutic substances are extracted from chopped plants, it is also a process that 

can be easily done at home. It can last for 8 or 10 days, with a food alcohol concentration of 45oC, 

60oC and 70oC. The three essential elements of the maceration process are the alcohol concentration, 

the amount of plant to be extracted and the extraction time. For a good extraction, the preparation must 

be shaken at least three times a day and stored in tightly closed bottles. Another method is that of 

percolation, which can be multiple or simple, representing, moreover, a faster method of making 

tinctures. It is made with the help of the percolator (Fig. 1) which is the extraction device and have the 

form of a conical trunk cylinder with tap, being made of stainless material, enameled iron or glass, 

who allows the circulation of alcohol from top to bottom, obtaining in this way drop by drop. A final 

process for making tinctures would be vibroextraction or turboextraction, which is the fastest process 

for making tinctures, being performed using special equipment on an industrial scale. 
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Figure 1 Percolator 

 

 

The advantages of tinctures are represented by their long shelf life, their simple administration in 

the form of drops, the fact that their recommendation is aimed at anyone, especially people with 

hypertension or edema and who are not allowed to consumes a lot of liquids and the fact that the 

extraction will be complete due to the hydro-alcoholic environment, which only helps the plant 

product to act completely gently, but also with force, an antagonism found only in natural products. 

Another great advantage of tinctures, compared to a dragee that can only contain an active ingredient 

of a certain plant substance, is the effect it has that cannot be compared. 

Tinctures contain the active principles of a plant, extracting from the plant principles that are 

soluble in water and alcohol, and in order to get the most out of these active principles of the plant, it 

must be harvested at a certain time, the tinctures are obtained from mature plants. The active principles 

or active substances are those responsible for the therapeutic effect, they are defined as chemically 

pure medicinal substances that have a pharmacodynamic effect and can be classified according to their 

physicochemical properties, chemical structures and biological effects (Table 1) [3]. 

Although a tincture can be obtained at home in a very easy way, it cannot be compared with a 

tincture obtained in a specialized laboratory because it must be considered what part of the plant must 

be used, at what temperature the extraction will be performed in order to obtain the maximum of the 

active principles in the plant, which is the concentration of alcohol used to obtain a maximum effect 

and how this will be concentrate or dilute in order to maintain the same effectiveness in a few months 

or years. 

Sea buckthorn tincture contains active substances such as essential oils, vitamin B1, B2, B3, B12 

and C, thus having antianemic, stomachic, general tonic, antirheumatic, antiseptic properties in the 

urinary tract, vitaminizing being used in avitaminosis, asthenia, dermal infections, gastrointestinal 

infections, urticaria, allergic conditions, neuroendocrine diseases, circulatory diseases, liver diseases 

and in the treatment of weight problems, anorexia, viral hepatitis, growth disorders and diseases of the 

spinal cord thus helping to restore the body after disease, increase general resistance, strengthening the 

immune system, vitaminizing the body, protecting cells, protecting tissues and liver cells against 

oxidative stress. Sea buckthorn tincture is contraindicated in pregnancy and lactation, in children under 

12 years, in people allergic to sea buckthorn and people who have been banned from alcohol. It will be 

administered internally on an empty stomach, 3 or 4 times a day, by diluting a quantity of 5 ml of 

tincture in 50 ml of tea or water. 

Thyme tincture contains as active ingredients tannins, volatile oil, rosemary acid, caffeic acid, 

bitter substances it is a good antiseptic, antifungal, antitussive, digestive, choleretic, respiratory 

stimulant, dewormer and nerve tonic, it manages to maintain health, lar of the bronchi and trachea, to 
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reduce the risk of bacterial contamination of the digestive and respiratory tract, to reduce the condition 

of bloating, to increase appetite, to intervene strongly on the kidneys and intestines, helping their 

functioning in normal parameters. 

 

Table 1. Classification of active principles 

Active principles Characteristics 

 

Examples 

Alkaloids 

 

- Nitrogen-containing organic 

compounds; 

- It has a strong 

pharmacodynamic effect; 

- It has water-soluble salts; 

- Has alkaline reactions. 

 

- Atropine found in Atropa Belladonna, 

Datura stramonium; 

- Codeine, morphine, papaverine present 

in poppy seeds; 

- Capsaicin present in the hot artery; 

- Colchicine found in toad root; 

- Ergotamine, ergotoxin, ergometrine from 

rye horn; 

- Pilocarpine which is extracted from the 

leaves of Pilocarpus microphylus and 

jaborandi; 

- Ephedrine from Ephedra. 

