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Editorial Note: Where Science Meets Art 

Rostislava Todorova 
 

Department of Visual Arts,  

“K. Preslavsky”University of Shumen, 115 Universitetska Str.,  

9712, Shumen, Bulgaria 

 

 

 
During the past three years, ACTA SCIENTIFICA NATURALIS has published four issues, 

each of them carrying a magnificent piece of art on its front cover. As ASN is focused exclusively on 

the field of natural sciences, certainly many of its readers have been wondering about the graphic 

layout of its covers. Using the change of the art piece’s type on the current issue’s cover, we have 

decided to reveal this little secret and to explain our choice to the audience.  

The Editorial Board has always intended to emphasize on the importance of Konstantin 

Preslavsky University of Shumen not only as a modern scientific institution, but also as a worthy 

successor to the Pliska and Preslav Literary School, which spread the Cyrillic alphabet among the 

Bulgarian and all other Slavic people. Moreover, our University is located in Shumen – one of the 

most important cities during the Bulgarian National Revival Period where the tradition of the official 

celebration of St. St. Cyril and Methodius Equal to the Apostles deeds was created. For these reasons, 

from the very creation of ASN in 2014, it had been decided that its covers would promote not only 

current knowledge, but also works of significant artists from Shumen, who have left a deep trace in the 

national cultural heritage of Bulgaria.  

Thus, here where science meets art, the first four covers presented to you the paintings “Spring 

II”, “Before the Mirror”, “Self-Portrait”, and “Portrait of a Girl” by the great painter Elena 

Karamihaylova from Shumen (1875 – 1961), who is also the patron of the Shumen Art Gallery. 

Remaining in the field of painting, current cover represents one of the most beautiful icons of St. St. 

Cyril and Methodius Equal to the Apostles, which has been unknown until recently, produced by the 

hand of Nikola Vasilev (1834 – 1918) – the most prominent zographer from Shumen.             

 

 

 

Front Cover: 

 

Artist: Nikola Vasilev (1834-1918) 

“St. St. Cyril and Methodius Equal to the Apostles”, tempera/wood, 1896, 92/59 cm  

By Courtesy of the Holy Ascension Church, Shumen   
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Synthesis and properties of N-alkyl(phenyl)amido-O-methyl-1,2-alkadienephosphonates 

Dobromir D. Enchev 
 

Department of Organic Chemistry, 

 Faculty of Natural Sciences,  

“K. Preslavsky” University, 115 Universitetska Str., 9712 Shumen, Bulgaria 
e-mail: enchev@shu.bg 

 

Abstract: The synthesis of the titled compounds has been described. Their reactivity towards electrophilic and 

nucleophilic reagents has been investigated. 
 

 

Keywords: 1,2-alkadienephosphonates,  2,5-dihydro-1,2- -ketophosphonates 

 

 
 
Introduction 

It is well known that 1,2-alkadienephosphonates react with different kinds of reagents due to their unique 

structure which allowed activation of  different reaction centers in their molecules, i.e. 1,2- and 2,3-duble bonds 

or phosphoryl group, via variation of  kind and number of the substituents at P, C1 and C3 atoms of the 1,2-

alkadienephosphonate system of double bonds[1]. 

Continuing our investigations in the area of the chemistry of N-containing-1,2-alkadiene-phosphonates[2-8] , we 

would like to report our results on the synthesis and chemical behavior of the titled compounds. 

 

Results and Discussion 

The methyl-N-alkyl(phenyl)-(3-methylalka-1,2-dienyl)phosphonamidates 2a-f were synthesized via procedure 

described[2-8] , i.e. via nucleophilic displacement of the two chlorine atoms at phosphorus in the 1,2-

alkadienephosphonic dichlorides 1a,b with metoxy- and alkyl(phenyl)amino groups(Scheme 1): 

 

R
2

R
1Cl2P

O

1. MeOH
2. RNH2

Base R
1

R
2

P
O

MeO

RN
H

R= Pr, Bu, Ph
R

1
=R

2
=Me; R

1
=Me, R

2
=Et

1a,b                                                        2a-f

 
 

Scheme1. Synthesis of methyl-N-alkyl(phenyl)-(3-methylalka-1,2-dienyl)phosphonamidates 2a-f 

 

The obtained methyl-N-alkyl(phenyl)-(3-methylalka-1,2-dienyl)phosphonamidates 2a-f were investigated in the 

reactions with sulfenyl- and selenenylbromides. In all cases regardless of the kind of the electrophile 2,5-dihydro-

1,2-oxaphosphole-2-oxide derivatives 3a-l  were obtained(Scheme 2.): 

mailto:enchev@shu.bg
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Scheme 2. Synthesis of 2,5-dihydro-1,2-oxaphosphole-2-oxide derivatives 3a-l 

 

All spectral data confirm the obtaining of the products 3a-l. Thus the characteristic band for allenic system in the 

IR spectra of 2a-f at 1980-1990cm
-1

, disappears in the IR spectra of the 3a-l and new characteristic band for 

endocyclic carbon-carbon double bond appears at 1590-1580cm
-1

. The signal for metoxy-group in the 
1
H NMR 

spectra of 2a-f disappears in the 
1
H NMR spectra of 3a-l. The multiplet signal for olephinic proton in the 

1
H 

NMR spectra of 2a-f disappears in the 
1
H NMR spectra of 3a-l while two doublets for the proton at position 3 of 

the oxaphosphole ring appear. The signal for 
31

P in the 
31

P NMR spectra of 2a-f is at 16.8-17.3ppm while the 

signal for 
31

P for compounds 3a-l is at 27.9-32.0ppm. The obtaining of 3a-l was also confirmed by the elemental 

analysis data. 

The interaction of the titled compounds with diethylamine leads to obtaining of -ketophosphonates 4a-f 

(Scheme 3): 
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O
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 Scheme 3.  Synthesis of methyl-P-(3-methyl-2-oxoalkyl)-N-alkylphosphoamidates 4a-f 

 

 

 The obtaining of the products 4a-f was confirmed by their spectral data. Thus the characteristic band for allenic 

system in the IR spectra of 2a-f at 1980-1990cm
-1

, disappears in the IR spectra of the 4a-f and new characteristic 

band for carbonyl group appear at 1690-1700cm
-1

. The signal for metoxy-group in the 
1
H NMR spectra of 2a-f 

present also in the spectra of 4a-f. The multiplet signal for olephinic proton in the 
1
H NMR spectra of 2a-f 

disappears in the 
1
H NMR spectra of 3a-l while two doublets for the proton at position 3 of the oxaphosphole ring 

appear. The signal for 
31

P in the 
31

P NMR spectra of 2a-f is at 16.8-17.3ppm while the signal for 
31

P for 

compounds 4a-f is at 27.9-32.0ppm. The obtaining of 4a-f was also confirmed by the elemental analysis data. 

 

 

 

 

 

Experimental 

 

Analytical Methods 

The 
1
H NMR spectra were measured at normal probe temperature on a spectrometer Bruker Avance DRX 

250MHz using TMS as internal reference in CDCl3 solution. Chemical shifts are given in ppm and are positively 
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downfield from the internal standard. The IR spectra were run on a Shimadzu FTR spectrophotometer. Elemental 

analyses were carried out by the University of Shumen Microanalytical Service Laboratory. 

 

Starting Materials 

The dichlorides 1a,b were prepared according to the procedure described[10]. 

Phenylselenenylbromide is commercially available. Phenylsulfenylbromide was synthesized according to the 

procedure described [9].  

The solvents were purified by standard methods. All reactions were carried out in oven-dried glassware under an 

argon atmosphere and exclusion of moisture. All compounds were checked for their purity on TLC plates. 

 

Synthesis of the compounds 2a-f 

General Procedure: 

To a solution of 5mmol of the appropriate dichloride 1a,b in dry diethyl ether at 0 to -5
o
C and stirring a solution 

of 5mmol of methanol and 5mmol of pyridine was added, followed by addition of the mixture of 5mmol from the 

appropriate amine and 5 mmol of pyridine, dissolved in the same solvent. After one hour of stirring reaction 

mixture rest for a night, the precipitate was filtered off, the solvent was removed under low pressure and the 

residue was distilled in vacuum.  

 

Methyl-N-propyl-P-(3-methylbuta-1,2-dienyl)phosphonamidate 2a. C9H18NO2P; Calcd.: P 15.24, N 6.89 %; 

Found: P 15.19, N 6.82 %; IR: (cm
-1

) 1986 (C=C=C), 1256 (P=O), 980 (P-O-C), 
1
H NMR (CDCl3): ppm 5.05-4.95(m, 

1H, (HC=)); 3.39(d, 
3
JHP 11.25Hz, 3H, (OMe)); 2.67-2.54(m, 2H, (CH3CH2CH2N)); 1.46(s, 3H, =CCH3)); 1.51(s, 

3H, (=CCH3)); 2.00(d, 
2
JHP 10.00Hz, 1H, (NH)); 1.28-1.19(m, 2H, (CH3CH2CH2N)); 0.91(t, 3H, 

(CH3CH2CH2N)); 
31

P NMR(CDCl3) /ppm: 
31

P  17.1; yellow-red liquid,  b.p.( 
o
C/0.5mmHg) uncorrected 136-

138; Yield (%) 85. 

 

Methyl-N-butyl-P-(3-methylbuta-1,2-dienyl)phosphonamidate  2b. C10H20NO2P; Calcd.: P 14.26, N 6.44 %; 

Found: P 14.21, N 6.40 %; IR: (cm
-1

) 1988 (C=C=C), 1260 (P=O), 980 (P-O-C), 
1
H NMR (CDCl3): ppm 5.04-4.97(m, 

1H, (HC=)); 3.38(d, 
2
JHP 11.25Hz, 3H, (OMe)); 2.66-2.53(m, 2H, (CH3CH2CH2CH2N)); 1.46(s, 3H, =CCH3)); 

1.51(s, 3H, (=CCH3)); 2.00(d, 
2
JHP 10.00Hz, 1H, (NH)); 1.27-1.18(m, 2H, (CH3CH2CH2CH2N)); 1.16-0.99(m, 

2H, (CH3CH2CH2CH2N)); 0.63(t, 3H, (CH3CH2CH2CH2N)); 
31

P NMR(CDCl3) /ppm: 
31

P  16.8; yellow-red 

liquid, b.p. (
o
C/0.5mmHg) uncorrected 138-140; Yield (%) 82.    

 

    

Methyl-P-3-methylbuta-1,2-dienyl-N-phenylphosphonamidate 2c. C12H16NO2P; Calcd.: P 13.06, N 5.90 %; 

Found: P 13.00, N 5.88 %; IR: (cm
-1

) 1987 (C=C=C), 1264 (P=O), 980 (P-O-C), 
1
H NMR (CDCl3): ppm 7.29-7.17(m, 

2H, (Ph)); 7.05(d, 
2
JHH 7.75Hz, 1H, (Ph)); 6.89(t, 

2
JHH 7.25Hz, 2H, (Ph)); 5.45-5.35(m, 1H, (HC=)); 4.03(d, 

2
JHP 

11.5Hz, 1H, (NH)); 3.74(d, 
3
JHP 11.5Hz, 3H, OMe)); 1.46(s, 3H, =CCH3)); 1.51(s, 3H, (=CCH3)); 

31
P 

NMR(CDCl3) /ppm: 
31

P  17.0; cryst., m.p. (
o
C)  uncorrected 143-146, Yield (%) 80. 

 

Methyl-N-propyl-P-(3-methylpenta-1,2-dienyl)phosphonamidate  2d. C10H20NO2P; Calcd.: P 14.26, N 6.44 %; 

Found: P 14.21, N 6.40 %;  IR:  (cm
-1

) 1990 (C=C=C), 1258 (P=O), 980 (P-O-C), 
1
H NMR (CDCl3): ppm 5.04-

4.97(m, 1H, (HC=)); 3.38(d, 
2
JHP 11.25Hz, 3H, (OMe)); 2.67-2.54(m, 2H, (CH3CH2CH2N)); 1.82-1.68(m, 3H, 

(NH), (CH3CH2)); 1.49(dd, 
3
JHH 10,00Hz, 

4
JHH 3.53Hz, 3H, (=CCH3));  1.28-1.19(m, 2H, (CH3CH2CH2N)); 

0.77(dt, 
2
JHH 1.25Hz, 3H, (CH3CH2));  0.91(t, 3H, (CH3CH2CH2N)); 

31
P NMR(CDCl3) /ppm: 

31
P  16.8; yellow-

red liquid, b.p. (
o
C /0.5 mmHg) uncorrected 137-139; Yield (% ) 87. 

 

Methyl-N-butyl-P-(3-methylpenta-1,2-dienyl)phosphonamidate  2e. C11H22NO2P; Calcd.: P 13.39, N 6.05 %; 

Found: P 13.34, N 6.00 %; IR:  (cm
-1

) 1989 (C=C=C), 1260 (P=O), 980 (P-O-C), 
1
H NMR (CDCl3): ppm 5.04-4.97(m, 

1H, (HC=)); 3.38(d, 
2
JHP 11.25Hz, 3H, (OMe)); 2.66-2.53(m, 2H, (CH3CH2CH2CH2N)); 1.82-1.68(m, 3H, (NH), 

(CH3CH2)); 1.49(dd, 
3
JHH 10,00Hz, 

4
JHH 3.53Hz, 3H, (=CCH3)); 1.27-1.18(m, 2H, (CH3CH2CH2CH2N)); 1.16-

0.99(m, 2H, (CH3CH2CH2CH2N)); 0.77(dt, 
2
JHH 1.25Hz, 3H, (CH3CH2)); 0.63(t, 3H, (CH3CH2CH2CH2N)); 

31
P 

NMR(CDCl3) /ppm: 
31

P  17.3; yellow-red liquid,  b.p. (
o
C/0.5mmHg) uncorrected 142-145; Yield (%) 81. 
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Methyl-P-3-methylpenta-1,2-dienyl-N-phenylphosphonamidate 2f. C13H18NO2P; Calcd.: P 12.33, N 5.57 %; 

Found: P 12.29, N 5.52 %; IR:  (cm
-1

) 1992 (C=C=C), 1259 (P=O), 980 (P-O-C), 
1
H NMR (CDCl3): ppm 7.29-7.17(m, 

2H, (Ph)); 7.05(d, 
2
JHH 7.75Hz, 1H, (Ph)); 6.89(t, 

2
JHH 7.25Hz, 2H, (Ph)); 5.45-5.35(m, 1H, (HC=)); 4.03(d, 

2
JHP 

11.5Hz, 1H, (NH)); 3.74(d, 
3
JHP 11.5Hz, 3H, OMe)); 1.98-1.75(m, 2H, (CH3CH2)); 1.64(dd, 

3
JHH 8.5Hz, 

4
JHH 

3.25Hz, 3H, (=CCH3)); 0.85(t, 3H, (CH3CH2)); 
31

P NMR(CDCl3) /ppm: 
31

P  16.9; cryst., m.p. (
o
C)  uncorrected 

145-147, Yield (%) 81. 

 

 

Synthesis of compounds 3a-l  

General Procedure: 

To a solution of 5mmol of the appropriate methyl-N-alkyl(phenyl)-(3-methylalk-1,2-dienyl)phosphonamidates  

(2a-f) in methylene chloride a solution of 5mmol of the appropriate electrophile ( PhSBr, PhSeBr) was added at 

low temperature (-12 to -10
o
C). The solvent was then removed in vacuo and the residue was purified by 

chromatography (50g silicagel, hexane/ethylacetate 1:1.  

 

(5,5-Dimethyl-2-oxo-4-phenylsulfenyl-2,5-dihydro-2
5
-[1,2]oxaphosphol-2-yl)-propylamine 3a. C14H20NO2PS, 

Calcd.: P 10.42, N 4.71, S 10.78%, Found: P 10.40, N 4.68, S 10.72%; IR:  (cm
-1

) 1592 (C=C), 1259 (P=O), 1000 (P-

O-C), 
1
H NMR (CDCl3) ppm: 7.56-7.46(m, 2H, (Ph)); 7.29-7.23(m, 3H, (Ph)); 5.35(dd, 

2
JHP 27.75Hz, 

3
JHH 

3.75Hz, 1H, (HC=)); 2.54(m, 2H, (CH3CH2CH2N)); 1.46(s, 3H, =CCH3)); 1.51(s, 3H, (=CCH3)); 2.00(d, 
2
JHP 

10.00Hz, 1H, (NH)); 1.28-1.19(m, 2H, (CH3CH2CH2N)); 0.91(t, 3H, (CH3CH2CH2N)); 
31

P NMR(CDCl3) /ppm: 
31

P  29.0; cryst., m.p. (
o
C)  uncorrected 113-116, Yield (%)  85. 

  

 

(5,5-Dimethyl-2-oxo-4-phenylsulfenyl-2,5-dihydro-25
-[1,2]oxaphosphol-2-yl)-butylamine 3b. C15H22NO2PS, 

Calcd.: P 9.95, N 4.50, S 10.30%, Found: P 9.91, N 4.48, S 10.28%; IR:  (cm
-1

) 1590 (C=C), 1260 (P=O), 1000 (P-O-

C), 
1
H NMR (CDCl3): ppm 7.64-7.60(m, 5H, (Ph)); 5.35(dd, 

2
JHP 27.75Hz, 

3
JHH 3.75Hz, 1H, (HC=)); 2.66-

2.53(m, 2H, (CH3CH2CH2CH2N)); 2.00(d, 
2
JHP 10.00Hz, 1H, (NH)); 1.46(s, 3H, =CCH3)); 1.51(s, 3H, (=CCH3)); 

1.27-1.18(m, 2H, (CH3CH2CH2CH2N)); 1.16-0.99(m, 2H, (CH3CH2CH2CH2N));0.63(t, 3H,(CH3CH2CH2CH2N)); 
31

P NMR(CDCl3) /ppm: 
31

P  28.9; cryst., m.p. (
o
C)  uncorrected 115-118, Yield (%)  84. 

     

 

(5,5-Dimethyl-2-oxo-4-phenylsulfenyl-2,5-dihydro-2 5
-[1,2]oxaphosphol-2-yl)-phenylylamine 3c. C17H18NO2PS, 

Calcd.: P 9.35, N 4.22, S 9.68%, Found: P 9.33, N 4.19, S 9.65%; IR:  (cm
-1

) 1589 (C=C), 1257 (P=O), 1000 (P-O-C), 
1
H NMR (CDCl3): ppm 7.63-7.59(m, 2H, (Ph)); 7.49-7.37(m, 3H, (Ph)); 7.26-7.18(m, 2H, (Ph)); 7.07-6. 95(m, 

3H, (Ph)); 5.44(dd, 
2
JHP 28.05, 

3
JHH 5.00Hz, 1H, (HC=)); 1.46(s, 3H, =CCH3)); 1.51(s, 3H, (=CCH3));   

31
P 

NMR(CDCl3) /ppm: 
31

P  30.0; cryst., m.p. (
o
C)  uncorrected 123-126, Yield (%)  82. 

 

 

(5-Ethyl-5-methyl-2-oxo-4-phenylsulfenyl-2,5-dihydro-2 5
-[1,2]oxaphosphol-2-yl)-propylamine 3d. 

C15H22NO2PS, Calcd.: P 9.95, N 4.50, S 10.30%, Found: P 9.91, N 4.48, S 10.28%; IR:  (cm
-1

) 1592 (C=C), 1259 

(P=O), 1000 (P-O-C), 
1
H NMR (CDCl3): ppm 7.56-7.46(m, 2H, (Ph)); 7.29-7.23(m, 3H, (Ph)); 5.35(dd, 

2
JHP 

27.75Hz, 
3
JHH 3.75Hz, 1H, (HC=)); 2.67-2.54(m, 2H, (CH3CH2CH2N)); 1.82-1.68(m, 3H, (NH), (CH3CH2)); 

1.49(dd, 
3
JHH 10,00Hz, 

4
JHH 3.53Hz, 3H, (=CCH3)); 1.28-1.19(m, 2H, (CH3CH2CH2N)); 0.77(dt, 

2
JHH 1.25Hz, 3H, 

(CH3CH2)); 0.91(t, 3H, (CH3CH2CH2N)); 
31

P NMR(CDCl3) /ppm: 
31

P  29.8; cryst., m.p. (
o
C)  uncorrected 114-

116, Yield (%)  84. 

 

 

(5-Ethyl-5-methyl-2-oxo-4-phenylsulfenyl-2,5-dihydro-2 5
-[1,2]oxaphosphol-2-yl)-butylamine 3e. 

C16H24NO2PS, Calcd.: P 9.52, N 4.30, S 9.85%, Found: P 9.50, N 4.28, S 9.81%; IR:  (cm
-1

) 1590 (C=C), 1260 

(P=O), 1000 (P-O-C), 
1
H NMR (CDCl3): ppm 7.64-7.60(m, 5H, (Ph)); 5.35(dd, 

2
JHP 27.75Hz, 

3
JHH 3.75Hz, 1H, 

(HC=)); 2.66-2.53(m, 2H,(CH3CH2CH2CH2N)); 1.82-1.68(m, 3H, (NH), (CH3CH2)); 1.49(dd, 
3
JHH 10,00Hz, 

4
JHH 
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3.53Hz, 3H, (=CCH3)); 1.27-1.18(m, 2H, (CH3CH2CH2CH2N)); 1.16-0.99(m, 2H, (CH3CH2CH2CH2N)); 0.77(dt, 
2
JHH 1.25Hz, 3H, (CH3CH2)); 0.63(t, 3H, (CH3CH2CH2CH2N)); 

31
P NMR(CDCl3) /ppm: 

31
P  32.0; cryst., m.p. 

(
o
C)  uncorrected 116-118, Yield (%)  82. 

      

  

(5-Ethyl-5-methyl-2-oxo-4-phenylsulfenyl-2,5-dihydro-2 5
-[1,2]oxaphosphol-2-yl)-phenylylamine 3f. 

C18H20NO2PS, Calcd.: P 8.97, N 4.05, S 9.22%, Found: P 8.94, N 4.00, S 9.22%; IR:  (cm
-1

) 1589 (C=C), 1257 

(P=O), 1000 (P-O-C), 
1
H NMR (CDCl3):ppm 7.63-7.59(m, 2H, (Ph)); 7.49-7.37(m, 3H, (Ph)); 7.26-7.18(m, 2H, 

(Ph)); 7.07-6. 95(m, 3H, (Ph)); 5.44(dd, 
2
JHP 28.05, 

3
JHH 5.00Hz, 1H, (HC=)); 1.98-1.75(m, 2H, (CH3CH2)); 

1.64(dd, 
3
JHH 8.5Hz, 

4
JHH 3.25Hz, 3H, (=CCH3)); 0.85(t, 3H, (CH3CH2)); 

31
P NMR(CDCl3) /ppm: 

31
P  27.9; 

cryst., m.p. (
o
C)  uncorrected 125-127, Yield (%)  80. 

 

 

(5,5-Dimethyl-2-oxo-4-phenylselenenyl-2,5-dihydro-2 5
-[1,2]oxaphosphol-2-yl)-propylamine 3g. 

C14H20NO2PSe, Calcd.: P 9.92, N 4.48%, Found: P 9.90, N 4.43%; IR:  (cm
-1

) 1592 (C=C), 1259 (P=O), 1000 (P-O-C), 
1
H NMR (CDCl3): ppm 7.56-7.46(m, 2H, (Ph)); 7.29-7.23(m, 3H, (Ph)); 5.35(dd, 

2
JHP 27.75Hz, 

3
JHH 3.75Hz, 

1H, (HC=)); 2.54(m, 2H, (CH3CH2CH2N)); 1.46(s, 3H, =CCH3)); 1.51(s, 3H, (=CCH3)); 2.00(d, 
2
JHP 10.00Hz, 

1H, (NH)); 1.28-1.19(m, 2H, (CH3CH2CH2N)); 0.91(t, 3H, (CH3CH2CH2N)); 
31

P NMR(CDCl3) /ppm: 
31

P  29.7; 

cryst., m.p. (
o
C)  uncorrected 114-116, Yield (%)  84. 

  

 

(5,5-Dimethyl-2-oxo-4-phenylselenenyl-2,5-dihydro-2 5
-[1,2]oxaphosphol-2-yl)-butylamine 3h. C15H22NO2PSe, 

Calcd.: P 9.49, N 4.29%, Found: P 9.45, N 4.23%; IR:  (cm
-1

) 1590 (C=C), 1260 (P=O), 1000 (P-O-C), 
1
H NMR 

(CDCl3): ppm 7.64-7.60(m, 5H, (Ph)); 5.35(dd, 
2
JHP 27.75Hz, 

3
JHH 3.75Hz, 1H, (HC=)); 2.66-2.53(m, 2H, 

(CH3CH2CH2CH2N)); 2.00(d, 
2
JHP 10.00Hz, 1H, (NH)); 1.46(s, 3H, =CCH3)); 1.51(s, 3H, (=CCH3)); 1.27-

1.18(m, 2H, (CH3CH2CH2CH2N)); 1.16-0.99(m, 2H, (CH3CH2CH2CH2N));0.63(t, 3H, (CH3CH2CH2CH2N)); 
31

P 

NMR(CDCl3) /ppm: 
31

P  30.5; cryst., m.p. (
o
C )  uncorrected 119-120, Yield (%)  86.  

      

 

(5,5-Dimethyl-2-oxo-4-phenylselenenyl-2,5-dihydro-2 5
-[1,2]oxaphosphol-2-yl)-phenylylamine 3i. 

C17H18NO2PSe, Calcd.: P 8.94, N 4.04%, Found: P 8.90, N 4.00%; IR:  (cm
-1

) 1589 (C=C), 1257 (P=O), 1000 (P-O-C), 
1
H NMR (CDCl3): ppm 7.63-7.59(m, 2H, (Ph)); 7.49-7.37(m, 3H, (Ph)); 7.26-7.18(m, 2H, (Ph)); 7.07-6. 95(m, 

3H, (Ph)); 5.44(dd, 
2
JHP 28.05, 

3
JHH 5.00Hz, 1H, (HC=)); 1.46(s, 3H, =CCH3)); 1.51(s, 3H, (=CCH3));   

31
P 

NMR(CDCl3) /ppm: 
31

P  28.8; cryst., m.p. (
o
C)  uncorrected 124-126, Yield (%)  82. 

 

 

(5-Ethyl-5-methyl-2-oxo-4-phenylselenenyl-2,5-dihydro-2 5
-[1,2]oxaphosphol-2-yl)-propylamine 3j. 

C15H22NO2PSe, Calcd.: P 9.49, N 4.29%, Found: P 9.45, N 4.23%; IR:  (cm
-1

) 1592 (C=C), 1259 (P=O), 1000 (P-O-C), 
1
H NMR (CDCl3): ppm 7.56-7.46(m, 2H, (Ph)); 7.29-7.23(m, 3H, (Ph)); 5.35(dd, 

2
JHP 27.75Hz, 

3
JHH 3.75Hz, 

1H, (HC=)); 2.67-2.54(m, 2H, (CH3CH2CH2N)); 1.82-1.68(m, 3H, (NH), (CH3CH2)); 1.49(dd, 
3
JHH 10,00Hz, 

4
JHH 

3.53Hz, 3H, (=CCH3)); 1.28-1.19(m, 2H, (CH3CH2CH2N)); 0.77(dt, 
2
JHH 1.25Hz, 3H, (CH3CH2)); 0.91(t, 3H, 

(CH3CH2CH2N)); 
31

P NMR(CDCl3) /ppm: 
31

P  29.8; cryst., m.p. (
o
C)  uncorrected 115-117, Yield (%)  83. 

 

 

(5-Ethyl-5-methyl-2-oxo-4-phenylselenenyl-2,5-dihydro-2 5
-[1,2]oxaphosphol-2-yl)-butylamine 3k. 

C16H24NO2PSe, Calcd.: P 9.10, N 4.11%, Found: P 9.06, N 4.08%; IR:  (cm
-1

) 1590 (C=C), 1260 (P=O), 1000 (P-O-C), 
1
H NMR (CDCl3): ppm 7.64-7.60(m, 5H, (Ph)); 5.35(dd, 

2
JHP 27.75Hz, 

3
JHH 3.75Hz, 1H, (HC=)); 2.66-2.53(m, 

2H,(CH3CH2CH2CH2N)) ; 1.82-1.68(m, 3H, (NH), (CH3CH2)); 1.49(dd, 
3
JHH 10,00Hz, 

4
JHH 3.53Hz, 3H, 

(=CCH3)); 1.27-1.18(m, 2H, (CH3CH2CH2CH2N)); 1.16-0.99(m, 2H, (CH3CH2CH2CH2N)); 0.77(dt, 
2
JHH 1.25Hz, 

3H, (CH3CH2)); 0.63(t, 3H, (CH3CH2CH2CH2N)); 
31

P NMR(CDCl3) /ppm: 
31

P  30.9; cryst., m.p. (
o
C)  

uncorrected 120-122, Yield (%) 82. 
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(5-Ethyl-5-methyl-2-oxo-4-phenylselenenyl-2,5-dihydro-2 5
-[1,2]oxaphosphol-2-yl)-phenylylamine 3l. 

C18H20NO2PSe, Calcd.: P 8.59, N 3.88%, Found: P 8.55, N 3.85%; IR:  (cm
-1

) 1589 (C=C), 1257 (P=O), 1000 (P-O-C), 
1
H NMR (CDCl3): ppm 7.63-7.59(m, 2H, (Ph)); 7.49-7.37(m, 3H, (Ph)); 7.26-7.18(m, 2H, (Ph)); 7.07-6. 95(m, 

3H, (Ph)); 5.44(dd, 
2
JHP 28.05, 

3
JHH 5.00Hz, 1H, (HC=)); 1.98-1.75(m, 2H, (CH3CH2)); 1.64(dd, 

3
JHH 8.5Hz, 

4
JHH 

3.25Hz, 3H, (=CCH3)); 0.85(t, 3H, (CH3CH2)); 
31

P NMR(CDCl3) /ppm: 
31

P  31.7; cryst., m.p. (
o
C)  uncorrected 

127-129, Yield (%)  81. 

 

 

Synthesis of compounds 4a-f  

General Procedure: 

To a solution of 5mmol of the appropriate methyl-N-alkyl(phenyl)-(3-methylalk-1,2-dienyl)phosphonamidates  

(2a-f) in methylene chloride a solution of 5mmol of dialkylamine  was added at -8
o
C. After warm up to room 

temperature and additional stirring for an hour, 10% aqueous HCl was added. The organic phase was separated 

and the residue was extracted with CHCl3. The organic phases were dried with MgSO4, the solvent was then 

removed in vacuum and the residue was distilled.  

 

Methyl-P-(3-methyl-2-oxobuty)-N-propylphosphonamidate 4a C8H20NO3P; Calcd.: P 14.66, N 6.63 %; Found: P 

14.49, N 6.52 %; IR:  (cm
-1

) 1238 (P=O), 1700 (C=O), 
1
H NMR (CDCl3):ppm 3.78(d, 

3
JHP 10.09Hz, 3H, (OMe)); 

2.56(t, 
2
JHH 6.8Hz, 1H, (CH)), 2.63(t, 

2
JHH 7.1Hz, 2H, (CH3CH2CH2N)); 2.50(d, 

2
JHP 11.9Hz, 2H (CH2)); 1.04(d, 

2
JHH 6.8Hz, 6H, =C(CH3)2); 3.69(m, 1H, (NH)); 1.60(q, 

2
JHH 7.1Hz, 

3
JHH 8.0Hz, 2H, (CH3CH2CH2N)); 0.87(t, 

2
JHH 

8.0Hz, 3H, (CH3CH2CH2N)); 
31

P NMR(CDCl3) /ppm: 
31

P 18.1; oil; Yield (%) 85. 

 

Methyl-P-(3-methyl-2-oxopentyl)-N-propylphosphonamidate  4b. C9H21NO3P; Calcd.: P 13.93, N 6.30 %; Found: 

P 13.81, N 6.25 %; IR:  (cm
-1

) 1260 (P=O), 1690 (C=O), 
1
H NMR (CDCl3): ppm 3.78(d, 

2
JHP 10.9Hz, 3H, (OMe)); 

3.69 (m, 1H (NH)); 2.84(d, 
2
JHP 11.9Hz,2H (CH2)); 2.63(t, 

2
JHH 7.1Hz, 2H, (CH3CH2CH2N)); 2.36(q, 

2
JHH7.0Hz, 

3
JHH 6.8Hz 1H (CH)); 1.06(q, 

2
JHH 7.0Hz, 

2
JHH 8.0Hz, 2H(CH3CH2CH2N));1.68 (q, 

2
JHH 7.0Hz, 

2
JHH 8.0Hz, 2H 

(CH3CH2)); 1.04 (d, 
2
JHH 6.8Hz, 3H (CH3)); 0.94 (t, 

2
JHH 8.0Hz, 3H (CH3CH2)); 0.84 (t, 

2
JHH 8.0Hz, 3H 

(CH3CH2CH2N)); 
31

P NMR(CDCl3) /ppm: 
31

P  16.8; oil;  Yield (%) 82. 

 

 

    

Methyl -P-(3-methyl-2-oxobutyl)-N-butyl phosphonamidate 4c. C10H21NO3P; Calcd.: P 13.22, N 5.98 %; Found: 

P 13.19, N 5.82 %; IR:  (cm
-1

) 1238 (P=O), 1700 (C=O), 
1
H NMR (CDCl3):ppm 3.78(d, 

3
JHP 10.09Hz, 3H, 

(OMe)); 2.56(t, 
2
JHH 6.8Hz, 1H, (CH)); 2.63(t, 

2
JHH 7.1Hz, 2H, (CH3CH2CH2CH2N));  2.50(d, 

2
JHP 11.9Hz, 2H 

(CH2)); 1.04(d, 
2
JHH 6.8Hz, 6H, CH(CH3)2); 3.69(m, 1H, (NH); 1.52(q, 

2
JHH 7.0Hz, 

2
JHH 6.8 Hz, 

2H(CH3CH2CH2CH2N)); 1.30 (q, 
2
JHH 7.1Hz, 

2
JHH 8.0Hz, 2H (CH3CH2CH2CH2N)); 0.89 (t, 

2
JHH 8.0Hz, 3H 

(CH3CH2CH2CH2N));   
31

P NMR(CDCl3) /ppm: 
31

P 17.1; oil; Yield (%) 85. 

 

 

Methyl- P-(3-methyl-2-oxopentyl) -N-butylphosphonamidate 4d. C11H23NO3P; Calcd.: P 12.47, N 5.63%; Found: 

P 12.35, N 5.44; IR:  (cm
-1

) 1259 (P=O), 1700 (C=O), 
1
H NMR (CDCl3): ppm 3.78(d, 

2
JHP 10.9Hz, 3H, (OMe)); 

3.69 (m, 1H (NH)); 2.84(d, 
2
JHP 11.9Hz,2H (CH2)); 2.63(t, 

2
JHH 7.1Hz, 2H, (CH3CH2CH2CH2N)); 2.36(q, 

2
JHH7.0Hz, 

3
JHH 6.8Hz 1H (CH)); 1.52(q, 

2
JHH 7.0Hz, 

2
JHH 6.8 Hz, 2H(CH3CH2CH2CH2N));1.68 (q, 

2
JHH 7.0Hz, 

2
JHH 8.0Hz, 2H (CH3CH2)); 1.30 (q, 

2
JHH 7.1Hz, 

2
JHH 8.0Hz, 2H (CH3CH2CH2CH2N)); 1.04 (d, 

2
JHH 6.8Hz, 3H 

(CH3)); 0.94 (t, 
2
JHH 8.0Hz, 3H (CH3CH2)); 0.89 (t, 

2
JHH 8.0Hz, 3H (CH3CH2CH2CH2N));  

31
P NMR(CDCl3) 

/ppm: 
31

P  16.8; oil ; Yield (%) 82.  

 

 Methyl- P-(3-methyl-2-oxobutyl)-N-phenylphosphonamidate 4e. C12H17NO3P; Calcd.: P 12.18, N 5.50 %; Found: 

P 12.09, N 5.43 %; IR:  (cm
-1

) 1259 (P=O), 1700 (C=O), 
1
H NMR (CDCl3): ppm  3.38(d, 

2
JHP 11.25Hz, 3H, 

(OMe)); 7.29-7.17(m, 2H, (Ph)); 7.05(d, 
2
JHH 7.75Hz, 1H, (Ph)); 6.89(t, 

2
JHH 7.25Hz, 2H, (Ph)); 6.70(m, 1H, 

(NH); 1.49(dd, 
3
JHH 10,00Hz, 

4
JHH 3.53Hz, 6H, (CHCH3)); 2.56(t, 

2
JHH 6.8Hz, 1H, (CH)); 2.84(d, 

2
JHP 11.9Hz, 2H 

(CH2)); 
31

P NMR(CDCl3) /ppm: 
31

P  17.3; oil; Yield (%) 81. 
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Methyl- P-(3-methyl-2-oxopentyl)-N-phenylphosphonamidate 4f. C13H19NO2P; Calcd.: P 11.54, N 5.22 %; Found: 

P 11.29, N 5.12 %; IR:  (cm
-1

) 1259 (P=O), 1700 (C=O), 
1
H NMR (CDCl3): ppm 7.29-7.17(m, 2H, (Ph)); 7.05(d, 

2
JHH 7.75Hz, 1H, (Ph)); 6.89(t, 

2
JHH 7.25Hz, 2H, (Ph));  6.70(m, 1H, (NH); 3.74(d, 

3
JHP 11.5Hz, 3H, OMe)); 1.68 

(q, 
2
JHH 7.0Hz, 

2
JHH 8.0Hz, 2H (CH3CH2)); 1.04 (d, 

2
JHH 6.8Hz, 3H (CH3)); 0.94 (t, 

2
JHH 8.0Hz, 3H (CH3CH2)); 

2.56(t, 
2
JHH 6.8Hz, 1H, (CH)); 2.84(d, 

2
JHP 11.9Hz, 2H (CH2)); 

31
P NMR(CDCl3) /ppm: 

31
P  16.9; oil;  Yield (%) 

84. 
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Abstract: The reactivity of thioesters of 1,2-alkadienephosphonic acids toward sulphenyl- and 

selenenyl bromides has been investigated. 
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Introduction 

 

The phosphorylated 1,2-alkadienes provide an unusual system of centers of unsaturation. Their 

preparation as well as their reactions attracts permanent interest [1-4]. An increasing number of 

reactions involving phosphorylated 1,2-alkadienes as well as concepts of their reactivity are noticed 

[5-18]. 

