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STUDY OF METABOLIC ACTIVATION IN LIVER AND SKIN FOR SIMILAR COM-

POUNDS OF TAZAROTENE 

 

Yana Koleva 

E-mail: yanuriana@abv.bg 

 

ABSTRACT 

 

This study aimed to predict possible hepatic and skin metabolites (in vivo and in vitro rat) and their 

DNA and protein binding (mechanism of action) of the similar compounds of tazarotene by in silico 

methods (QSAR Toolbox software). The probable hepatic and skin metabolites of the three similar 

compounds of tazarotene were predicted by QSAR Toolbox (in vivo, in vitro rat metabolism simulator 

and skin metabolism simulator). The three similar compounds of tazarotene have from eleven to twen-

ty metabolites for in vivo rat metabolism simulator and five to nine metabolites for in vitro rat metabo-

lism simulator. Metabolites that are active against DNA binding have the following mechanisms of 

action - Radical mechanism via ROS formation (thiols) and Michael addition on polarised alkynes 

(polarised alkynes – alkinyl pyridines, pyrazines, pyrimidines, triazines), Michael addition on polar-

ised alkenes (polarised alkenes – sulfinyl), Nucleophilic addition (Addition to carbon-hetero double 

bonds (ketones)) and Schiff base formation with carbonyl compounds (aldehydes) for protein binding 

by OASIS. The possible skin metabolites after metabolic activation of the three similar compounds of 

tazarotene are two. The metabolites are not active against protein binding and their mechanisms of 

action against DNA binding are Michael addition on polarised alkynes (polarised alkynes – alkinyl 

pyridines, pyrazines, pyrimidines, triazines) and Michael addition on polarised alkenes (polarised 

alkenes – sulfinyl).  

Keywords: tazarotene, similar compounds, predict, metabolic activation, liver, skin 

 

INTRODUCTION 

 

The importance of retinol (vitamin A) was 

discovered during World War I and subsequent 

research showed that its deficiency gives rise to 

xerosis and follicular hyperkeratosis. The retin-

oid drug project was launched in 1968 to synthe-

size compounds similar to vitamin A by chemi-

cal manipulation of its molecule to improve clin-

ical efficacy and safety. The use of these sub-

stances in therapy dates back some 3,000 years 

to ancient Egypt, where liver was used to treat 

endemic night blindness. The modern history of 

retinoids, however, began in 1909 when an es-

sential factor in the viability of an embryo in the 

fatty extract of the egg yolk, called vitamin A, 

was discovered. Retinoids were finally intro-

duced into the treatment of dermatoses including 

photo aging more than two decades ago [1]. 

Tazarotene is a novel acetylenic retinoid 

known to be effective in the topical treatment of 

psoriasis and acne. Tazarotene is a prodrug, rap-

idly metabolized to its active metabolite taza-

rotenic acid. Due to its rigid polyaromatic struc-

ture, it does not undergo any isomerization or 

conformational change in the skin. Although 

tazarotene belongs to the retinoid family, it dis-

plays a receptor selectivity pattern different from 

the one found with tretinoin. Tretinoin directly 

activates all RAR subtypes and indirectly RXRs, 

whereas tazarotenic acid selectively binds to 

RAR- and RAR- but not to RXRs. Tazarotenic 

acid modulates the expression of retinoid-

responsive genes, including those that regulate 

cell proliferation, cell differentiation, and in-

flammation, corresponding to its binding capaci-

ties to various RAR receptors. Tazarotene also 

down-regulates the abnormal expression of 

keratinocytes, epidermal growth factor receptor, 

and hyper proliferative keratins [2-5]. 

This study aimed to predict possible hepatic 

and skin metabolites (in vivo and in vitro rat) and 

their DNA and protein binding (mechanism of 

action) of the similar compounds of tazarotene 

by in silico methods (QSAR Toolbox software). 

The probable hepatic and skin metabolites of the 

three similar compounds of tazarotene were pre-

dicted by QSAR Toolbox (in vivo, in vitro rat 

metabolism simulator and skin metabolism simu-

lator). The three similar compounds of tazarotene 
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have from eleven to twenty metabolites for in 

vivo rat metabolism simulator and five to nine 

metabolites for in vitro rat metabolism simulator. 

Metabolites that are active against DNA binding 

have the following mechanisms of action – Radi-

cal mechanism via ROS formation (thiols) and 

Michael addition on polarised alkynes (polarised 

alkynes – alkinyl pyridines, pyrazines, pyrim-

idines, triazines), Michael addition on polarised 

alkenes (polarised alkenes – sulfinyl), Nucleo-

philic addition (Addition to carbon-hetero double 

bonds (ketones)) and Schiff base formation with 

carbonyl compounds (aldehydes) for protein 

binding by OASIS. The possible skin metabolites 

after metabolic activation of the three similar 

compounds of tazarotene are two. The metabo-

lites are not active against protein binding and 

their mechanisms of action against DNA binding 

are Michael addition on polarised alkynes (polar-

ised alkynes – alkinyl pyridines, pyrazines, py-

rimidines, triazines) and Michael addition on 

polarised alkenes (polarised alkenes – sulfinyl). 