Essential oils 

(Volatile) 
 

- Volatile, fat-soluble 

compounds; 

- It has an aromatic smell; 

- It has spasmolytic and 

antiseptic action. 

- Thyme oil; 

- Peppermint oil; 

- Eucalyptus oil; 

 

Saponins 

 

- It has a glycosidic structure; 

- It has properties: 

• Emulsifiers; 
• Surfactants; 

- They have an irritating 

effect at the local level; 

-I produce hemolysis by 

intravascular injection. 

 

- Infusion with Primula root that has an 

expectorant effect; 

- They are also found in Hederae leaves; 

Calendulae flowers, in the bark of the 

Mimosa tenuiflora tree having a healing 

and cyclotrophic effect, due to the 

increase of collagen synthesis; 

- In licorice root with antiulcer action; 

-In chestnut seeds, having vasoprotective 

action. 

Glycosides 
 

It has two components: 

- the carbohydrate part 

containing several oases; 

- the non-carbohydrate part 

which is responsible for the 

pharmacodynamic effect. 

- Cardiotonic glycosides found mainly in 

the leaves of some plants that are part of 

the Scrophulariaceae family and the 

Apocynaceae family; 

- Anthracenosides found in the roots, bark 

and leaves of Rhamnus frangula. 

Substances 

mucilaginous 
 

- Compounds having a 

polysaccharide structure; 

- Forms viscous colloidal 

solutions together with water; 

- Make a protective film on 

the surface of the mucosa. 

- Mallow infusion 

 

Tanning substances 
 

- It has a chemical structure 

of condensed polyphenolic 

derivatives; 

- It has an astringent action. 

 

-They are found in blueberry fruits. 
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Artichoke tincture, made from artichoke leaves, is a preparation recommended in angina pectoris, 

liver failure, cirrhosis, chronic hepatitis, chronic nephritis, atherosclerosis, obesity, enteritis, biliary 

dyskinesia, hemorrhoids, overwork, intoxication, rheumatism, asthenia acts as a diuretic, choleretic, 

hepatic antitoxic, antipyretic, hypocholesterolemic, antirheumatic, tonic-bitter, it manages to 

contribute very well to everything that means an increase in intestinal transit, a maintenance of blood 

fats and cholesterol in normal concentrations and maintaining the health of the liver by protecting liver 

cells, stimulating the production and elimination of bile and detoxifying the liver [4]. All these uses are 

due to the complex therapeutic action that is imprinted by the phytocomplex by the presence of 

chlorogenic acid, cynarin, cinnaropricrine, cinnaroside, flavones and polyphenolic derivatives. 

Echinacea tincture contains cinnarine, chicory acid, pollen derivatives, polyholosides, pyrrolizidine 

alkaloids, volatile oil with a significant amount of esters, alkamines. It has antibacterial and antiviral 

effects due to caffeic acid esters, anti-inflammatory due to polyholosides and alkanolamines, healing, 

immunostimulatory due to alkamines, polyholosides and caffeic acid esters that will stimulate the 

activity of cells that provide non-specific protection of the body the penetration into the body of 

pathogens inhibiting hyaluronidase, being recommended in urinary tract infections and in chronic and 

acute infections of bacterial or viral origin of the respiratory tract. It is administered on an empty 

stomach, 3 or 4 times a day, 5 ml of tincture which is diluted in 50 ml of tea or water [5, 6]. It also has 

some contraindications for patients who have undergone organ transplantation, autoimmune diseases, 

tuberculosis, multiple sclerosis, collagenosis, leukosis, diabetes, AIDS, in individuals with allergies to 

echinacea, pregnancy and lactation, children under 12 years, individuals who were not banned from 

drinking alcohol. 

Angelica tincture is indicated in skin diseases such as psoriasis, acne, dermatoses of unknown 

etiologies, scleroderma, in frequent indigestion, digestive atony, dyspepsia, bulimia, appetite disorders, 

anorexia, seborrheic skin problems to help it maintaining skin tone and youth, in convalescence, 

nervous and physical exhaustion, excessive sensitivity to climatic factors, mental confusion, psychosis, 

neurosis, depression, hysteria administered 3-4 times a day, on an empty stomach, 5ml of tincture 

diluted in 50 ml of water [7,8 ]. All these actions and effects are due to the chemical composition 

containing simple coumarins and furanocoumarins, volatile oil rich in monoterpenic hydrocarbons, 

flavonic derivatives, sterols, oases, caffeic acid and chlorogenic acid and resins. 