 

Results and discussion 

 

The study of reactivity of these compounds, as well as the creation of methods for their preparation is 

one of the topics in our investigations for more than 20 years [8-14]. 

 

In this paper we wish to report our results from the investigations of the interaction of thioesters of 

1,2-alkadienephosphonic acids with phenylsulphenyl- and phenylselenenyl bromides.  

 

The reagents were chosen because of their similarity to sulphenyl- and selenenyl chlorides, as well as 

because of some differences between them of course, i.e.: 

 1). Energy and bond length of the S-Cl compared to S-Br [19],  

2). The dealkylation rate in case of bromide anion is higher compared to those in case of chloride 

anion [20], 

 3). The stabilization of quaziphosphonium intermediate in general is more significant in the case of 

bromide compared to chloride    anion [21]. 

 

As starting compounds, we synthesized dichlorides of 1,2-alkadienephosphonic acids 1a,b following 

the procedure described earlier [18]. The nucleophilic displacement of the two chlorine atoms at 

phosphorus with alkoxy- and ethylthio- groups leads to the titled compounds 2,3 in very good yields 

(Scheme 1) 
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Scheme 1. Synthesis of compounds 2 and 3 

 

The reaction of 2 and 3 with phenylsulphenyl- and phenylselenenyl bromides were performed in polar 

solvent, at low temperature and under inert atmosphere (Scheme 2) 

 

 

2 P

O

XPh

R1

R2

O

EtS

P

O

XPh

O

EtS

3

4,5

6,7

iii

iii

iii = PhSbr, PhSeBr, -10 - -8
o
C, CH2Cl2  

 

Scheme 2. Interaction of compounds 2 and 3 with sulphenyl- and selenenylbromides 

 

 

Obtaining of  the 2,5-dihydro-1,2-oxaphosphole derivatives 4,5 and 6,7 was confirmed by their 
1
H, 

31
P 

NMR and IR spectra as well as by elemental analysis (see Experimental section). 
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Compounds 5 and 7, contain the isotope Se
77

 which is magnetically active and interacts with other 

nuclei. This interaction becomes evident with the protons from the neighboring groups which exhibit 

symmetric satellite signals of the main signal in the 
1
H NMR spectra [22]. 

 The yields of these compounds and the absence of the other products are probably due to the 

combined influence of the factors mentioned above, especially to the increased stability of the 

quaziphosphonium intermediate of the reaction: 

 

 

XPh

R
1

R
2

P

RO

R
3
S O

+
P

O

R
1

R
2

XPh

R
3
S

RO +

Br
-

 
 

 

 

Scheme 3. Probable structural equilibrium of the intermediate of the reaction dicussed 

 

 

The literature data and the results reported here confirm the direction of the reaction of thioesters of 

1,2-alkadienephosphonic acids with sulphenyl- and selenenyl halogenides, i.e. irrespective to the kind 

of the reagent in all cases oxaphosphole derivatives were isolated. 

 

Experimental  

 

General procedures The melting points are uncorrected. The 
1
H- and 

31
P NMR spectra were obtained 

on Jeol JNM PS 10 and FX 90 Q spectrometers with TMS and H3PO4 as internal standards as CDCl3 

solution. The IR spectra were run on Shimadzu IRAffinity spectrophotometer. The phenylsulphenyl 

bromide and phenylselenenyl bromide were prepared from diphenyl disulfide and diphenyl diselenide, 

commercially available and bromine in nonpolar media. 

 

General procedure for preparation of S-ethyl-O-methyl-3-methyl-1,2-butadienephosphonate 2  
To a solution of 0.05mol of phosphorus trichloride in 200ml dry diethyl ether under argon atmosphere, 

stirring and at low temperature(-10 - -8
o
C) a solution of 0.05mol pyridine in the same solvent was 

added. After that a solution of 0.05mol of 3-methyl-1-butyn-3-ol in the same solvent was added. The 

reaction mixture was stirring for one hour and rest for a night. Then the precipitate was filtered off, the 

solvent was evaporated and the residue was distilled in vacuum. 

Yield 80% 

 

Compound characterization 

 

S-ethyl-O-methyl-3-methyl-1,2-butadienephosphonate 2  pale-yellow liquid, b.p. 85-87
o
C  Anal., 

Calcd. P 15.02, S 15.54, C8H15PO2S, Found P 15.00, S 15.48 IR  (cm
-1

) 1980(C=C=C), 1256(P=O), 960(P-

O-C); 
1
H-NMR(100MHz, CDCl3) /ppm 5.04 (d  

2
JHP 7.7Hz, 1H), 1.68 (d 2CH3, 6H ), 3.76 (d  CH3O, 

3H), 4.15 (m SCH2CH3, 2H), 1.58 (s  SCH2CH3, 3H), 
31

P NMR(CDCl3) /ppm: 
31

P   17.1  

 

General procedure for preparation of S-ethyl-O-methyl-2-(1-cyclohexelyden)etenephosphonate 3  
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To a solution of 0.05mol of phosphorus trichloride in 200ml dry diethyl ether under argon, stirring and 

at low temperature(-10 - -8
o
C) a solution of 0.05mol pyridine in the same solvent was added. After 

that a solution of 0.05mol of 1-ethynylcyclohexanol in the same solvent was added. The reaction 

mixture was stirring for one hour and rest for a night. Then the precipitate was filtered off, the solvent 

was evaporated and the residue was distilled in vacuum. 

Yield 72% 

 

Compound characterization 

 

S-ethyl-O-methyl-2-(1-cyclohexelyden)etenephosphonate 3  red liquid, b.p. 115-117
o
C  Anal., 

Calcd. P 12.57, S 13.02, C11H19PO2S, Found P 12.45, S 13.00 IR  (cm
-1

) 1970(C=C=C), 1260(P=O), 960(P-

O-C); 
1
H-NMR(100MHz, CDCl3)  /ppm 5.05 (d 

2
JHP 7.7Hz, 1H), 1.72 (m  cyclohexyl, 12H), 3.76 (d  

CH3O, 3H), 4.15 (m SCH2CH3, 2H), 1.58 (s SCH2CH3, 3H), 
31

P NMR(CDCl3) /ppm: 
31

P  16.8  

 

General procedure for preparation of 2-ethylthio -4-phenylthio-5,5-dimethyl -2,5-dihydro-1,2-

oxaphosphole-2-oxide 4 
 To the solution of 0.05mol of   2 in 50 ml dry methylenechloride under argon atmosphere and stirring, 

at -10 - -8
o
C, a solution of phenylsulphenyl bromide in the same solvent was added dropwise in 30 

min. Then the solvent was evaporated and the residue was recrystalized in hexane/benzene 2:1. 

Yield 75% 

 

Compound characterization 

 

2-ethylthio -4-phenylthio-5,5-dimethyl -2,5-dihydro-1,2-oxaphosphole-2-oxide 4 cryst., m.p. 105-

107
o
C  Anal., Calcd. P 10.31, S 21.35, C13H17PO2S2, Found P 10.25, S 21.22 IR  (cm

-1
) 1589(C=C), 

1260(P=O), 960(P-O-C); 
1
H-NMR(100MHz, CDCl3)  /ppm 5.88 (d 

2
JHP 24.2 Hz, 1H), 1.51 (s CH3, 3H,), 

1.58 (s  CH3, 3H), 4.15 (m SCH2CH3, 2H), 1.55 (s  SCH2CH3, 3H), 7.24 (m arom., 5H), 
31

P 

NMR(CDCl3) /ppm: 
31

P  24.4 

 

General procedure for preparation of 2-ethylthio -4-phenylthio-1-oxa-2-phospha-spyro[4,5]dec-

3-ene 2-oxide 5 
 To the solution of 0.05mol of 3 in 50 ml dry methylenechloride under argon and stirring, at -10 - -8

o
C, 

a solution of phenylsulphenyl bromide in the same solvent was added dropwise in 30 min. Then the 

solvent was evaporated and the residue was recrystalized in hexane/benzene 2:1. 

Yield 77% 

 

Compound characterization 

 

2-ethylthio -4-phenylthio-1-oxa-2-phospha-spyro[4,5]dec--3-ene 2-oxide 5 cryst., m.p. 118-120
o
C  

Anal., Calcd. P 9.09, S 18.83, C16H21PO2S2, Found P 9.00, S 18.78 IR  (cm
-1

) 1587(C=C), 1256(P=O), 

960(P-O-C); 
1
H-NMR(100MHz, CDCl3)  /ppm 5.87 (d 

2
JHP 24.0 Hz, 1H), 1.72 (m  cyclohexyl, 12H), 

4.15 (m SCH2CH3, 2H), 1.58 (s  SCH2CH3, 3H), 7.24 (m  arom., 5H), 
31

P NMR(CDCl3) /ppm: 
31

P   

24.2  

 

General procedure for preparation of 2-ethylthio -4-phenylseleno-5,5-dimethyl -2,5-dihydro-1,2-

oxaphosphole-2-oxide 6  
 To the solution of 0.05mol of   2     in 50 ml dry methylenechloride under argon and stirring, at -10 - -

8
o
C, a solution of phenylsulphenyl bromide in the same solvent was added dropwise in 30 min. Then 

the solvent was evaporated and the residue was recrystalized in hexane/benzene 2:1. 

Yield 66% 
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Compound characterization 

 

2-ethylthio -4-phenylseleno-5,5-dimethyl -2,5-dihydro-1,2-oxaphosphole-2-oxide 6 cryst., m.p. 

108-110
o
C  Anal., Calcd. P 8.92, S 9.23, C13H17PO2SSe, Found P 8.88, S 9.12 IR  (cm

-1
)) 1589(C=C), 

1256(P=O), 960(P-O-C); 
1
H-NMR(100MHz, CDCl3)  /ppm 5.88 (d 

2
JHP 24.2 Hz, 1H), 1.51 (s CH3, 3H), 

1.58 (s  CH3, 3H), 4.15 (m SCH2CH3, 2H), 1.55 (s SCH2CH3, 3H), 7.24 (m  arom., 5H), 
31

P 

NMR(CDCl3) /ppm: 
31

P  26.4 

 

General procedure for preparation 2-ethylthio -4-phenylseleno-1-oxa-2-phospha-spyro[4,5]dec-

3-ene 2-oxide 7 
 To the solution of 0.05mol of 3 in 50 ml dry methylenechloride under argon and stirring, at -10 - -8

o
C, 

a solution of phenylsulphenyl bromide in the same solvent was added dropwise in 30 min. Then the 

solvent was evaporated and the residue was recrystalized in hexane/benzene 2:1. 

Yield 70% 

 

Compound characterization 

 

2-ethylthio -4-phenylseleno-1-oxa-2-phospha-spyro[4,5]dec-3-ene 2-oxide 7 cryst., m.p. 119-121
o
C  

Anal., Calcd. P 7.99, S 8.28, C16H21PO2SSe, Found P 7.89, S 8.18 IR  (cm
-1

) 1587(C=C), 1256(P=O), 

960(P-O-C); 
1
H-NMR(100MHz, CDCl3)  /ppm 5.87 (d 

2
JHP 24.0 Hz, 1H), 1.72 (m  cyclohexyl, 12H), 

4.15 (m SCH2CH3, 2H), 1.58 (s  SCH2CH3, 3H), 7.24 (m  arom., 5H), 
31

P NMR(CDCl3) /ppm: 
31

P  

24.9  
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Evolutions and equilibrium parameters of foam films from individual solutions of Bovine serum 

albumin, n-dodecyl - β-D-maltoside and from their mixed solutions 

 

 Anelia Tsvetanova Gerasimova
1
,
 
Jana Кrumova Angarska

2
, Krasimir Dimov Tachev

 2
 

1
 Faculty of Medicine, Medical University“Prof. Dr. P. Stoyanov” 

84, Tzar Osvoboditel str., 9000, Varna 
2
Faculty of Natural Sciences, “K. Preslavsky” University of Shumen 

115, Universitetska Str., 9712 Shumen, Bulgaria 

e-mail: anelia.gerasimova@mu-varna.bg 

Abstract: The evolutions of thinning of films from individual solutions of BSA, C12G2 and from their mixed 

solutions with molar ratios 1:1, 1:7.5, 1:50 and 1:100 with pH = 4.9 were recorded by modified (with video 

camera) interferometric method. Based on them the stages through which the film goes from its formation to 

the equilibrium state were distinguished. It was shown that: (i) the difference between the kinetic of drainage 

of films stabilized by high and low molecular surfactants is drastic; (ii) only the change of the pH solution 

under or above isoelectric point strongly retards the film drainage; (iii) the transition of the kinetic of 

thinning of films from mixed solutions from a kinetic typical for high molecular substances towards a kinetic 

for low substances depends on the molar ratio between the components in the solution. From the picture of 

film corresponding to its equilibrium state the type of film was determined. From the analysis of this picture 

the equilibrium thickness and contact angle were calculated. It was found that the criterion for Newtonium 

black films(based on the values of film thickness and contact angle) is not directly applicable for films from 

protein solutions or mixed solutions with the participation of proteins. 

Keywords: Bovine Serum Albumin (BSA); n–dodecyl - β -D maltoside (C12G2); mixed BSA/ C12G2 solutions; 

film evolution; equilibrium thickness; contact angle. 

Introduction 

The pursuit of people to keep the ecological equilibrium, to produce pure and non toxic foods, stable 

medical compositions and detergents without allergic effects determines the interest to proteins as stabilizers 

of foam.  By this reason foam films (FF) stabilized by different individual proteins (fibrillar or globular) have 

been subject of many experimental and theoretical studies [1-7dr]. Low molecular surfactants are used in 

isolating, purifying and storing of the proteins in the detergents and medicine compositions. That’s why in the 

last years the properties of the thin films of mixed solutions of proteins and low molecular surfactants are 

intensively investigated [8-12dr]. The information about of the type, structure and equilibrium film parameters 

as thickness, contact angle at different experimental conditions (protein nature and concentration, electrolyte 

concentration and pH of the medium) is important for relatively stable foams. Usually, the foams used in the 

practice are unstable ones. That’s why in these cases the film’s kinetic behavior is more important. The    

qualitative information about film properties can be drown from the evolution of the film formation and 

drainage. The video record of the film evolution not only visualizes its formation and drainage but it gives a 

crucial qualitative information about its kinetic behavior and equilibrium properties. For example based on it: 

 the stages through which the film goes from its formation to the critical state can be distinguished and 

from the latter one to the equilibrium state, respectively; 

 the type of the film in its equilibrium state can be  determined; 

 the drainage kinetic of the  films from solutions of high and low molecular stabilizers can be 

compared; 

mailto:anelia.gerasimova@mu-varna.bg
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 one can check whether the change of the pH solution only under or above isoelectric point  could  

retard the film drainage; 

 the molar ratio of the mixed solution at which is established a smooth transition  from a kinetic typical  

for high molecular substances towards a kinetic for low substances can be found; 

 one can check if the aging degree of the film surfaces leads to an increase in the time for reaching to a 

respective moment of the film drainage. 

 

The aim of the present study is: (i) to derive an information about the kinetic behavior of films stabilized 

by Bovine serum albumin (BSA), n- dodecyl - β -D maltoside (C12G2) and by their mixtures from the videos of 

their drainage evolution; to check whether the conclusions (from the videos) about the type of the film and its 

stability correlate with the thermodynamic parameters at its equilibrium state.  

Materials and methods 

The Bovine Serum Albumin was purchased from Sigma-Aldrich, USA, protein content 96%. (Mw 67 kDa). 

The nonionic sugar surfactant n-dodecyl- - D maltoside, purity >99.5%) was purchased from Glycon and 

used as received. BSA is a globular protein which molecular structure [13], volume and interface properties 

[14,15], as well as its interactions with non ionic low molecular surfactants are well studied [12,16,17]. n

dodecyl-D maltoside is a well soluble in water, non ionic sugar surfactant with temperature and pH 

insensitivity. The value of its critical micelles concentration (CMC) is equal to 1.510
-4

 mol/l [18].  

Stock solutions of BSA (1×10
-5 

mol/l) and C12G2 (1×10
-3

 mol/l) were used. The concentration of stock 

protein solution was determined by measuring the optical density A at  = 280 nm using 761
1

.%
cm

  equal to 

4.489×10
4
 l.mol

-1
сm

-1
. The pH value of the solutions (4.9 or 3.8) was adjusted by adding of a small amount of 

0.1 mol/l HCl. All experiments were performed at temperature 25C  1C.  

The BSA concentration was so chosen that the requirement for stable black film formation given in [4] to 

be kept. pH of the most solutions was equal to the isoelectric point of BSA (pI= 4.9) [19]. Two solutions 

(110
-4

 mol/l C12G2 and 110
-6

 mol/l BSA + 110
-4

 mol/l C12G2) with pH equal to 3.8 (isoelectric point of 

C12G2 films) [20] were also used. 

The molar ratios 1:1, 1:7.5, 1:50 and 1:100 were chosen based on the surface tension isotherm of mixed 

BSA (110
-6

 mol/l) solutions with C12G2 given in [21] and they correspond to weak and strong binding of 

C12G2 molecules to BSA molecule [22]. In order to differentiate the peculiarities in the evolution, kinetic 

behavior and equilibrium state of the films from the mixed solutions of BSA and C12G2, films from the 

individual substances BSA or C12G2 have been investigated as well. 

From each solution of defined composition at least 20-25 films with fresh surfaces (10 minutes after filling 

of the glass cell with solution) or with aged surfaces (35 minutes after filling of the glass cell with solution) 

were formed. A modified interferometric method (with a video registration) [23] was employed to obtain the  

evolutions of foam films stabilized by pure BSA, C12G2 or by their mixtures. The calculation of the film   

equilibrium thickness eqh ) was  based on the intensity of the reflected light from the film surfaces [24]. The 

contact angle was calculated using r1 and r2 - the radii of a common film (just before a black spot formation in 

it) and Newtonium black film respectively and Rc - radius of curvature of the liquid meniscus [23]. 

The equilibrium surface tension was measured by Sartorius balance using Whilhelmy method with frosted 

glass plate.  

Results and discussion  

In Fig. 1 peculiar moments in drainage evolution of films from BSA (110
-6 

mol/l) solution with pH= 4,9 

are presented. Its thinning is typical for protein black films described in [4] and it goes through all stages of 

film drainage. The values of the equilibrium thickness, contact angle and the excess of the surface tension in 

the film are given in Table 1. According to the values of these parameters and the BSA molecular size this 

film is a black film consisting of double hydrated adsorption layers of BSA. We have tried to shrink the 

equilibrium film (by filling back the solution in it) in order to disjoin its surfaces. It was fount that the film 

radius does not change, which shows that the solution does not enter the film, but in the transitional zone 

between the film and meniscus. This is a prove of strong interaction between the film surfaces. The observed 

picture (185 sec. from Fig.1c) is an indication for a hysteresis of the contact angle - first observed in BSA film 

by Platikanov [1]. Some moments from the evolution of the films from BSA solutions but with pH = 4 or pH 

= 8 are presented in Fig. 1ab. The above described drainage kinetic of BSA film at pH = 4.9 was not observed 

for these films. They reach an equilibrium state (grey films) within 7-15 sec. only without dimple formation 
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passing only through stages 1 and 3 of the scheme of film thinning [25]. The values of their equilibrium 

thickness (86 - 98 nm) are a proof for the existence of electrostatic stabilization determined by the charge of 

BSA molecule at these pH values. The comparison of the thinning of BSA films from solutions with different 

pH confirms the conclusion given in [4] - black protein films can be really obtained from a solution with pH= 

pI and concentration corresponding to a saturated adsorption layer.   

The moments of the evolution of film from C12G2 solution with concentration equal to 1×10
-4 

mol/l (in 

vicinity of critical micelle concentration) and pH = 4.9 are presented in Fig.1d. From them it is clear that 

within 150 sec. the C12G2 film reaches the equilibrium state without any peculiarity in the kinetic of drainage. 

The value of its equilibrium thickness is 90 nm and the value of contact angle tends to zero. It shows, that the 

film is strongly electrostatic stabilized and its surfaces are charged. From the above mentioned it follows that 

in the C12G2 adsorption layer (independently that it is with a saturation equal to 0.85 [25]) there is a strong 

residual charge. The information about C12G2 films at pH = 4.9: (i) is not in line with the literature data of 

thickness of the films stabilized by nonionic surfactants (C12E5 or C12E6 ) given in [26, 27]. According to these 

studies the film thickness in the vicinity of cmc should be decreased substantially, because of the negative 

surface charge compensation by the adsorbed non-charged C12E5 or C12E6 molecules; (ii) is in a contradiction 

with the fact that non-charged BSA molecules compensate the negative surface charge, when their 

concentration correspond to the saturation adsorption layer - a proof for this is black film formation. 

In Fig. 2 are presented moments from the evolutions of films from mixed solutions of BSA and  C12G2 with 

molar ratios 1:1, 1:7,5, 1:50 and 1:100 and with  pH = 4,9 and 3,8 (only for films from a solution with molar 

ratio 1:100). The evolution of the films from mixed solutions with molar ratio 1:1 and 1:7,5 is similar to that 

for films from protein solutions. It is seen that they form themselves passing through all the stages typical for 

one film evolution and reach to equilibrium stable black films faster than the films from BSA solution. In 

these films a dimple is formed as well which remains until the transition of the film to a black one. Thinning 

from the periphery to the centre which is typical for protein films is clearly pronounce. Some black spots arise 

in the area around the periphery but the dimple remains in the centre of the film. The velocity of spots 

increasing is high because of that some of the liquid does not succeed to drain from the film and remains as 

lenses (see Fig.2 ab moments 66, 72 sec.). It is seen that around the big lens is formed an interferometric 

picture which is a proof that the solution in the lens is in an equilibrium with the meniscus. From the pictures 

shown in Fig. 2ab it follows that: (i) the kinetic of drainage of films from the mixed solutions 1:1 и 1:7.5 is 

several times faster than that of BSA films (Fig. 1c); (ii) the films are much more non-homogeneity in 

thickness and in them are formed some cylindrical channels with different thickness. The latter one means that 

their surfaces are with higher capability of corrugation in comparison with the surfaces of pure BSA film. It is 

a result of the interaction between protein and low molecular surfactant in the mixed solutions 1:1 and 1:7,5. 

According to fluorimetric and tensiometric data in the mixed solution 1:1 one C12G2 molecule binds to each 

third BSA molecule, but in the solution 1:7,5 each BSA molecule binds one C12G2 molecule. 
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Table 1. Parameters of the solutions and the foam films obtained from them 

CF (common film); CBF (common black film); NBF (Newtonium black film) 

CBSA : CC12G2 


 mN/m 
pH 

heq 

nm 

Film 

type 


 deg. 

 
2

mN/m 

  4.0 86.5 ± 1.1 CF →0  

1:0 54.6 4.9 11.1 ± 1.2 NBF 1.1 ± 0.4 1.87 

  8.0 97.8 ± 0.7 CF →0  

  4.0 96.8 ± 1.9 CF →0  

1:1 54.4 4.9 17.0 ± 2.0 NBF 1.7 ± 0.2 4.77 

  8.0 90.8 ± 1.0 CF →0  

1:7.5 52.2 4.9 17.3 ± 0.3 NBF 1.0 ± 0.1 1.48 

1:50 

 

45.4 

4.9  

fresh surfaces 
18.3 ± 0.1 CBF   

  
4.9  

aged surfaces 
13.3 ± 1.4 CBF

** 
  

  3.8 45.2 ± 0.5 CF →0  

  
4.9 

fresh surfaces 
67.9 ± 0.8 CF →0  

1:100 35.2 
4.9  

intermediate surfaces 
8.7 ± 1.5 NBF

* 
  

  
4.9

 

intermediate surfaces 
 CBF

* 
  

  
4.9

  

aged surfaces 
 CBF

** 
  

  
4.9  

strong aged surfaces 
9.6 ± 0.8 NBF 3.2 ± 0.7 8.7 

0:1  3.8 7.4 ± 1.1 NBF 4.9 ± 0.5 26 

 35.61 4.9 91.5 ± 0.9 CF →0  

0:1 + 

0.1M NaBr 
 5.8 6.5 ±  0.3 NBF 4,7 ± 0,2 24 

*
unstable, 

** 
unequilibrium  

 

This binding leads to the formation of BSA/C12G2 associates with decreased hydrophobility in the area of 

one of the Trp residual. From the above mentioned it follows that the adsorption layers of films from pure 

BSA solution are built only from native highly hydrophobic BSA molecules which realize contacts between 

themselves. Because of that these layers have properties of a solid body. It is the reason for their lower 

capability of corrugation and retarded film thinning. The adsorption layers of the films from mixed solutions 

are built of native BSA molecules and BSA/C12G2 associates (at ratio 1:1) or of BSA/C12G2 associates (at ratio 

1:7.5) in which the interaction should be weaker. It is the reason for a higher capability of the film surfaces for 

corrugation and the formation of more domains in them, which leads to an acceleration in thinning. The 

information given for the films from mixed solutions with ratios 1:1 and 1:7.5 is in line with the model for 

thinning of non-homogeneity in thickness films suggested in [28] for films of nonionic surfactants.  According 

to this model the film is separated into several smaller sections of accelerated thinning rate. The bigger the 

non-homogeneity in film thickness, the bigger the numbers of the domains and the bigger acceleration in film 

thinning. 

In Fig. 2c1-2 are presented moments from the evolutions of films (with fresh and aged surfaces) from mixed 

solution of BSA and C12G2 with molar ratio 1:50 and with  pH = 4,9. It is seen that in the evolution of thinning 

of these films there are some stages which are typical for low molecular substances films (there is no dimple 
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formation, the black spot does not deform the rings) and stages typical for films from protein solutions 

(formation of a dark grey ring in the periphery of film and arising of a spot in it). The evolution of film with 

fresh surfaces much more looks like the evolution of film from low molecular surfactant, while the evolution 

of film with aged surfaces to the critical state repeats the protein film evolution. Based on the times given in 

the pictures it follows that the thinning of film with aged surfaces is strongly retarded. Besides, the spot arisen 

in it expands 8 – folds slower that the spot in the film with fresh surfaces. In both cases the films reach to 

equilibrium state with thermodynamic parameters corresponding to common black films (CBF) (see Table 1). 

The kinetic of thinning of films from mixed solution 1:50 with aged surfaces is slower than that for films 

stabilized  by mixtures 1:1 и 1:7,5.  It follows that in the films with fresh surfaces C12G2 molecules dominate 

which increases the mobility of the film surfaces, while in the films with aged surfaces they are replaced by 

BSA/C12G2 associates. The described peculiarities in the thinning of films from mixed solution 1:50 are an 

additional proof to the tensiometric, fruorimetric and AFM data [29] for the  formation of mixed adsorption 

layers on the film surfaces. The difference in the evolution pictures of the films with fresh and aged surfaces is 

connected with the fact that firstly is adsorbed the low molecular surfactant and at a later stage - BSA/C12G2 

associates which are with lower surfactant activity because of their decreased hydrophobility. 

In Fig. 2d are presented moments from the evolutions of films from mixed solution of BSA and C12G2 with 

molar ratio 1:100 and with pH = 4,9. The evolutions noted from film2 to film 13 are for films with different 

degree of aging of their surfaces, because the video records are taken 5,15,17, 25 and  35 minutes after filling 

of the solution in the glass cell, respectively. According to Fig. 2d1 the film with fresh surfaces thins to thick 

grey film with a thickness around 67 nm and a contact angle tending to zero. Its evolution is similar to that of  

film from C12G (110
-4 

mol/l) solution with  рН = 4.9 (see Fig. 1d). It permits us to suppose that on the film 

surfaces C12G2 molecules adsorb predominantly. The evolutions of the films with intermediate times of aging 

(films 4 and 9) are similar and they look like the evolution of films stabilized by low molecular surfactants. A 

dimple does not form in them and they thin through the formation of globes, or channels in them. The 

evolutions of these films become different after their critical state. In some of them (see film 4) mobile black 

spots are formed. They expand, fuse and fill the film, which becomes instable and it raptures. In some others 

of them (see film 9) a lot of small black spots are formed, which freeze in the film and it can non reach to an 

equilibrium state. In the films with aged surfaces the black spots appear earlier in time, but their spreading is 

much slow and they freeze before to spread in the whole film. At film contraction the spot fills up the film, but 

after its expansion it becomes clear that the spot has kept its radius, which is an evidence that the film surfaces 

have become solid (see film 10). The evolution of film with strong aged surfaces (see film 13) is similar to 

that of film from C12G2 solution with electrolyte (see Fig. 1f). 

In order to explain the found non typical evolution of the films from mixed solution 1:100 the following 

hypothesis has been suggested. According to the composition of solution, surface activity and adsorption 

kinetics of the used surfactants [29] first should be adsorbed C12G2 molecules. The fact that the films with 

fresh surfaces are common (see Table 1) indicates that this adsorption does not lead to fully screening of the 

electrostatic in the film. It is additionally suppressed by the adsorbed later BSA/C12G2  associates. The formed 

black spots and metastable state of the film with intermediate aging times prove it. The rearranging of the 

BSA/C12G2 associates in the adsorption layer leads to a congestion and to an increase in its modulus of 

elasticity [30], which is a reason for the black spots freezing and stopping their expansion. When the times of 

aging are long it is possible some of BSA/C12G2  associates to be displaced by C12G2 ones. If it is realized the 

films surfaces become more mobile and will reach to equilibrium Newtonian films (NF), which really takes 

place in our study. It follows that the suggested hypothesis supposes a formation of a mixed adsorption layer 

with a dominantly presence of C12G2, as well as and co-adsorbed BSA/C12G2  associates. It has been checked 

by a comparison of the evolution of film with strong aged surfaces (film 13) from mixed solution (BSA:C12G2 

= 1:100, pH = 4.9) with that of film  (Fig.1f) from C12G2 solution (with fully suppressed electrostatic 

stabilization achieved by an addition of electrolyte 0.1 M NaBr). From Fig. 2d5 it is seen that the correlation 

between thinning of these films is a good one (in both cases the films reached to NB). The films from the 

mixture thin slowly, nevertheless they also reach to the same equilibrium state (NF), but their transition to NF 

is realized more slowly. It allows the expansion of the Newtoniun black spot to be followed up, which is 

impossible in the case for pure C12G2 films with suppressed electrostatic. The slowly thinning, as well as the 

kinetic of spot spreading prove the presence of BSA/C12G2  associates on film interfaces. 

According to the evolutions of thinning the films from solutions of BSA and its mixed solutions with C12G2 

with molar ratios 1:1, 1:7.5 и 1:100 (with strong aged surfaces) and with рН = 4.9 are NB. This conclusion 

should be correlated with data for the film thickness and its contact angle from Table 1. According to the 

accepted criterion for NBF from low molecular surfactants (values of thickness below 10 nm and contact 

angle above 1 degree) data for these parameters do not correspond to NF.  If the dimensions of the BSA 
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molecule is taken into account and its possibility to adsorb in position side – on or side – in then the films of 

pure BSA solution and from its mixed solutions with molar ratios 1:1and  1:7.5 could be accepted as 

Newtoniun black by the following reason:  the thickness of films from BSA solution (11 nm) corresponds to 

two  hydrated  adsorption layers, in which one BSA molecule with dimension of  4 nm is in side – оn position; 

thickness of the films from the mixed solutions with molar ratios 1:1 (17 nm) and 1:7.5 (17.3 nm) also 

corresponds to two hydrated adsorption layers, which however are from BSA molecules and BSA/C12G2  

associates for 1:1, or  from  BSA/C12G2  associates for  mixture 1:7.5.  
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Fig. 1.Moments of film evolution for protein foam films (110
-6

 mol/l BSA) and for C12G2foam films (110
-4 

mol/l with and without electrolyte), at different pH values. 

 

According to the video pictures for the equilibrium state the films from mixed solution with molar ratio 1:50 

are common black films with a good interferometric picture around them. This is in a good correlation with 

data for film thickness (13 nm) and contact angle (below 1 degree) (see Table 1). 
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Fig. 2.Moments of film evolution for mixed solution of BSA (110
-6

 mol/l) and C12G2 (110
-6

; 7.510
-6

;  

510
-5

; 110
-4 

mol/l), at different pH values. 
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The evolution pictures of films from a solution 1:100 with surfaces with different degree of aging as the data 

from Table 1 are an indication for a competitive adsorption between C12G2 and the lyophilized BSA/C12G2 

associates. C12G2  molecules dominate in the films with fresh  surfaces,  but as their concentration is below 

CMC they do not succeed to neutralize the negative charge, that is why the film thickness is around 70 nm. 

With time single BSA/C12G2 associates adsorb, the charge is neutralized and the film stability decreases. 

Further stabilization of the films and the decreasing of the velocity of spot spreading are a sign of a new 

BSA/C12G2 associates adsorption. However in the films with strong aged surfaces they are replaced by C12G2 

molecules and the films are with thickness and angle corresponding to Newtonian.  

The correlation between the visual pictures and the values of thermodynamic parameters is a good one for 

the films obtained from BSA solutions with pH different of isoelectric point- equilibrium yellow thick films 

with thickness around 90 nm and contact angle tending to zero. 

Conclusions 

The evolutions of thinning of films from individual solutions of BSA, C12G2 and from their mixed 

solutions of molar ratios 1:1, 1:7.5, 1:50 and 1:100 with pH = 4.9 were recorded by interferometric method. 

Based on them the stages through which the film goes from its formation to the equilibrium state were 

distinguished.  

1. It was shown that: 

 the difference between the kinetic of drainage of films stabilized by high and low molecular 

surfactants  is drastic; 

 only the change of the pH solution under or above isoelectric point strongly retards the film drainage; 

 the transition of the kinetic of thinning of films from mixed solutions from a kinetic typical for high 

molecular substances towards a kinetic for low substances depends on the molar ratio between the 

components in the solution: (i)  the evolution of the films from mixed solutions with molar ratio 1:1 and 1:7,5 

is similar to that for films from protein solutions; (ii)  the evolution of film from mixed solution 1:50 with 

fresh surfaces much more looks like the evolution of film from low molecular surfactant, while the evolution 

of film with aged surfaces to the critical state repeats the protein film evolution; (iii) the time for reaching to a 

respective moment of the film drainage  increases as a function of the aging degree of the film surfaces. 

2. Based on the analysis of the evolutions of drainage of films from a solution 1:100 with different degree of 

aging of film surfaces, the comparison between them and the evolution of film from a solution of C12G2 (with 

suppressed electrostatic) a conclusion for co-adsorption of BSA in the film surfaces was drown. 

3. From the picture of the film corresponding to its equilibrium state the type of the film was determined. 

From the analysis of this picture by Image program the equilibrium thickness and contact angle were 

calculated. 

4. It was found that the criterion for NBF (based on the values of film thickness and contact angle) is not 

directly applicable for films from protein solutions or mixed solutions with the participation of proteins. 
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Abstract: The investigation was performed to test the potentials of the fingerprint clustering algorithm for a 

set of 1599 red wines in relation to some wine properties, comprised in the notion ‘wine quality”. We have 

obtained a distribution of the wines into different clusters as a result. Each cluster was composed of wine 

objects with similar values of laboratory parameters and with a wine quality certificate. A correlation 

between the quality of wines (a sensory taste factor) and the phisicochemical descriptors (laboratory 

analytical test results data) was observed and analyzed.  

Key words: similarity search, descriptor fingerprints, red wine clustering 

Introduction 

In recent years, the interest in wine consuming has increased, leading to growth of the wine industry. As  

a consequence, companies are investing in new technologies to improve wine production and selling. Quality 

certification is a crucial step for both processes and is currently largely dependent on wine tasting by human 

experts. This work aims at the prediction of wine preferences from objective analytical tests that are available 

at the certification step.  

 The investigation was performed to test the potentials of  a fingerprint clustering algorithm for a set of 

1599  red wines in relation to some wine properties, comprised in the notion ‘wine quality”.  

Wine certification is generally estimated by physicochemical and sensory tests [1].  Routine laboratory 

tests used to evaluate wine quality include analytical determination of some physicochemical wine descriptors 

such as sugar content, density, alcohol, pH values, while sensory tests rely mainly by experts. The sensory 

tests are usually carried out by human senses such as flavor and taste and they require extremely experienced 

persons. The relationships between the physicochemical and sensory analysis are too much complex and still 

poorly understood [2], thus wine classification becomes a serious problem. Our investigation aimed to check 

and expose the possibility of the descriptor fingerprints procedure to rank and distinguish different classes of 

red wines. 

 

Experimental 

A large dataset of laboratory analytical test values (11 items) for a group of 1599 red wines (vinho 

verde samples from Northen regions of Portugal) was taken from literature [3] and used for descriptor 

fingerprints creation. Descriptor fingerprints were generated on the basis of physicochemical laboratory data 

routinely used for wine characterization (fixed and volatile acidity; residual sugar, total and free sulfur 

dioxide, citric acid, chlorides, sulfates, density, pH and alcohol content). As a next step similarity search was 

carried out and followed with clustering procedure of Butina [4].   

 

Results  

We have obtained a distribution of 1299 wine objects into 12 different clusters as a result of similarity 

search based on descriptor fingerprints. Each cluster was composed of objects with similar values of 

laboratory parameters and with a wine quality certificate. The wine quality is characterized by a 10-point 

system (point 0 means very bad wine quality; point 10 is equal to excellent quality) and is perceived 

mailto:ivan.bangov@
mailto:mmarinan@abv.bg
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subjectively by a flavor and taste sense perception. The quality of the wine samples in our case varied between 

4-7 points. In the end of similarity search some wines of the same quality has fallen into different clusters with 

different values of the laboratory descriptor parameters and vice verse the wines falling in the same cluster 

clearly show either the same or closely similar laboratory test parameters. 