Chestnut tincture contains as active ingredients coumarin derivatives, tannins, triterpene saponins 

and purines with astringent, antiedematous, venotonic, capillary-protective and anti-inflammatory 

action, leading to its use in chronic venous insufficiency, post-traumatic edema, edema of the lower 

limbs, thrombophilia, varicose veins, hemorrhoids, muscle pain and cramps, rheumatic joint pain and 

inflammation by its internal administration in the form of drops, 15 drops diluted in 50ml of water, 3 

times a day or externally diluting 5ml of tincture in 50 ml of boiled water and then cooled and applied 

to the affected area in the form of compresses [9]. 

 

 

Conclusions 
To maintain the health of the body, tinctures can be a real godsend, because depending on the plant 

from which the extraction will be performed, the tinctures can have a wide range of recommendations. 

They can be easily prepared, can be prepared at home and can be used to treat pain, stress, colds, 

coughs, to cure skin conditions, contusions, wounds. They can be extremely useful due to the rapid 

action they have, they are quickly and easily assimilated by the body, the tincture is actually the sap of 

the plant. It can be a cure for both the psyche and the body, but it can also be used as a preventive 

measure, managing to block the onset of disease through its prophylactic action. Calming, digestive 

tinctures or tinctures can be used to eliminate stress, maintain immunity or increase it, depending on 

the predisposition to a particular disease of each individual. 
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Abstract. The paper “Minority groups in Romania during the communist regime’’ aims to tackle 

the difficulties that the presented groups faced during the communist regime. The challenges that 

the respective groups faced were different in nature from economic to social inclusion and 

education. In this paper, relevant and defining methods are presented in order to understand the 

full length of the problems of the biggest (in number) minority groups and what they had to face 

in the communist regime 
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1. Introduction 

Romania, as any other country in the world, faces challenges regarding the integration of minorities 

inside its society. Nowadays, more and more tools have been created in order to facilitate the integration 

of minorities from different areas of the world and also to create a proper environment for both the 

minorities, and the native people of the country to coexist and prosper. Such tools were very poor 

developed, or even didn’t exist during the communist period in Romania. 
After World War I, Romania and its population doubled, amounting around 18 million. An 

interesting aspect is that only two thirds of its people were Romanian of origin, one third being 

Hungarian, Jewish, German, Bulgarian, South Slavic, Ukrainian and, maybe the most important ethnic 

group, Roma people. Going for the French model, Romania created a highly centralized state 

organization, centralized around Bucharest. The challenge of governing a economically and culturally 

heterogeneous fragmented country was now in the hands of the Romanian elite.  

After the Treaty of Trianon peace agreement, around 200.000 Hungarians emigrated back to 

Hungary. Despite this factor, the majority of inhabitants and elite in major Transylvanian cities were 

still of German, Jewish and Hungarian origin. The government of Romania began a forced assimilation 

process, but only until the communist came to power that this “forced assimilation” truly had meaning. 
The Second World War was a crucial point for Romania and its development. In the beginning, 

Bucharest was an ally of Germany until 1944. During this time, the state lost Northern Transylvanian as 

it was given back to Hungary along with one million Romanian residents. In 1941, Romania regained 

Bessarabia from its eastern neighbor, the Soviet Union, and managed to bring back the inhabitants, 

which were mostly Romanian. In 1944, Romania switched sides realizing the imminent defeat of 

Germany and joined the Allies. This came with both ups and downs, Romania regaining the whole of 

Transylvania, but losing Bessarabia to the Soviet rule in the process. During the war, the majority of 

Romanian Jews were killed and the remaining survivors emigrated back to Israel in the late forties. 

The communist and their rule didn’t put and end to discrimination against Romanian ethnic 
minorities and moreover for the Hungarians it became far worse. The Hungarian cultural, political and 
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religious elites were meant to be intimidated by a number of show trials, but many of those who were 

persecuted behaved courageously and remained steadfast. The castles, manor houses and lands of the 

Transylvanian Hungarian aristocrats were confiscated and many more were also deported to labor camps 

in the Danube Delta.  

Going even further, one of the most discriminated and persecuted group of minorities, the Roma people, 

will suffer many problems at the hands of the communist regime. 

 

2. Minority groups and their challenges in the first part of the communist regime in Romania 

(1948-1965). 

The challenges that minority groups faced during the communist regime are numerous and different in 

nature. The focus is set upon the two main periods of communist Romania: from 1948 to 1965 when 

Gheroghe Gheorghiu Dej was leader of the state and from 1965 to 1989 when Nicolae Ceausescu ruled 

over Romania.   

In the beginning of the communist regime, Romania’s national minorities at the outset of the 
communist rule were seemingly well served by the Leninist approach. The Constitution provided them 

equal rights in ‘’all field of economic, political, juridical, social and cultural life’’ and specifically 
guaranteed the free use of their native language and the right to education at all levels in their mother 

tongue. 

From the beginning of the communist regime, large numbers of ethnic Romanians joined the party, 

and their share of total membership rose steadily over the years increasing from 79 percent in 1955 to 

almost 90 percent in the early 1980s. Even though the regime claimed that minority membership and 

representation in the Grand National Assembly and in the people’s, council were commensurate with 
their size, minorities were mostly excluded from policy-making bodies on both national and local levels. 

Even in areas where Hungarian people represented a sizable portion of the population such as Arad, 

Timis and Maramures, few were found in local PCR bureaus. Going to the national level, the most 

important and powerful positions in the critical defense, foreign affairs and interior ministries were 

reserved for ethnic Romanians and minorities were consigned to rubber-stamp institutions. 

A special attention was received by the large Hungarian minority with the establishment of the 

Hungarian Autonomous Region in 1952. Like many other generous provisions regarding nationalities, 

this concession tuned out to be an empty gesture and masked the true nature of relations between the 

minorities and the state. The region was never called “home” to more than one quarter of Romania’s 
Hungarian population and it had no more autonomy than other administrative provinces. Even more, 

after the Hungarian Revolution in 1956, even the autonomy was curtailed. Going further, in 1960 

directives from Bucharest aimed to reorganize and rename the province so that its Hungarian nature was 

even further reduce. The reorganization of the territory, by adding purely Romanian inhabited areas and 

excluding Hungarian enclaves, managed to increase the Romanian element in the province from 20 to 

35 percent and reduced he Hungarian from 77 to 62 percent. The regions were renamed to Mures 

Autonomous Hungarian Region and thereafter was most often referred to simply as the Mures Region. 

It is arguable that the when it comes to education, language and cultural heritage, the communist 

regime in Romania affected mostly the Hungarians and to lesser extent the Germans. The changes that 

limited education in their native languages were seen even from the first decade of communist rule. 

Students could acquire an education in Hungarian-language schools from preschool to university and 

for the German-language schools, from preschool to high school. But even from the beginning in 1948, 

some policies were aimed to weaken national minority education. A ‘’reeducation’’ of faculty in all 
educational institutions was formed. From that time forward, only teachers that were deemed politically 

reliable filled out the important teaching positions. At the same time, the nationalization of all private 
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and ecclesiastical schools destroyed the traditionally important rule of the church in the German and 

Hungarian educational systems. 

In some communities, schools were merged so that ethnic Romanians constituted the majority of the 

student body. The regime imposed the teaching of Romanian in all educational institutions in order to 

‘prevent national isolation’. From 1957, the amalgamation of minority and Romanian schools became 
the rule rather than the exception. The newly emerged schools were formed of mostly ethnic Romanian 

directors, whereas Hungarias or Germans filled vice-director or vice-principal positions. 

A major blow that was dealt to the Hungarian language education network was the merger of the 

Romanian Babez University with the Hungarian Bolyai University in Cluj. Because of such a merger, a 

larger enrollment of ethnic Romanians and a reduced availability of Hungarian language instruction was 

created. The party dictated what courses would be thought in Hungarian and the more technical courses 

were taught in Romanian only. It became impossible to study any of the applied sciences in Hungarian, 

thus restricting career opportunities for the Hungarian minority. The result was a predictable drop in the 

number of Hungarian undergraduates, from 10.75 percent in 1957 of all undergraduates to only 5.7 

percent in 1974. 

 

3. Minority groups and their challenges in the second part of the communist regime in Romania 

(1965-1989). 

The year 1965 came with a change in power in the communist regime in Romania. Nicolae Ceausescu 

is elected as the new leader. In the same year, the Romanian Workers Party presented a new Constitution 

which proclaimed Romania a socialist unitary state. Thereafter, the country and its multinational 

character was in most part ignored, and the problem of cohabiting nationalities was officially considered 

resolved. Three year later, in 1965 the communist regime eliminated the Autonomous Hungarian Region 

outright.  