 

Discussion 

A correlation between the quality of wines and the phisicochemical descriptors was observed.  

The diagrams on Figures 1-8 illustrate the values varying (min, max and mean) for different laboratory 

wine quality tests specific for the cluster. Each of the 12 generated clusters unites the wines with equal taste 

quality (indicated on the x-axis as „q”). In order to check the quantitative relationships between the wine 

quality (Q) and the laboratory tests values we performed the correlation analyses and generated the multiple 

linear regressions MLR: 

Q=133.4(65.9) +0.18(0.07)acidfix. - 0.99(0.28)acidvolatile  - 

 -0.12(0.05)sugarresid -2.88(1.03)Cl +1.5(0.66).10
-2

SO2(free) – 

- 2.2(1.7).10
-3

SO2(total)  -132.72(67.31)dencity + 

+0.54(0.51)pH +1.01(0.39)sulphates +0.125(0.088)alcohol 

(  R = 0.68;  R
2
 = 0.462; s = 0.429;   F = 11.2) 

The red wine quality (Q) was performed as a linear combination of routine laboratory test descriptors. 

All analytical descriptors used (except citric acid content) proved a significant effect on the red wine quality. 

According to oenological theory the citric acid and the residual sugar levels are more important in white 

wines, where the equilibrium between the freshness and sweet taste is more appreciated. In our equation the 

descriptor “residual sugar” enters with a negative sign and low significance (Fig.1).  

In the equation the red wine quality is favorably influenced with the presence of sulfur dioxide in the 

free form; presence of sulphate ions, alcohol content and acidity of the medium (pH and fixed acidity).  

The most intriguing result is the high importance of sulphates (Fig.2). 
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Figure 1. 

 

Oenologically this result could be very interesting. An increase in sulphates might be related to the 

fermenting nutrition, which is very important to improve the wine aroma. 
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Figure 2.  
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Figure 3. 

 

It was interesting to see why the wine samples of equal quality has been combined in different clusters 

(for example wines with mediate quality q=5 fall into 1, 2, 5, 6, 8 and 9 cluster; with quality q=7 – into the 

forth and the seventh cluster; with q=6 - into cluster 3, 10 and 11).  At 1-8 Figures can be compared 

quantitative laboratory test results for individual clusters. 
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Figure 4. 
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Sulphurous acid is is widely used in winemaking thanks to its antiseptic and antioxidant property.  It 

blocks some of the oxidative enzymes and also paralyzes the function of the yeast cell. Cultural yeast 

(Sacch.vini) also proved deficiency of oxygen. But they switch to anaerobic metabolism of the matter, i.e. to 

fermentation.  The sulphurous acid may exist in wine wort either as an undissociated form, as a gas SO2, or in 

the form of (SO3)
-2

 or (HSO3)
-
 anions. 
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Figure 5.  

 

Just the undissociated form of sulphurous acid has antiseptic properties. The concentration of the 

undissociated form in the wine solution is very low (Fig.3) and depends on pH (Fig.5) and on the temperature 

of the solution.  
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Figure 6. 

 

The sulphurous acid stimulates the alcoholic fermentation. It acts as inhibitor and suppresses the 

oxidative activity of enzymes and prevents the formation of the oxidized products, spoiling the taste of wine 

bouquet.  Sulphurous acid acts as an acceptor of oxygen and leads to a reduction of its quantity in the raw 

material and so stops the growth of aerobic microorganisms. 



  ASN, Vol 4, No 1, Pages 29-33, 2017 

33  

Corresponding author:  ivan.bangov@gmail.com, mmarinan@abv.bg 

DOI: 10.1515/asn-2017-0005 ©2017 “K.Preslavsky”University of Shumen. All rights reserved 

 

Fixed acidity ( g/(tartaric acid)/dm3)

0

2

4

6

8

10

12

14

16

18

cluster 1
 ( q

 = 5)

cluster 2
 ( q

 = 5 )

cluster 3
 ( q

 = 6 )

cluster 4
 ( q

 = 7 )

cluster 5
 ( q

 = 5 )

cluster 6
 ( q

= 5 )

cluster 7
 ( q

 = 7) 

cluster 8
( q

 = 5 )

cluster  9
 (q

 = 4 )

cluster 1
0 ( q

 = 6 )

cluster 1
1 ( q

 = 6 )

cluster 1
2 ( q

 = 5 )

whole ra
nge

min

max

mean

 
Figure 7. 
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 Figure 8. 

 

An increase in the alcohol tends to result in a higher quality of the wine (Fig.6). Formation of alcohols 

occurs at the biochemical fermentation processes:  in processing of grapes under anaerobic conditions to 

produce dry wines and champagne. 

 

Conclusion 

Using of descriptor fingerprints for similarity search groups the red wine samples into different clusters 

with similar certificate quality and comparable to sensory tests. 
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Abstract: The present work is a review of theoretical and experimental study on the adsorption 

performance of the adsorbent Alumina (Al2O3) used in the adsorption system. An experimental 

investigation on the equilibrium adsorption isosteres at low pressure (< 1 atm) of working pairs Al2O3/ 

H2O and Al2O3/ C2H6O2 is carried out. The isovolume measurement method is adopted in the test setup to 

directly measure the saturated vapor pressures of working pairs at vapor-liquid equilibrium (dG=0 and 

dµi=0). Quantity adsorbed is determined from pressure, volume and temperature using gas law. The 

isosteric heat of adsorption is calculated from the slope of the plot of lnP versus 1/T different amounts of 

adsorbate onto adsorbent as follows: 0,01 vol% Al2O3 / H2O; 0,03 vol% Al2O3 / H2O; 0,1 vol% Al2O3 / 

H2O; 0,01 vol% Al2O3 / C2H6O2; 0,03 vol% Al2O3 / C2H6O2; 0,1 vol% Al2O3 / C2H6O2. This study shows 

that adsorption working pair Al2O3/ C2H6O2 has better adsorption performances than those of the Al2O3/ 

H2O. Surface acidity is a most important property for both adsorption and catalysis and therefore is 

examined structure of active sites of alumina surface. Thermodynamic parameters such as isosteric heat 

of adsorption, isosteric enthalpy and entropy of adsorption are critical design variables in estimating the 

performance and predicting the mechanism of an adsorption process and are also one of the basic 

requirements for the characterization and optimization of an adsorption process. 

Keywords: heterogenous acid-base catalyzer, surface acidity, polar organic solvent, isosteric heat of 

adsorption, isosteric enthalpy and entropy of adsorption 

Introduction 

Studying the thermal conductivity of nanofluids, fluid suspensions of nanometer-sized particles, has 

grabbed the considerable attention of scientists and engineers in the last decade.  The value of liquid 

thermal conductivity is several orders lower than most of the metals or metal oxides (Table 1).  

Table 1. Thermal Conductivity Comparison [1]. 
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Only four types of generic sorbents have dominated the commercial use of adsorption: activated carbon, 

zeolites, silica gel, and activated alumina. Estimates of worldwide sales of these sorbents are shown in 

(Table 2):  

 

Table 2. Worldwide sales of generic sorbents (Humphrey and Keller, 1997) [2]. 

 

The efficiency with which electromagnetic radiation is converted into heat is dependent on the dielectric 

properties of a solvent, i.e., solvents with strong ability to be polarized by the electric field are particularly 

advantageous for rapid heating. Organic solvents with high microwave adsorbing properties are ethylene 

glycol, ethanol, dimetylsulfoxide, isopropanol or formic acid. Solvents without a permanent dipole 

moment like carbon tetrachloride, benzene or dioxane are nearly microwave transparent. Nevertheless, 

also these solvents can be used for microwave chemistry, as long as other reagents in the reaction mixture 

are polar. Furthermore, polar additives like ionic liquids can be added to otherwise low-adsorbing media 

to increase the absorbance. Fast and efficient heating as provided by microwave irradiation bears great 

potential for large-scale synthesis without suffering thermal gradient effects, and therefore this method 

became also interesting for the preparation of inorganic nanomaterials. The fast energy transfer directly to 

the reactants allows an instantaneous decomposition of nanocrystal precursors, creating highly 

supersaturated solutions [3]. 

Sorbents with highly polar surfaces (e.g. activated alumina, silica gel, and zeolites) would be desirable for 

a targeted molecule that has a high dipole moment (and high polarizability). If the targeted molecule has a 

high quadrupole moment, sorbents with surfaces that have high electric field gradients are needed. 

Activated alumina is a versatile sorbent that can be tailored for many special applications. New 

applications continue to be developed, mainly by the aluminum companies. Little is disclosed on the 

details of their modifications. However, the modifications follow simple general principles of surface 

chemistry, such as acid-base chemistry. Two methods are used for tailoring: (1) variation of the activation 

process, and (2) use of dopants. The following are proven applications of various tailored aluminas [2]: 

 Removal of HCl and HF from gases and liquids; 

 Removal of acidic gases (COS, CO2, H2S, CS2) from hydrocarbons; 
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 Removal of oxygenates and Lewis Bases; 

 Removal of polar organic compounds; 

 Removal of As
5+

, PO4
3-

, Cl
-
, and F

- 
from water; 

 Scavenger for organic process liquids; 

 Alkalized alumina for SO2 removal. 

In study of adsorption thermodynamics, it appears that determination of value of the thermodynamic 

quantities such as activation energy, activation parameters, Gibb’s free energy change, enthalpy, entropy, 

and isosteric heat of adsorption are required [4]. 

Theory 

As with ions in solution, the polarity and ionization of surface groups cause their solvation. The presence 

of a hydration layer on the surface of particles plays a major role in the behavior of colloidal dispersions. 

Hydrogen bonds in liquid water are responsible for a number of properties of the liquid, and that the 

presence of ions in the liquid does alter its local structure. The surface groups M-OH, M-OH2
+
 and M-O

-
 

are polarized and develop very strong interactions with water. They also have a very strong structuring 

effect on the liquid. Measurements of immersion and adsorption heats, as well as dielectric measurements 

on oxide surfaces, show that the 2-3 layers of physisorbed water adjacent to the first chemisorbed water 

layer are immobilized by pairs of hydrogen bonds forming an order similar to that of ice. These bonds are 

still present at room temperature (Figure 1). 

 

Figure 1. Adsorption of water on an oxide surface [5]. 

Adsorption of Organic Compounds - Hydrocarbons as well as oxygenated compounds, such as alcohols, 

are reactants in a large number of metal catalyzed reactions of great industrial importance. The mode and 

strength of adsorption of organic compounds on catalytic surfaces plays a dominant role, concerning not 

only the activity but, more important, the selectivity to specific products. In this respect the effect of 

additives, acting as poison or promoters, is crucial in determining the desired direction of a reaction where 

organic species participate [6]. 

Specific and non-specific adsorption - The effect of polarity in enhancing the energy of interaction has 

been discussed by Kiselev and his associates who distinguish between non-specific adsorption, where 

only dispersion and repulsive forces are involved and specific adsorption, where coulombic contributions 

are present in addition. The kinds of interactions resulting from each of the possible adsorbent-adsorbate 

combinations are summarized in (Table 3): 
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Table 3. Specific and non-specific adsorption [7]. 

 

(Table 4) contains both inorganic and organic compounds. Organic compounds are similar to inorganic 

ones when the functional groups responsible for their acid-base properties are the same. Thus, alcohols 

(ROH) are similar to water (HOH) in both their Brønsted acidity (ability to donate a proton from oxygen) 

and Brønsted basicity (ability to accept a proton on oxygen).  

Table 4. Properties of some Brønsted Acids as possible adsorbates for Al2O3 (adsorbent class II)            

[8, 9, 10].   

Brønsted Acid 

(Formula) 

Thermal 

Conductivity 

in W/mK 

(25°С) 

Dielectric 

constant,  

Dissociation 

constant 

pKa (25°С) 

Conjugate base 

I.Adsorbate group D: Water – high polar ( > 40) and Alcohols – middle polar ( = 1040) and high 

polar ( > 40) - nonspecific and specific adsorption 

Water HOH 0,6062 80,1 14 HO
-
 

Ethylene glycol  

HO-CH2-CH2-OH 
0,254 41,4 14,22 (CH2O

-
)2 

Propylene glycol  

HO-CH2-CH2-CH2-OH 
0,200 27,5 14,8 (CH2)3O

-
2 

Methanol CH3OH 0,202 33 15,54 CH3O
-
 

Isopropyl alcohol 

(CH3)2CHOH 
0,135 20,18  17 (CH3)2CHO

-
 

tert-Butyl alcohol 

(CH3)3COH 
0,112 12,47  18 (CH3)3CO

-
 

II. Adsorbate group A: Saturated hydrocarbons – non polar ( < 4) – nonspecific adsorption 

n-Hexane C6H14 0,1167 1,8865  18 CH2=CH(CH2)3CH
-
3 

 

Studies have shown that the more stable a carbocation is, the faster it is formed. These studies 

demonstrate that alkyl groups directly attached to the positively charged carbon stabilize a carbocation. 

Thus, the observed order of carbocation stability is:  
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Figure 2. Increasing carbocation stability [8]. 

The important thermodynamic variable to describe the heat effects during the adsorption process is the 

isosteric heat of adsorption. The isosteric heat of adsorption Qa is determined graphically from angular 

coefficient of straight line (Figure 3). 

                                                                      

Figure 3. Isostere in lnP = f(1/T) coordinates [11].                      Figure 4. Isosteres of liquids [12].                                                                                        

If the slope of all isosteres is constant, that means, in examined interval the heat of adsorption is not 

depending on degree of filling of surface [13]. 

New adsorbents very interesting in adsorption and chromatography are porous polymers. Depending on 

content-rate of binding element can prepare porous polymers with specific surface area 10600 m
2
/g. 

That sort of adsorbents possess specific character, activated -bonds on their surfaces. According to 

Kiselev’s classification, these adsorbents are class III, i.e. carry on surface negative charge. (Figure 5) 

shows dependence of heat of adsorption of substances on their electron polarization.          

 

Figure 5. Dependence of heat of adsorption of substances from group A, B, D on electron polarization of 

their molecules on porous polymer (class III) “Хромосорб-102“ [14]. 
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Activated alumina has higher ultimate capacities for water vapor than zeolites do. When high removals of 

water vapor (to very low dew points) are required, zeolites are used because their water capacities at very 

low concentrations are higher, as shown in (Figure 6).     

 

Figure 6. Comparison of water adsorption on various sorbents [2]. 

 

 

Figure 7. Adsorption isotherms of different organic solvents such as ethyl acetate (EA), methanol 

(MeOH), terahydrofuran (THF) and methylethyl ketone (MEK) on -alumina particles (0,1 g) at various 

temperatures [15]. 

 

Pore structure and surface chemistry of the activated alumina can be manipulated and controlled. The 

acidity of the surface can be increased by treatment with acid, such as HCl and HF (Figure 8.1). Sorption 

volume increases by higher electrolyte content (Figure 8.2).  

 

Figure 8.1. Figure 8.1. Alumina surface by the acid treatment [16]                                                          
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Figure 8.2. Isoterms of adsorption of water vapor on Al(OH)3, manipulated with supersound (6 min) and 

vibration (6 min) in presence of electrolyte AlCl3; 1–Al(OH)3, 2, 3, 4 – isoterms of adsorption on 

Al(OH)3, manipulated with supersound and vibration in presence of 2, 4, 6 mass% electrolyte AlCl3 

respectively [17]. 

 

The investigations were carried out by constant temperatures 60 and 75 °С for pure isopropanol and 

nannofluids with mass concentration of nanoparticles Al2O3 0,05 and 0,1 mass.%. The experimental data 

for influence of nanoparticles on heat transfer coefficient is shown on (Figure 9). The analysis of given 

boiling curves show, that presence of nanoparticles in liquid can increase heat transfer coefficient at 

boiling with 1026%. This effect is observed only by small densities of heat flux and decrease with 

increasing of temperatures and concentrations of nanoparticles. By high densities of heat flux the 

presence of nanoparticles in base liquid lead to decreasing intensity of heat exchange [18].   

 

Figure 9. Dependence of heat transfer coefficient , W/(m
2
.K) on density of heat flux q, kW/m

2
 [18]. 

 

Materials and methods 

Al2O3 is acid component and owns weak acidity. Activated alumina is crystalline and is also widely used 

as a desiccant. The exterior surfaces of -Al2O3 are rich in OH groups. Oxygen vacancies (defects) are 

easily formed on its surfaces, thus alumina has both Lewis acid sites (i.e. sites that can accept electrons, 

these are the Al
3+

 sites on the surfaces) and Brønsted acid sites (i.e., -OH groups that can donate protons) 

(Figure 10). The surface chemistry, as well as the pore structure of activated alumina, can be modified, 

for example, by treatment with acid (HCl or HF) or alkaline (to alter the acidity) and controlled thermal 

treatment (to tailor the pore structure) [2].  
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Figure 10. Structure of active sites of alumina surface (-Al2O3). 1-Brønsted acid sites; 2-Lewis acid site; 

3- Base site [19]. 

 

As seen in (Table 5), -alumina has a good surface area for adsorption and a good macropore volume and 

mean pore size for fast transport of molecules from the surrounding to the interior.  

 

Table 5. Typical characteristics of -alumina [20]. 

 

Ethylene glycol (C2H6O2) is an organic polar solvent that can be used over a wide range of temperatures. 

Ethylene glycol is popular in snow-melting systems because of their moderate cost, high specific heat, 

and low viscosity; ease of corrosion control is another advantage. Automotive radiator antifreezes are 

mostly based on ethylene glycol. Owing to the strong hydrogen-bonding properties of this double alcohol, 

this substance is completely miscible with water and many organic liquids, and contributes only a very 

small vapor pressure of its own. Besides lowering the freezing point, antifreeze also raises the boiling 

point, increasing the operating range of the cooling system.  

 

Heat is not a state function and the value of the heat of adsorption depends on both the experimental 

conditions and the employed method of measurement [21]. Method of measurement is heat of adsorption 

from Indirect Non-Calorimetric Method. 

Results and discussion 

Table 6. Observations on the equilibrium adsorption of Al2O3 suspensions’ test samples at low 

pressure (< 1 atm). 

Test 

sample 

№ 

Suspension 
Surface concentration of 

adsorbent (Al2O3), m
2
/mol 

Qads, 

J/kg 
Hads, 

J/kg 

Sads, 

J/(kg.K) 

1.1 0,1 vol % Al2O3/ C2H6O2 39,3743 29,56 -29,56 -4,52 

1.2 0,03 vol % Al2O3/ C2H6O2 10,8619 30,21 -30,21 -4,54 

1.3 0,01 vol % Al2O3/ C2H6O2 5,4309 33,46 -33,46 -4,68 

2.1 0,1 vol % Al2O3/ H2O 11,4250 35,69 -35,69 -5,73 
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2.2 0,03 vol % Al2O3 / H2O 3,1517 30,80 -30,80 -5,58 

2.3 0,01 vol % Al2O3/ H2O 1,5759 34,14 -34,14 -5,68 

The natural logarithm of p was plotted for a given surface concentration of adsorbent Al2O3, against the 

inverse of the temperature in Kelvin in (Figure 11(a)) and (Figure 11(b)). The pressure in each case was 

measured. This gives the isosteric plot as defined by Clausius-Clapeyron equation.  

     
     

   
  

     

 
        (1) 

From these plots is found: 

 the isosteric enthalpy of adsorption Hads from the slope and  

 the isosteric entropy of adsorption Sads from the intercept. 

Heat of adsorption and enthalpy of adsorption [22]: 

    Qads = - Hads         (2) 

The adsorption of gases and vapors on solids is always an exothermic process.      

      Qads  > 0, (Н < 0)         (3) 

Figure 11. (a) Figure 12. (a) 
 

Figure 13. (a) 
 

Figure 14. (a) 

 
Figure 11. (b) 

 
Figure 12. (b) 

 
Figure 13. (b) 

 
Figure 14. (b) 

Figure 11. Equilibrium 

adsorption isosteres p = 

f(T) by a=const of the 

composite adsorbent:  

(a) Al2O3 / C2H6O2 and  

(b) Al2O3 / H2O. 

Figure 12. Equilibrium 

adsorption isosteres 

lnP=f(1/T) by a=const of the 

composite adsorbent:  

(a) Al2O3 / C2H6O2 and  

(b) Al2O3 / H2O. 

Figure 13. Isosteric enthalpy of 

adsorption as a function of 

surface concentration of 

adsorbate: 

(a) C2H6O2 on adsorbent Al2O3 

and  

(b) H2O on adsorbent Al2O3. 

Figure 14. Isosteric 

entropy of adsorption as a 

function of surface 

concentration of 

adsorbate:  

(a) C2H6O2 on adsorbent 

Al2O3 and (b) H2O on 

adsorbent Al2O3. 
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Figure 15. Saturation of phase boundary of test sample №1.1, №1.2 and №1.3 (according Table 6). 

 

Equilibrium adsorption isosteres p=f(T) correspond to increasing quantity of adsorption а1 > a2 > a3 

(Figure 11). The straight lines mean that the enthalpy of adsorption can be regarded as a negligible 

function of temperature. The results for the isosteric enthalpy and entropy of adsorption are plotted in 

(Figure 13(a), Figure 13(b), Figure 14(a) and Figure 14(b)). The values in both plots are changing with 

surface concentration of adsorbate (a) C2H6O2 (b) Distilled water H2O. In (Figure 13(a) and Figure 14(a)) 

both decrease with increasing surface concentration of adsorbate C2H6O2. The isosteric enthalpy varies 

between -29,56 and –33,46 J/ kg. The isosteric entropy varies between -4,52 and -4,68 J/ (kg.K). The 

effect of the concentration is much more noticeable on the value of the enthalpy Hads, 390% of change, 

than on the entropy Sads, 16% of change, indicating large enthalpic effects on the surface. The 

conclusion is that the system has characteristic properties for physisorption. 

Conclusions 

A set of specific adsorption in the system solid-solvent organic and nonorganic molecules is explained in 

the work as a result of theoretical and experimental material. Key conclusions can be summarized as 

follows:   

 The higher adsorption of C2H6O2 on the alumina surface is accompanied by the formation of 

hydrogen bond as both alumina surface and (HO-CH2-CH2-OH) contain hydroxyl groups and C2H6O2 

has weaker acid properties in comparison with H2O. 

 The higher adsorption of C2H6O2 is due to higher surface concentration of Al2O3/ C2H6O2 in 

comparison with Al2O3/ H2O (Table 6). 

 From Figures 11(b), 12(b), 13(b) and 14(b) can see negligible change of isosteric heat of adsorption, 

enthalpy and entropy for suspension of polar adsorbate H2O on Al2O3, i.e. negligible adsorption and 

in this instance alumina surface can treat with acid, such as AlCl3 (Figure 8) or can replace with other 

adsorbent like zeolite (Figure 6) . 

 The enthalpy values of Hads < 50 kJ.mol
-1

 for Al2O3/ C2H6O2 and Al2O3/ H2O confirm that 

physisorption was involved in the adsorption process.  

 Negative Hads and Sads suggest that the adsorption of gases and vapors H2O and C2H6O2 onto solid 

Al2O3 was exothermic (Qads>0) and nonspontaneous (S<0). 

 Type IV isotherm, multilayer adsorption for suspensions high porosity Al2O3/ H2O and Al2O3/ 

C2H6O2. 
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 The heat of adsorption increase with increasing of alkyl groups in primary, secondary and tertiary 

alcohols (Figure 5) from studied literature. 

 Adsorption and heat transfer coefficient at boiling decrease with increasing of temperatures, densities 

of heat flux and concentrations of nanoparticles (Figure 9) from studied article.   
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Abstract: Nepeta nuda subsp. nuda is a medicinal plant growing wild in Bulgaria. Different species of Nepeta 

genus have been reported to possess allelopathic potential. The present study was conducted to observe its 

phytotoxic effects on T. aestivum and C. sativus L. seeds in laboratory conditions. Nepeta water extracts 

(NWE) prepared from aerial parts of plants at concentrations 2, 4, 6, 8, 10, 12 and 14 g/l were tested. The 

rate of seed germination, the root and shoot length, fresh and dry weight of seedlings were observed after 

treatment with NWE. As a control served seeds treated with distilled water. Germination was not affected, but 

NWE showed deterioration in seedling growth. Roots were more affected than shoots. The fresh and dry 

weights were reduced upon treatment with the extracts tested. These negative effects were dose-dependent. 

The overall results indicate presence of water soluble allelochemicals in Nepeta nuda subsp. nuda.  

Keywords: Nepeta nuda subsp. nuda, allelopathy, root and shoot growth inhibition, fresh and dry weight. 

Introduction 

Secondary metabolites in plants have drawn great attention due to increasing public concern against 

synthetic agrochemicals [1, 2, 3]. Different medicinal plants from Lamiaceae family have been studied for 

their allelopatic potential. Allelopathy of essential oils has been documented [4, 5, 6, 7]. There are also data on 

presence of water soluble substances in plant tissues [8, 9, 10]. The effects of allelochemicals on sensitive 

plants can easily be tested in laboratory conditions: plants` responses such as changes in seed germination, 

plant height and root length, dry and fresh weight are estimated [1]. 

The genus Nepeta (Lamiaceae) includes approximately 250 species [11]. Various valuable 

constituents have been found in Nepeta essential oils – nepetalactones, germacrene D, β-caryophyllene; 

camphor, cineole, borneol, camphene etc. [12, 13, 14, 15]. Essential oil composition of Nepeta genus exhibits 

significant variations according to the geographic region, climatic conditions, time of plant collection etc. 

[15]. Different species of Nepeta genus are reported to possess some biological activity and are used in folk 

medicine [16, 17]. Allelopathic potential of this genus was also revealed. Phytotoxicity of Nepeta essential 

oils has been mainly tested [18, 19, 20, 21, 22, 23, 24]. Allelopathy of water extracts has been studied by very 

few authors [25, 26].  

Nepeta nuda subsp. nuda L. (syn. Nepeta pannonica L.) is a valuable medicinal plant widespread in 

Europe [12, 27]. This plant is growing wild in Bulgaria [28]. To the best of our knowledge, there are no 

studies on phytotoxicity of Nepeta nuda subsp. nuda water extracts. 

The aim of this study was to evaluate the allelopathic activity of water extracts made from the aerial 

parts of Nepeta nuda subsp. nuda in laboratory conditions using: 1) germination and root/shoot elongation and 

2) fresh and dry weight assays. 

2. Materials and methods 
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2.1. Plant material 

Aerial parts of plants cut about 30 cm from the top were collected in the summer of 2014 near Sofia 

and dried at room temperature. For allelopathic studies, seeds of Cucumis sativus L. cv. Gergana and Triticum 

aestivum L. cv. GTW were used. 

2.2. Plant extracts. The air-dried and finely ground aerial parts of Nepeta nuda subsp. nuda were 

placed in distilled water and left to stay for 24 h at room temperature. The nepeta water extracts (NWE) were 

then filtered through filter paper. The test extracts were prepared at concentrations 2, 4, 6, 8, 10, 12 and 14 g/l.  

2.3. Phytotoxicity testing. Twenty seeds of C. sativus and T. aestivum, respectively, were placed on 

filter paper in each of Petri dishes (11 cm in diameter). 5 ml of each extracts or distilled water, as a control, 

was applied to the seeds. The dishes were sealed and incubated at 25±1°С for 72 h. Three replications of each 

treatment were done. 

Germination assay. Germination was determined by counting the number of germinated seeds. Final 

germination was expressed as percentage after statistical analyses were performed on the raw data. 

Root/shoot elongation assay. The length of the roots and shoots of germinated seeds was measured. 

Seeds that did not germinate were not included in thе test. 

Fresh and dry weights assay. The fresh weight of seedlings was determined and the averages were 

calculated. To measure the dry weight, the seedlings were oven dried at 75
o
 C until a constant weight was 

obtained. In this experiment, the total weight of the seedling has been considered as the seedling weight. 

2.4. Statistical analysis  

Experimental data were processed by Student’s t-test.  

3. Results and discussion 

Germination assay. Allelopathic effect of NWE on germination percentage of T. aestivum L. and C. 

sativus L. is shown in Table 1. The inhibition of wheat germination by the extracts ranged from 0% (4 g/l) to 

26% (14 g/l). There was no clear dose-dependent effect: treatment with 2 g/l inhibited germination by 7.41%, 

but 4 g/l had no effect. Similarly the negative influence of 8 g/l was stronger than 10 g/l.  

Water extracts had no signifficant effect on germination of cucumber seeds. A nonlinear effect also 

has been observed: the lowest concentration inhibited germination by 6.9% and the highest concentration – by 

1.72%. 

Table 1. Effect of NWE on germination of T. aestivum L. and C. sativus L. seeds 

NWE, g/l T. aestivum, % C. sativus, % 

0 g/l 90.00±0 96.67±0.58 

2 g/l 83.33±0.58* 90.00±1.73 

4 g/l 90.00±1.00 93.33±1.53 

6 g/l 85.00±1.73 90.00±1.73 

8 g/l 81.67±0.58** 91.67±1.53 

10 g/l 85.00±1.00 93.33±1.53 

12 g/l 81.67±1.53** 90.00±2.00 

14 g/l 66.67±1.15** 95.00±1.00 

Data are expressed as means ± SD (standard deviation),  

*P ≤ 0.05, **Р ≤ 0.01; NWE – Nepeta water extracts. 

The results presented in Table 1 revealed that water soluble allelochemicals in Nepeta nuda have no 

significant influence on seed germination. The germination of wheat seeds was more affected than cucumber 

seeds. Moreover, the nonlinear effect was established. The inconsistent effects of extracts tested on 

germination are in accordance with data about Nepeta meyeri Benth. water extracts [25]. It is known that plant 

interaction is a complex phenomenon and even positive and negative effects could be observed at different 

concentrations of secondary metabolites [25, 10].  

Root/shoot elongation assay. NWE influenced significantly the growth of test species (Figures 1 and 

2). The root and shoot lengths of 3-day-old treated seedlings of both species were much lower in comparison 

to the control. Unlike the germination, seedlings growth was affected in dose dependent manner.  
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Figure 1. Effect of water extracts of Nepeta on root and shoot lenght of T. aestivum L.; ***P ≤ 0.001. 
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Figure 2. Effect of water extracts of Nepeta on root and shoot lenght of C. sativus L.; **Р ≤ 0.01, ***P ≤ 

0.001. 

With all treatments, the lengths of roots showed more inhibition than the lengths of shoots. The 

inhibition of wheat root elongation by the extracts ranged from 31% (2 g/l) to 79% (14 g/l) and shoot 

elongation ranged from 25% (2 g/l) to 56% (14 g/l). The inhibition of cucumber root elongation by the 

extracts ranged from 7% (2 g/l) to 64% (14 g/l), and shoot elongation ranged from 20% (2 g/l) to 48% (14 g/l).  

Germination is widely used parameter to detect the phytotoxicity, but the results of present study 

revealed that early seedling growth is influenced to great degree by extracts tested. Similar to our study, 

several researchers have reported that seedling growth is more sensitive to allelochemicals than germination 

[29, 30, 31]. When compared to the control, root growth was more inhibited than that of the shoots. Stronger 

inhibitory effect on root length as compared to shoot length was observed in other studies [32, 33]. A possible 

explanation is that direct contact of the roots with the filter paper leads to constant absorption of the water 

extract [34]. According to [35] the permeability of allelochemicals to root is greater than to shoot. Obviously, 

the root length reduction is a better indicator of allelopathic effect than shoot growth [36]. 

In comparative analysis between two test objects, T. аestivum were more sensitive to extracts tested 

than C. sativum. This observation confirmed other data that T. аestivum is appropriate test object in toxicity 

assays [37, 38]. 

Fresh and dry weights assay. As described by [1]: “Plant exposed to natural products can suffer 

modifications in pattern of biomass allocations between organs, rates of plant growth, water content and 

relative water content. These parameters are gravimetrically estimated through the dry and fresh weight of 

plant organs“. The fresh weight (FW) and dry weight (DW) of 3-day old seedlings of both test objects were 

affected upon treatment with NEW (Tables 2 and 3). Both the FW and DW of treated seedlings were reduced 
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in comparison to the control. These negative effect was dose-dependent. Similarly to growth inhibition, wheat 

seedlings were more sensitive than cucumber seeds.  

Table 2. Fresh and dry weight of T. aestivum L. 

Concentrations of 

NWE 

Weight, g 

Fresh Dry 

0 g/l 2.11±0.20 0.76±0.12 

2 g/l 1.61±0.18* 0.74±0.25 

4 g/l 1.67±0.21 0.72±0.11 

6 g/l 1.38±0.23** 0.67±0.09 

8 g/l 1.35±0.06** 0.68±0.09 

10 g/l 1.37±0.02** 0.67±0.11 

12 g/l 1.19±0.18** 0.56±0.02* 

14 g/l 1.10±0.14** 0.51±0.01* 

Data are expressed as means ± SD (standard deviation), *P ≤ 0.05, **Р ≤ 0.01; NWE – Nepeta water 

extracts. 

 

Table 3. Fresh and dry weight of C. sativus L. 

Concentrations of 

NWE 

Weight, g 

Fresh Dry 

0 g/l 2.01±0.12 0.56±0.24 

2 g/l 1.96±0.31 0.51±0.12 

4 g/l 1.81±0.54 0.47±0.04 

6 g/l 1.84±0.30 0.46±0.08 

8 g/l 1.75±0.56 0.41±0.02 

10 g/l 1.71±0.26 0.41 ±0.04 

12 g/l 1.63±0.29 0.39±0.10 

14 g/l 1.54±0.35 0.37±0.09 

Data are expressed as means ± SD (standard deviation; NWE – Nepeta water extracts. 

 

Conclusion 

The results of present study revealed that Nepeta nuda subsp. nuda has allelopathic effect on the 

growth and development of T. aestivum L.and C. sativus L. Water soluble allelochemicals inhibited the 

seedling growth and reduced the fresh and dry weights of the tested plant species. These negative effects were 

dose dependent. Germination was not affected by water extracts. Further research is needed to identify 

specific allelochemicals presented in Nepeta nuda subsp. nuda. 
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Abstract: The aim of this work is to describe a covalent immobilization of antibodies onto the poly-

acrylamide-acrylonitrile or hybrid material UREASIL and creation of optical immunosensor for 

determination of aflatoxin B1. For this purpose, mouse-anti- aflatoxin B1 antibodies with oxidized 

carbohydrate moieties were covalently immobilized on the membranes of polyacrylamide-

polyacrylonitrile copolymer, as well as the hybrid material UREASIL. To determine the affinity 

binding of the immobilized antibody with aflatoxin B1 was used "sandwich" method. Associated with 

the immobilized antibody sought ingredients interact with a surplus of secondary signal antibodies. 

The described method has been developed as a model system, which can easily be applied for the 

determination of aflatoxins in samples of different origin. To the best of our knowledge, this is the first 

study to show that in the establishment of biosensor was used hybrid material UREASIL. 

 

 

Keywords: aflatoxin B1, immunosensor, optical Biosensor, immobilization, antibody  

 

Introduction 
Aflatoxins are natural mycotoxins that enter the food chain by contamination of crops and nuts, 

potentially posing carcinogenic risks to animal and human health. In fact, the European Committee 

Regulations (ECR) has established the maximum acceptable level of aflatoxin B1 (AFB1) in cereals, 

peanuts and dried fruits for direct human consumption: 4 ng/g for total aflatoxins (AFB1, AFG1, 

AFB2, AFG2) and 2ng/g for AFB1 alone (1). Aflatoxin B1 is the most common mycotoxin produced 

by strains of Aspergillus flavus and Aspergillus parasiticus that grow on food crops during their 

production and storage. It exhibits carcinogenic, teratogenic, mutagenic and immunosuppressive 

properties and has been regarded as a human carcinogen by the International Agency for Research on 

Cancer (2). 

Analytical methodology must allow the determination of aflatoxins at least below the specific 

regulatory levels (3). The measurement of antibody or antigen concentrations based on biospecific 

mailto:mslavova@bas.bg
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recognition interactions such as immunoassay and biosensors, has been considered a major analytical 

method used in clinical diagnosis, environment, and biochemical studies and has generated much 

interest due to its cost-effectiveness, sensitivity and specificity (4).   

Immunosensing is a very active research field. The inherent combination of the exquisite molecular 

recognition ability of antibodies and the philosophy of rapid, continuous, reversible and automatic 

analysis of chemical sensors utilized in immunosensors is very useful in many fields (5).  In this sense, 

batch immunoassays can solve analytical problems that require a high number of determinations, 

while immunosensing is the better choice when automation and rapid results are needed (6).
 

The general strategy for immunosensor construction is to place the biological material in close contact 

with the transducer in order to obtain high sensitivity and to minimise the time of measurement.  

The aim of this work is to describe development of new immunosensor for determination of AFB1 

with participation of a poly-acrylamide-acrylonitrile or hybrid material UREASIL. 

 

 

 

Materials and Methods 

O,O-bis(2-aminopropyl)-polypropylene glycol-blockpolyethylene glycol-block-polypropylene glycol-

500 (Jeffamine ED-600, Fluka) was dried under a dynamic vacuum before use. 3-Isocyanate 

propyltriethoxysilane (ICPTES, Aldrich), tetrachloroauric acid (Aldrich), trisodium citrate dihydrate 

(Aldrich), absolute ethanol (Riedel-deHaën), citric acid monohydrate (Merck) were used as received. 

Distilled water with a resistance around 18 MS/cm was used for the preparation of diluted aqueous 

solutions.Monoclonal antibodies against AFB1 from rabbit (r-anti-AFB1) and monoclonal antibodies 

against AFB1 from mouse (r-anti-AFB1) were purchased from Sigma (St Louis, MO, USA). All 

chemicals and solvents used were of analytical grade and were used without further proceeding.  

Obtaining of membranes of poly-acrylonitrile-polyacrylamide and of UREASIL 

The particles from copolymer of poly-acrylonitrile-polyacrylamide were obtained according to the 

method used in. Then 0.100 g from obtained copolymer was diluted in 1 mL dimethylformamide 

(DMF) and the solution was stirred for 15 min on magnetic stirrer. After dilution 1:1 with anizol the 

prepared polymer solution was cast on a thin layer.  

The synthesis of the UREASIL monoliths included several steps. At the first step stoichiometric 

amounts of Jeffamine and ICPTES (1:2;R=2.0) were mixed in a glass vessel under stirring at 200 rpm 

for 10 min, so that the rapid uncatalyzed reaction between amino and isocyanate groups forming 

polyurea linkages took place (7). The obtained material will be referred to hereafter as a conventional 

ureasilicate precursor. At the second step an additional amount of ICPTES was added in order to 

adjust the desired molar ratio between ICPTES and Jeffamine in final mixtures. Ethanol was used as a 

homogenizing agent and was added 5 min later. The third step consisted of the catalyzed 

hydrolysis/condensation of the mixture by addition of ammonia or citric acid aqueous solution. The 

mixture was stirred for 10 min more and poured into a polystyrene cell, covered with Parafilm R, 

which was pin-holed after gelation at room temperature. The gelation time varied from 1 h to 3 days 

depending on catalyst used and R value. During the final step the cell with the resulting gel was kept 

in an oven for two weeks at 40
o
C, which assured completion of hydrolysis/condensation reactions and 

evaporation of residual liquids. This drying process led to sample shrinkages of about 30% of total 

volume (8). 

Method of oxidation of anti-aflatoxin B1 antibody  

The working concentration of monoclonal m-anti-AFB1 was 0.67 mg/mL. The oxidation of 

carbohydrate moieties of antibody with periodic acid (0.04 mmol/L in 0.05 mmol/L acetate buffer, pH 

5.0) was performed according to Zabrosky and Ogletree. The unreacted periodic acid was removed 

with 0.025 mmol/L ethylene glycol. The oxidized antibody was dialyzed against 50 mmol/L phosphate 

buffer with pH 6.0 for 18-24 h (9).
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Covalent immobilization of oxidized m-anti-AFB1 on polymer film  

The immobilization of m-anti-AFB1 was performed in the following manner: 5 mL of oxidized 

dialytic solution of antibody was added to a 100µg of membranes. The process was implemented for 

24 hours at t = 4°C in dark (Fig. 1).  

 
Fig.1. Immobilized antibody 

Modified Lowry method: 

The protein content was measured using a modified Lowry method (10). The principle behind the 

Lowry method for determining protein concentrations lies in the reactivity of the peptide nitrogens 

with the copper [II] ions under alkaline conditions, and the subsequent reduction of the Folin-

Ciocalteay phosphomolybdicphosphotungstic acid to heteropolymolybdenum blue by the copper-

catalyzed oxidation of aromatic acids. 

First, reagent A: 2% Na2CO3 in 0,1N NaOH, reagent B: 1% CuSO4.5H2O and reagent C: 2% sodium 

tartrate, were prepared. Reagent D was prepared by mixing reagents B and C in the ratio 1:1. Reagent 

D was prepared just prior to use of reagents A and D in a ratio of 1:50. 

After immobilization, the membrane was put into 1 mL distilled water. Thereafter were added 5 mL of 

reagent D, and the solution was left for 160 minutes with occasional stirring. Then, 0,5 mL 1N reagent 

Folin-Chokalteu (fosfomolibdovolframat) were added. After 45 minutes, the absorbance was 

determined at 750 nm against a control that contained the same components, but without the 

immobilized membrane. The amount of protein was determined by the standard. For reference was 

used a solution of m-anti-AFB1. 

Immunosensor for aflatoxin B1 using sandwich immunoassay  

 A membrane of poly-acrylamide-acrylonitrile or UREASIL with immobilized mouse-anti-

aflatoxin B1 was washed successively with distilled H2O, brine, and again with distilled H2O and 

placed in 0.025% solution of bovine serum albumin for 1 hour to blocking the free surface. After 

extensive washing with distilled water, the membrane was incubated with the solution described in the 

standard solutions of AFB1 for 30 minutes and again thoroughly washed with distilled water. On the 

bottom of the cuvette is placed membrane. The activity of the peroxidase is optically determined by 

the change in the intensity of the coloration due to the added H2O2 and o-dianisidine. The amount of 

enzyme is proportional to the aflatoxin (Fig. 2) (11). 

 
Fig.2. Immunosenzor assay 

Recovery of immunosensor 
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 After 20 min treating with citrate-phosphate buffer (containing 4.7 g/l citric acid and 9.2 g/l 

disodium hydrogenphosphate, Na2HPO4 anhydrous) at pH 5.0 the sandwich is destroyed and the 

sensor is regenerated. 

  

Results and Discussion 

The calibration curve was prepared using the Lowry method, using an m-anti-AFB1 solution at 1 

mg/mL concentration as a standard protein solution. Out of the solution, the following solutions were 

prepared (Table 1): 

 

Table 1. Standard solutions for determination of protein according the Lowry
,
s method 

Solution Control 1 2 3 4 5 6 7 8 9 

1 mg / ml 

mouse 

IgG 

- 0,1 ml 0,15 ml 0,2 ml 0,25 ml 0,3 ml 0,35 ml 0,4 ml 0,45 ml 0,5 ml 

d.H2O 1ml 0,9ml 0,85ml 0,8ml 0,75ml 0,7ml 0,65ml 0,6ml 0,55ml 0,5ml 

 

To each tube were added 5 mL reagent D and, after stirring for 10 minutes at room temperature, to 

each were added 0,5 mL 1N solution of Folin-Chokalteu. After 45 minutes, the solutions were tested 

at 750 nm photometry against a control (Fig. 3). 
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Fig. 3. Calibration curve. 

 

The designated amount is immobilized antibodies to the modified method of Lowry, as a result of 

which it was found that on smooth copolymer membranes is immobilized 1.228 mg/g antibodies on 

the membrane of a porous copolymer - 2,17 mg/g, while on the hybrid material UREASIL- 2,01 mg/g. 

To determine the affinity binding of the immobilized antibody with AFB1 is used so-called 

"sandwich" method (Fig. 2). In this method it is connecting to the immobilized antibody with pre-

diluted antigen - AFB1. In the solution for incubation are present and polyclonal rabbit anti-AFB1-

antibodies related to the enzyme peroxidase. The membrane was placed in a cuvette with a solution 

containing H2O2 and o-dianisidine, which initiates a colored enzymatic reaction. Measured absorbance 

to determine the presence of AFB1 and quantifying it. The analysis is very sensitive. 

The observed results are presented in Table 2. 

 

Table 2. Optical results of the analysis of a solution containing 0,01 ng / ml AFB1 

Membrane material porous copolymer  smooth copolymer  UREASIL 

ΔА/min  0,229 

*0,004 

0,139 0,222 
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For repeated immersion of the membrane in fresh substrate, after separation of the "sandwich" and 

rinse ΔA/min sharply reduced, since at pH = 6 sandwich separated (* Table 2). 

 

 

Conclusions 

From the obtained results it can be concluded that the principle of the method works. 

The described method has been developed as a model system, which can easily be applied for the 

determination of aflatoxins in samples from various origins. 
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Abstract: The recent development of coherent light amplifiers and oscillators, now generally referred to as 

optical masers "or lasers," has made feasible a host of new uses and applications of electromagnetic wave 

energy in the optical portion of the spectrum. Furthermore, the high degree of monochromaticity obtainable 

from an optical maser makes it a useful tool for spectroscopic investigations as well as for stimulating various 

types of chemical and physical reactions. The effect of vanadium doping transforms Bi4Ge3O12 single crystals 

into optical maser. This result can be observed after thermoluminescence at 556 nm.   

Keywords: optical maser, vanadium doping, Shrödinger’s time-dependent equation. 

 

Introduction 

 

Bismuth Germanate crystals, known also as Eulytine, are colourless, transparent (from 300 to 6000 nm) 

and insoluble in water, with mechanical, chemical, thermal and radiation stability. They have found a wide 

range of applications such as scintillator materials for x-ray, -ray and particle detectors due to their room-

temperature luminescence [1]; a solid state laser host matrix of rare-earth ions [2]; in opto-electronic devices 

as voltage and electric field sensors [3], as well as media for holographic data storage [4]. BGO crystals are 

isotropic and non-gyrotropic. They crystallize in 43m point group symmetry with a cubic structure, and have 

four chemical formula units in each cell. Each Ge
4+

 ion is coordinated by four oxygen ions arranged in a GeO4 

tetrahedron, and each Bi
3+ 

ion is coordinated by six oxygen ions, forming a BiO3 octahedron [5]. BGO has a 

large energy gap (4.14 eV), which appears to be a suitable matrix for extrinsic impurities such as transition 

metals or rare-earth elements. Furthermore, use of an appropriate dopant is an easy way to improve the 

photosensitivity and optimize the physical properties of BGO crystals for future practical applications. The 

aim of this work is connected with the application of the quantum and semiclasical radiation theories to the 

Bi4Ge3O12:V as optical maser. 

 

Materials and Methods 

 

BGO single crystals doped with vanadium are grown by Czochralski technique [6]. Some stohiometric 

Bi2O3:GeO2 powders are mixed in a molar proportion 2:3. The purity of Bi2O3 and GeO2 is 99.999% in the 

mixture. The growth conditions have been established by the automatic diameter-weight control. The 

vanadium is introduced to the melt solution during the crystal growth in the form of V2O5 oxide. The 

concentration of doping element is V – 7×10
18 

cm
−3

 [7].  

 

 

Results and Discussion 

 

The optical structure which consists of strongly overlapped maxima in the absorption spectrum of the 

illuminated crystal (600-1000 nm). This structure is conditioned by the presence of V
4+

 in the region of 

mailto:Petya232@abv.bg
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transparency of the crystal. It determines the appearance of the photochromic effect dues only of the vanadium 

ions (fig. 1). The optical structure in the region of transparency disappears completely by heating the crystal in 

air at temperatures up to 400
0
С (fig. 1). The crystal passes in the annealed state. The illuminated crystal after 

the exposure can spontaneously recover its optical transparency about to values, which is shown prior to 

irradiation. The recovery process is highly dependent on the temperature. The thermoluminescence emission 

of the illuminated crystal is measured for 13 lengths of light in the spectral region 320-670nm. For this 

purpose, narrow band interference filters are used. The illuminated crystal is heated to 400
0
C. The number of 

emitted quanta registers with photon counter. The wide band of thermoluminescence  emission is observed 

with a maximum at 556nm [8]. The pump light for BGO: V has the energy E0 = 540 pHz or the wavelength  

= 556 nm (fig. 2). The comparison between quantum and semiclassical radiation theories are applied in a 

study of amplitude and frequency stability in a molecular beam maser. The Shrödinger’s time-dependent 

equation is solved for a perturbed molecule by a classically described field. 
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Figure 1. The absorption spectra of Bi4Ge3O12:V (illuminated) and Bi4Ge3O12:V (annealed) in the spectral 

region 600-1000 nm. 
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Figure 2. The vanadium doped eulitine as coherent light amplifier. 
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Figure 3. The spectral dependence of the interaction constant. 

 

The expansion of electromagnetic fields in terms of resonant modes of the particular cavity is under 

consideration. The cavity normal mode functions are used as they have been defined by Slater [9]. The 

cylinder cavity volume is V which is bounded by a closed surface S. The ions V
4+

 travel in the maser along z 

axis of the cylinder. The eigenfunction      
 

    
           , where     

  

  
 [10]. 

The lossless cavity has only a single resonant mode near the natural line frequency of the vanadium ion 

and a uniform field along the path of these ions. The interaction Hamiltonian between V
4+

 ion and field is 

taken of the form Hint = - E, where   is the electric dipole moment of this ion.    
 

  
 

   

  
  

            

 
   

is the interaction constant (fig. 3). If we consider the case of two coupled pendulums, the energy of the 

vanadium ion W is a constant.  

 

    
     

 
   

 

 
         

 
       , 

where                    and          
   . If W>0 and the cavity is tuned so closely to the 

natural line frequency that                   , the square root in the equation of  
2
 becomes imaginary; 

one of the normal modes grows exponentially, the other decays. Now an oscillation of growing amplitude 

represents energy being transferred from vanadium ion to field and therefore we see that the semiclassical 

theory does lead to a prediction of spontaneous emission. Since W is just the energy of the ion V
4+

, we see that 

the condition of unstable growing oscillation is just that the vanadium’s wave function contains more of the 

upper state than the lower,             (   
   

     
  

 

  
     

 

   
). The constant C can be determined by the 

next equation:        
 
        

     

 
     

  

 
 
 
   

   

 
 
  

 
 
 
. Suppose that the cavity is tuned 

exactly to the natural line frequency,   =  . Then the equation of  
2
 reduces to                  or to an 

extremely good approximation,         
      

  
. If we start with the vanadium ion nearly in the upper state 

then W = ħ /2 and the amplitude of the field varies like     
     

  
               . This formula 

describes spontaneous emission according to quantum electrodynamics.  Whenever the vanadium ion has a 

dipole moment different from zero, the fields set up by this dipole react back on the ion and change its state in 

such a way that energy is delivered to the field, as long as W   0. These linear relations do not hold 

indefinitely, of course. From the conservation law                         
   

 
 
 
(M is the dipole 

moment of the vanadium ion) it is clear that when the amplitude of the M oscillation increases, the magnitude 

of W must decrease, and this will eventually put a stop to the emission process. 

 

Conclusions 
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The frequency   of the oscilation , the energy of the vanadium ion W and the dipole moment M are 

calculated during the emission process for Bi4Ge3O12:V. These characteristics are so important when this 

crystal have to be used as optical maser in the practice. Our investigation is connected with the presentation of 

the theoretical model of the maser transition in this crystal sample.  
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Abstract: In our previous research we have observed that the fluorescence emission from water solutions of 

Single-Walled Carbon Nano-Tubes (SWCNT), excited by a laser with a wavelength of 830nm, diminishes with 

the time. We have already proved that such a fading is a function of the storage time and the storage 

temperature. In order to study the emission of the SWCNT as a function of these two parameters we have 

designed and realized a special measurement compartment with a cuvette holder where the SWCNT solutions 

can be measured and stored at a fixed constant temperature for periods of time as long as several weeks. To 

maintain the measurement setup under a constant temperature we have designed special experimental setup 

based on two Peltier cells with electronic temperature control.  

Keywords: SWCNT, Single Walled Carbon Nanotubes, fluorescence, Peltier cell  

 

Introduction 

Nanomaterials with dimensions ranging from a nanometer up to several hundred nanometers are comparable 

with many biological macromolecules, such as enzymes, antibodies, DNA plasmid, etc. Compared to the 

same-substance normal size objects, nanomaterials exhibit different physical and chemical properties and 

open the prospective to a large field of research comprising physics chemistry, biology, technologies, etc. 

They offer new opportunities for biomedical research and applications in various areas including biology and 

medicine. Nanobiotechnology by means of chemical methods links physical with biological sciences in the 

development of new tools and platforms for the understanding of biological systems, disease diagnosis and 

medical treatment [1, 2, 3]. Among these nanomaterials, carbon nanotubes (CNTs) have attracted recently the 

scientific interest thanks to their unique physical, mechanical and chemical properties [4, 5, 6, 7, 8]. A carbon 

nanotube, although not produced directly from graphite, can be envisioned as hollow cylinder of graphite 

layers [9]. In particular, a single-walled carbon nanotube (SWCNT) is a graphene
1
 sheet rolled into a 

cylindrical shape so that the structure is quasi one-dimensional with axial symmetry, and in general exhibiting 

a spiral conformation, called chirality.  

SWCNT can have a diameter of about 0.7-10.0 nm, though the most frequent experimentally observed ones 

are with diameters larger than 2 nm. They can be considered as one-dimensional nanostructures if both ends
2
 

of a carbon nanotube are neglected and the attention is focused on the large aspect ratio of the cylinder (i.e., 

length/diameter which can be as large as 10
4
 – 10

5
) [10]. Another graphene configuration possibility is the 

multi-walled carbon nanotube (MWCNT) that is a tube comprising several, concentrically arranged single-

                                                           
1
 Graphene is a monoatomic, two-dimensional layer of graphite 

2
 The ends are often called caps and consist of “hemisphere” of fullerene; each cap is made with six five-membered carbon ring (pentagons) and an 

appropriate number of six-membered carbon ring (hexagons), that are placed properly in order to fit perfectly the section of the cylinder. 
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walled carbon nanotubes. They have similar lengths to the single-walled tubes, but much larger diameters (the 

inner and the outer diameters are around 5 and 100 nm, respectively, corresponding to 30 coaxial tubes) [9]. 

SWCNTs, thanks to their attractive and unparalleled physical properties including, but not limited, to electric 

conductance, high mechanical stiffness, light weight, transistor behavior, piezo-resistance, thermal 

conductivity, luminescence, electrochemical bond expansion and their versatile chemistry, as well as their 

size, shape and structure, have been studied for potential applications in biology [11]. As explained SWCNTs 

(and nanoparticle in general) have nano-dimensions of many orders of magnitude smaller than human cells, 

and therefore they can offer unprecedented interactions with biomolecules both on the surface and inside the 

cells, which may revolutionize disease treatments and diagnosis. Amongst the other very interesting properties 

it is the photoluminescence they exhibit in the near infrared (NIR) region when they are irradiated with visible 

light in the wavelength range up to 900 nm [12,13]. Such kind of fluorescence is a matter of interest with 

respect to further biological applications such as deep tissue imaging. The transmission of NIR light in 

biological tissues is of the order of several millimetres. For small animals such as mice this is sufficient for 

imaging organs administered with SWCNTs.  

In our previous research we have observed that the fluorescence emission from water solutions of SWCNT, 

excited by a laser with a wavelength of 830nm, diminishes with the time [14]. We have already proved that 

such a fading is a function of the storage time and the storage temperature. In order to study the emission of 

the SWCNT as a function of these two parameters we have designed and realized a special measurement 

compartment (thermostatic chamber) with a cuvette holder, where the SWCNT solutions can be measured and 

stored at a fixed constant temperature for periods of time as long as several weeks. In this article we present 

the design and realization of the cuvette compartment with the electronic modules to maintain the whole 

system in a constant temperature. 

 

Materials and Methods 

Measuring setup for the fluorescence emission of sodium cholate aqueous solution of SWCNT is compounded 

by the emission laser with a certain wavelength, a spectrometer for near-infrared (NIR) emission, a device to 

measure the intensity of the incoming laser beam and the intensity after the transmission in the sample, a 

cuvette holder with a system for measuring the fluorescence emission from the sample as well as a 

thermostatic system for maintenance and control of the temperature in the cuvette. All blocks are mounted on 

optical bank.  

To characterize the fluorescence emission of SWCNTs it is necessary to implement a system capable of 

generating a laser light with the correct wavelength using a laser diode. In our setup we have implemented 

THORLABS laser diode M9-830-0150 emitting at 830 nm with maximum power output of 150mW. 

Measurements of the fluorescence spectrum of the SWCNT are carried out very close to the cuvette surface 

using InGaAs spectrometer Hamamatsu C9406GC. Additional measurements of the intensity of the laser 

beam before and after passing through the cuvette are conducting using a THORLABS PM100 USB 

powermeter. Since it was necessary to ensure constant temperature of the cuvette with the solution of SWCNT 

a small thermostatic chamber with a cuvette holder was designed. Two Peltier cells with air cooling were 

incorporated into the thermostatic chamber and a sensor for control of the temperature was mounted in it. To 

make manageable everything it was chosen to control these operations using a single computer. To do so, on a 

PC with Windows system have been installed management programs operating the NIR spectrometer and 

THORLABS powermeter. Moreover a software based on LabVIEW 8.2, which controls and maintains the 

temperature the temperature in the thermostatic chamber and records its values over time, was implemented. 

The software exploits a PID algorithm (Proportional, Integral, Derivative) [15] capable of controlling 

temperatures of a minimum of 5 ° C to a maximum of 50 ° C. A suitable electronic, controlled by the PID, 

operates the current in the two Peltier cells installed on the outer surfaces of the chamber. In the same way 

another circuit, similar to the one described above, controls and maintains the temperature of the NIR 

spectrometer. In addition to this, to monitor the water condensation in the thermostatic chamber, it has been 

inserted a room temperature sensor and a humidity sensor. For the power supply and for the temperature 

maintenances of the laser source, however, were used dedicated devices: power supply block 205C 

THORLAB LDC and temperature control block THORLAB TED200C. The system, as a whole, has been 
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designed to be easily modified, where appropriate, supplemented by new parts, so as to respond to all the 

needs that would be created during the future research work. 

 

Experimental setup 

The whole measuring system is compounded by the following elements: 

1. A PC which runs on software written in LabVIEW 8.2 by National Instruments 

2. A plugged in a PC National Instruments board PCI 6025E that communicates with the hardware cards and 

temperature sensors. 

3. Two constructed in the laboratory hardware cards on the basis matrix board composed by the 16F876A PIC 

microcontroller from Microchip, inside which there is a module for Pulse Width Modulation (PWM) [15], 

from the driver (a chip initialed Tc4469 of Microchip), and the MOSFETs (a IRLI 3705N of International 

Rectifier IOR able to drive the current in the Peltier cell). A board controls the temperature of the thermostatic 

chamber while the other controls the spectrometer. 

4. Three temperature sensors LM35 TEXAS INSTRUMENTS, with corresponding signal amplifiers, one for 

thermostatic chamber, and the last one for spectrometer to room temperature. 

 

5. Three power supplies TTi EL302RT used to power the hardware cards and the amplifiers of the temperature 

sensors 

6. A thermostatic chamber made of aluminum, insulated with polystyrene of 1 cm and provided with two 

Peltier cells (Global Component Sourcing ET-127-14-15) complete with heat sink and fan. 

7. A humidity sensor Honeywell HIH-5030 with its power supply 

 

The block diagram in Fig. 1 shows the interaction of the functional blocks of the system with their 

connections. The red connections represent the supply lines, celestial lines indicates sensor signals, the yellow 

ones are the amplified signals from the temperature sensors and also those of the two control hardware cards 

while the orange links represent the currents of the Peltier cell signals.  

 

 

Fig. 1. Block diagram of the electronic setup for long-time constant-temperature maintenance of the 

thermostatic chamber 

 

The whole system is controlled by a software written in LabVIEW 8.2, which allows to read the three 

temperature sensors and the humidity through one 12-bit ADC (present in NIPCI6025 tab), to operate the 
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hardware circuits by means of the DAC output channels 12 bits of NIPCI 6025, to handlе the two PID 

temperature controls, to save the acquired values of the temperature and humidity versus time in a file in excel 

format, and to visualize graphs of the trend in run-time values.  

The program is formed by a continuous loop which is executed every 100 ms, a time more than sufficient to 

properly control the slow variations of the temperature. Before running the loop the program makes a variety 

of settings related to the initial conditions of the variables involved and also sets the analog channels and the 

name and location of the data files. Inside the loop the temperature and humidity sensors are read, are 

calculated also the variables of the two PID controls, and are updated their output variables, then the data are 

saved you in a file and after that the graphics in the front panel are displayed. After the loop, which can only 

be closed by the front panel, the settings of the analog channels are reset and the data is closed. A second loop 

in parallel manages the reading of the button which imposes heating or cooling the thermostatic chamber, 

depending on the temperature value to be maintained. These two modes are implemented through the 

switching of a relay that reverses the current in the Peltier cells. 

 

 

Fig. 2. Block diagram of the software for temperature and humidity control and regulation 

The National Instruments board NI PCI 6025E 

 

This card through the PCI bus of the PC allows us to interface the analog and digital signals from the outside 

with the LabVIEW software. It has the ability to manage different signals: up to 8 differential analog inputs 

12-bit, two 12-bit analog outputs, 32 digital inputs/outputs, and two 24-bit counters/timers. It uses a single 

ADC with sampling/rate maximum of 200Ks/s and a DAC with sampling/rate maximum of 10ks/s. 

For our application we have used 4 differential analog inputs (temperature and humidity sensors), two analog 

outputs (control hardware cards) and a digital signal (control of the relay, inversion of the current in Peltier 

cells for the thermostatic chamber).  
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Hardware board for control of the temperature of the thermostatic chamber and of the NIR spectrometer 

Two hardware boards (Fig. 3) have been constructed in our laboratory to command adequately the current in 

the Peltier cells of the thermostatic chamber and to control the temperature of the spectrometer. The 

construction of these cards has been necessary both to be able to control, at the hardware level, the cell current 

in PWM (Pulse Width Modulation), and to eliminate the problems of thermal dissipation in the power 

consuming MOS-FET element as well as to disengage from the need to generate the PWM signal directly 

from the LabVIEW software, already engaged in various other processing. The electronic circuit is formed by 

three main blocks: a PIC16F876A microcontroller, an integrated driver Tc4469 and a MOS-FET IRLI3705N. 

The microcontroller receives the analog signal from the National NI6025 tab, translates it into PWM signal 

and sends it to the integrated driver. The Tc4469 amplifies it first in a current and transmits it to the gate of the 

MOS-FET which can drive with a further amplification the current of the Peltier cells. The cards are both 

powered by a voltage of 17 Volts with a maximum current of 2.5 A. 

 

Fig. 3. The electrical circuit schemes of the hardware cards 

Amplifiers of the temperature sensor signals and the humidity sensor power supply circuit 

 

The complete system uses three integrated temperature sensors LM35 of Texas Instruments. These devices 

offer an accuracy of +/- 0.4 ° C throughout the operation range of -55 to 150 ° C, but for the range of 

temperature of use of our system (from 5 to 50°C) the typical error is reduced to a maximum of +/- 0.1 ° C, 

that is more than sufficient for our application. This type of sensors generates an output voltage of 10 

millivolts per degree of temperature. Having to measure also temperatures of the order of a few degrees, hence 

corresponding to very low output voltages, it was necessary to amplify the signal by a factor of 10. The 

amplification was carried out with an instrumentation amplifier INA128 of Burr Brown, with a CMR of 120 

db, possessing a low offset and a drift offset of 0.5 μVolts/°C. The amplification is fed by dual voltage of + 10 

and -10 volts with a maximum current of 100 mA (Fig. 4). 
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Fig 4. Electrical scheme of the amplifier circuit 

 

For the humidity sensor, Honeywell HIH-5030 we used an application circuit (Fig. 5) recommended by the 

manufacturer. It was chosen to supply the sensor to 3.3 Volts which is the typical voltage with which have 

been obtained most of the characteristic curves included in the technical data-sheet. The 3.3 Volts have been 

obtained from an LM317 of the National Semiconductor, a regulator capable of generating stabilized voltages 

from 1.2 Volts to 40 Volts. The output of the sensor in volts is corrected, in the LabVIEW program from an 

equation which takes account of its behavior as a function of the supply voltage. The relative humidity is 

obtained then through the formula HR = (Vsupply)(0.00636(Vout sensor) + 0.1515). AT the end this circuit 

allows to measure the relative humidity from 11% to 89% with a maximum accuracy of +/- 3%. The power 

supply of the moisture sensor is fed from the outside from + 10 V with a maximum current of 100 mA. 

 

 

Fig 5. The power supply circuit diagram of the humidity sensor 
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Fig 6. Temperature of the thermostatic chamber as a function of the storage time for 4 different storage 

temperatures (blue lines). The temperature of the air in the laboratory is shown in red. 

 

Results 
The long-time constant-temperature maintenance (up to twenty days) of a cuvette filled with solution of 

Single-Walled Carbon Nano-Tubes was tested for several temperatures beginning with 5
0
C to 35

0
C with a step 

of 5
0
C. The humidity of the measuring hall was also controlled and always maintained low enough to prevent 

water condensation of the cuvette. Thus measurements of the fluorescence emissions were also possible to be 

carried out. Figure 6 shows time plots of four temperatures of the thermostatic chamber: 5
0
C, 10

0
C, 30

0
C and 

35
0
C. The temperature of the environment is also shown in the figure to give an idea about the conditions of 

the measuring hall. One can clearly see the rapid temperature change of the thermostatic chamber in the 

beginning of each plot, and its smooth horizontal-line part after the setup temperature is achieved.  

Table 1 Measurements of the average temperature in the thermostatic chamber with the cuvette holder for 

several storage-time temperatures 

Storage 

temperature set 

(
0
C) 

Average 

temperature 

(
0
C) 

Standard deviation 

(
0
C) 

Minimum 

temperature 

measured 

(
0
C) 

Maximum 

temperature 

measured 

(
0
C) 

5 5.0088 0.035 4.9 5.1 

10 10.0009 0.057 9.7 10.2 

15 14.9996 0.0155 14.9 15.1 
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20 19.9997 0.0237 18.8 21.1 

25 25.0552 0.3765 24.8 26.7 

30 30.0013 0.0620 29 32.1 

35 35.001 0.0391 34.4 35.7 

 

Table 1 demonstrates the results from the measurements of the temperature in the thermostatic chamber with 

the cuvette holder. The storage time for each of the temperatures maintained in the chamber exceeded 10 days. 

The temperature measurements were made in intervals of 6 seconds and were registered by the computer. 

Thus the values shown in Table 1 are averaged values from a large number of temperature measurements.  

 

 

Conclusions 

We have designed and constructed a setup for fluorescence emission measurements and long-time constant-

temperature maintenance of Single-Walled Carbon Nano-Tubes in water solutions. The whole setup was 

mounted and tested in the Laboratory for Radiopharmaceuticals and Molecular Imaging (LARIM) at the 

National Laboratories of Legnaro, INFN, Italy.  

The specific conditions for constant temperature maintenance of the measuring thermostatic chamber for 

periods up to one month in the laboratory required a very thorough approach in the search and implementation 

of the electronic blocks and circuits. Moreover, the special requirements for stability, reliability and fire safety 

as well as the requirements for protection against overloads and short circuits necessitated the construction of 

а system with much more specific capacities and capabilities. Realization of such a system was possible due to 

the opportunities offered by the use of specialized boards such as the National Instruments board NI PCI 

6025E and moreover the possibility to control and operate all the processes using an appropriate software 

written in LabVIEW 8.2.  

Real time measurement tests with this system have already been carried out so far at several storage 

temperatures. The system proved to possess excellent long-time storage-temperature stability and reliability 

and is suitable to conduct the fluorescence emission studies of different solutions of SWCNT.  
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Abstract: This article presents information about omega-3 (n-3) and omega-6 (n-6) polyunsaturated 

fatty acid (PUFA) contents in a broad range of commercially important fish species available on 

Bulgarian fish markets. The aim is to raise consumers’ awareness and encourage them to eat fish. 

Fish species from the Black Sea coast have relatively high proportion of n-3 PUFAs, of which more 

than 80% is by EPA (eicosapentaenoic acid, C 20:5 n-3) and DHA (docosahexaenoic acid, C 22:6 n-

3). Extensive epidemiological studies show that fish consumption is inversely associated with the 

incidence of cardiovascular diseases (CVD), stroke and the functioning of the brain. About 0.5 g of 

omega-3 (EPA+DHA) a day or two servings of oily fish a week are required to reduce the risk of 

death from CVD. PUFAs needs should be satisfied not only with food additives but with fish lipids 

containing food. 

Key words: omega-3, omega-6, Black Sea fish, health benefits 

 

Introduction  
 

The optimal fatty acid (FA) composition of a diet is an important factor in disease prevention and 

health promotion. The FAO/WHO [7] conclude that “Adequate amounts of dietary fat are essential for 

health. In addition to their contribution to meeting energy needs, intake of dietary fat must be 

sufficient to meet the requirements for essential fatty acids”. It is well known that fish lipids are one of 

the best sources of omega-3 (n-3) long-chain polyunsaturated fatty acids (LCPUFA). Thus, a more 

frequent consumption of fish is recommended. Fish is traditionally viewed as a key element of a 

healthy balanced diet. National dietary recommendations, and those relating to the Mediterranean diet, 

include advice on regular fish consumption. In Bulgaria, this advice is included in Food-based Dietary 

Guidelines for Adults in Bulgaria [8]. Fish consumption in different countries varies widely with 

Japan, Sweden, Norway and Denmark (55-85 g daily) having the highest, moderate in Greece, France, 

Great Britain (30-25 g/day) and low (below 20 g daily) in Romania, Hungary and many others. The 

negative trend in recent 2-3 decades in Bulgaria is towards a decrease in fish consumption from 12-14 

g/day 35 years ago to 8-10 g/day nowadays (the recommendation being at least 30 g/day) [17]. We 

examined the nutritional and health benefits of commercially important fish in Bulgaria as a valuable 

source of omega PUFAs and present useful information for consumers about these biologically active 

components in this article. 
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Physiological function of omega-3 and omega-6 PUFA  

 

FAs belong to the class of simple lipids, composed of a hydrocarbon chain with a methyl group and a 

terminal carboxyl group. They are categorized into three classes: saturated fatty acids (SFA), 

monounsaturated fatty acids (MUFA), and polyunsaturated fatty acids (PUFA) [24]. There are two 

main families of PUFA: n-3 and omega-6 (n-6). These FAs are not convertible and have very different 

biochemical roles in the human body. Linoleic acid (18:2n-6, LA) and alpha-linolenic acid (18:3n-3, 

ALA) are known as dietary essential FAs (EFA) because they prevent deficiency symptoms and 

cannot be synthesized by the human body. The family of long chain n-3PUFA comprises 

eicosapentaenoic acid (EPA), docosapentaenoic acid (DPA) and docosahexaenoic acid (DHA), which 

are all derived from the parent fatty acid - ALA. While the ratios of these FAs vary as per the food 

source, DPA is typically less prevalent than EPA and DHA. The family of long chain n-6 PUFA 

comprises Gama-linolenic acid (18:3n-6, GLA) and arachidonic acid (20:4n-6, ARA), which are 

derived from the parent fatty acid LA [6, 12, 20]. 

The n-6 PUFA deficiency symptoms are dermatitis, growth retardation and infertility in relation to its 

biological function: LA is a structural component of the skin ceramides, acting as a water barrier; 

ARA is a precursor of eicosanoids. N-3 deficiency is responsible for insulin resistance and metabolic 

syndrome, brain metabolic abnormalities, liver steatosis and non-alcoholic fatty liver disease [23]. 

Furthermore, deficiency of n-3 PUFA leads to a loss of DHA in the brain and retina-rod outer segment 

phospholipids with a compensatory replacement by 22:5 n-6. This minor change in the membrane 

phospholipid structure is sufficient to lead to memory loss, learning disabilities and impaired visual 

acuity [20]. The n-3 FA can partially substitute the n-6 FAs thus alleviating some of the EFA 

deficiency symptoms. Some of the proven beneficial biological functions of dietary n-3 PUFAs in the 

organism are related to the provision of energy and carbon atoms; the capability to reduce the amount 

of serum lipids, EPA as a precursor for “n-3 eicosanoids” which directly influences the vascular 

physiology and the vascular system; the specific role of DHA in the membrane function, especially in 

the retina and the neuronal tissues. The quantitative ratio between both series must be taken into 

consideration for an appropriate physiological balance [23]. This FA ratio is important because n-3 

cannot be converted to an n-6 PUFA in humans, the n-3 content influences the n-6 concentration and 

vice-versa. Therefore, the human capacity to synthesize the DHA can be inhibited by a high intake of 

n-6 LA. The balance between n-6 and n-3 PUFA in a diet is essential for the homeostasis, the normal 

growth and the development, because the eicosanoid metabolic products from n-6 and n-3 FAs exhibit 

opposing biological properties [6, 20, 23]. Most scientific studies on n-3 PUFAs in recent years aim at 

determining their immunological and anti-inflammatory effects, especially in cases of asthma, 

rheumatic arthritis and autoimmune diseases [20, 23, 24]. A lot of studies report on the health benefits 

of n-3 PUFA intake in relation to cardio vascular disease (CVD) risk factors [12, 14]. Several possible 

mechanisms by which n-3 PUFAs (as fish lipids) would lead to a reduced CVD risk are established: 

decrease of triglyceride levels, slowed down metabolism of n-6 PUFA eicosanoids and inhibition of 

processes of inflammation or related to the increase in HDL cholesterol levels [4]. In a meta-analysis 

of prospective cohort studies, He et al. [10] estimate that eating fish once a week is associated with a 

15% lower risk of coronary death compared to a fish intake of less than once a month. Each 20-g/d 

increase in fish consumption is related to a 7% lower risk of CHD mortality. The marine-derived 

LCFA n-3 PUFA EPA and DHA are assumed to be primarily responsible for these health effects. The 

basic mechanism by which n-3 FA may reduce the risk of CVD is by EPA and DHA levels increase in 

the phospholipid membranes. Mozaffarian and Rimm [16] combine data from prospective cohort 

studies to estimate that a reduction of CVD mortality may be achieved with relatively low intakes of 

EPA and DHA. Modest consumption of fish (1–2 servings/wk, which is 100–200 g fish/wk) is 

associated with a 36% lower risk of coronary death.  

 

Dietary recommendations for omega-3 and omega-6 PUFA  

 



  ASN, Vol 4, No 1, Pages 70-75, 2017 

72  

Corresponding author: a.merdzhanova@gmail.com 

DOI: 10.1515/asn-2017-0011 ©2017 “K.Preslavsky”University of Shumen. All rights reserved 

 
 

Several world health agencies and professional organizations as the American Heart Association [1], 

the European Food Safety Authority [5], and FAO/WHO [7] have issued recommendations to increase 

the intake of n-3 FAs. These recommendations are based on strong evidence derived by a variety of 

scientific approaches that link dietary deficiency of LC n-3 FAs with the risk of cardiovascular 

diseases. They suggest that for the general population an EPA+DHA intake of 250 mg/day (1 serving 

of fatty fish/week) is sufficient. Others recommend an intake of ~500 mg/ day [2, 4, 6, 12]. Most 

studies mainly focus on fish consumption as the main source of EPA and DHA [10, 14, 16]. Some of 

the global recommendations for LC n-3 PUFAs (EPA+DHA) are made by the International Society for 

the Study of Fatty Acids and Lipids (ISSFAL) which advocates 500 mg/day [11]. According to the 

Food Based Dietary Guidelines for Adults in Bulgaria (2006) fish consumption is particularly 

recommendable, because in Bulgaria the consumption of fish is very low (4.5 kg annual per capita) 

compared to the average European levels (23 kg annual per capita) and people have a relatively low 

intake of n-3 PUFA [8]. 