The regime wanted to maintain the appearance of minority representation at all levels of government, 

official statistics showing that the part of people from ethnic minority communities employed in 

government positions were little of number. The reality was even harsher for minorities which had little 

real power of influence. Speaking at the local level, minority representatives, who were in general 

Romanianized, were mistrusted by their constituents. Although these spokespersons were in routine 

hand picked by the PCR, their loyalty for the regime was often suspected. A more accurate reflection of 

minority representation and participation was the ethnic composition of the party itself. 

As Ceausescu rule went further, he started a campaign for de-Sovietization and self-determination in 

strong connection with a increasing Romanian nationalism in the domestic policy field. Emphasis was 

especially put on Romanian history, language and culture in order to enhance Ceausescu’s popularity 
among the Romanian majority. In 1976 the PCR presented a nationwide campaign dedicated to the 

glorification of the Romanian homeland called: ‘’Hymm to Romania’’. In this campaign, all nationalities 

were expected to join the fete, which placed the German and Hungarian minorities of Transylvania in a 

grievous predicament. The campaign saw to remove all traces of Hungarian and German territorial 

identification. In cities that were already Romanianized, artefacts and monuments representing links to 

the Saxon or Hungarian past were all eliminated, bilingual inscriptions were removed and streets 

alongside some cities were renamed to emphasize Romanian roots. Thus Cluj, one of Transylvania’s 
most important Hungarian city became Cluj-Napoca. 

Other crucial changes that can be seen during Ceausescu’s rule that affected the minority groups, in 
large the people of Hungarian origin, are directed at the education field. In 1973 education laws that 

were introduced continued the assimilation that had begun earlier with the amalgamation of minority 

and Romanian schools. The laws emphasized technical studies over humanities in order to keep in touch 

with the economic program of rapid industrialization. In 1974, only 1.4 percent of the instruction on 

technical schools was in Hungarian. Also, technical textbooks were rarely translated into minority 

languages. 
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Romanian leaders at that time claimed that the amalgamation of Romanian and minority schools in 

strong connection with the 1973 educational reforms were necessary for economic and administrative 

efficiency and were not intended to ensure the assimilation of ethnic minorities. Even though that 

claimed seemed to be plausible, other actions that diminished the ability of minorities to maintain their 

ethnic identity were not so readily explained. Over the decades, the gap between the theory and practice 

in the treatment of minorities widened as the assimilation of national minorities into a “harmonious 
hole’’ continued. The state and its discriminatory policies steadily diminished political, linguistic, 

constitutional and educational rights. 

Another interesting factor regarding the status of minority groups in Romania during Nicolae 

Ceausescu’s regime was the fact that even though the goal of the leader was national homogenization 

and an ethical pure Romania, the regime opposed emigration of ethnic minorities. A campaign was 

started in the late 1970’s that followed two basic tacks. Spokespersons for the ethnic minorities in the 

workers councils praised the regime and its treatment of minorities and declared their devotion to 

socialist Romania. In contrast, those who wished to emigrate were presented as weaklings with 

underdeveloped “patriotic and political consciousness’’, traitors abandoning their fatherland and the 

struggle to build socialism.  

These attempts to discourage emigration were not entirely left to the media. The official policy of 

the party allowed emigration only on a individual basis, and only in specific cases such as family 

reunification. In the years later, the PCR suggested ironically that families could be reunited by 

immigration in Romania. Obtaining permission to leave the country was a expensive, exhausting and 

lengthy process. Prospective emigrants were likely to be demoted to positions of lower pay and prestige 

or be fired from their jobs. They were also publicly evicted from their homes. Other measures in order 

to discourage the minorities were the rejection of their children to enroll in schools and the denial of 

medical care and other social benefits. 

 

4. The Roma population and their challenges during the communist regime in Romania 

The history of the Roma population during the communist regime is even harder to reconstruct than for 

the years of the Second World War. There were no policies directed directly at the Roma population for 

a long time in Romania. Even more, at the end of the 1970’s and the beginning of the 1980s the 
authorities did decide to find a solution to the social situation of the Roma and took action in this 

direction, to certain extent even though the policies were not made public. 