Fish as sources of omega-3 and omega-6 PUFA  

 

The amounts of LCPUFA, most frequently found in fish tissue, range between 8 and 12% EPA and 

between 10 to 25% DHA of the total FA [18, 21, 22, 29].  

Freshwater fish contains lower proportions of n-3 PUFAs and higher amounts of n-6 PUFAs than salt 

water fish. Therefore, the ratio of total n-3 to n-6 fatty acids is much lower for freshwater fish than for 

sea fish, usually ranging from 1 to about 5. Several studies report that cold-water fish contains higher 

amounts of n-3 PUFA. Water temperature seems to be an important abiotic factor influencing such 

amounts [23, 24]. A comparison between the n-3 and n-6 PUFA content and the n-6/n-3 FA ratio in 

commercially important Bulgarian fish species and internationally published data for the same species 

is shown in Table 1. 

 

Table 1. Omega 3 and omega 6 PUFA content in  

edible fish tissue (% of total FA) 

 

Fish 

Species 

n-3 

PUFA 

n- 6 

PUFA 

n-6/ 

n-3 

 

References 

Horse 

mackerel 

19.40%* 

25.00% 

15.20% 

1.80%* 

2.00% 

2.60% 

0.09 

0.08 

0.17 

[Stancheva et al.,2012] 

[Ozogul and Ozogul,2007] 

[Saglik and Imre,2001] 

Sprat 
19.90%* 

21.70% 

11.90%* 

5.00% 

0.56 

0.23 

[Stancheva et al.,2012] 

[Guner et al., 1999] 

Black 

Sea shad 

24.72% 

 

21.66%* 

2.30% 

 

5.66%* 

0.09 

 

0.26 

[Kocatepe and Turan, 2012] 

[Stancheva et al, 2011] 

Turbot 
22.70%* 

30.00% 

12.40%* 

2.50% 

0.55 

0.08 

[Merdzhanova et al.,2012] 

[Ozogul and Ozogul,2007] 

Garfish 

23.60%* 

 

18.94% 

7.50%* 

 

2.41% 

0.32 

 

0.13 

[Merdzhanova et al.,2012] 

[Kocatepe and Turan, 2012] 

Rainbow 

trout 

19.00%* 

15.20% 

22.5%* 

20.60% 

1.18 

1.36 

[Stancheva et al.,2011] 

[Guler and Yildiz, 2011] 

Carp 

 

4.70%* 

1.90% 

12.90%* 

9.60% 

2.74 

5.05 

[Stancheva et al.,2011] 

[Circovic et al., 2011] 

Catfish 
9.83%* 

9.60% 

10.60%* 

7.40% 

1.07 

0.78 

[Stancheva et al.,2014] 

[Circovic et al.,2011] 

* - own data 
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The information about fish PUFA composition (Table 1) reveals that Black Sea fish species are a very 

good source of n-3 PUFA (19.40% - 23.60% of total FA). Freshwater rainbow trout contains 

significantly higher n-3 values (19.00%) compared to carp and catfish (4.70-9.83%). Moreover, an 

unbalanced n-6/n-3 ratio with a prevalence of n-6 PUFAs is highly prothrombotic and 

proinflammatory, and stimulates the development of atherosclerosis, obesity and diabetes. Due to 

these facts, a balanced n-6/n-3 ratio 2:1 is one of the most important dietary factors in the prevention 

of obesity, CVD and other chronic diseases. According to some nutritional recommendations [1, 5, 7], 

the n-6/n-3 ratio in human diets should not exceed 5.0. All fish species in the present study had an n-

6/n-3 ratio within the recommended range. 

The FA composition of fish lipids varies significantly, especially when compared to vegetable oils and 

is regulated by the diet, location, season and physiological conditions such as age and sex of the 

species, which explains the differences observed between fish species n-3 PUFA values. The provision 

of ALA, EPA and DHA through fish lipids in Bulgaria was among the lowest in the world, which is 

consistent with the low ALA and DHA levels established in adipose tissue of patients with CVD. An 

international epidemiological investigation in 2011 [28] finds that forty-seven countries (including 

Bulgaria as a participant) have almost no access to n-3 PUFAs. The estimated fish intake in Bulgaria 

(57 g/week) corresponds to an average intake of less than one portion per month. This amount is 

consistent with our findings about Bulgaria having the lowest ALA and DHA human adipose tissue 

levels compared to Finland, Germany, Netherlands, Norway, Spain, and the UK. The average adipose 

tissue ALA in Bulgaria is comparable to the levels found among those with the highest risk of 

myocardial infarction in Costa Rica. Not surprisingly, regions with the lowest CVD mortality (North 

America, Europe and Oceania) have high n-3 availability, whereas in Bulgaria, the country with the 

smallest reduction in CVD mortality, the n-3PUFA intake is not increased [28]. By combining a lower 

intake of n-6 PUFAs with a higher intake of n-3 PUFAs e.g. through the consumption of Black Sea or 

freshwater fish species, a relatively significant effect may be achieved. 

 

Conclusion 

 

Omega-3 FAs as constituents of fish and seafood are the only food source of the long chain fatty acids 

(EPA and DHA) for humans. Scientific information on FA composition of traditionally consumed fish 

in Bulgaria is scarce. This study provides recent information on n-3 and n-6 PUFAs content of fish 

species, well-known in Bulgaria. Based on the current data we can conclude that Black Sea fish 

species are a very good source of n-3 PUFA (ranging from 19.40% to 23.60% of total FA). Freshwater 

rainbow trout shows significantly higher n-3 values (19% of total FA) compared to carp and catfish. 

All fish species in this study have the optimal n-6/n-3 ratio within the recommended range. A balanced 

diet where fish is consumed at least twice weekly can supply the daily needs of n-3 PUFA in our 

country. An increased consumption of fish could lead to a reduction of the occurrence and the degree 

of severity of chronic diseases. 
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Abstract: The diet is essential to the recovery process in athletes, especially those undergoing 

intensive training. The continuous imbalance between loading and recovery leads to development of 

overtraining syndrome. The purpose of this study was to establish the changes in the nutritional status 

of short-term overtrained athletes. Twelve boxers from the team of National Sports Academy Sofia, 

Bulgaria during their preparation for the National Championship 2016 were studied. The 

measurements were conducted three times:in the beginning of preparation (T1), 22 days later (2) and 

10 days after (32 days after first measurement), in the beginning of the recovery period, one week 

prior the competition (T3).The measurements included basic anthropometric data,overtraining 

questionnaire RESTQ-Sport and nutrition questionnaire, plasma concentration of testosterone and 

cortisol.On the data of dietary survey the percent proportion and the amount of daily consumed 

proteins, fats and carbohydrates were defined and the energy intake of the tested athletes was 

calculated. According to the RESTQ-Sport a significant decrease in the ratio stress/recovery was 

observed in the period with the heaviest training load T2, and an increase was estimated in the pre-

competition recovery period T3. It was found a typical for the overtraining syndrome decrease in the 

concentration of testosterone and the ratio of testosterone/cortisol in T3. In some respondents a 

reduction in carbohydrates and proteins intake was observed in T2 and especially in T3, which 

correlates with the hormonal changes. In this work the diet changes was discussed as a possible 

consequence and/or a cause of the overtraining syndrome. 
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Introduction 
Underperformance due to training fatigue is common in athletes. Fatigue is a transient state that 

is overcome with rest and recovery of the body’s energy and metabolic balance. Theprolonged 

imbalance between the intensity of training loads and recovery processes could lead to overtraining. 

The main feature of overtraining is a performance decrement that required days to weeks for recovery. 

This stateoccurs more and more often in the recent years in the athletes because of the higher 

performance demands. The coaches and sports specialists differ short-term overtraining (overreaching) 

where recovery lasts from several days to two weeks and long–term overtraining (overtraining) with a 

recovery period of several weeks to months [1]. In overtraining changes in a number of psychological, 

biochemical, physiological and immunology indexes are observed. It is accompanied by a variety of 

symptoms as mood swings, sleep disorders, depression, and persistent fatigue. These discomforts 

could be explored by various psychological tests such as RESTQ-Sport (Recovery Stress Questionary 

for Athletes), POMS (Profile of Mood States), that are accepted as good tools for overtraining 

diagnostics[2].Overtraining is characterized also with disturbances in the central mechanisms of 
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hormonal regulation, manifested by a decrease in testosterone blood concentration, increase of cortisol 

concentration and a reduction in the testosterone/cortisol ratio. The latter is used as an indicator of the 

anabolic/catabolic balance. It has been demonstrated that this ratio decreases with the rise of the 

intensity and duration of physical exercise, as well as during periods of intense training or repetitive 

competition, and can be reversed by recovery measures[3]. 

One of the risk factors for overtraining is related to the diet and include poor or inadequate 

nutrition; possibly inadequate caloric intake (especially carbohydrates); potential nutrient, vitamin, or 

mineral deficiency; iron deficiency and dehydration [4]. The diet is essential to the recovery process, 

especially in athletes undergoing intense training regime. The question of diet, ensuring optimal 

recovery in sports such as gymnastics and strength sports with weight categories (wrestling, boxing, 

karate, judo, etc.) is very difficult because these sports requires strict weight maintenance [4] and at 

the same time the energy expendituresduring training are very high. Among different sports boxing is 

one of the activities with the biggest energy costs[5].Based on the above considerations, our interest 

was aimed at tracking changes in the diet of boxerswith short-termovertraining symptoms.The 

understandingof theovertraining appearance mechanisms will be helpful in its evaluationand proper 

management. 

 

Materials and methods 

 

Statement 

Thisresearch was performed in accordance with the Declaration of Helsinki for Human 

Researches (World Medical Association Declaration of Helsinki - Ethical principles for medical 

research involving human subjects. 59th WMA General Assembly, Seoul, Republic of Korea (2008)). 

 

Participants 

In the study took part 12 athletes from the National Sports Academy boxing team at mean age 

of 21.33 ± 1.37 years and mean height 176.42 ± 6.75 cm.  

All participants received details on the study at the information meeting in the beginning of the 

investigation and signed an informed consent form. 

 

Study design  

The studied parameters were measured three times in the course of preparation of boxers for the 

Republican Championship 2016: in the beginning of the preparation (T1), 22 days later (T2) in the 

period of the most intensive training and 10 days after T2 (32 days after the first examination) at the 

beginning of the week prior to the competition, the recovery period (T3). The Recovery-Stress 

Questionnaire for Athletes (RESTQ-Sport) [6]and dietary questionnaire [7] were completed by each 

participant. On the basis of the dietary questionnaires the proteins, fats and carbohydrates intake were 

identified, and the energy intake was calculated. 

 

Measurements 

Weight, fat mass percent (FM%) and muscle mass percent (MM%) were determined via 

bioelectrical impedance analysis using Body Composition Monitor BF511 (Omron Corporation, 

Japan). Stature was determined with a precision of 1 cm by a stadiometer. Body mass index (BMI) 

was calculated using the formula BMI = weight (kg) / height (m
2
). 

Venous blood samples (3 mL) were taken from the athletes for measurement of plasma 

concentrations of testosterone and cortisol by immunofluorescence analysis using I-Chroma (Bodytech 

MED Inc., Korea). 

 

Statistical analysis 

The data were processed with Graph Pad Prism 5.0 program. The test of Shapiro-Wilk did not 

show a normal distribution of anthropometric parameters. Thus a non-parametric test to check the 

significance of differences in mean values of more than two dependent samples (Significance Tests for 
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More Than Two Dependent Samples of Friedman, Kendall's W, Cochran's Anne Q) and the post hoc 

test of Dunn were used. For all other data ANOVA for dependent samples and Bonferroni post hoc 

test were applied. In the text and tables the mean values were presented with the standard deviation 

and in the graphics with the standard error. 

 

Results 

The basic anthropometric date of the tested persons showed that the average values for FM% 

(about 13%) and for MM% (44%) were typical for athletes of strength sports (Table 1). There was 

only one exception (tested person №10 with body weight of 103.8 kg, BMI 33.51 kg/m
2
 and FM% - 

29.4%) where first degree of obesity was detected. 

The statistical analysis of the tested anthropometric parameters did not show significantly 

different average values in all three collecting points T1, T2 and T3 (Table 1).The observed minor 

changes in the weight of the athletes in the course of the study were accompanied by reciprocal, 

nonsignificant changes in adipose tissue, which decreased whereas the muscle tissue mass increased.  

 

 

 

 

Table 1. Basic anthropometric date of the tested athletes (n=12). 

 
T1 T2 T3 

Wight (kg) 74.29 ± 11.81 74.10 ± 11.89 73.69 ± 12.11 

BMI (kg/m
2
) 23.83 ± 3.33 23.77 ± 3.31 23.55 ± 3.29 

FM% 13.03 ± 6.80 13.77 ± 5.91 11.87 ± 5.16 

MM% 44.38 ± 3.99 43.87 ± 3.52 45.03 ± 3.34 

 

Test results for overtraining (RESTQ-Sport) showed a significant reduction of the 

recovery/stress ratio in T2, followed by a significant rise in T3, the period just before the competition 

(Fig. 1). 

 

 
Figure1. Recovery/loading (stress) ratio according to RESTQ-Sport. * - p < 0.05 versus T3 

 

The data on testosterone and cortisol levels, along with the resulting ratio testosterone/cortisol 

are presented on Fig.2. A significant reduction in the concentration of testosterone and the ratio 

testosterone/cortisol in T3 were observed. The cortisol level showed a statistically significant increase 

in T3 (Fig. 2). 
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Figure 2.Concentration oftestosterone (А), cortisol (B) and testosterone/cortisol ratio (C). 

* - p < 0.05 versus T3, ** - p < 0.01 versus T3 

 

The relative participation of key nutrients in energy intake was within the norm limits 15% 

protein, 33% fat and about 52% of carbohydrates. The protein intake was slightly higher, about 17% 

which is typical for athletes of strength sports. In the T3 period a decreased carbohydrate intake 

(44.6%; 3.9 g/kg) was observed, related to the forthcoming participation in the competition and the 

need to weight reduction to the desired category (Table 2). 

 

Table 2. Dynamics of the nutrient status of the tested athletes. 
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T1  T2  T3  

DEN 

(kcal/kg/24h)  
44.0 ± 4.0  46.0 ± 4.0  45.0 ± 4.0  

Proteins 

(E%)  
16.0 ± 2.31 17.4 ± 3.11 17.9 ± 3.44* 

Lipids 

(E%)  
34.0 ± 6.7  33.0 ± 6.0  35.5 ± 8.8  

Carbohydrates 

(E%)  
50.0 ±6.2  50.0 ± 5.0  44.6 ± 7.1* 

DEI 

(kcal/kg/24h)  
49.0 ± 16.0  35.0 ± 9.0*** 34.8 ± 13.3** 

Proteins 

(g/kg)  
2.0 ± 0.75  1.6 ± 0.58** 1.6 ± 0.62* 

Lipids 

(g/kg)  
1.8 ± 0.6  1.2 ± 0.2* 1.5 ± 0.53* 

Carbohydrates 

(g/kg)  
6.2 ± 2.35 4.4 ± 1.58** 3.9 ± 1.75***† 

DEN – dailyenergyneeds; DET – dailyenergyintake 

* - p < 0.05 versus T1, ** - p < 0.01 versus T1; *** - p < 0.001 versus T1; † - p < 0.05 versus 

T2 

 

Discussion 

It is well known that the energy balance that includes sufficient carbohydrate and protein intake 

is essential for the recovery process. This study was aimed to track the changes in the nutritional status 

of boxers along the training mesocycleprior an important competition. Because of the intensive 

loading we expected occurrence of overreaching symptoms in the tested athletes. The used by us test 

for overtraining evaluation, RESTQ-Sport, is based on the assessment of physical and mental stress of 

athletes on one hand and the process of recovery on the other hand. In overtraining/overreaching, 

stress dominates over the recovery processes [8]. Our results showed a decrease in the ratio 

stress/recovery in T2, the period with the heaviest training load in which turned four hard training and 

a lighter, whereas and in T3, the pre-competition recovery period, in which turns two light trainings 

and a heavy one a significant increase was estimated. Similar observations have been described by 

other authors [8, 9]. It is noteworthy the dynamics of recovery/stress ratio in the most successful boxer 

of the competition - the champion in 69 kg category. The calculated ratio for him was 0.94, 0.87 and 

0.99 in T1, T2 and T3, correspondingly. This indicates a great exercise load up to the point of short-

term overtraining and a very good recovery in T3. In addition to the RESTQ-Sport test we measured 

also the testosterone/cortisol ratio as an index of overtraining. According to some authors [3] the 

testosterone/cortisol ratio indicates the actual physiological strain in training, rather than overtraining 

syndrome. However, in our study, the lowest testosterone levels and thus the lowest 

testosterone/cortisol ratio was observed not in the phase of the greatest stress (T2), but at the 

beginning of the recovery pre-competition period (T3). It seems more likely that the reduction in the 

concentration of testosterone and testosterone/cortisol ratio in T3 is due to the heavy loads in the 

previous training period (T2) and thus actually reflects the state of short-term overreaching. Similarly 

to our findings other authors [10] established a negative significant correlation (r = -0.53; p <0.05) 

between the levels of cortisol and testosterone in the recovery period after loading. They did not found 

a correlation between the levels of cortisol and testosterone at rest (r <0.01; p> 0.05) and the 

possibility of a negative impact of cortisol on the concentration of testosterone was discussed. 

In regards to the diet of the tested athletes we observed a reduction of nutrients intake. In the 

course of our research we observed a significant progressive reduction in the average carbohydrate 

intake (6.2 ± 2.35 g/kg/24h in T1, 4.4 ± 1.58 g/kg/24h in T2 and 3.9 ± 1.75 g/kg/24h in T3). Both 
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protein and fat intakes also decreased in T2 and T3, and a significant reduction in total energy intake 

respectively was calculated (Table 2). However our results indicated minor changes in the weight of 

the tested subjects in the end of the investigation. It was observed decrease in FM% and increases in 

MM%. These trends are characteristic of the training process and the accompanying muscle 

hypertrophy. An increase in skeletal muscle mass may directly lead to reduced body fat composition 

[11].  

In strength sports with weight categories, usually the athletes decrease mostly the carbohydrates 

intake in the pre-competition period aiming entry into a lower weight class[12]. 

The reduced carbohydrate intake and consecutive days of extensive exercise have been shown 

to cause muscle glycogen depletion leading to fatigue and decrements in performance. Thus, the 

question rises whether the low muscle glycogen can lead to not only to peripheral and central fatigue 

but also to overtraining [13]. The decrease in glycogen storages is one of the oldest discussed reasons 

for the short- and long- term overtraining.  

Low muscle glycogen levels could also lead to oxidation of the branched chain amino acids 

(BCAA) and central fatigue [13]. The mechanisms of central fatigue during exercise are less well 

known in contrast to the peripheral fatigue. One of the factors that have been suggested to cause 

central fatigue is the change in the brain serotonin (5-hydroxytryptamine) level. The rate-limiting step 

in the synthesis of serotonin is the transport of tryptophan across the blood-brain barrier. Therefore the 

tryptophan amount available for transport into the brain, as well as the concentration of large neutral 

amino acids, including the branched chain amino acids (BCAAs), which are transported via the same 

carrier system impacts this process. In has been demonstrated that during endurance exercise 

tryptophan is taken up by the brain because of increase of plasma ratio of free tryptophan (unbound to 

albumin)/BCAAs and therefore rise in serotonin synthesis in the brain could be expected. The 

ingestion of carbohydrates during exercise could delay the muscle protein breakdown and a 

subsequent effect of BCAAs on fatigue since the brain's uptake of tryptophan will be reduced [14]. 

The effect of dietary carbohydrate consumption on the free testosterone to cortisol ratio during a 

short-term intense micro-cycle of exercise training was examined by Lane et al. [15]. The performance 

of intensive training (70-75% maximal oxygen consumption, 60 min per day) at three consecutive 

days by male subjects subjected to a low-carbohydrate diet (about 30% of daily intake) lead to 

significant decrease (with 43%) of this ratio in comparison to pre-study resting measurements [15]. In 

our study we observed a reduction in testosterone/cortisol ratio in T3 (Fig. 2C), mainly because of the 

reduced testosterone concentration (Fig. 2A) and to a lesser extent because of slight insignificant rise 

of cortisol concentration (Fig. 2B). There was no correlation between cortisol and testosterone level (r 

= 0.09; p = 0.784). This observation suggests existence of an independent of cortisol mechanism for 

testosterone lowering as that proposed by Biswas et al [16]. Therefore brain serotonin likely exerts an 

inhibitory effect on testicular steroidogenesis by modulating the gonadotropin-releasing-factor release 

and thence pituitary gonadotropins [16]. 

It has been suggested that overtraining impairs the adaptation processes including the shift in the 

balance of oxidized substrates and this provoke hypoglycemia occurrence [17]. Therefore this effect 

could be prevented by adequate pre-exercise feeding with carbohydrates, but consumption 

ofcarbohydrate meal with high glycemic index could also favorite hypoglycemia [17]. 

 

Conclusions 

The observed increase in recovery processes in the period before the competition according to 

the results obtained by the RESTQ-Sport test probably is due to the reduction of training loads in this 

period.  

The decrease in the concentration of testosterone and testosterone/cortisol ratio in the same 

period is due to large loads in the previous training period and thus reflects the state of short-term 

overtraining. 

In power sports with weight categories the reduction of mostly the carbohydrates intake 

probably has a negative impact on the recovery process and partly explains the slight increase in 

cortisol in T3. 
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To reduce the negative effects of reduced carbohydrate intake in the pre-competition period the 

time for a carbohydrate food consummation should be taken in consideration. A good carbohydrate 

feeding 1-2 hours before exercise, amounting to expected carbohydrate expenditure is a good 

prevention of hypoglycemia during exercise and could reduce the depletion of glycogen stores.  
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Abstract: Human personality is a set of psychological characteristics that distinguishes it from others. 

However people can be classified as congenital personality types, interactions that are precisely defined. The 

aim of this article is to characterize the socionic temperament and psychological profile of the spa and 

wellness tourists in Bulgaria. The study is based on a survey of 460 tourists who visited Bulgarian spa centers 

in the summer and autumn of 2015.  
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Introduction 

Personality and its surrounding world are probably the most important system that interests humanity. All 

human life is an interaction with the world outside: with other people, groups, government structures, objects 

of the animate and inanimate nature, etc. If a person does not interact with the world outside, he did not exist 

for the world. Therefore one of the most important personal dimension is significance that someone acquires 

in lives of the others, of the community, and through that he realizes itself and achieves the meaning of his 

life.  

Human personality is a set of psychological characteristics that distinguishes it from others. However people 

can be classified as congenital personality types, interactions that are precisely defined. 

Perception is usually intergrated with activities related to exposition, attention and interpretation of outside 

stimuli. In addition, these activities depend on the stimulating qualities and the individual inner factors [2]. In 

tourism, the image of a certain destination in the mind of the individual (the perception of the destination) is 

usually realized on the base of stimulating processes which can be significantly influenced by individual 

psychological factors. Based on this assumption is the influence of the psychological motives and cultural 

values on perceiving the image of a tourist destination. 

Socionics, which closely relates to social psychology, is a science that studies the exchange between the 

individual and the outside world which means how people perceive, process and emit information. It helps for 

understanding other people‘s abilities, what can be demanded from them and what can be expected. On this 

basis, it is possible to draw a full picture of human behaviour and reactions to others and to the individual 

themselves [1].  

Researchers try to find the relation between the individual and their intention to follow one or another 

example of behavior through the theory of traits. But even though certain traits define the type of behavior the 

client has, it‘s hard to be used in the segmentation of the market because: 

• People with similar personality traits should be similar in their demographic indexes too (age, income, 

place of living) which explains the need to be attracted by certain media. 
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• People with different personality traits can be attracted by one and the same indexes of the product. 

Many products and services go together because they often are chosen by the same people. 

According to their psychological characteristics, the clients can be classified in a few types. This structure is 

totally natural and comes from the psychological content of the consumer behaviour. The style of consumer 

behaviour is defined by the temperament, the self-awareness and the self-actualization, the lifestyle and the 

communicativity of the clients. Different methods can be used for defining the target group and and its 

quantity determination for the reason that people‘s interest in the product or the service is not always the 

same, direct or immediate, it is often not obvious, logical (just as spontaneous purchases) or conscious. 

Market behaviour does not always support the suggestion of the specialist regarding customs of consumer. 

That is why the determing of the target groups is preceded by collecting a lot of primary information by 

sociometric methods – tests and surveys. Thus are determined the participation of the individuals in buying 

and selling is defined (for example, real and potential buyers and non-buyers, the way of consumption and its 

types (for example, regular, temporary and random consumers, etc) [5]. They are used to study the process of 

information exchange between man and the outside world, ie how people perceive, process and emit 

information. They help to better understand the capabilities of others, what may be required of them and what 

can be expected. This enables framing of a comprehensive picture of human behavior and reactions to others 

and himself [1]. 

Human personality is a set of psychological characteristics that distinguishes it from others. However, people 

can be classified by innate personality types, interactions that are precisely defined. Psychologists have long 

started to pay attention to the significant individual differences in human behavior. There are some typical 

"models of behaviors": in the same situation, a person with certain psychological qualities always acts in the 

same way. Therefore, there is not only the structure of the individual, but also structure the relationship. 

Some psychologists argue that the term "personality" may not be valid. Many studies have found that people 

do not manifest themselves as strong individuals because they do not necessarily act the same way in all 

situations and based on that people can be categorized. On an intuitive level, it is difficult to accept because 

usually others are observed in a limited number of situations, so they really look inconsistent. Many 

psychologists recognize that the fundamental characteristics of man are only one part of the puzzle, and 

situational factors often play a large role in determining behavior [4]. And since the base of the 

communication and tourism are individuals, it is imperative that by clarifying the psychology of personality, 

attention should be focused on individual internal mechanisms and on similarities between individuals. 

Temperament is a configuration of obvious personality traits such as communication habits, courses of action 

and a collection of distinctive attitudes, values and talents. It also includes personal needs, contributions in the 

workplace and the role they play in society. To use the idea of temperament most effectively, it is important to 

understand that all four species are not simply arbitrary set of characteristics, but the result of the interaction 

of two basic dimensions of human behavior, communication and actions, words and deeds, or just what is said 

and what is done. 

Therefore, some aspects of the personality continue to be included in marketing strategies. Spa and wellness 

tourism use these dimensions together with the election of human activities in leisure time, aesthetic tastes and 

other individual factors consumers to be classified in terms of lifestyle. In marketing, purchase of tourist 

product is a result of the impact of incentives for satisfying any need. As individual motivation is the driving 

force for human consumption, its research involves the study of factors that drive users to behave in a certain 

way, establishing the defining incentives, needs and desires and ways to their fullest satisfaction. So by 

studying the lifestyle of people, the consumption of product can be predicted and knowing the factors that 

stimulating lifestyle, consumer behavior can be redirected in respect of a particular product. And precisely via 

advertising is carried out its impact as a major marketing tool for influencing the consumer. 

In motivation, personality manifests itself as a complete system that interacts with a more sophisticated system 

of natural and social reality. The systematic approach reveals the nature of these relationships, the whole 

complex of internal and external interactions of the individual [3]. So the interactions between the individual 

and its enviroment are included in the motivational process in which the whole human mind takes part. In 

such motivational relation, the most important for individual is the purpose of choosing an activity and the 

adequacy of the choice. The place and the social attitude are important for the choice of motif. Sometimes it is 
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identified with the mental attitude which manages the reactions of the individual as an invisible actualization 

of our tendencies, views and needs. 

 

Objectives 

The aim of this study is specify the socionic temperament of the Western European spa and wellness tourists 

in Bulgaria and to create their psychological portraits based on the results. In order to do that, the tasks below 

should be solved: 

• To specify the terms socionic temperament and psychological portrait; 

• To implement adequate methods for diagnosing socionic temperament (Keirsey‘s test); 

• To develop and implement a methodology for creating a psychological portrait of spa and wellness 

tourists based on their socionic temperament; 

• To perform quantitative and qualitative analysis of the results. 

The object of study is the personality of the tourists and the subject - their socionic temperament, and on its 

basis – the creation of their psychological portrait. 

 

Methodology 

D. Keirsey (1950) manages to seperate, describe in detail and use in practise the types of temperament and the 

psychological portraits [6]. Temperament is a complex of steady individual psychological characteristics 

which determine the dynamics of the psychological activity of the individual, which remain relatively constant 

through different motives, contents and goals of the activity. It‘s the most active individual characteristic of a 

person which can‘t be significantly changed in the process of the activity. Of all the components of the overall 

mental activity, it is most closely associated with the emotional sphere. Thus emotional excitability as a 

property of temperament expresses the rhythm of the flow of emotions in different temperaments. 

According to him, the types of temperament are some kind of universal regulators that adjust the properties of 

the perceiver organism to the nature of the external impact. There are four specified types of temperapent each 

one of which is divided to four psychological portraits. 

Different combination of the last three pairs of preferences reveals the types of temperament (it suggests 

realization of the qualities of the individual which give an unique originality of all the manifestations of the 

individual, of one‘s individuality). 

By using the standardized Keirsey‘s test, it can follow the quality proportion in the same personality type in 

terms of the four functions and the relations: 

 Extravertion-Introvertion (E – I); 

 Sensation-Intuition (S – N); 

 Thinking-Feeling (T – F); 

 Judging-Perceiving (J – P). 

Ten of these 70 claims relate to the scale of extraversion, introversion, and the rest (three groups of 20) reveal 

the contents of the other three rates. Scales of sincerity and authenticity in the poll are not affected. The 

allegations follow homogeneous groups of seven questions: the first refers to the factors of E-I, second and 

third - the factors S-N, fourth and fifth - factors T-F, sixth and seventh - factors J-P. Any statement has two 

options (designated as a) or b), one of which must be selected. Thus, indicate individual preferences for each 

one of the paired factors for each of the four pairs. At the end, the respondent receives the result whether it is 

extrovert or introvert, sensitive or intuitive, etc. 

The test of 70 questions has been applied for research of the Western European spa and wellness tourists in 

relation with their consulting and choice of destination and product. The possible combinations of the pairs of 

factors make it possible for the type of temperament and the psychological portrait of an individual to be 

defined [6]. 

 

Results 
From the obtained data with a standardized Kiersey‘s test, can be generalize these results about psychological 

profile and temperament of the surveyed spa and wellness tourists: 54% of them are extroverts, 36% - 

introverts and 10% are ambiverts. In a friendly company they socialize with many people just as these who 

prefer to socialize in a close circle. Those are mainly people who are in touch with the most recent events 
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(62.5%) and ones who hear news with some delay (37.5%). New and unusual relationships with people 

stimulate and give energy to 80% of the interviewed and 20% get exhausted from that. 66.3% of the tourists 

see themselves as open and approachable for other people while 33.7% view themselves as reserved and 

distanced. 

The second alternative pair determines psychological portraits "Sensation-Intuition". According to the results 

70.0% of the respondents identified themselves as realistic people, and only 30.0 percent – as willing to 

theorize. Surveyed distinguish themselves as sensible (75.0%) and people with a rich imagination (25.0%). 

Only 7.5 percent of them like to do everyday things in the usual way, and the remaining 92.5% - in its own 

original way. Those are people who believe that facts are important to themselves - 81.3%, and others who 

believe that the facts are a manifestation of general rules - 18.7%. 56,3% see their actions as ones of a 

practical person and 43,7% - as of an original one.  The interviewed define themselves as more prone to find 

profit in their relationships with people (33,7%) and more prone to understanding the thoughts and the 

feelings of others (66,3%). 81,3% say that they are guided by the facts and the circumstances and only 18,7% 

are guided by the generally accepted understanding and principles. 60% trust their experience while 40% - 

their gut feelings. 62,5% value their developped sense of reality and the other 37,5% - their rich imagination. 

An important coclusion is that most of the Western European tourists who want to experience spa and 

wellness tourism in Bulgaria are sensintive type rather than intuitive one. 

The third alternate pair examines the relation “Thinking-Feeling“. 25% feel more influenced by laws and 

principles and 75% - by emotions and feellings. When assessing their actions, only 17.5% of the sample 

reported more requirements of the law than the circumstances, and the remaining 82.5% is the opposite - take 

into account the circumstances more than required by law. When they turn to the others 37.5% of the study 

group are inclined to comply with labeling and formalities while 62.5% prefer to exhibit their personal, 

individual qualities. 41.3% of them are unabashed and 48.7% - hot-tempered. t is important to specify that in 

deciding these tourists rather be guided by their feelings and sensations (81.3%) and less than accepted norms 

(18.7%). Most of them seek to achieve consensus as thorough and comprehensive discussion of an issue give 

pleasure of a minority of the respondents (40.0%), while the majority (60.0%) reaching an agreement 

regarding a controversial issue. Thus, according to 55.0% of them think it is worse to be unnecessarily picky 

and capricious. 

The last pair of characteristics of the individual psychological portrait is the alternative “Judging-Perceiving“. 

When you need to make a choice, 56.3 percent of the respondents are very careful and 43.7% - act suddenly, 

impulsively. 87.5% prefer things to be settled and arranged, and 12.5% - not been solved and still not sorted. 

Usually prefer to act after thoroughly assessed all possibilities 61.3% and 38.7% - just by leaving the case. 

81.3% of those who wish to practice spa and wellness tourism feel more comfortable visiting destination by 

prior arrangement as 18.7% feel more comfortable in a new destinationin which are accidentally stumbled. 

72.5% of respondents usually put their trust of organization, order and consistency and 27.5% - of chance, 

surprise and unexpectedly. About 68.8 percent prefer to insure that everything is prepared and arranged, and 

the other 31.2 percent - the events to be allowed to go on his order. Therefore, 60.0 percent of respondents 

prefer the planned events, and 40.0% - unplanned. According to the results 63.8% tend to act more 

deliberately than impulsively and 36.2 percent - the opposite.  

These results allow determining the dominant and the closely related to it psychological portraits that are 

possible combinations of these features plus any cases in which the same pair is equal in priority to the other. 

The most dominating psychological portrait is ESFJ (Hugo or Provider - emotional sensitive extravert) for 

13.8% of the sample. After it, with 8.8% come the portraits ESTJ (Schtirlitz or Supervisor - logical sensitive 

extravert) and ISTJ (Gorky or Inspector - logical sensitive introvert). These three psychological portraits 

displayed temperament type “Epimetheus” or “Guardian” (SJ) as leading to the profile of the studied Western 

European spa and wellness tourists. 

 

Discussion 

Psychologists have long started to pay attention to the significant individual differences in human behavior. 

Even in ancient times people have noticed that there are some typical "behavior models": in the same 

situation, a person with certain psychological qualities always behaves in a certain way. 
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Temperament is one of the most important characteristics of the individual. The interest in it is linked to 

evidence of mental differences between people - differences in the depth, intensity, stability of emotions, 

emotional sensitivity, pace, energy operations and other dynamic individually resistant characteristics of 

mental life, behavior, actions that traditionally belong to a temperament. 

Therefore temperament is a combination of stable individual psychological characteristics, determining the 

dynamics of psychological activity of an individual and leaving relatively constant for different motives, 

content and objectives of the activity. It is the most active individual peculiarity of personality that in the 

process of activity can not be substantially altered. Of all the components of the overall mental activity, it is 

most closely associated with the emotional sphere. 

Emotional excitability as a property of temperament is the rhythm of the flow of emotions in different 

temperaments. The strength of emotions is also a brightly outlined property. Reactivity and activity also 

characterized temperament. Mental states rigidity, extroversion, introversion are also properties of the 

temperament. These parameters indicate that the psychological characteristics of temperament are complex. It 

is a mental quality of personality that determines individual processes, states and properties, ie temperament 

has the ability to characterize personality in pshychological activity. 

Therefore extraversion is targeting interest in the environment objects, ie in extravert state man acts, thoughts, 

feelings, perceived experiences with respect to the object. A person with such an attitude is willing to respond 

immediately and directly to an external stimulus. Introversion, respectively, include withdrawal of interest 

from the object and directing his subjects (as personal conscious experience of people). In introvert state 

perceptions, thoughts, actions, feelings, experiences are determined by subjective factors. Here the individual 

reacts with delayed reactions and act on the basis of subjective reasons that follow external stimulation. 

Names of the four types of temperament according to Kiersey is, but there is a symbolics of generalized traits 

of mythological characters. The term "temperament" suggests realization of the characteristics of the 

individual which give an unique originality of all the individual‘s manifestations and their personality. 

The socionic classification of the temperament types and psychological portraits, gives information about the 

personal direction of the behavior of spa and wellness tourists who made a choice to satisfy their needs. This 

study aims to establish the adequacy and productivity of research methodology in western spa and wellness 

tourists in Bulgaria. 

Conclusions 

In conclusion it can be said that socionics can help people understand themselves better, to find their place in 

society and in the world. Temperament is a configuration of obvious personality traits such as communication 

habits, ways of action as well as a complex of distinctive attitudes, values and talents. It also includes personal 

needs, contributions in the workplace and the role they play in society. Every temperament type and every 

psychological portrait has its own unique qualities  and flaws, strenghts and challenges. In order to use the 

idea of temperament most effectively, it is important to understand that all four types are not simply arbitrary 

set of features, but the result of the interaction of two basic dimensions of human behavior: our 

communication and our actions, our words and our acts, or just what we say and what we do. 
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Abstract: The Sakar and Strandzha Mountains are disposed in the South-East end of the Balkan 

Peninsula (on the both sides of the Bulgarian-Turkish boundary). They belong to the southeastern margin of 

the Bulgarian continental microplate. They are limit from North Thracian morphostructural zone to the 

North, the East Thracian morphostructural zone to the South and the Rhodopean morphostructural zone to 

the West. The observed mountain territory builds the Sakar-Strandzha morphostructural zone. It is divided by 

Sakar Dervent and Strandzha morphostructural areas. Every of them include morphostructural regions. They 

are composed by numerous Late Pleistocene-Holocene dome-like morphostructures. The relics from the Post 

Early Pleistocene concentric morphostructures are distributed in the entire zone. They were determined some 

archer and concentric Holocene mountain morphostructures. 

The regional seismic activity (during the last 50 years) outlines three parts of the Sakar-Strandzha 

morphostructural zone. The western one – the Sakar part is moderate seismic active. The central – Dervent 

part is practically seismic „calm”. The eastern one– Strandzha part show  a very intensive seismicity. It can 

by given right in a future (after the necessary investigations) to divide the zone in three areas. 

Key words: morphostructural units, morphostructural generations, mountain morphostructures 

 

Introduction 

      The study propound the results of the authors’ investigations about the morphostructure of the Sakar-

Strandzha. Here are analyzed morphological characteristics of positive regional landforms as a real criterion 

of the nature and evolution of its morphogenesis. For this purpose were studied and compared species, 

morphological traits, spatial dimensions, vertical displacement and relationships between the morphographic 

units within the research area [1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11]. 

      Conducting of such research in the future would be an important criterion for assessing of the near-surface 

lithospheric geodynamic processes and trends in the changes to the local relief.  

The propozed invstigation is based on:  

1/ a complex morphostructural map (scale 1:250 000) of the Sakar-Strandzha morphostructural zone;  

2/ an analysis of the character and evolution of the Sakar-Strandzha morphostructural zone during Late 

Neogene – Quaternary morphogene processes accordingly the modern concept of the listric tectonics and 

plate tectonics. 

3/ regional seismic hazard as real criterion for the morphostructural division of the study area;  

4/ it was analysis the former geological, geomorphologic and morphostructural investigations for the 

region (see the references). 

The proposed investigation has a pionier character. The authors' reserve the right to expand or change 

some elements in his ideas or conclusions during the future investigations. 

 

Regional morphostructural dividing 

      The Sakar - Strandzha morphostructural zone includes the lands located between Northern Thracian 

morphostructural zone to the north, the East Thracian morphostructural zone to the south and the Rhodopean 

morphostructural zone to the west (Fig.1).  
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      Within morphostructural zone dominated by hilly and low mountainous terrain, as middle mountainous 

relief has a small share. Despite the low altitude horizontal segmentation of the relief has large the values- 

from 2,0 to 3,5 кm/кm
2
. The reason for that are widespread sedimentary and igneous rocks susceptible to 

erosion and deforestation and torrential rains during the winter. The vertical indentation of the relief is in the 

range from 50 to 200 m/кm
2
.  

      In morphographic and seismic-tectonics (Fig.2) causes the Sakar-Strandzha morphostructural zone is 

divided into three areas: Sakar one, Dervent one and Strandzha one.  

 

Fig. 1 3d digital elevation model of the Sakar-Strandzha morphostructural zone (DEM Etop01-ice surface, 

NOAA; Basemap: Google Earth) 

 

Fig. 2 Map of the Sakar-Strandzha morphostructural zone 
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1-3 – Sakar-Strandzha morphostructural zone: 1- Sakar morphostructural area, 2- Dervent morphostructural 

area, 3- Strandzha morphostructural area; 4-5 - relicts from the Post Early Pleistocene Orthoplain: 4 – 

lowlands, 5- buttes; 6- traces of the Post Early Pleistocene syneclises and anteclises, 7- traces of the Post 

Early Pleistocene concentric morphostructures, 8- faults, 9- supposed faults, 10- high angular (normal) faults, 

11- low angular (listric) faults, 12- fault zone, 13- maximal contemporary uplifting center, 14- boundary 

between the morphostructural regions, 15- boundary between the morphounit groups, 17- outline and scope of 

the 100 meters terraces, 18- Bulgarian-Turkey frontier, 19- towns 

 

Fig.3 Map of the seismic activity in the research area over the past 50 years (all magnitudes). [11] 

Sakar morphostructural area 

  

Sakar is a small mountain located between the valleys of the Maritsa (472 km) and the Tundzha River (390 

km). To the north the valleys of the small rivers Sokolitsa River (61 km) (a tributary of the Sazliyka River) 

and Sinapovska reka River (50 km) (Yavuzdere, a tributary of the Tundzha River) separates it from Monastery 

Heights (600 m). To the southeast of the territory of Turkey her final low ridges almost reached the town of 

Edirne.  

      Elongated dome of Sakar Mountain stretches in the northwest-southeast, as the length of the mountain is 

about 75 km and width up to 35 km. The total area of the mountain is 1115 кm
2
 of which only a few dozen 

square kilometers remain on Turkish territory.  

      The main ridge of the Sakar Mountain has a rounded shape, in its northwestern corner is 600 – 700 meters 

high. The largest slope gradients are in the range of 20° – 25° on the eastern slopes of the mountain. The 

highest peak is Vishegrad peak (856 m). In the south the mountain decreases and gradually moves to the 

valleys of the Maritsa River and the Tundzha River.  

      Western and eastern slopes of the mountain are relatively steep, descending stepwise to valley depressions 

and are cut from thick, but slightly graven valleys network, that a significant part of the year is anhydrous. Are 

pronounced erosion processes, especially on the southwestern slopes of the mountain. 

       

             Dervent hills morphostructural area 

Dervent hills are located on both sides of the Bulgarian-Turkish border. The majority of them are 

located in Turkey (about 60 % of the total area). Stretch in the west-east (at a maximum width of 50 km) 

between Srem Gorge of the Tundzha River to the west and Popovo River and Chengerlidere River to the east, 

which separate it from Strandzha Mountain.   

The ridge of hills is flat and slightly hilly with altitude of 300 – 450 meters above which rise rounded 

peaks, the highest of which is Gyurgenbair (555,2 m), located on Bulgarian territory. 

 

        Strandzha morphostructural area 

        Strandzha is a small mountain massif, located in the southeastern part of the Balkan Peninsula. It 

bordered on the north by Burgas Lowland, to the north-east and east with Black sea and to the south and 

south-west with East Thracean Lowland. 

        Strandzha morphostructural area is the spreading direction of northwest-southeast. Its length is about 125 

km, width up to 65 km. The total area of the mountain massif is about 10,000 кm
2
. The majority are located on 

Turkish territory (65 %) and the remainder in the Bulgarian territory (35 %).  
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        Strandzha Mt. is characterized by hilly and low mountain relief. About 22,2 % of the territory of the 

mountain fall of hypsometric belt of 0 to 200 meters, about 67,5 % – from 200 to 600 meters and 0,3 % are 

over 600 meters. Dominated by ridges limited by deeply cut river valleys with wide valley floors and steep 

valley slopes.  

     The river valleys outline several key ridges in Strandzha Mt. Main orographic and largely hydrographic 

knot of the entire area is border Kervansaray peak (632 m), of which are separated many mountain ridges. 

Southeast of it remains the main ridge of the mountain, with some mountain ridges reaching Bosphorus Strait.  

      On Bulgarian territory outlines two main ridges spreading in the direction of west-east: South-  Granichen 

(„The Border” in Bulgarian), with highest point in the Bulgarian part Gradishte peak (709,6 m) and northern- 

Bosna (Papiya peak, 502 m), in which from the north direction separate low and hilly ridges-  Medni rid 

(„Copper Ridge” in Bulgarian, 376 m high), Rosen bair (267 m), Karatepe (434 m) and Kitka (Uzundzha bair) 

(215 m), which ends on the Black Sea coast with the famous Maslen Cape. The main ridge of the mountain, 

oriented northwest-southeast, is located on Turkish territory. Here is the highest peak of the massif - Golyama 

Mahiada, 1031 meters high in part Karamustafa bair. In southeast direction its height gradually decreases and 

ends with Karatepe peak (434 m). 

 

Geologic-tectonic notes 

      The most detail geological characteristic of the Sakar-Strandzha morphostructural zone is given on the 

map sheets (m.s.) and their explanatory note (e.n.) from the Geological map of Bulgaria in a scale 1: 100 000 

(Edition of the Geological Institute B.A.S. and Committee of Geology, Sofia, 1995 – Bulgarian and English 

version).  

      According to her the Strandzha Mountain Massif is occupied by etc. Strandzha anticlinorium, in whose 

core is represented by metamorphic rocks with Early-Middle Jurassic age overlaid with Late Cretaceous not 

metamorphosed sedimentary and volcanic rocks represented by shales, phyllites, aleurolites and diabases, 

sandstones, recrystallized limestones and marbles. Among them in later times are intruded larger bodies by 

Paleozoic granitoids. The northern part of the mountain massif is occupied by Late Cretaceous andesites, 

andesite tuffs and sandstones. The southern parts of the area are dominated by Late Jurassic rocks – clays, 

sandy- clays and marl schists. On the territory of the Mountain Massif also reveal Neogene marine sediments 

and Quaternary continental and marine sediments. The erosion anywhere is from medium to strong due to 

specific litogenetic and hydroclimatic features of the natural complex. 

     The majority of Sakar Mountain is built of granite Batholith with Paleozoic age surrounded by a 

metamorphic mantle- gneisses, amphibolites, shale, etc., which are significantly broken. The modern 

appearance of the relief is formed in the Late Tertiary and Quaternary under the influence of vertical 

movements and erosion-denudation processes. 

      Dervent hills are built mostly of limestone and granite. 

 

Morphostructural position 

 The dome-like morphounits of the Sakar-Strandza morpostructural zone are disposed in the south-east 

end of the Bulgarian continental microplatte. The Sakar and Dervent morphostructural areas spare the Upper 

Thracian morphostructural zone from the Lower Thracian morphostructural zone. The Strandzha 

morphostructural area fall into the scope of the West Black Sea passive continental margin. The most eastern 

parts of this area show the increase seismic activity. The moderate seismic activity (during the last 50 years) is 

established in the Sakar morphostructural area and in the boundary zone between the Dervent and Strandzha 

morphostructural areas. This circumstance is speaking for the continued destruction in the Sakar-Strandzha 

morphostructural zone.      
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Abstract: Firths are geomorphological and hydrological sites typical for flat, neutral coast of no tidal 

sea basins. There in the greatest extend is preserved the geological column of the correlative Pleistocene-

Holocene sediments. They make possible to reveal the Quaternary evolution of the contact zone „land – sea”. 

Firths are one of the most reliable indicators for the Quaternary Earth crust movements.    

 Along the Black Sea coast most widely are developed the firths in the north - west and the west 

periphery, where they form a classic firth type coast.  

This report examines the results of complex studies of Batova river firth, located (developed) on the 

North Bulgarian Black Sea coast. 

 

Key words: firth (liman), coastline, neutral type of coast, Quaternary movements 

 

In this report are examined part of results obtained in the complex researches of river outflow parts 

within the North Bulgarian Black Sea coast. It researches geomorphological specific of a segment in our the 

Black Sea territories as and made attempt to reveal facts and evidence about the role of the Black Sea kettle in 

forming of contemporary morphological shape of the researched region. 

Object of this research are Batova river outflow parts. They are part of the continental outlying which 

under the influence of the Black Sea kettle evolution and eustatic changes of the sea basin level. 

The aim of this research is to reveal the factors and the conditions for forming Batova river outflow 

which represents in fact clear expressed firth.  

The firths are geomorphological and hydrological objects featured for plain, neutral type coast of no 

tidal sea basins. From geomorphological point of view the are interested in high grade as they preserve fully 

the cross-section of correlative the Pleistocene-Holocene sediments. They give opportunity to reveal the 

Quaternary evolution in the contact zone „land – sea”. The firths are the most reliable indicators for the young 

and contemporary Earth crust movements. 

The firth configuration almost repeats the outlines of the old, drowned during the Holocene river 

valleys. The forming of the firth cup is result of erosion over excavate of outflow parts in core rocks during 

the regressive phases of the Black Sea. That’s why its alluvial deposits are regressive type. It’s thickness is 

different for the each firth and depends of the power and speed of the flow, of the feeding mode and 

sedimentation features. When the flow is weak or there is movement to the land of close-grained material in 

the firths have deposited clay sediments enriched by bacteria. In a big flow of the firth are deposit close – 

grained sands, alevrits and clays which have thin seasonal strata. They are enriched by organic material. 

In the outflow part Batova river has chest shape form. The bank is low with long sand stripe Westward 

has wide forest valley named Baltata. This is the most Northward forest from longos forest on our coast. 

 

Morphohydrographical and morphometric features of the relief. 

Batova River is the only one within the coastal Dobrudga with constant water flow. It’s water basin 

catchment is formed between Dobrudga plateau northward and Frangen one Southward. In its upper stream 

it’s named Djezveliiska River. It starts from karst spring in Frangen plateau near Kumanovo village (hill 290 

m). It’s length is 38,7 km. In its beginning it is weak flow with slight slope and downstream it is wide to 4 – 5 

m. After it flows northward and beside Batovo village takes eastward and to Obrochishte village turns 

southeastward till Kranevo village where it outflows. 

In its upper stream the slopes are high and steep but between Batovo and Obrochishte villages they have 

asymmetric cross section profile. The left valley slope is three times wider than the right one. Both slopes 

mailto:ivalena_jv@mail.bg
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have active landslides which hampers the separation of typical over flooded terraces. From other side the 

flood terrace is developed from Obrochishte village till its outflow. At the coast it is 2 m wide. There is spread 

Baltata lowland which represents reserve with rear plant species with dense longos forest. 

In its coastal part Batova River flows southeastward. It is chest shaped with steep slopes and plain river 

bed. In its outflow Batova river is combined with Kranevska River. Now days this valley lowering is 

represented by Batova firth. It’s area spreads on 13 km
2
 and 2 km inward till Obrochishte river. All firths on 

our coast have cuneiform shape – wide their outflow and then narrows to their upper stream. Batova firth is 

separated by the sea with sand spit on Nymphaean age. It concerns to open firths on our coast. 

 

Lithological – Stratigraphic and tectonic preconditions for developing of the relief. 

For its contemporary shape of Batova river valley first importance has lithological-structural substratum 

where they have formed. Except this lithological-stratigraphic features of the rocks have importance because 

of the fact from one side it is a saddle where are formed river valleys and the firth cup and from other side – 

they are supply province. 

Batova river basin is developed in the range of coastal part of Misian plate. The role of lithological 

factor is clear represented in mineral structure of alluvial deposits filled valley bed and firth cup. This factor 

has reflection in the structure of beach stripe which main component – quartz sands are result of erosion and 

abrasion of structured with mainly quartz Senonian and Eocene sand stones. 

In geological structure of coastal part South Misian (Danube) plain are presented rocks with sediment 

origin – limestone, sands, clays, marls and loess in Miocene and Quaternary age. 

 

 

Morphology and structure of Batova firth. 

 

The outflow of Batova River is typical delta which has formed in result of filling of over excavate 

outflow with different in their genesis deposits. Today is counted active deposit of firth-flooded settlings 

which is result of forming the sand spit separating the outflow from the sea decreasing its influence. [1] 

determine the sand spit at Nymphaean age. 

The river bed at the outflow has width 5 m alongside the left valley slope. In its flow in the sea Batova 

river it’s flooded terrace transits to accumulative terrace in Nymphaean age high 2 m and wide 300 m. On the 

left bank the terrace touches to the high cliff incised northward and is represented by several dunes combined 

to the sand spit southward. On the right slope this Nymphaean terrace touches the core rock. 

The surface of the flooded terrace slightly transits to over flooded terrace wide 800 m spread in bigger 

part of the valley. It is accumulative represented by thin bed and flood facies. It has formed during the second 

part of Holocene ate the transgression and formation of the sand spit. In this time has begun the filling of the 

firth with delta and lagoon-firth deposits. 

On the left valley slope of Batova river outflow near Albena resort has outlined sea terrace with height 

10 – 15 m and width 150 m [2]. 

Within the valley have sea terraces on different age. They are researched and described by different 

authors but mainly by [2]. In their dating are used the existed correlation schemes of sea and river terraces [3]. 

The use of river and sea terraces in the region as morphostratigraphic levels is hard up due the spread 

landslide processes. They cover the terrace surfaces. It’s poor the presence of accumulative materials an lead 

fossil fauna. It hard up the identification and dating of terrace levels. That’s why many crinkle of the relief 

accepted as terraces are recognized by some scholars with reservations. 

Except the flooded terrace of Batova river, [2] point to several small sites-remains of river terraces 

alongside the valley: Southern from Batovo village (90 – 95 m), beside Tsarkva village (35 m), between 

Obrochishte and Rogachevo villages (18 – 20 m) etc. The flooded accumulative terraces are widely spread 

onto both valley slopes on height 2 – 4 m.  

The oldest Tschaudinian coastal line of Black Sea is marked in outflow part of Batova river. In the 

Southern edge of Dobrudga plateau up to Albena resort is presented terrace site on 100 – 105 m height which 

is accepted as Tschaudinian one. Southern Kranevo village has also terrace on height 90 m covered with 

marine rubble. 

Euxino-Uzunlarian terrace is weak represented. Some it’s fragments are formed on height 37 – 40 m 

northeast from Batova river outflow. It incises in horizontal Sarmatian limestone sand rocks. The marine 

accumulative cover is composited by rubbles mixed with detrital limestone. On them are lied dealluvial and 

alluvial clays, sands and rubbles. 
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The biggest footprint onto the contemporary relief is done Karangatian terraces. Northward Batova 

river outflow have represented incised in old landslides terraces on heights 12 – 14 m and 19 m. In their sands 

and rubbles are collected fauna which prove their age. 

In complex with Karangatian terraces onto the above mentioned sites are lying in well preserved 

remains of new Black Sea terrace on 5 m height from contemporary river bed. 

The contemporary coastal processes at Batova river outflow have heritable feature. The accumulative 

mode has established in the beginning of Holocene transgression and supports the consecutive forming of 

coastal axis. Today in this area has 5 km beach which is wide 200 m with medium grained yellow-gray sands.  

For research of structure, morphology and development of Batova river firth are drilled five rehearsal 

wells across it’s axle. In the range from 0 to 30 m are represented manifold facies, alluvial-firth and marine 

deposits in Neweuxinian age and Holocene age after trespassing into Neogene rocks composite the base of 

Paleo-incise [4]. The most clear cross-section is on well 125.  

The erosion activity of Paleo-Batova river has formed Paleo-incise the base of it has marked on 

different wells depth. The core rocks structured the firth cup are on Neogene age. 

There are represent from limestone, sandstone and marls. The morphology of Palo-incise is with clear 

expressed asymmetry. The well 123 points depth of the core rocks in 30,5 m under the surface and this is the 

deepest point in the erosion valley in this part of the firth. In well 127 the depth of the level Neogene-

Quaternary is on 10 m under the surface. At well 125 this depth is 26,7 m. Use the whole information from the 

wells it outlined the shape of erosion valley. The width in this part is around 1650 m. It has shape of irregular 

trapezoid. The left slope is highly steep but the right one is with slight incline and we can suppose the bed is 

developed in it [4]. 

The forced erosion activity at the left board can be used as a confirmation on the thesis for Eastern and 

North-Eastern incline of the strata. This incline is predicted the direction of river erosion activity which on the 

plain of drowning strata has incised into the left board of Paleo-incise. 

In the base of strata cross-section of the firth over the core Neogene rocks diluted superpose the 

deposits with Neweuxinian age. They represent dynamic type alluvial deposits from in strata phase of 

accumulation. The basalt horizon is composed by different smoothed mainly limestone rubbles with grainy 

sand refill. The deepest point of this horizon lies around well 123 where it crosses on the interval 25,5 – 30 m 

but on the other side of the firth around well 127 lies on depth 9,6 – 10,6 m with thickness 1 m. It impresses 

the thickness 7,5 m of Neweuxinian deposits at well 126. Onto rubble-gravel alluvial layer of 30 cm with 

slight transition they pass to alevrites with 7,2 m thickness.  

These different facies assume a change in hydrodynamic situation in this part of water basin. From 

strong dynamical conditions slightly the sedimentation is done in calm probably lake environment. As proof 

are founded segment of shells from freshwater Molluscan fauna. 

In lithological respect the border between Neweuxinian cover rubbles and upper lied deposits is very 

contrast. The last ones are different in their structure and genesis. Lower Holocene deposits (Bugaz-Vitiaz) lay 

the deepest next to the left valley slope and toward the across Paleo-erosion slope the stand shallow. The 

smallest thickness they have around well 125. This horizon is represented by alevrites which are light-green, 

strong sanded with detrital shells of Abra ovata. Also are represented carbonate inserting and in different 

grade smoothed rubbles in some parts of the cross-section the deposits are in sand facies for instance at well 

126 which are obturated sands in gray colour. Bugaz-Vitiaz deposits have deposited in calm, wide, shallow in 

some places sea basin. It has supposed these deposits mark the beginning of Holocene transgression.  

During Kalamit-Djemetin period have deposited the sediments with the biggest thickness. At well 125 

the layer is marked in the interval 10,8 – 23,5 m and it is representative for the whole cross-section. It is 

deposited mainly alevrites with variations from clay to sand ones according the places of their sedimentation. 

At many places the alevrites are organogenious in black color. In different places of this interval are preserved 

shells from different fauna. The terrigenous material has deposited in calm, fresh or low-tide sea basin. At the 

end of Djemetin period the deposits have transited from typical marine to lake or firth-lake ones. They mark 

the end of Kalamit-Djemetin transgression. 

Up in the cross-section are tacked the united Upper Holocene, Nymphaean-Fanagorian deposits. They 

have thickness of 1,9 – 10,8 m at well 125. At the left board of the valley they are with bigger thickness and 

then toward then right slope become wedge shaped. There are represented alevrites from sand to clay in dark-

gray to black colour. Often are represented plant remains, shells from bivalvia, gastropods which determine 

the age of deposits: Hiatella arctica, Donax Trinculus, Chione gallina, Ostrea edulis. 

The genesis type of deposits vary from lake, firth, lagoon, mixed to swamp ones depend of sand facies 

which points the dynamic relation with the sea. 
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All sediment complex on the firth are covered by contemporary deposits deposited in alluvial and lake – 

firth conditions. It’s thickness is between 1,3 – 3 m and the biggest one is near the contemporary bed of 

Batova river. The deposits are sand alevrites in brown colour and with big quantity plant remains and 

molluscan shells. 

  

Main development stages 

The analysis of well results points that during Quaternary in development of Batova river could be 

divided on several stages [4]. 

The oldest stage is Pre-Neweuxinian one which is a pre-history of the contemporary valley. The 

absence of older then the Neweuxinian deposits without doubt shows that during this continuous period of 

time – from Pliocene till the end of Middle Pleistocene the outflow part of the valley have passed several 

periods of incise and filling. Indirectly this statement is confirmed by the terraces on level 10 – 15 m and 35 – 

40 m. For instance on the right valley slope northeastward from Kranevo village on height 3 – 40 m are 

revealed layer of old alluvial rubbles well smoothed with manifold petrographic composition. According their 

hypsometric position they can be refer to the Middle Pleistocene. 

According [2], [4] during the Karangatian transgression the outflow part of Batova river was sea bay. 

The second stage - Neweuxinian one has begun with intensive erosion rehash of the valley bed due the sharply 

lowering of the erosion basis during the Post-Karangatian transgression. It have done erosion at all Pre-

Neweuxinian deposits and partially for Upper Miocene sediments. 

Obviously some rising of the sea level at the end of this stage has led to deposit of bed alluvium 

represented by different smoothed limestone rubbles and gravels with clay-sand filler. 

At lithological aspect the border between this basalt Neweuxinian alluvium and the upper Holocene 

deposits is very contrast. The last ones are distinguished in their structure and genesis. In the position of laying 

Neweuxinian alluvial deposits (Fig. 1) could be pointed a consequently displacement of river bed toward the 

northern valley slope. In addition the hypsometry of these deposits confirms the statement of Popov and [2] 

for presence of two buried terraces.  

The third stage – Lower Holocene stage marks the beginning of the Flander transgression. During this 

time the outflow part has filled intensively with mainly fine – dispersed organogeneous-terrigenous material 

and big quantity plant remains. Periodically into the water catchment has intruded sea water and the prove are 

finds of fresh water gastropods as and typical marine molluscan. During the time with increasing the 

transgression temp the influence of the sea water has increased and at the middle of the Middle Holocene the 

firth-lagoon mode of sedimentation changed to marine one.  

During the fourth (Kalamit-Djemetin) stage the examined part of the valley was deep-bay which 

incise into it on 5 km, maybe more. During this stage in the bay has deposited mainly alevrits and plant 

detritus. The presence of some fresh water molluscas forms (Dreissena polymorpha) is mark for some 

refreshment of the sea water.  

The fifth – Fanagorian stage is marked by the change of the sea conditions of sedimentation and 

establish of stasis firth-lagoon and alluvial conditions. The last ones have been disseminated. During this stage 

has formed the first over-flooded terrace. In it’s cross-section are marked two periods: the first period refers to 

the change of marine mode to firth one. The second period refers to the change of alluvial-lake flood 

conditions to stasis ones with trend of shallow water and drying.  

In the sixth last stage has formed the contemporary face of Batova river valley. It has formed the 

Nymphaean and wide flooded terrace, sand spit etc. 

 

Conclusions: 

The most important regularities in geomorphology of Batova river firth and it’s outflow parts can be 

reduced to the followed:   

1. Depends of the stage of it’s development Batova river firth can be referred to the old firth on North 

Bulgaria Black Sea coast together with Bolata dere, Kamchia and Dvoinishka rivers firths. 

Contemporary ones are Durankulak, Shabla – Ezerazevo, Varna-Beloslav, Fandakliiska and Vaya 

river firths. They are distinguished with different morphological expressed sand spit. 

2. Batova river firth as the other firths lays in structural depression and over-excavated valley. It is 

formed in over-excavated part of Batova and Kranevo river valleys. 

3. The main regularities in stages of firth development are conditioned by fluctuations of the sea level 

after Upper Miocene. 

4. The oldest deposits in Batova river firth are Neogene and the youngest ones are from Holocene. 

5. In the firth the erosion period are represented as over – excavations. 
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Abstract: Despite the last decade considerable advances in the study of nitrate and nitrite pollution of soil, 

there are still some gaps in research related to neglecting or ignoring the role of soil in the food chain and its 

effects on upper trophic units. The article presents the results of a study on the impact of air and soil humidity 

and temperature, as well as soil type and utilization on the amount of nitrates and nitrites in the soil solution 

at the end of vegetation period.  It was proved that statistically significant impact on the amounts of residual 

nitrate and nitrite ions was caused by the temperature and moisture of soil, its type, and the specific 

properties of the crops grown.    

 Keywords: nitrates, nitrites, pollution of soils, soil types 

 Introduction  

 Studies conducted over the last 20-25 years have confirmed the need for a thorough research of the 

composition and properties of soil solution, since this dynamic component of the soil is particularly sensitive 

to the changes caused by different factors, and can therefore be used as a criterion for measuring the risk of 

overloading each of agroecosystems' components - soil, vegetation and waters [1, 2]. 

 The fact that plants absorb substances from the surrounding environment leads to the accumulation of 

these substances, which depends on the abiotic characteristics of the environment [3].  Finding a solution to 

the problem of soil pollution with nitrates and nitrites as a result of its use for growing crops, and ensuring the 

quality of soils, subterranean waters and food produce is of vital importance and has economic and social 

significance. 

Materials and methods 

Region of research: The study was conducted in the area of Shumen region, in the grounds of the 

villages Dibich and Ivanski, Shumen municipality, in the North-East of Bulgaria. The area has temperate 

continental climate [4] and is mainly arable land, which in 2016 was used for growing grains - corn and 

sunflower.   

The material was collected at the end of plant vegetation in the period from July to October 2016 

from 9 sampling plots. Six of these plots (SP 1, 2, 3, 4, 5 и 6) were located on the grounds of Dibich, while 

SP7 and SP8 were in the territory of Ivanski on arable land planted with corn and sunflower. Sampling plot 9 

is located between two villages and is fallow land (Fig.1). The first 6 sampling plots and plot 9 are located on 

typical chernozem loamy soils (with a humus soil horizon of up to 40 cm) [5], and sampling plots 7 and 8 - 

on ordinary grey forest soils (Haplic luvisols) [6]. 

 Collection of material: 

The soil samples were collected once a month in July, August and September, and the last sample 

was taken on the 9 th October after the harvest and clearing of the terrain. Simultaneously with the sample 

collection were measured the temperature and humidity of the air and the moisture and temperature of the 

soil with a combined digital device (a soil thermometer, hygrometer) (TFA, Germany), and the рН of the soil 

- with a digital рН-meter of HI 83141 type (HANNA instruments, USA). 
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The sample collection was done in the following way: form 5 locations at each of the sampling plots 

were taken equal amounts of soil which were mixed in a collective sample [7]. The soil mixture was carefully 

stirred and the necessary amount of this combined sample was taken for study. 

 

Fig.1. The area of study with the location of sampling plots  

 The soil extraction was done on the day of sample collection and was mixed with distilled water in a 

ratio 1:10 for the period of 24 hours. The mixture was later filtered spectrophotometrically with a blue band 

filter [8] in order to measure the amount of nitrates and nitrites by means of Multiparameter Bench 

Photometer for Laboratories, HI 83200, HANNA instruments, USA. The results were then processed 

statistically with a t-test, analysis of the main components and cluster analysis with the programme Multibase 

2015 (Numerical Dynamics, Japan). 

 Sampling plots: 

 Sampling plots 1 to 3 were planted with hybrid sorts of sunflower as follows: on SP 1 there were 5 

sorts belonging to LG company; on SP 2 - 6 sorts belonging to Euralis company, and on SP 3 - 9 sorts 

belonging to Syngenta company. Sampling plots 4 to 6 were planted with hybrid sorts of corn belonging to 

two companies - on SP 4 there were 5 sorts of LG, SP 5 had 3 early hybrids of Syngenta and SP 6 - 3 early-

middle hybrids of the same company. SP 7 was planted with a hybrid sort of sunflower 56.63 of LG company, 

and SP 8  - with a hybrid sort of corn 34.75 of the same company. Sampling plot 9 was a fallow land with 

nothing planted on it. 

 Throughout the study year the corn and sunflower were treated with the products of Timac AGRO 

Bulgaria company. The crops were treated with a combined fertilizer at the time of their planting. The corn 

and the sunflower were treated after their planting and before germination with the soil herbicide Dual Gold, 

Gardoprim Plus Gold or Lumax.  

Results and discussion 

 The experimental data from the sampling plots  together with the measured parameters, the crops and 

the type of soils are presented in table 1.  

 The results were processed with the in-built statistical functions and the module for data processing in 

Microsoft Office Excel 2016. The main statistical parameters of the measured experimental values such as 

mean values and dispersion were calculated. The data for nitrate and nitrite nitrogen presence in the samples 

from all sampling plots were compared through a t-test with the control sampling plot (fallow land). The 



    ASN, Vol 4, No 1, Pages 100-105, 2017 

102  

Corresponding author: bachvarova_shu@abv.bg  

DOI: 10.1515/asn-2017-0016 ©2017 “K.Preslavsky”University of Shumen. All rights reserved 

 

 

results show statistically significant differences (with a level of significance < 0.0001) at all planted plots in 

comparison with the fallow land plot.  

  

  

Table1. Average values of the measured parameters of the soil and environment 

Crops 
Sun- 

flower 

Sun- 

flower 

Sun- 

flower Corn Corn Corn 

Sun- 

flower Corn 
Fallow 

Soil 
cherno-

zem  

cherno- 

zem  

cherno- 

zem  

cherno- 

zem  

cherno- 

zem  

cherno- 

zem  
luvisols luvisols 

cherno- 

zem  

Sampling 

plots→ 

↓variables 
SP1 SP2 SP3 SP4 SP5 SP6 SP7 SP8 SP9 

Nitrate N 22.98 23.37 23.77 10.02 8.07 9.51 26.83 20.39 29.10 

Nitrite N 6.48 5.75 5.97 0.98 0.00 0.45 8.52 5.35 11.33 

pH 7.50 7.52 7.45 7.21 7.23 7.14 6.34 6.17 8.08 

Humidity of 

soil 48.25 48.25 48.25 48.25 48.25 48.25 39.50 35.75 56.38 

t  (°С) of soil 24.25 24.25 24.25 24.25 24.25 24.25 24.00 24.00 24.00 

Humidity of 

air 60.88 60.88 60.88 60.88 60.88 60.88 56.50 56.50 56.50 

t (°С) of air 30.38 30.38 30.38 30.38 30.38 30.38 32.50 32.50 32.50 

 The table with t-test results for the presence of nitrate nitrogen is shown below:  

 It can be seen that the values of the calculated t-numbers are much bigger than the critical values, and 

the level of significance in all cases is lower than 1×10
-4

.   

Table 2. Amount of Nitrate N in sampling plots depending on soil utilisation 

t-Test: Two-Sample Assuming Equal Variances:   

 №1 №2 №3 №4 №5 №6 №7 №8 №9 

Mean 22.9775 23.3675 23.77 10.0225 8.065 9.505 26.825 20.39 29.1 

Variance 1.03016 0.19449 0.12127 0.50082 0.6417 0.65343 0.15583 0.0284 0.03333 

Observations 4 4 4 4 4 4 4 4 4 

Pooled Variance 0.53175 0.11391 0.0773 0.26708 0.33752 0.34338 0.09458 0.03087  

Hypothesized  

Mean Difference 0 0 0 0 0 0 0 0  

df 6 6 6 6 6 6 6 6  

t Stat 11.8739 24.02 27.1114 52.2055 51.2047 47.2901 10.4614 70.1113  

P(T<=t) two-tail 2.2E-05 3.4E-07 1.7E-07 3.3E-09 3.7E-09 6E-09 4.5E-05 5.7E-10  

t Critical two-tail 2.44691 2.44691 2.44691 2.44691 2.44691 2.44691 2.44691 2.44691   

 

Two other statistical procedures - analysis of the main components (PCA) and cluster analysis - were 

conducted with an additional module of Excel Multibase 2015 (Numerical Dynamics, Japan). In the dialog 

box of the module Multibase 2015 the measured factors of the environment were selected (defined) as 

variables; the samples were the sampling plots, and for categories were chosen the three options: (1) crops, (2) 

types of soils, and (3) crops and soils. The results of the analyses are presented below: 

 The graphs below show the distances of the variables (Fig.2) and the samples (Fig.3) for РСА 

depending on the crops in the studies sampling plots. The role of the measured parameters can be seen clearly 

- the temperatures of the air and the soil, as well as the air humidity are at a longer distance from the pH and 

the soil moisture on the one hand, and the presence of nitrate and nitrite nitrogen, on the other. 
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Fig. 2. Distances of the variables (рН and temperature and humidity of air and soil) 

The analysis divides the studied sampling plots into three clearly distinctive groups - soil samples 

planted with sunflower; plots planted with corn and, at a distance from both groups - the values for the fallow 

sampling plot.  

 

 

Fig. 3. РСА depending on the crops on sampling plots 

Similar results from PCA for different categories of soils in the studied sampling plots are shown in 

Fig. 4. 



    ASN, Vol 4, No 1, Pages 100-105, 2017 

104  

Corresponding author: bachvarova_shu@abv.bg  

DOI: 10.1515/asn-2017-0016 ©2017 “K.Preslavsky”University of Shumen. All rights reserved 

 

 

 

Fig. 4. РСА according to the soils in the sampling plots 

The samples are divided into two groups depending on the type of soil. The plots with the same crops 

are grouped together according to their properties. In the top left corner in the zone of haplic chernozem are 

sampling plots 4, 5 and 6 planted with corn; near the middle are plots 1, 2 and 3 planted with sunflower, and at 

a distance on the right - the sampling plot with fallow land.  

The results of the cluster analysis are presented in Fig. 5. 

 

Fig. 5. Cluster analysis - grouping of the sampling plots depending on the type of soil and the way of its 

utilisation 

Conclusions  

 The amount of Nitrate N in the soil depends on soil utilisation. In all sampling plots used for 

growing crops, which were planted with corn and sunflower, there was a significant difference in the 

amounts of Nitrate N as compared with the amounts in sampling plot 9 - fallow land (significance 

level < 0.0001). 

 Air temperature and humidity, and soil temperature do not have a statistically significant 

impact on the amount of nitrates and nitrites in the studied sampling plots. The amount of Nitrogen 

in the soil is statistically dependent on the pH and the moisture of the soil. 

 The amount of nitrates and nitrites in the soil depends on the type of the crops grown on it. 

Data analysis revealed three distinctive groups of soils in the plots depending on the crops - plots 
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planted with sunflower, plots with corn and, at a significant distance from them - the data for the 

fallow land plot. 

 The sampling plots are divided into two clusters depending on the type of soil. The first group 

is comprised of all 7 plots with haplic chernozem, and plot 9 which is had a larger amount of nitrate 

and nitrite nitrogen in comparison to the other plots. The second group comprises the plots with grey 

forest soils.  

 In conclusion, the results show that the amount of nitrates and nitrites in the soil depends on 

the type, pH and moisture in the soil, as well as the soil utilisation and the crops grown on it. 
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Abstract: We define the regional approach as a manner of relations among the global trends of development 

of the “Society – man – nature” system and the local differentiating level of knowledge. Conditionally, interactions 

interlace under the influence of the character of Geography as a science, education, approaches, goals and 

teaching methods. 

Global, national and local development differentiates in three concentric circles at the level of knowledge. It 

is determined as a conception of modern, complex and effective mechanism for young people, through which 

knowledge develops in regional historical and cultural perspective; self-consciousness for socio-economic and 

cultural integration is formed as a part of the historical-geographical image of the native land. This way an 

attitude to the native land is formed as a connecting construct between patriotism to the motherland and the same 

in global aspect. 

The possibility for integration and cooperation of the educative geographical content with all the local 

historical-geographical, regional, profession orientating, artistic, municipal and district institutions, is outlined. 

Contemporary geographical education appears to be a powerful and indispensable mechanism for 

organization of human sciences, while the regional approach and the application of the regional studies method 

stimulate and motivate the development and realization of optimal capacities for direct connection with the local 

structures and environments. 