After the Transnistrian episode, the Roma people who survived deportation returned to their villages, 

while other nomads settle on the edges of Bucharest. The General Union of Roma in Romania and its 

leader Gheorghe Niculescu resumed their activity, without producing any publication. The Union was 

the disbanded in 1949 by the Communist authorities together with all other organizations that did not fit 

in the totalitarian system. This comes in contrast with the 1946 electoral campaign, when the Bloc of 

Democratic Parties, the electoral alliance headed by the communist party, sent our special manifestations 

to the Roma, addressing them as ‘’Brothers and Sisters Roma!’’[1], This was just an electoral move as 

for many years the authorities paid no attention to the fate of the Roma 

The year 1948 is the moment when the communist regime established itself in Romania and with it 

the Roma population wiped out from any official documents of political nature. The Roma population 

were not represented as an ethnic group at the level of the state administration and Party. Also, there 

were no institutions that could promote their collective interests and to deal specifically with the 

problems of this minority, within the limits of the totalitarian Communist State. Even in the end of the 

1960s when a new form of representations for minorities was introduced, there was no national council 

of workers of Roma nationality. For almost three decades, until the late 1970s, the communist regime 

did not pay any attention the fate of the Roma population, as there were no special policies dedicated 

directly for them. 
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The social and the economic transformations that took place in Romania during the communist 

regime also affected the Roma. The process of industrialization and urbanization, the nationalization of 

the economy, the transformation of the village as a result of the collectivization of agriculture, the policy 

of social ‘’homogenization’’ the occupational changes that took place, all of these changes could not 
fail to affect the Roma people. 

One transformation that affected alone this population was the sedentarization of the Roma people 

who still practiced nomadism in one form or another. In the 1960’s, the nomadic Roma were settled by 
the authorities in fixed settlements [2]. The result was, however, not the one that was expected. Even if 

they were provided with houses, the Roma people continues to live in a tent pitched in the yard, with 

the house being used as a stable for horses. The number of nomadic and semi-nomadic Roma people 

was estimated by the authorities in 1977 to be around 65.000. 

In regards to the economic transformation that took place in the communist regime in Romania, it 

affected the Roma population to very big extent. This transformation resulted in the gradual 

disappearance of the specific occupations and traditional crafts of the Roma population. In the new 

social and economic context, Roma people who still practiced their old crafts were forced to take up 

modern occupations and professions. Different groups of gypsies tried to adapt to these demands in 

specific wats. For example, there was a new role for the old blacksmiths in construction and heavy 

industry. In towns, Roma people were able to find work in factories and also street-cleaning jobs became 

an area in which they held a virtual monopoly. In the last period of the communist regime, even the 

agricultural co-operatives summoned sometimes the Roma to work, even though they were not members 

of the respective co-operative. 

To a certain extent, some of the traditional occupations of the Roma population nonetheless survived. 

In areas of the country, the brick that was required was supplied by the ones who were specialized in 

crafts. The price of the work would be bargained when they would install themselves along with their 

entire family on the boundary of the respective village. This was a seasonal occupation. They were also 

presented into rudari, which would manufacture wooden objects, or caldari, which would manufacture 

cooper goods for the distilling of brandy. 

In 1977, an analysis of the situation of the Roma people was carried out by the Central Committee 

of the Romanian Communist party and it initiated a special program designed to integrate them into 

society. The program was never made public and researchers alongside historians do not even have 

access to the archives of the period. Until now, only the report that was compiled in 1983 by the 

Propaganda Section of the Central Committee of the Romanian Communist Party, in which an 

assessment of the result achieved until that point, has been published [3]. 

As a general characterization, the Roma population in Romania during the communist regime went 

under a significant occupational transformation. Most of them were forced to abandon their occupations 

that had been for a long time characteristic for them and to find their place in the communist- type 

economy. 

  

5. Conclusion  

In conclusion, the minority groups in Romania suffered many transformations during the communist 

regime in Romania. The German, Hungarian and Roma groups were the most affected by the rise to 

power of the communist. In regards to the German and Hungarian minorities inside the Transylvanian 

territory , the communist regime seeked to wipe out almost every existence of their stay in the respective 

territory. 

 Not only that, but more important by reshaping the educational field so as the Hungarian schools no 

longer exist and there would be only mixed schools in which the teaching ,especially for the high 

technical courses, would be only in the Romanian language, the communist regime offered a clear view 
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on how they see their heritage protected. Because of these forced measures and others such as the 

renaming of cities and the merger of universities, the Hungarian minorities were forced to either compel 

with the situation or leave. 

The Roma people were also one of the most important ethnic groups that suffered during the 

communist regime. The social and economic context presented by the communist regime was, in large 

terms, hard to adapt by the Roma population. 
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