 

“In order to be able to study our people, first of all we have to study its settlements – the highest symbol of 

its material culture” 

Acad. Anastas Ishirkov  

 

Key words: geography, teaching, education, methods, didactics, approach 

 

INTRODUCTION:  

In contemporary society geographical education cannot be restricted to simple and short interpretations. The 

comprehension of reality in its full multilayerness presumes the complexity of the geographical point of view to it. 

The philosophy of construction of educational geography can’t ignore this fact. In the same time, the didactic 

realities in geographical education that have been observed, direct to the search of answers: What is the significance 

of geographical education encoded into? What is the limit of geographical knowledge? How to give some personal 

significance to the process of studying geography? 

The methodological basis of geography is the spatial (chorological) approach, and space stays in the base of 

every geographical research. 

Many and various are the research directions, dealing with the problems of regionalization and regional 

integration. Definitely it comes to differentiation and regionalization of the geographical space. Several branches of 
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science related to these problems coexist in the academic spheres of the different states. Such examples are area 

studies, regional science, regional studies and regional analysis. Under regional science we usually understand “a 

field of social sciences, which with the help of different analytic models studies regional problems”. The topics in 

regional science include, but are not only restricted to them, localization theories or spatial economy, localization 

modeling, transport, migration analyses, land use and urban development, interindustrial analyses, natural and 

ecological analyses, management of resources, analyses of the regional policy, GIS and analysis of spatial data. In 

the most general aspect each analysis of the social sciences which has spatial dimensions, is covered by regional 

science. 

In geography, as in all other sciences there are processes of differentiation. Along with them another one 

emerges – an opposite process – of integration.  

In our time the regional paradigm includes the generalizing theories, explaining the regularities in the 

regionalization of political and economic space, the development of the different types of regions, interregional 

cooperation.  

 “The region as a regional socium and a socio-ethnic community of people, represents a socio-cultural, 

historical-ethnical, landscape-geographical economic space, which has been formed naturally in evolution”… The 

region, as Roland Schturm states, “this is not just a geographical space or combination of the living there people, 

region – it is people, social life, regional socium with its cultural-civilizational peculiarities”. [1].  

“Regionality is one of the universal and irrevocable qualities of terrestrial reality. It supports the dynamics, 

structure and organization of terrestrial reality. … Geographical regionality occurs through diversity of comparative 

advantages for development and organization of natural-social systems. … Without regionality and its research, the 

geographical science loses its scientific content and heuristicity.”[2]. 

According to N. Dimov “studying of regionality on Earth is a creative, research process. Existing natural, 

socio-cultural, economic and geopolitical entities (spaces), which are in the base of planning and management 

activities are revealed and proved through it. This process includes formation of regions and zoning of space, and 

without them it is impossible to conduct a founded regional policy.”[2]; “as a finished algorithm for studying of 

spatial regional natural-social entities, it is in the following consequence: reality – regionality – formation of region 

– administrative-territorial organization – regional development and policy – regional effectiveness.” [2]. 

We define regional approach as a way of relations between the global trends of development of the system 

“Society – human – nature” and the local differentiating level of knowledge. 

Conditionally interactions are interlaced by the character of geographical science, education, approaches, 

aims and methods of teaching. 

Global, national and local development differentiates in three concentric circles at the level of knowledge. It 

is determined as a conception of modern, complex and effective mechanism for young people, through which 

knowledge in regional historical-cultural perspective is developed; self-consciousness for socio-economic and 

cultural integration is formed, as a part of the historical-geographical image of the native land. Thus an attitude to 

the native land is formed as a connecting construct between patriotism to Motherland and the same in global aspect. 

The contemporary state of science is marked by an important and substantial characteristic – intensification 

of integration processes, which responds not only to certain theoretical, but also to some social necessities. This is 

grounds for the development of bordering problematic areas through interaction between the methodological 

resource of different sciences and scientific branches.   

These integrative tendencies are observed explicitly and implicitly in the sphere of regional studies (local 

lore) as a cognitive field. The complicated problems, connections and complex phenomena, which are revealed by 

regional studies, premises opportunities for formation of a whole system with emphasized direction to real 

scientific and research activity with applicable projections in particular settlement, administrative-territorial unit or 

region. The interconnections that are created between the separate sciences are traced as relation between entity-

parts or system-subsystem. The dichotomy between the theoretical and the praxeological aspect of regional studies 

determines its multilayerness, multytopical and complex-contextual structure in a whole scientific system.  

Regional studies (study of local lore) are also known as bioregionalism. Under regional studies we should 

understand the exploration of the region as a combination of phenomena – socio-political, economic, cultural and 

natural. 



  ASN, Vol 4, No 1, Pages 106-117, 2017 

108  

Corresponding author: stellamalcheva@abv.bg ; martin_doikov@abv.bg 

DOI: 10.1515/asn-2017-0017 ©2017 “K.Preslavsky”University of Shumen. All rights reserved 

 

 

Undoubtedly this interrelation outlines new and concrete scientific interests and problems that can be 

separated thematically: historical, archeological, geographical, genealogical, orthodox regional studies.  

In theoretical and methodological literature and in practical activity regional studies (local lore studies) is a 

term, which includes activities of state institutions, of public organizations and private persons for searching, 

collecting, processing, classifying and popularizing of publications, documents and materials about a particular 

administrative-territorial unit or region, determined by natural, historical or economic boundaries. 

The possibility for integration and cooperation between educational geographic content and all local 

historical-geographic, regional, artistic, municipal and district institutions emerge.  

Every person is connected from birth to death to a particular part of the territory of a country. This piece of 

land has bound us forever to itself with thousands of invisible threads. Every time when we come back to it, we are 

excited. Obviously, regional studies as an interdisciplinary scientific branch have been stopped by its wandering 

between history and geography. It is not an object of systematic scientific research. In the process of exploration of 

the native land are mastered valuable practical skills, capabilities for observation of life, for working with 

documents, evidences of past events, for orientation in the card-indexes in libraries, or in the fund books of 

archives. 

In the process of scientific regional study is necessary to be cultivated a flair and general insight for integral 

approach to the diverse material, for its comprehensive interpretation and generalization. This will allow a 

profound entering of the conditions and preconditions for emergence and development of life in the territory of one 

or other settlement, of one or another region; to become acquainted with ethnical and language contacts during 

centuries, that took place on a particular territory.  

 

 
 

Figure 1. Specific qualities connected with skills 

 

Activating and complex support to regional studies turn it into a means for development of civil and 

intellectual skills for critical and creative work with these various sources of information.  

Undoubted is the role of regional studies for upbringing and education of the generations, for their 

incorporation to family and homeland, for stimulation of their welfare and activities of public utility. 

Regional studies can be defined as a multilateral conception, which includes cognitive part and scientific-

research activity with applicable projections. Some define it as a “geographical periphery” (M. Alburt), others “a 

conglomeration of multilateral reports” … “little geography” (A. Barakov). 

The academic context of the “regional studies method” is bound mainly by procedures – reactions to a given 

scientific-applicable task, organized with the aim to get certain expected result. Instructors conduct their own 

research: they analyze, compare, generalize, make short term and long term prognoses, express their own opinion. 
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The independence of the research presumes active usage of specialized knowledge, skills for realization of 

critical analysis of information sources on the topic, capability for formulation of conclusions and ratiocinations, 

creativity in its variants for solving of the problematic research task.  

The recommendable model for realization of the regional studies (local lore studies) method presumes 

answers to some basic questions, related to the specification of short term and long term aims, decomposed to the 

level of operative tasks; the activities connected with their realization, included in an organizational plan in several 

stages.  

The model scheme is and instrument which allows the realization of the regional approach and the regional 

studies method, and as starting point can be used each one of its elements. The answer to relatively not so 

complicated questions allows the realization of all stages of the description of the regional studies research. 

In its nature it is an algorithm for realization, and two variants for action are possible: purposeful (from 

actuality to the result) and interrelated (from the result to actuality).  

Regional studies introduces in the social environment of people high extent of spirituality, without which 

man cannot exist in awareness. Streets, squares, the separate buildings, parks remind of different things … for 

those, who have the necessity to feel it. Unostentatiously they enter the spiritual world, forming realized 

responsibility to the past with a look towards the future. This is one of the main missions of regional studies as an 

activity and our deep conviction.  

Nature, population, economy of the native land has always been a priority field of study by geographers. 

Knowledge about them and their proper understanding helps for making of professional worldly decisions. 

Knowledge of the geography of the native land presumes all-embracing work of research, collecting and studying 

on different levels and for a long time.  

In order the research of a particular settlement to be able to be thorough and comprehensive, it is necessary a 

number of indicators to be analyzed and the correlations among them to be revealed. Especially valuable sources of 

knowledge and activities are: scientific and scientific-popular literature about the native land, departmental 

materials, information and materials from the press, field observations in nature of the native land, visits to 

scientific institutions, museums and others. 

Through studying of the native land are given opportunities for expansion of geographical culture and 

accumulation of knowledge about the nature, population, settlements and economy of the native land; dangerous 

natural occurrences and the consequences of them; the problems of the native land; the trends of its development.  

Skills for self-dependent work with different sources of information are formed; observation, logical 

thinking, oral and written expression of personal positions; making up of prognoses, work with documents; usage 

of the acquired knowledge and skills in similar and new situations; discussion of geographical problems. 

The regional approach and the regional studies method are very important: their worth as self-regulative 

instruments for personal and collective development make up the real essence of that, which should be learned and 

practiced within the frameworks of geographical education. Because of that it is very important the whole potential 

of the pedagogy of participation to be triggered, and not to be scattered in exercises that are insignificant to the 

individuals. 

The “student-teacher” interaction is within the heart of the approach and the method of participation and it 

could constitute the most important contribution for geographical education.  

This interaction includes, together with other aspects, the following steps: exploration of the interests and the 

initial level of students, self-dependent studying, critical attitude to the teaching material, application of what have 

been learned in the sphere of the students and further explorations. 

It is important for the necessity of the regional approach and the regional studies method to be carefully 

articulated in the frames of the structured possibilities for education and educational programs. The model appears 

to be compulsory set of instruments when the object of exploration has a significant spatial development.  

We should stress upon the importance of development of mechanism for transformation of information also 

into electronic resources, which should lead to new knowledge and the realization of communication in them to 

material product. 

That requires additional precursory conditions, such as: 
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Figure 2. Preconditions for development of mechanism for transformation of information 

 

One of the most important advantages of the electronic resources and the implementation of the regional 

approach and the regional studies method is flexibility. This encourages students to take all the responsibility for 

their own education and lets them study: when they want; where they want; with their own pace. Another 

advantage is the possibility to create resources completely supplied with all necessary educational texts, practical 

applications and other materials. Researches show that this peculiarity is important advantage, which makes them 

really attractive. 

Another one significant advantage is that the so called reflective teaching is encouraged. This is a specific 

approach of teaching which can be described as reconsidering and overthinking of what have been learned and its 

influence on students by means of the feedback. The summary of what was learned and how was it learned is of 

great importance in the process of education. Thinking over the already learned and its influence is also very 

important, because this allows to be understood what they actually do or they don’t do. This is used more and more 

in all methods of teaching.  

This structural model of teaching requires differentiation of the stages of research.  

In the first stage is the formulation of educational tasks, and there are some requirements for accuracy and 

pragmatism. This stage can be expanded by including: an assessment of the significance of teaching; summary 

about the final results from teaching; making up of precursory strategy and plan of teaching. The next process is 

creative. It compulsory includes: collection and processing of the necessary information; making up of theoretical 

formulations as a base for development of interactive materials; choosing of methods for teaching; creation of 

communication models; creation of methods for inclusion of new information; general assessment of the achieved 

results; creation of strategy for further development of the communication model.  

This creative model in teaching can be considered complete, when the communication models are introduced 

in practice. The third stage may include preparation of interactive materials, scientific papers and publications, 

school aids and materials, and others. 

Educational materials may be structured in the following way: from the general to the particular (fig. 7.): 

modules; sections; criteria and indexes. 

Regional approach substantiates education that stimulates exercises and develops.  

This kind of education looks like an alternative of traditional education. Its basic idea is that students should 

study alone, and teachers should control the process of studying. They should motivate, coordinate, and consult, 

control students’ activity.   

Today educational process in school continues to maintain the old traditional forms and methods of working, 

from time to time “decorated” by nonstandard approaches (conferences, discussions, situational methods, team 
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work and others). In spite of this, the main method is the explanatory-illustrative, which doesn’t give the student 

opportunity to develop his intelligence, capabilities, independence and collectivism.  

The offered teaching methods allow this problem to be solved practically, to be able to transform totally the 

educational process. This is a model, in which teaching contents and technologies are combined in one whole.  

 

 
 

Figure 3. The module as a part of the whole process of teaching 

 

Therefore, the module is means of realization of the regional approach and the regional studies method of 

teaching through a program for teaching, personalized content, methods of teaching, extent of independence, the 

pace of educative-cognitive work of students. For the successful work of the technology of this education the 

actions should be systematized and differentiated. This includes a system of actions of the teacher.  

Key competencies are determined by three interdependent spheres, which provide the necessary competency 

regarding their active participation in society and which should be covered. On the first place it should give 

knowledge on relevant themes. On the second place is the providing of skills, such as the competency for active 

participation or abilities for communication. On the last place, it should influence attitudes. 

 
 

Figure 4. Relations between the three spheres forming the key competencies 
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However, we should state that exactly values should give the identification of aims and be “the attractive 

center”, the permanent source of geographical education, where all dimensions and spheres are realized and find 

their balance. Of course it should give young people the possibility to think about their own values, identity and 

affiliations to community or communities, depending on their choice and should contribute to their transformation 

into active figures defending, as well as popularizing their own values. 

The program for teaching consists of a complex didactic purpose (DP), fixed to each of the modules. From 

the complex DP is defined and an integrated didactic purpose (IDP). In its turn the IDP module can have a 

particular didactic purpose (PDP). On the base of PDP are formulated particular education elements (EE). Each 

separate didactic purpose corresponds to a single educational element (EE).  

The formulation of the particular purposes of education programs should come from students’ needs for 

acquiring of knowledge. 

As a result a chain of purposes is formed: CDP – IDP – PDP – LS.   

 

 
 

Figure 5. From the complex didactic purpose to the formulation of a learning situation (LS) 

 

 
 

Figure 6. Relations between the theme, the purposes and the learning situations 

 

After the program is made, follows its presentation and explanation. Every one works independently on the 

modules, using textbooks, dictionary, atlas, map and so on.   
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Figure 7. Structure of the teaching content 

 

In the process of learning the student is advised by the teacher and by other students, through communication 

and conversations, in the same time preserving the self-dependence. Learning the material, the student himself 

makes an assessment and presents it on a special place. It is important intermediate control, self-control, mutual 

control to be made. The control at the exit is always preceded by summary by the teacher (review of the whole 

theme, stressing upon some complicated problems, and analysis of a joint resolution). In the summary are used 

various forms and methods. 

Two are the main fields, in which the student, using this system, has to take up greater responsibility: 

personal motivation; self-organization.  

This format of education certainly has advantage, compared to the other methods of education. 

1. The student studies independently (he plans his work, organizes, controls and evaluates himself and his 

work).   

2. The relation between teacher and student changes, and there is more time for communication individually, 

as well as on the separate modules. Everyone gets written advices too: how to operate, where to find the answer, in 

order to formulate an idea, support and so on.   

3. The role of the teacher changes, through the skillful structuring of the module content, its purposes, which 

will help the acquiring of logical knowledge: perception, comprehension, memorizing, application, drawing of 

conclusion and systematization.  

The main disadvantages are related in the first place to not using the advantages of electronic technologies, 

regarding the diversification and elaboration of educational materials through interactive elements, as well as 

regarding the monitoring of presentation, testing, evaluation and control during the education process and after it 

finishes. 

Serious obstacle is the absence of precision of the volume of educative contents, which should be conformed 

to the real capabilities of students.  

The achievement of logical consequence and interrelations in the presentation of materials is necessary, as 

well as the specification of unified criteria for their format.  

The system for web-based education represents a convenient way for learning and mastering of skills in each 

field of scientific knowledge and in practice.  

The good interface-design, logical structure of educational materials, fast navigation between the separate 

sessions and their parts help for the acquaintance with educational content and increase the effectiveness of the 

process of education. 

 

RESULTS AND DISCUSSION: 

Exemplary modules of presentation of regional studies research (local lore study) on a theme: 
 

I. The determination and definition of the geographic position is performed in the following consequence:  
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1. Astronomic geographical position – determination of the geographic coordinates (latitude and longitude) 

of your settlement; comparing of the astronomic geographic position of the native settlement with that of the 

capital, district or municipal center; basic conclusions about the natural environment and the development of the 

settlement, resulting from the particular astronomic geographical position;  

2. Natural-geographical position of the settlement regarding the natural zones in the country, on the Balkan 

Peninsula and in the continent; typical features of the natural environment, resulting from the peculiarities of the 

geographical position; distinctive features of the natural geographical position of the settlement and the native land, 

compared to another chosen region of the country; 

 3. Economic-geographical position – the transport-geographical position is determined with its basic 

features; the tourist-geographical position is determined with its features; the commercial-geographical position is 

determined with its basic features; the economic-geographical position is compared to that of other regions in the 

country; 

 4. Political-geographical and geopolitical position – the main features of the political-geographical and 

geopolitical position of the settlement and the native land are determined, if there is grounds for their clear 

differentiation; conclusions and problems resulting from the political-geographical and the geopolitical position; 

comparison to other regions of the country; 

 5. Military-geographical (strategical) position – peculiarities of the military-geographical position of the 

settlement and the native land, if there is grounds to be searched of and revealed; problems coming from the 

peculiarities of the military-geographical position; comparison to other regions and settlements in the country; 

 6. Ecological-geographical position – revealing of typical features of the ecological-geographical position of 

the settlement and the native land; main problems connected with the peculiarities of the ecological-geographical 

position; comparing with other regions or settlements in the country;  

7. General analysis of the geographical position. The advantages and disadvantages of the geographical 

position are revealed with examples. The main conclusions are formulated. A graphic model, showing the 

peculiarities of the geographical situation of the native land is prepared.  

 

II. Aspects of the history of the particular settlement 

 

 
 

Figure 8. Sequence of the historical information about the settlement 

 

Exemplary questions might be the following: origin of the name; first settlement on the territory of the 

contemporary town; inclusion within the borders of Bulgaria; relation to relligion; importance as a fortress; fall of 

the town under the Ottoman rule; image during the Bulgarian national revival; famous persons from the Bulgarian 

national revival; fate of the town regarding the wars for national unification; role of the Patriarchate; symbols of the 

town – famous landmarks; relation of the names of quarters and streets to history; more famous monuments and 

commemorative tablets. 

 

III. Regional studies research of the population:  

1. Number and dynamics of the population in the municipality; 

2. Factors and special features of the territorial distribution of the population;  

Average density;  
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4. Change of the population: birth-rate, death-rate, natural growth; settling and moving out; 

mechanical growth; commuting; emigration; 

 5. Structure of the population: sexual; age; urban and rural population; educational structure; 

marriage structure; ethnical structure; religious structure; 

 6. Labor resource and economically active population: number of the labor force; population below 

the working age; in the working age; above the working age; number of the economically active 

population; distribution by sectors and economic branches; unemployment; 

 7. Demographical problems and demographical regional policy; 

 8. Basic indicators and trends of the living standard of the population: human development index; 

real income of the population; living standard and environment; necessity of new social policy. 

Conclusions about the influence of the demographic resources on the economic development of the native 

land are made in the end. 

 

IV. Settlements as an object of regional studies: 

1. Development of the settlement network: 

 1.1. Historical retrospection of the settlement development; 

 1.2. Contemporary socio-economic characterization;  

2. Image of the settlement – type, form, planning, structure, public utilities;  

3. Regional studies research on the home street (quarter);  

4. Famous persons and families born in the settlement; 

5. Social, infrastructural and ecological problems of the home settlement;  

6. Perspectives for development of the settlement. 

 

V. The geographical studying of a settlement is a research activity, which includes the following 

activities: research and interpretation of information from different sources; making interviews with specialists 

from different institutions, dealing with the problems of the settlement development and the local policy; making 

an inquiry of the population with purpose to investigate its attitude to the development and the problems of the 

settlement; finding of the directions of the settlement policy; providing of technological time in order to be 

completed all of the stages of the study. 

 

VI. Complex scheme for presentation of a settlement, using the Bulgarian town of Gabrovo as an 

example. 

 

 
 

Figure 9. Scheme for presentation of a settlement, using the Bulgarian town of Gabrovo as an example 

 

І. Geographical position and nature of the native land: 

1. Geographical position;  

2. Relief characteristics;  

3. Climate of the native land: 

  3.1. Temperature;  
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  3.2. Precipitations;  

  3.3. Winds; 

4. Waters;  

5. Soils;  

6. Vegetation; 

7. Fauna; 

8. Natural protected sites and reserves on the territory of the district; 

9. Ecological problems of the town; 

  9.1. Condition and protection of waters; 

  9.2. Condition and protection of air. 

 

ІІ. Population and settlements: 

1. Characteristics of the population; 

2. Settlement system of the homeland: 

  2.1. Historical retrospection of the origin and the development of the settlement;  

  2.2 Types of settlements: 

    2.2.1. towns;  

    2.2.2. main villages.  

 

ІІІ. Economy of the native land: 

1. Research of the branches from the Primary sector: 

  1.1. Plant-growing;  

  1.2. Stock-breeding;  

  1.3. Wood industry and woodworking;  

2. Research of the industry of Gabrovo: 

  2.1. General characteristics;  

  2.2. Light industry: 

    2.2.1. Leather and shoe industry; 

    2.2.2. Textile and knitwear industry; 

    2.2.3. Food industry;  

  2.3. Heavy industry: 

    2.3.1. Machinery construction;  

    2.3.2. Plastic articles production;  

    2.3.3. Production of articles forms nonmetallic mineral raw materials; 

    2.3.4. Production of sanitary accessories; 

    2.3.5. Building materials and construction industry; 

3. Research of the branches of the Tertiary sector;  

  3.1. Transport;  

  3.2. Energetics system;  

  3.3. Water-supplyin system;  

  3.4. Telecommunication services; 

  3.5. Tourism; 

  3.6. Financial mediation.  

 

CONCLUSIONS: 

The relative restrictions that are imposed by the algorithm scheme for realization of the regional studies 

research drop out at the presentation of the results from it. This final event (public presentation), connected with the 

sharing of achievements, is most creative. Except private-scientific (terminological literacy, argumentative 

ratiocinations, capability for giving adequate answers to questions coming from the audience), important social 

competencies as communicative, technological and others are also demonstrated or formed.  
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Contemporary geographical education seems to be powerful and needed mechanism for organization of the 

sciences for man, and the regional approach and the application of the regional studies (local lore studies) method 

stimulates and motivates the development and realization of optimum capabilities for direct contact with the local 

structures and circles. 

 

REFERENCES: 

[1]. Karastoyanov, S., Nature and Significance of Political Regionalistics, Annual book of the “St. 

Climent Ohridsky” University of Sofia, Faculty of Geology and Geography, Book 2 – Geography, vol. 

103, pg. 19-32. 

[2]. Dimov, N., Zoning, Socio-economic Regions and Regional Development of Bulgaria. Publishing 

house EKS-PRES, S. 2012, pg. 6-25.  

[3]. Dermendzhieva, S., Methods of Research Work in Regional Geography. University publishing house 

“St. Cyril and St. Methodius”, V. Tarnovo. 2001, 328 pages. 

[4]. Dermendzhieva, S.; and others, Geography and Education. Methods of the Education in Geography, 

part I. University publishing house “St. Cyril and St. Methodius”, V. Tarnovo. 2010, 400 pages.  

[5]. Dermendzhieva, S., The Geoecology–Regional Studies Interrelation in the Education in Geography – 

Aspects of the Didactic Communication, Proceeding of the “Angel Kanchev” University of Ruse, vol. 40, 

series 9, Ruse. 2003, pg. 20-23.  

 



  ASN, Vol 4, No 1, Pages 118-123, 2017 

118  

Corresponding author: pgalcheva@abv.bg 

DOI: 10.1515/asn-2017-0018                                     ©2017 “K.Preslavsky”University of Shumen. All rights reserved 

 
 

 

Acta Scientifica Naturalis 
Former Annual of Konstantin Preslavsky University – Chemistry, Physics, Biology, Geography 

Journal homepage: http://www.shu.bg 

Received: 30.10.2016  

Accepted: 11.01.2017 

 

Implementing Interactive Teaching Methods for 9th Grade Organic Chemistry Classes 

Ivaylo Traykov, Petinka Galcheva 

Shumen University, Faculty of Natural Sciences, Shumen, 115 Universitetsca 

Str.,Shumen, Bulgaria 

 e-mail: pgalcheva@abv.bg 

 Abstract: One of the main challenges facing the current educational system is creating conditions 

suitable for academic skill development that allow students to navigate and adapt to today's modern 

society, such as locating relevant information quickly as well as effectively utilizing innovations. We can 

achieve this objective by using interactive teaching methods. These methods take into account the 

contemporary issues and changing priorities - from the general content building for the courses to 

independent, student-centered cognitive activities. 

 The purpose of this paper is to present tested and proven interactive methods for Grade 9Organic 

Chemistry classes. These methods significantly improve the quality of teaching and the students’ interest 

in the subject.  

Keywords: teacher training, organic chemistry, interactive methods 

Introduction 

 The use of interactive teaching methods in schoolsis extremely popular nowadays because 

students are equipped with thenecessarylife skills for modern day society, which are: generating ideas, 

formulating and verifying hypotheses, discussions, and decision making. Whether directly or indirectly, 

these methods are reflected in the work and recommendations of various European institutions, national 

strategies and programs, including: the Council of the Ministries of Education, Youth and Culture of the 

European Union, the European Institute of Innovation and Technology, the European research strategy, as 

well as innovation in information and communication technologies operating by 2020 and others. [1] 

 Interactive methods are appropriate to pursue a quality learning process and are fully consistent 

with both the need to have creative individuals and the quest for socialization, in particular, for the 

communication of each student. These methods are one of the possible ways to carry out more effective 

learning activities, motivating, focused, and well organized because the lack of participation in the 

classrooms is eliminated andstudents’ work is enhanced. [3] 

Results and discussion 

In a quest for the most favorable ways to improve the preparation and activity of students in the 

process of teaching chemistry and environmental protection, we focused on the opportunities offered using 

interactive methods. This work presents part of the results achieved from teaching organic chemistry to 

students in the 10th grade at the "Dr. Petar Beron" School of Mathematics in Varna as a pedagogical 

experiment. 

A survey, held in previous years, shows that students are interested in learning in an interactive 

environment. That defined the goal of the pedagogical experiment, namely: to develop and implement 

training system in organic chemistry lessons using interactive teaching methods. 

 The first stage of the project consisted of an analysis of educational content. We researched 

appropriate topics to meet the objective. [2] The results are presented in Table 1. 

 

mailto:pgalcheva@abv.bg


  ASN, Vol 4, No 1, Pages 118-123, 2017 

119  

Corresponding author: pgalcheva@abv.bg 

DOI: 10.1515/asn-2017-0018                                     ©2017 “K.Preslavsky”University of Shumen. All rights reserved 

 
 

Table 1. Applications of interactive methods for educational content. 

№ Topic Used interactive methods 

 

1. 

 

Hydrocarbons (summary) 
➢ brainstorming 

➢ game 

➢ discussion 

2

2. 

 

Natural sources of hydrocarbons 
➢ debate 

➢ case study 

➢ discussion 

➢ role-playing game 

➢ developing the project 

3

3. 

 

Physiological effect of ethyl 

alcohol 

➢ developing the project 

➢ case study 

➢ discussion 

4

4. 

 

Carbonyl derivatives of 

hydrocarbons 

➢ method of associations 

➢ discussion 

➢ content analysis 

➢ teamwork 

➢ developing an intellectual card 

5

5. 

 

Carboxylic acids 
➢ teamwork 

➢ brainstorming 

➢ content analysis 

➢ discussion 

6

6. 

 

Narcotic substances 
➢ case study 

➢ brainstorming 

➢ developing the project 

 

 In the second stage of the experimental lesson, fragments and private lessons were developed with 

embedded interactive methods of training. In the next stage, these methods were approved in the learning 

process.  

We have presented some of the developed methodological options, which illustrate the ability to use 

interactive methods in the learning process in a specific order, based on the curriculum map.  

In the summary entitled “Hydrocarbons," we play a game called "The World of Organic 

Chemistry." The game takes place in four rounds where the competitors solve different types of problems. 

The class is divided into two teams - Team "Markovnikov" and team “Kucherov”. The team who has the 

highest amount of points wins. 
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Fig. 1. 

The topic named "Physiological action of the ethyl alcohol" is organized and conducted using group 

and project work. This method encourages active participation of students in the creation of a product. The 

lesson is not provided by the teacher, however, the students work independently to locate information by 

selecting and structuring it, and finally, presenting that information. 

Project activity is organized in the following sequence: 

 Stage One: Students are informed about the topics of the project, they form groups to work on the 

tasks (In this lesson the groups are 5). The students discuss the final product, which leads to the 

finalization of the project and the elements it should contain. Accurate and clear guidance is given on the 

criteria, which will be used to evaluate the group work. 

 Second stage: Students distribute the tasks within the groups. An important element of the group 

work is the participation of everyone in the team. At this stage, the sources of information are studied, 

various options of presenting the results of the work are discussed, and the final product is developed. It is 

presented to the teacher during the planned consultation. Errors, necessary additions and corrections are 

being discussed during that time. 

 Third stage: The final version of the product is developed. 

 Fourth stage: The finished product of each group is presented to the class. The presentation takes 

place during class within the given time limit. 

 Fifth stage: Evaluation of the product. It is performed by a panel of students who are familiar with 

the topic and know the criteria to evaluate the finished products. Students are required to justify their 

decision to the class.  

Topics for the groups: 

First group: The physiological effect of alcohol. (The path of alcohol in the human body)  

Second group: Alcohol - the legal drug. 

Third group: Poisoning by methyl and ethyl alcohol. First aid help. 

Fourth group: Alcoholism and crime. 

Fifth group: Alcohol in folk art. 

 Each group receives а card from the teacher which indicates the topic, the questions that must be 

answered, and the tasks that must be fulfilled. 

As an example, we will present the guidelines for the first group. 

1. Check the transformations of ethanol in the human body. 

2. Imagine in your own way the path of alcohol in the body. 

3. Clarify the influence of alcohol when taking medicines and drugs. 

4. Why do we feel the need to drink water after consuming alcohol? Explain using the properties of 

ethanol. 
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5. In developing the final product remember to cite the sources of information that you used. 

Criteria for the evaluation of the product: 

1.  Relevance between the content and the theme. 

2. Quality of the finished product: 

 properly selected text information 

 pictures and graphic material content associated with the given theme 

 successful use of animation effects 

 originality and creativity 

 correct citations using credible sources, such as the Internet 

3. Presentation of the product:  

 reasonableness and accuracy of the exhibition 

 met objectives 

 how well the content is learned, mastered; the display of the presentation and whether the 

questions from the audience are properly answered 

 use of correct chemical and literary language 

In addition to the presentations and brochures, the students perform a chemical demonstration -  

the effects of the ethyl alcohol on the liver and a demonstration of first aid help when one is suffering from 

alcohol poisoning, presented by the nurse at the school. 

The topic "Natural sources of hydrocarbons" aims to enrich the ecological culture of students. The 

lesson is presented in the form of а role-play game - a press conference with a topic concerning an 

ecological catastrophe near Burgas. 

In order to perform this, a scenario is prepared and students receive roles of journalists, experts and 

representatives of the Regional Inspectorate of Environment and Water. 

The problem that caused the press conference is reported by the representative of the Regional 

Inspectorate of Environment and Water: Dear colleagues and journalists, during the day, rescue teams 

struggled with over 30 tons of gasoline, which expired yesterday near the town of Burgas. The fuel is 

poured in an accident on an oil pipeline of "Lukoil" and that is a threat to the protected area of Vaya. Due 

to heavy rain the work of the teams is difficult. My colleagues from the Institute of Chemical Engineering 

will respond to the journalists' questions, regarding the problems that the pollution may cause.  

Later, the journalists and experts join the press conference, ask appropriate questions and provide 

relevant answers. 

So, the conducted interactive lesson assists students in an unconventional way, helps them acquire 

knowledge about the use of oil and gas, the need for rational use of natural resources and environmental 

problems, which can cause an incorrect exploitation of the facilities in the oil industry. 

In the summary entitled "Carbonyl compounds,” we used teamwork in the building of an 

intellectual card. 

Having examined the methods of production, composition, structure and physical properties of 

carbonyl compounds, students are divided into 2 groups. Each group receives a leaflet with instructions 

about creating an intellectual card. The objective of the first group is to build an intellectual map of the 

concepts, related to the chemical properties of the carbonyl compounds. The second group must aim to 

build an intellectual map of the concepts, related to the physiological effect of aldehydes and ketones.  

With the construction of the intellectual map, its protection is also developed. Each group presents 

its intellectual card and the result is evaluated by the entire class. At this point, the group work is being 

combined with teamwork. 

The theme "Drugs" is part of the curriculum of learning chemistry and environmental studies in the 

9th grade. It has always sparked interest among students, as it is considered one of the most important 

social problems of modern day society. Upon the learning of this topic, various interactive methods are 

used, as well as different forms and techniques, such as: project-based learning, case studies, role play, 

group work and more. The purpose is to encourage students to exchange information and opinions, share 

personal experiences and discuss the actions that must be taken in a particular situation.  

To conduct the lesson in the form of project-based learning, students are divided into 4 groups, 

which should prepare them for the task by gathering information and answering the following questions: 
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1. What is a drug? 

2. What is the difference between hard and soft drugs? 

3. What is an addiction? 

4. Who uses drugs and why? 

The first three groups were given the task to study the information for one of the following drugs - 

amphetamines, morphine, heroin and to present in a way chosen by them the research results in the 

following order: What is heroin / morphine / amphetamine? How do you take this drug? What are the 

effects of its use? Is it addictive? What are the risks? How do you recognize problematic use? How to help 

the addict? 

The fourth group was given the task to prepare a presentation (poster) on the topic: "Drugs - risks 

addiction and prevention. I chose to say NO, how about you? " 

Upon completion of the group work, the main factors that lead to the use of drugs and the signs of 

drug dependence are displayed  on the intellectual card in the right order. 

The next task which is provided to the groups is an analysis of the "Tree of problems.” 

Students are divided into two groups and each of them gets a flip chart with a painted tree with big 

roots and branches with leaves and fruits. The trunk of the tree contains the following scenarios: 

- Simona, 18 years, three months pregnant, lives with HIV for four months, uses drugs. 

- Alexander -19 years old, injects himself with drugs, lives on the street. 

Each group reflects on the possible causes of the problem and writes them on the tree's roots, then 

the members analyze the consequences and write them on the branches and fruits. The group discusses the 

links between the individual factors, while indicating them with arrows. Students offer possible strategies 

and steps to solve (decrease) the problems. 

The last task involves solving cases related to the topic - "Drugs." For the purpose of this activity, 

the class is divided into two groups and each group must decide on a case.  

Case 1: 

 Several times your best friend Yavor borrowed money from you, but delayed its return using 

different explanations. You understand that he had started taking hard drugs. You have grown up together, 

you know his family and you know him as an extremely intelligent and knowledgeable person. Will you 

try to help him? How? 

Case 2: 

While returning from lectures, Simona finds her brother Nikolai in their home unconscious. She 

realizes that his condition is caused by overdosing or the consumption of a poor quality drug / mixture 

poisoning /. What should Simona do? 

After 10 minutes of discussion the chosen spokesperson of the group presents the solutions and 

answers questions. 

 

Conclusions 

In order to determine the attitude of students towards the use of interactive methods during the 

learning process, a survey was conducted at the end of the school year. The results showed that students 

enjoy working in an interactive environment (69%) and this positively affects their attitude towards the 

subject. 

 Acknowledgements: This article is the result of work on the project of Scientific Research Fund 
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Abstract: The study is an attempt to present the latest developments in legislation for implementation of 

the reform in geographic education in secondary school. Through conducted survey has been taken into 

account the views and expectations of teachers of Geography and Economics in terms of the new law, a 

framework curriculum, State educational standards and curricula. Expectations of educational reform are 

formulated as positive and negative sides. Referred to a recommendation for overcoming some of the 

problems were identified. 

Keywords: educational reform, school geographical education 

 Introduction 

The regulatory base of Bulgarian education is characterized by big dynamics. This suggests the 

quality of normative documents and designed them for the predictions regarding the European and world 

educational trends. It forces us to think about, whether the school is a non-partisan educational institution 

and whether there is an institutional intervention in their preparation, consideration and approval. 

The actuality of the topic stems from changes brought about by the new law on pre-school and high- 

school education, effective 01.08.2016 [10]. The following arguments are a motive for analysis of the 

regulations and for the study of the opinion of the main actors in the educational process in Geography and 

Economics – teachers.  

Materials and Methods 

To take into account the expectations of teachers in Geography and Economics from presenting to 

educational reform of the school geography survey is conducted with 63 teachers of Geography and 

Economics from Rousse, Shumen, Silistra, Valchi Dol, Varna, Dobrich, Devnya and Zavet. 

To study the legal framework provided by the laws, regulations, curriculum content is applied – 

analysis and benchmarking. 

Results and Discussion 

 

Тhe most important legal documents that define the strategic framework and basic parameters for 

realization of educational process in the Bulgarian school are the laws and regulations for their 

application. As an example of the dynamic pace of changing those for the purpose of modifying and 

updating can be mentioned: 

 - The Education Act of 1991, which by 2015, underwent more than 30 changes in the form of 

amendments [8]; 

mailto:rosivladeva@abv.bg
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- The rules for the implementation of the Education Act from 1999, which until 2014 impose 25 

legislative amendments [7]; 

- The law of the State of education requirements and curriculum from 1999, which by 2016 is 

changing over 10 times [9]. 

That legislative Dynamics affects directly the organization and functioning of the educational 

process and makes it difficult for most of the participants that implementing regulations. Most victims are 

teachers, directors, representatives of the education inspectorate. At the same time, the direct participants 

in the learning process – students have testing of new curricula and textbooks and the measurement of the 

extent of their availability. 

In hopes of greater stability in the educational space is considered the new law by 2015 due to the 

highlights of the change in him and the expected long-lasting results. In it as a basic principle in the 

system of pre-school and school education specifies education as a national priority [10, art. 3, par. 2]. 

Awareness and acceptance of education as a national value proves its importance for modern society and 

requires application of radical measures to improve its condition. 

 In objectives of educational policy attend those that are closely tied to geographic education: 

preservation and affirmation of the Bulgarian national identity; acquisition of competences for the 

implementation of the principles of sustainable development; the understanding and application of the 

principles of democracy and the rule of law, human rights and freedoms, and promote active and 

responsible citizenship; formation of tolerance and respect for ethnic, national, cultural, linguistic and 

religious identity of each citizen; knowledge of the national, European and world cultural values and 

traditions. 

Finding the meaningful support between global educational purposes at the level of the General 

theoretical idea and the main purpose of geographical education at the level of the subject prove the great 

educational potential of geography. This is confirmed by the trends related to the development objectives 

of the geographical education referred to in the declarations of the Commission on Geographical 

Education of the International Geographical Union [2, 3, 4]. 

 According to theoretical didactic productions is expected when offered, indicating what is 

educational goals related to their reorganizing  tree and their hierarchical structure formation at the level of 

teaching material in geography and economics, to develop specific objectives in individual classes, 

sections and topics and objectives tree is formed [1, 70]. Therefore, the objectives set in the law should 

specify in curricula, textbooks and teaching materials in geography and economics, to be subject to 

absorption by the students. Reorganized in this way, the objectives form a system that develops in the 

horizontal and vertical plan. 

 In the framework curriculum for junior high school stage of primary level of education of the 

subject „Geography and Economics“are provided for a total of 174 hours. This as a proportion of the total 

number of hours in the middle school stage is nearly 6.1% (Tabl. 1). 

In comparison with the other subjects that are studied by grade V to grade VIII, taking into 

account that this number is lower than subjects such as –  „Sport“ (242), „History and Civilization“ (208),  

„Music“ (190), „Fine art“ (190). There is a slight preponderance in comparison with class „Biology“ (72 

h), „Chemistry and environmental protection“ (54) and „Physics and Astronomy“ (54 h), which are taught 

only in grade VII, but are preceded by the subject „Man and nature“, which is taught in V and VI grade 

with a workload (170) or 2.5 hours a week. 

 In the framework curriculum in high school the first stage, the total number of hours is greater 

due to the passage of the grade VIII from junior high school stage. The measures provided for 162 hours 

represent only 5.6% of the total number of hours in the first high-school stage. In both education plan does 

not provide for compulsory teaching of „Geography and Economics“in the XI – XII grades. This may 

adversely influence and reduce the motivation of students to take State exams on geographical learning 

content, which is studied VIII – X grades, and apply successfully in high schools after grade XII.  
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The realization of educational objectives is situating on the basis of specific geographical content, 

forming his system in vertical and horizontal plan. Educational reform of high school geography directly 

affects the system of geographical education and proves that it is dynamic and should meet the 

requirements of society. 

Problems in the construction of school geographical learning content derives from complex factors 

as leading are – the educational potential of geographical science and didactic requirements to be met by 

educational content. 

 

 

 

 

 

Table 1. Hours of the subject „Geography and Economics“by educational stages 

  

 

 

 

 

 

 

 

 

 

 

 

 

The complexity of geography as a science learning allows for the formation of key social and civic 

competences, but also of those in the areas of natural sciences, environmental protection, economy and 

sustainable development. This diversity requires certain difficulties in the reduction of scientific 

knowledge and their structure in the system for learning in school. 

 

 

 

Educational Stages Total 

Junior High School First High School 

Grades Number 

of hours 

Grades Number 

of hours 

Number 

of hours 

According to the Framework Curriculum (profiled education) [6] 

V VI VII V-VII VIII IX X VIII-X V-Х 

51 51 72 174 36 36 90 162 336 

- 72 90 

According to [5] 

V VI VII VII

I 

V-

VII

I 

 IX X IX-X V-X 

51 51 51 51 204  54 54 108 312 
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Grade 5 

An introductory course in General Geography, Geography of Africa and 

Antarctica 

Grade 6 

Geography of North America, South America, Asia, Australia, Oceania 

Grade 7 

Geography of Europe, Balkan Peninsula and Bulgaria 

Grade 8 

Natural Geography 

Grade 9 

Socio-economic and regional geography 

Grade 10 

Geography of Bulgaria 
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Figure 1. A new structure of academic content in Geography and Economics 

 

In the proposed system of geographic content, there should be links between the various 

hierarchical components – knowledge, skills, competences and relations in individual classes and in the 

entire system of school education in Geography and Economics. At the same time, it does not need further 

straining the students, and to meet the requirement of accessibility and compliance with the level of their 

cognitive abilities.                                                                                                                                        

The model of system design of new learning content in Geography and Economics, which began to 

be implemented in the 5th grade in the school year 2016-2017 school years, is presented in Figure 1. It 

partly overlaps with the existing system of educational content and 9 10th grade. A positive feature is the 

inclusion of courses on natural geography of Bulgaria, which traditionally present in geographic learning 

content. Under the current system, he is reduced to the volume of the section of selected topics for natural-

resource potential. It is understandable and explicit strategy of educational content for Europe, the Balkans 

and Bulgaria of 8 in 7th grade, due to completion of junior high school stage for part of the students and 

the likelihood that they will not continue their education in a high school stage (Fig. 1). 

Most debates in the geographical field of education cause the transformation of the course 

„Geography of the continents and oceans“. It’s rupture with the inclusion of two absolutely opposite 

continent, both in terms of the components of the natural environment and on the agriculture and public 

organization-Africa and Antarctica in the curriculum for grade 5.  

 According to methodological developments and the views of the teachers course in Introductory 

Geography and Economics from starting in junior high school stage always causes difficulties in the fifth 

graders. His load with the inclusion of two more continents, except learned up to this point, will 

undoubtedly increase the difficulties, both for students and for teachers. Its losing the logic of the 

geographical knowledge of the continents, which until now have been studied on the basis of similarities, 

such as the beginning was in the sixth grade. Now in the foreground stands out the highlighting of 

differences that cannot be explained logically to the children with poorly developed geographical 

conception and logical thinking ability still in grade 5. 

In view of the confirmation or rejection of these claims on the basis of the carried out comparative 

analysis and content analysis – part of the new regulations in the field of school education, geographical 

survey took place with 63 teachers of geography and Economics from Rousse, Shumen, Silistra, Valchi 

Dol, Varna, Dobrich, Devnya and Zavet in September and October 2016. It shall examine the expectations 

of teachers from change in geographical education in respect of the provisions in LSE [1] the new 

curriculum in geography and economics for 5, 6 and 8 grades. 

 The questionnaire includes a total of eight objects, six of which require eligible response and two-

free response. Profiling data of the respondents is as follows: 

- Gender structure: 72%/28%, women/men; 

- Educational structure: 63% 37% M.D, Bc.D.; 

- Qualifications: 21% with the first, second and third vocational degree, 15% with the fourth 

vocational degree, 23% in 5th vocational degree and 41% without professional qualifications. 

The objects from first to sixth including require determining the attitude or opinion, as the possible 

responses are similar: 

1. predominantly positive  

2. predominantly negative  

3. absolute positive  

4. absolute  negative. 

First object explores the relationship of teachers to act on pre-school and school education in 

relation to planned objectives and principles. The results show a positive attitude towards changes in the 

underlying law in 69.7% of respondents. The answer to the second question reported that 58.7% of 

teachers expressed a similar attitude toward the state educational standards. That proves approval 
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regarding the concept of a legislative framework to change the education of today's stage and the basis of 

their ideas.  

 Radically opposite is the opinion of the respondents regarding the dropping of 8th grade of junior 

high school stage of basic level and its inclusion in the first junior high school stage, which is examined by 

a third object. Consolidation of 79.3% of teachers of geography and Economics around the negative 

opinion is related to the probability of dropping out of high school students who will not continue in the 

high-school stage and reduce classes in geography and Economics in primary schools .Unfortunately, this 

trend will be manifested mainly in small villages and places with mixed ethnic population, as will cause 

the formation of the merged classes and shortening of the teachers (Fig. 2). 

 

 
 

Figure 2. Statistic of Objects 1, 2, 3 

 

Results of the 4th object show the views of teachers of geography and economics for the groups of 

key competences in the law and opportunities for their realization. The positive attitude towards them 

prevails at 65.1% of respondents. The other declared partly or wholly negative opinion in connection with 

their poor knowledge and difficulties in the implementation of key competences in learning process in 

Geography and Economics (Fig. 3). 

Significant polarization of the answer shall be taken into account in the fifth object, the required 

opinion on classes in geography and Economics in the new curriculum framework. Missing  answers with 

overwhelming positive opinion, while those with entirely positive feedback are 3.2%. Others resent 96.8% 

of teachers with the expression of a negative vote for the number of hours of the subject in the curriculum. 

In discussions with them on account of the unequal presence of the subject „Geography“ in comparison 

with „History and civilization“, both in junior high and high school stage. 
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Sixth object require sharing your opinion on new curriculum in Geography and Economics and 

opportunities to work with them. The prevailing opinion of the teachers is positive, as% of 60.4 approves 

them. This is a motive for the expected new structure of curricula and fewer concepts. Working with them 

is yet to come and the emerging problems will be resolved in the course of the learning process. 

In objects seven and eight respondents argue their opinions in the form of free response. 

Seventh object explores the attitude to new structures in the system of educational content in 

geography and economics. Teachers as the most troubled educational content in the fifth grade. Their 

arguments are related to the high volume of learning content, which is preserved in almost the same form 

as in the previous curriculum, and is supplemented with continents Africa and Antarctica. 

At the same time in fifth grade teachers must devote additional time to form a geographical 

language of the students and for placing the basics of map cartography skills and culture. Approved by 

most teachers is the inclusion of a course on natural founding geographic geography in the eighth grade, 

which was marked as a significant failure of the previous system of educational content. There are 

references to unload the educational content of the course on the „Socio-economic and regional 

geography” in the ninth grade. 

 
 

Figure 3. Statistic of objects 4, 5, 6 

 

The answer to the last object requires an indication of the main positive and negative sides of the 

educational reform. They are combined and summarized in the conclusions of the study. 

 

Conclusions  

Conclusions the results of the study to define the expectations of the educational reform of high 

school Geography can be assembled as positive and negative. 

Positive are the following: 

- The following global objectives and principles of contemporary Bulgarian education defined his 

vision of education at European and global level. 
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- The educational change is necessary due to the compelling replacement of outdated stereotypes, 

both in society and in education. 

- Offering a greater choice in preparing the course documentation at the level of the school provides 

an important tool for the management of the training process, depending on the specific characteristics of 

the students.  

- Typing of the new curricula for all subjects in the realization of the General requirements for the 

inclusion of new topics for 60% and 40% knowledge topics for exercise and summary, as well as 

compliance with the key competences and the pursuit of new direction and updating of educational 

content, will lead to the unification of requirements and facilitate the learning process.   

- Curricula in this form will result in stimulating activities for the realization of interdisciplinary 

synthesis and stimulating the cognitive activity of students. 

Negative expectations are related to certain difficulties in the realization of innovations in the 

regulations as: 

- An unequal presence of the subject „Geography“in the framework curricula in comparison with 

other school subjects. 

- Difficulties in applying the compression options within one academic year of educational content 

in geography and economics for 7th grade and part of the 8th grade in the current and the next school year. 

This is due to the fact that students in the seventh grade will complete his primary education after grade 

VII, rather than as planned on the former lesson’s plans after grade VIII. 

- Uncoordinated the correlation between curriculum and textbook for grade 5 during the academic 

school year 2016-2017 causes difficulties in learning process, which implements a new curriculum and is 

working with the old textbook, developed under a different curriculum. 

- Expanding the educational content of Geography and Economics  for grade 5 with the inclusion of 

two continents, which was lacking in the old textbooks that will be studied in scrolls of individual 

publishers. 

- Lack of skills in the part of the teachers of geography and economics to measure the expected 

results of the level themes through the competences which have as a requirement under the new 

curriculum. 

Part of the problems relating to the implementation of the legislative framework of school’s 

Geographical education will be delay in time, due to testing of the documents and their degree of 

suitability. Another part will be solved by conducting consulting and methodological work with teachers, 

as well as in investing in a variety of training courses. 

The change in school geographical education requires time, responsible attitude and laying of a lot 

of effort from all the participants in it. 
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Abstract: The purpose of this paper is to follow "Climate change, risks and Natural Resources" in 

the curriculum of Geography of Bulgaria and the world in 9th and 10th grade and to interpret some 

didactic aspects. 

Analysis of key themes, concepts and categories related to the environment, events and approaches 

to environmental protection and the environmentally sound development of sectors of the economy is 

didikticheski targeted. Considering the emergence and development of geo-ecological issues, their scope 

and their importance to the environment, systematize some species and some approaches to solving them. 

Geography education in grade 9 and 10 involves acquiring knowledge, developing skills and 

composing behaviors of objective perception and assessment of the reality of global, regional and local 

aspect. 

The emerging consumer and individualistic culture snowballing globalization, are increasingly 

occurring global warming, declining biodiversity form new realities which education must respond 

appropriately. 

The objective, consistency, accessibility and relevance in real terms are meaningful, logical 

accents. Whether and how reproduced in the study of Geography of Bulgaria and the world is the subject 

of research study in this report. 

Geoecological structuring of topics, concepts and categories can be done in different signs. In 

terms of their scope are local, national or regional, and global. Matter and interdisciplinary approach, 

which is to reveal the unity of the "man-society-nature" to clarify the complexity of their character with a 

view to forming a harmonious personality with high Geoecological consciousness and culture, and the 

activities carried out in their study . 

 

Introduction 

              Climate change on Earth and the adverse consequences are a common concern of humankind. 

Human activity leads to a significant increase in greenhouse gas concentrations in the atmosphere, this 

increase amplifies the natural greenhouse effect and further warming the Earth's surface and atmosphere, 

which may adversely affect natural ecosystems and humankind. 

             There are many uncertainties in predictions of climate change, especially regarding deadlines, 

magnitude and regional differences. [Framework Convention ..., 2015]. 
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 Climate change have specific regional dimensions, such as those seen in Southeast Europe also 

apply to the territory of Bulgaria. All regions are affected in one way or another and impact of global 

warming already observed in almost all areas of business are affected ecosystems and the people on the 

planet. The results published by the European Environment Agency in 2012 (EEA, 2012a), confirm that 

rising average temperatures on the continent, reducing rainfall in southern Europe and increasing them in 

the north. 

            The average temperature in the region has risen by 1.3 ˚S pre-industrial until now. Global and 

regional models of climate change indicate that, at the end of the 21st century, Europe will have 2.5 to 4.0 

˚S warmer. Such changes will undergo a serious test almost all spheres of our lives (World Bank, 2012). 

Continue to reduce areas with permafrost and ice shields of Greenland ice in the Arctic and glaciers across 

the continent. (IPCC, 2013). This process has increasingly influence on the quantity and the flow regime of 

the rivers fed by them, including and the river. River. The consequences of this will affect our country. 

There are changes in the areas of distribution of plant and animal species, and the question arises whether 

the ecosystem will have time to adapt to similar or more rapid and intense changes. This process will be 

accompanied by longer periods of heat waves, drought and drought, especially in Central and Southern 

Europe. The potential positive effect of reducing energy costs for heating will be offset by the increase in 

energy required for cooling. 

Increased damage from extreme hydro-climatic events such as floods, extreme temperatures, storms caused 

by izvantropichni cyclones in northern parts of the continent, droughts, hailstorms and others. In the future 

they are expected to occur more frequently and are more intense. 

          Climate change and the need to adapt to pose a number of questions to the Public Management and 

Development whose solution becomes more imperative after each successive IPCC report since 1990. 

[Popov, A. et al., 2012]. 

          This development is linked to some of the problems to be solved in the implementation of modern 

geographical education in secondary school. This coincides with the period of discussion and 

implementation of new school records in Bulgarian school, new state educational standards and curriculum 

in geography and economics. 

           Geography education in grade 9 and 10 involves acquiring knowledge, developing skills and 

composing behaviors of objective perception and assessment of the reality of global, regional and local 

aspect. The emerging consumer and individualistic culture snowballing globalization, are increasingly 

occurring global warming, declining biodiversity form new realities which education must respond 

appropriately. 

 

Materials and Methods 

           The purpose of this paper is to track climate change risks and Natural Resources in the 

curriculum geography of Bulgaria and the world in 9th and 10th grade and to interpret some didactic 

aspects. 

To achieve the objective need focused analysis of key themes, concepts and categories related to the 

environment, activities and approaches to environmental protection and the environmentally sound 

development of the economy. 

Geoecological structuring of topics, concepts and categories can be done in different signs. In terms 

of their scope are local, national or regional, and global. Matter and interdisciplinary approach, which is to 

reveal the unity of the "man-society-nature" to clarify their complex character with a view to forming a 

harmonious personality with high Geoecological consciousness and culture, and the activities carried out in 

their study . 

When applying the conceptual analysis of the patterns of teaching Geography and Economics finds 

that natural climate component is taught in general-theoretical / natural geography / of pre-secondary level 

of education / 5
th
 – 8

th
 grade /. 

Vertical training topic is relationships that are supported or developed through concepts, facts, 

regularities of higher rank. The main part in the study of the Earth's climate begins in fifth grade, where the 

concepts and leading ideas, laws are still preparatory / propaedeutic character / their upgrade in VI, VII and 

VIII class. In sixth and seventh grade now the climate is seen on a regional basis and concepts regularities 

acquire Scientific-grounded sense, knowledge integration in horizontal and vertical direction / Africa-

South America-North America in the VI class and Asia, Australia and Oceania VII grade / the new 
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Curriculum / effect from the 2016/2017 academic year, already Africa is taught in fifth grade. In VIII class 

which deals with Europe and smaller regional entities Balkan Peninsula and Bulgaria climate is considered 

more extensive and generalized nature of the relationship between natural components and its impact on 

human activity.  

The terms are single pooled and regularities / causality / show the relationship between climate and 

other natural components. The generalized knowledge associated with longer follow the development of 

economic sectors, increasing adverse effects on the atmosphere - the greenhouse effect, ozone depletion. In 

order to prevent negative consequences of the impact of human activity on the atmosphere are organized 

special observations. Forming skills to evaluate changes in air quality that occur as a result of lifestyle and 

business. 

Vertically in upper-secondary degree in IX class / under this Curriculum / study system Course 

General geography and economy dominated by public - geographical themes. The study of the natural 

structure of the land is developed in the core subjects of "Natural structure and resources of the Earth" with 

a focus on natural features, evaluation as a potential base of business and social life of the people. The 

course is the successor to the total course in geography in the fifth grade. / Earth as a planet and its natural 

and economic outlook / and geography of the continents in the sixth, seventh and eighth grade. 

If you trace the vertical links and synergies students in fifth grade are introduced to the fundamental 

concepts earthquakes and volcanoes, but not by natural hazards, but as disasters associated with slow 

sinking and raising the ground and how people around the world can diminish the disastrous impact of 

earthquakes but natural hazards and disasters not is a separate issue. 

The skills they acquire work with numerical data and seismic card. In VI, VII and VIII class 

fundamental knowledge and concepts update and specify associated with seismic and volcanic areas on a 

regional basis (by continent) are affected and some natural disasters (floods, landslides, hurricanes, 

typhoons, tornado, frost, tsunami , Forest fires). 

In high school in the ninth grade at a high scientific-theoretical level students acquire knowledge and 

skills for major natural disasters endangering human life. Skills are related to patterns of behavior in 

various natural disasters, which is associated with the main objective forecasting and preparedness for 

response. In tenth grade theme design theoretically "Modern relief of Bulgaria", where he studied seismic 

areas in the country and focused on other natural disasters, local individual areas in Bulgaria, mainly due to 

anthropogenic influence Rights (landslides overflow of rivers, forest fires, air pollution, etc.). 

Addressing risks is a global problem and the efforts of the world's researchers are focused on: 

 Determination of species - area of particular natural disaster. 

 System scientific observations - stationary tests near places with typical risk; space 

observations; construction of a communication system. 

 Processing data using GIS. 

 Preparation of short- and long-term forecasts - time, strength and extent. 

 Preparation of a global warning system and alarms. 

According to the UN during the second half of the twentieth century, the average number of fatalities from 

ekokatastrofi is about 250 000 e. / Year. Ekokatastrofite according to statistics are distributed as follows: 

40% - floods; 20% - tropical cyclones; 15% - earthquakes; 15%. Droughts and 10% - volcanoes, 

avalanches, frost, lightning and more. Most casualties have taken tropical cyclones, floods and 

earthquakes.  

In the course of teaching Geography and Economics in ninth grade theme of natural resources and 

sustainable development seen in the natural and geographical area. Supporting knowledge and skills are 

connected vertically with concepts learned in class 5: natural resources; types of natural resources; wisely 

and sparingly use of natural resources at the global level. Skills available to students teamwork (natural 

resources in the homeland), observations, descriptions, collection of natural resources and creating places; 

working with thematic and contour maps, graphic materials. Stimulated evaluative respect for nature 

conservation and sensible business. In VI, VII and VIII class support knowledge and skills related to 

natural resources at regional level (by continents, regions and countries) features, spatial distribution and 

conservation, restoration and wise use. Causation based on the wealth of natural resources in the world - 

species use; laws relating to the state of resources, their use and protection of the environment. The leading 
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ideas focus on the relationship and interaction between natural resources, the integrity, orderliness and the 

need to preserve and use sparingly. 

In the course of teaching geography and economy in tenth grade theme of natural resources and 

sustainable development be considered at a higher level - summarizing theoretical for natural resources and 

conservation, rational use in Bulgaria. The main problems are related to the environmental education of 

students affected in the curriculum. In the eleventh and twelfth grade theme acquires summarizing 

character and ending with the application importance. Students through independent work as a team, 

prepare reports for the Study of native nature, homeland; prepare forecasts and educational projects; up 

tables; Mapped studied phenomena and processes; participate in discussions and exhibit personal attitude 

regarding conservation of the homeland. 

 

Results and Discussion 

 

The analysis of the content of the courses in ninth grade includes 30 topics taken to 5 cores / all 

included in the SER without core geography of Bulgaria - first level / mandatory training / and 14 topics 

taken to 5 cores - Second level / specialized training / and their corresponding standards of the curriculum. 

The content of the courses in the tenth class includes 12 topics relative to 1 core (Geography of Bulgaria) - 

first level / mandatory training / 8 threads relative to 1 core - second level / specialized training / 1-4 and 

their corresponding standards the curriculum. Standard 5 of the curriculum studied in Class XI (first level) 

- Geographical regions in Bulgaria. Traditionally, the training of students in secondary school ends with 

studying the geography of Bulgaria. The course, taught in the tenth and eleventh grade in Secondary 

School / first in September 2016 - High school / in tenth grade in vocational schools, reflects the questions 

about geography, nature, people, villages, farm and geographical regions country. On an organizational 

level in the tenth grade study the topics of natural and socio-economic geography of Bulgaria, and in the 

eleventh grade - geography of the regions in the country / in this Curriculum /. 

Considering the functional role of education for the formation of joint competence of the students, 

separated in key areas of the role of education in Geography of Bulgaria:  

The training contributes to the orientation of students in the spatial dimensions of the most important 

natural, demographic, economic and environmental problems of the home;Training contributes to the 

patriotic and environmental education of students to form their national identity and worldview; Training 

contributes to the understanding of the need to integrate our country into the European economic, political 

and cultural space; training contributes to better orientation, adaptation and realization in modern 

democratic society for future public participation in the social life of the country. 

Through training courses in geography tenth-eleventh grade knowledge / theoretical and methodological / 

and skills / work with different sources of information to analyze statistical and graphic materials and 

documents and to draw conclusions; alone be able to produce maps and images with different thematic 

content and use them to speak reasoned and reasonable opinion; participate in discussions; to submit 

observations and to develop an essay, report, essay with geographic content and more. /pupils are final 

expression in civic competences formed based on geographical knowledge. [Dermendzhieva,C.etal.2012]. 

Targeted analysis of key themes, concepts and categories related to the environment, activities and 

approaches to environmental protection and the environmentally sound development of sectors of the 

economy can be achieved through a comprehensive review of existing curricula and SER. Examining the 

emergence and development of geo-ecological issues, their scope and their importance to the environment 

and some types of approaches to solving them can be traced through the theme of "Climate change, risks 

and Natural Resources" in ninth and tenth grade. 

In the course of learning in ninth grade (first level) topic of climate change risks and Natural Resources 

studied by: core 1: Structure and Natural Resources of the Earth  Standard 2: Revealing the regularities in 

the geographical distribution of natural components and connections between them Theme 3: Natural 

components and systems on Earth Standard 3: Compares natural areas on Earth and assess their natural-

resource potential Topic 5: Natural areas on Earth Standard 4: Clarifies global issues relating to the 

conservation and rational use of natural resources and the environment; knows the concept of sustainable 

development Topic 7: Global problems - raw-energy and environmentally friendly. Standard 5: Identify the 

causes of various natural hazards (earthquakes, floods, landslides, etc.) And their consequences Topic 8: 

Natural hazards. 
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Core 3: Political and economic organization of society. Geography of world economy 

Standard 4: Exposes knowledge about global problems of modernity (raw-energy, environmental, food, 

etc.) And justifies the ways of their solution Topic 7: Global problems of modernity. 

Core 4: Geographical regions in the world and countries at them 

Standard 5: Outlines the problems of regions and discusses their solution according to the concept of 

sustainable development Topic 5: Global problems of modernity and their manifestation in the regions. 

Core 6: Geographical and economic information and work with it 

Standard 5: Examine and analyze various types of documents and retrieve information from them; draw 

abstract and essay geographic content. 

In the course of learning in ninth grade (second level) topic of climate change risks and Natural 

Resources studied by: Core 1: Natural structure and resources of the Earth 

Standard 1: Explains the process of global warming and ozone depletion Theme 1: Current Problems in the 

development of modern geography. Standard 2: Illustrates with examples territorial manifestation of 

elemental natural phenomena and analyze opportunities to combat them Theme 3: Laws territorial 

manifestation of natural hazards. Standard 3: Knowledge of the principles of environmental monitoring 

and realizes the need for it. Topic 4: Environmental monitoring. 

Core 4 geographical regions in the country and the world Standard 2: Analyzing the geographical and 

economic aspects of regional conflicts. Theme 3: Regional conflicts. 

Core 5 Geographical and economic information and work with it 

Standard 1: systematic and presented in graphical form geographic and economic information. 

Standard 2: Comments scientific texts and documents containing geographic and economic information. 

Standard 3: Develops student projects with geographical and economic issues. 

In the course of education in the tenth class (first level) topic of climate change risks and Natural 

Resources studied by: 

Core 5 Geography of Bulgaria Standard 2: Characterized natural components; distinguish between natural 

and geographical areas in Bulgaria and assess their potential prirodnoresursen. Topic 1: Natural 

Environment. Standard 4: Explains the specifics of the transition to a market economy; characterized the 

national economy, economic sectors and the various sectors and activities in them. Formulates the 

problems of the national economy in the context of the national economy in the context of global issues; 

Reveals eco-depressed areas as a result of the activity of enterprises in the secondary sector. Standard 5: 

Demonstrate knowledge of geographic regions and makes geographical survey of the local municipality or 

administrative district. Determine the specific problems of each region (natural, demographic, economic, 

environmental). 

Training course in tenth grade (second level) topic of climate change risks and Natural Resources studied 

by: 

Core 5 Geography of Bulgaria Standard 1. Makes conclusion about changing the functions of the state 

borders of Bulgaria Theme 1. Limits of Bulgaria. Standard 2. Evaluate geopolitical, natural-resource and 

human factor for economic restructuring, infrastructure development and improving the quality of life. 2. 

Subject Natural Environment of Bulgaria. 3. Prirodnogeografski topic areas assessed natural-resource 

potential of natural and geographical areas as a factor in forming their economic structure and formulate 

environmental problems. Standard 4. Discuss Sustainable Development of Bulgaria Theme 1. Problems of 

sustainable development in Bulgaria. 

Core 2 "references and work with them" is shown in an exploded view to any standards of core 1 

"Geography of Bulgaria". 

When conducted a research study in this report are analyzed textbooks and school kits to be used in the 

system of school education for the school year 2016/2017, approved by Order № RD09-143 / 19.02.2016 

year and amended by Order № RD-09 -444 / 13.04.2016 year the Minister of education and science.  

The theme of this paper in textbooks on geography and economics in ninth grade (mandatory training) 

authors St. Karastoyanov al ed. Anubis is seen in the second section "Natural structure and resources of 

the Earth" in the horizontal direction as 11 thematic lessons: geosphere structure of the Earth. Lithosphere - 

Atmosphere - hydrosphere, biosphere, pedosphere - Natural components and systems on Earth - Natural 

zones and zones, natural hazards - Prirodnoresursen potential of the world - Energy and mineral-raw 

material resources - Land, biological and water resources - raw materials, energy and environmental 
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problem - Natural resources and structure of the Earth (summary) - Check what you know and you 

(thematic control). 

The textbook authored by R. Penin and team ed. Bulvest 2000 (mandatory training) theme seen in the 

first section of "natural geography" in the horizontal direction as 16 thematic lessons: Atmosphere - 

hydrosphere - lithosphere - pedosphere - Biosphere (Prirodnogeografski complexes Natural zones and 

zones, natural geosystems - summary and natural risks. continued in the second section "Social and 

economic geography" through thematic lessons: World natural-resource potential - Types of natural 

resources - raw materials, energy and environmental problem. 

The textbook authored by R. Penin and team ed. Bulvest 2000 (specialized training) theme seen 

in the horizontal direction as the 11 thematic lessons: The problem of global climate problems - Reduction 

of ozone - Effects of global warming - Climate and Economy - Laws territorial manifestation of natural 

hazards - Environmental monitoring. 

The textbook authored by R. Gaytandjieva al ed. "Dr. Ivan Bogorov" Ltd. (mandatory training) 

theme seen in the first section "Natural structure and resources of the Earth" in the horizontal direction as 

12 thematic lessons: geosphere structure of the Earth . Internal construction. Lithosphere - atmosphere and 

hydrosphere - pedosphere and Biosphere - Natural components and systems on Earth - Prirodnoresursen 

potential in the world. Raw-energy and environmental problem - Natural risks - we compare the present 

and natural areas, evaluate the natural-resource potential (activity) - Natural structure. Natural resources of 

the Earth (summary) - Theme control. Continues in section three "Geography of world economy" - one 

lesson topic World Economy. Global problems (summary). 

The textbook authored by N. Dimov et al (mandatory training) ed. "Prosveta-Sofia" theme seen 

in the second partition "Prirodnoresursen potential of the Earth" in the horizontal direction as 14 thematic 

lessons: geosphere Earth - Atmosphere and processes it - hydrosphere and processes it - the lithosphere and 

processes it - Biosphere - living shell of the Earth. Pedosphere - Natural ingredients and complexes. 

Natural areas - natural resources. Prirodnoresursen potential of the world of the planet - Working with 

documents. Development of cartograms - Global problems of modernity. Movement towards sustainable 

development. Establishment of an essay, scientific communication and paper - Natural hazards - Natural 

structure and resources of the Earth (summary) - Prirodnoresursen potential Earth (test 1). Continues to 

share fifth "Geography of world economy" - lesson unit Global problems of today. 

The textbook authored by N. Dimov et al (specialized training) ed. "Prosveta-Sofia" theme seen 

in the horizontal direction as 5 thematic lessons: The problem of global climate problems - Practical 

lessons. Exercises. Discussions. Working with documents. - Natural hazards: occurrence, consequences 

regularities in the spatial manifestation - natural risks and the future of humanity - Environmental 

monitoring. 

The textbook authored by R. Penin and team ed. Bulvest 2000 (specialized training) theme seen 

in the horizontal direction being studied in four sections by 14 thematic lessons: Natural Environment in 

Bulgaria - Geoecological monitoring - Climate; Reading and analysis of complex natural and geographical 

profile - Geographical aspects of environmental protection and rational use of natural resources in 

Bulgaria; Problems of sustainable development of Bulgaria - territorial issues, cross-border pollution. 

The textbook authored by R. Gaytandjieva al ed. "Dr. Ivan Bogorov" Ltd. (mandatory training) 

theme first seen in the "Natural Environment of Bulgaria" in the horizontal direction and 17 thematic 

lessons: Natural components (climate) - Prirodnogeografski areas (We evaluate and present business 

potential of prirodnogeografskite areas comment on their problems - National economy. 

The textbook authored by N. Dimov et al (specialized training) ed. "Prosveta-Sofia"  topic is 

addressed in Title III "Natural Environment and Natural Resources of Bulgaria" - Prirodnoresursen 

potential - quantitative and qualitative assessment - Discussion on the issues of biodiversity - Problems of 

conservation and rational use of nature. Natural and anthropogenic landscapes - Geoecological monitoring 

- Technogenic disasters - rules of conduct forecasts; Title IV Prirodnogeografski areas - assessment of 

resource potential - Quality of the environment. Geoecological expertise and forecasts; share sixth 

Regional Development and Regional Policy of Bulgaria - Discussion on Sustainable Development of 

Bulgaria and Eastern European region. 

The main approaches for the realization of the test subjects are acquiring knowledge, developing 

skills and composing behaviors of objective perception and assessment of the reality of global, regional 

and local aspect. Form and intellectual and practical skills to work with different sources of information; 
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Working with the map images of natural-resource potential; evaluating, comparing and conclusions; ways 

to implement the ideas of sustainable development and construction valued attitude to environmental 

protection. 

Suitable forms, provoking thinking as cognitive and practical educational issues and tasks are interactive 

methods, combined with the use of ICT in teaching Geography and Economics in ninth and tenth grade. 

The methods commonly used in the study of the themes of this report are: discussion; discussion; debate; 

case; case; accident; Game methods; brain attack; role games; dramatization; simulation games; interview; 

project development (multimedia presentation, poster); problem solving;. All the methods are combined 

most often with interactive techniques, group and team training. 

Modern innovative approaches to mastering the educational content is the design of intellectual cards and 

different models of graphic organization of the material, such as spray pattern; conceptual table; Network-

web; Venn diagram; T - table; SWOT - equipment; cycle / circle; in evaluative terms apply critical 

thinking through reading and writing (I know / I want to know / I learned); five-minute essay; herringbone; 

method of the 4 "P" and the like. [Dermendzhieva, S. et al, 2012]. 

 

Inference 

 

The global nature of climate change calls for the widest possible cooperation by all countries and 

their participation in effective and appropriate international response. Global climate agreement was 

adopted at the 21st Conference of the UN Framework Convention on Climate Change, which took place in 

Paris at the end of 2015. It marks the beginning of a common objective of limiting the increase in global 

average temperature below 2 degrees Celsius, which should serve as a kind of transition to zero carbon 

emissions at the end of the century. The Agreement will enter into force in 2020. 

Especially interesting are defined challenges of our time in the International Charter on 

Geographical Education: population dynamics, the problem of feeding and hunger, migration and 

urbanization; disease, crime, gender inequality; extinction of plant and animal species, deforestation, soil 

erosion and desertification; spontaneous natural events (natural disasters, natural hazards); toxic and 

radioactive waste; atmospheric pollution; water pollution; global warming ("greenhouse effect)"; ozone 

holes; depletion of resources; land use; ethnic conflicts; separatism; globalism. All these issues have a 

strong geographical dimension. 

Conflicts they create, present a challenge to geographical education and makes it possible to produce 

hope, faith and the ability to work for a better world [International Charter on Geographical Education, 

1992]. 

At present, more and more public recognition gets the idea that one of the indicators of the progress 

of our society can and should be the sum of Natural-resource potential that we as a society are willing to 

pass on to posterity and our ability to provide stable and sustainable development natural processes and 

conducive living environment. 

In this context is the need for education to address global problems of modernity. The leading idea 

of 'geographical' understanding of the processes of social development and finding creative solutions for 

environmentally friendly development and progress are the main task of contemporary Bulgarian 

geographical education. [Dermendzhieva, C. et al. Geography and education. Methodology of Teaching 

Geography, I section 2010]. 

 

Conclusions: 

1. Targeted analysis of key themes, concepts and categories related to the environment, activities 

and approaches to environmental protection and the environmentally sound development of 

sectors of the economy helped to track climate change risks and Natural Resources in the 

curriculum of Geography Bulgaria and the world in 9th and 10th grade, made an attempt to 

interpret some didactic aspects. 

2. Considering the emergence and development of geo-ecological issues, their scope and their 

importance to the environment, systematize some species and some approaches to solving them. 

3. The study was motivated by our belief that the emerging consumer and individualistic culture 

snowballing globalization, are increasingly occurring global warming, declining biodiversity 

form new realities which education must respond appropriately. 
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4. The actuality of the topic of climate change, the risks and causes depletion of resources, which 

are enshrined in the teaching of geographic education in grade 9 and 10 involves acquiring 

knowledge, developing skills and composing behaviors of objective perception and assessment 

of the reality of global, regional and local aspect. 

5. The purpose of the research study is realized through the implementation of basic tasks, namely 

study the problem of climate change with a view to establishing regularities that are specified by 

various natural hazards and limit and exhaustion of natural resources in the pedagogical and 

methodological literature in "Geography and Economics"; analyze school documentation 

"Geography and Economics" in ninth and tenth grade in the study of share "structure of the 

Earth Natural and Natural Environment in Bulgaria - natural-resource potential." 

6. Leading matter and interdisciplinary approach, which is to reveal the unity of the "man-society-

nature" to clarify their nature complex with a view of forming a harmonious personality with 

high geo-environmental consciousness and culture, and of activities in studying them. 
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