 

MATERIAL AND METHODS 

 

Compound Data. Tazarotene [6] is a third-

generation retinoid with CAS number 118292-

40-3 and its similar compounds (6-[(4,4-

dimethyl-3,4-dihydro-2H-1-benzothiopyran-6-

yl)ethynyl]pyridine-3-carboxylic acid, 6-[(2,2,4, 

4-tetramethyl-3,4-dihydro-2H-1-benzothiopyran 

-7-yl)ethynyl]pyridine-3-carboxylic acid, 6-[(4,4-

dimethyl-1-oxo-1,2,3,4-tetrahydro-1-benzothio 

pyran-6-yl)ethynyl]pyridine-3-carboxylic acid), 

which were defined with CompTox Chemistry 

Dashboard.  

CompTox Chemistry Dashboard. The Dash-

board is a freely accessible web-based applica-

tion and data hub providing access to data asso-

ciated with chemical substances. It accesses data 

from nine component databases housing generic 

data types. The Dashboard also integrates data 

from other platforms (specifically PubChem and 

PubMed) via web services and visualization 

widgets. The Dashboard represents a first step in 

building a comprehensive chemical substance- 

centric informatics architecture to provide flexi-

ble access to data, models and analysis tools in 

support of EPA’s research programs [7, 8]. 

Similar molecules. The similar molecules tab 

shows the results of a structural similarity search, 

underpinned by a Tanimoto similarity calculated 

using the Bingo Molecular Search Cartridge 

(with the associated Indigo fingerprints) [9]. The 

search displays up to 50 of the topmost similar 

molecules above a Tanimoto similarity metric of 

0.8. The view also displays a selection of exper-

imental and predicted chemical properties to help 

illustrate the consistency and concordance of 

these attributes within the identified set of struc-

turally related molecules [7, 8]. 

Organisation for economic co-operation and 

development (OECD) (Q)SAR toolbox (version 

4.3). (Quantitative) Structure-Activity Relation-

ships [(Q)SARs] are methods for estimating 

properties of a chemical from its molecular struc-

ture and have the potential to provide infor-

mation on the hazards of chemicals, while reduc-

ing time, monetary costs and animal testing cur-

rently needed. To facilitate practical application 

of (Q)SAR approaches in regulatory contexts by 

governments and industry and to improve their 

regulatory acceptance, the OECD (Q)SAR pro-

ject has developed various outcomes such as the 

principles for the validation of (Q)SAR models, 

guidance documents as well as the QSAR 

Toolbox [10]. 

Liver metabolism (observed and simulator) – 

in vivo and in vitro for rat: 

Observed rat in vivo metabolism. The ob-

served (documented) metabolic pathways for 647 

chemicals, extracted from the scientific litera-

ture, and associated with the in vivo biotransfor-

mations of xenobiotic chemicals in rodents 

(mostly rats) are stored in a database format that 

allows easy computer access to the metabolism 

information. This database includes structurally 

different chemicals of various functionalities 

such as aliphatic and aromatic hydrocarbons, 

halogenated hydrocarbons, alcohols and phenols, 

carbonyl compounds, carboxylic acids and es-

ters, nitro compounds, amines, organic sulfides, 

heterocyclic and, mostly, multi-functional chem-

icals etc [10].  

In vivo rat metabolism simulator. The current 

in vivo rat liver metabolic simulator (transfor-

mation table) represents electronically designed 

set of 671 structurally generalized, hierarchically 

arranged abiotic and enzymatic transformation 

reactions, which are characteristic for the metab-

olism for in vivo experimental systems such as 

rodent (mostly rat). The principal applicability of 

this simulator is associated with the reproduction 

as well as the prediction of the metabolic activa-

tion reactions and pathways of xenobiotic chemi-

cals, which may elicit in vivo genotoxicity effects 

[10].  

Observed rat liver S9 metabolism. The docu-

mented metabolic pathways for 261 chemicals 

observed with the use of in vitro experimental 
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systems such as rodent (mostly rat) liver micro-

somes and S9 fraction are stored in a database 

format that allows easy computer access to the 

metabolism information.  This database includes 

structurally different chemicals of various func-

tionalities and fields of application such as ali-

phatic and aromatic hydrocarbons, halogenated 

hydrocarbons, carboxylic acids and esters nitro 

compounds, amines, heterocyclic and multi-

functional chemicals, etc [10].  

Rat liver S9 metabolism simulator. The cur-

rent in vitro rat liver metabolic simulator (trans-

formation table) represents electronically de-

signed set of 551 structurally generalised, hierar-

chically arranged biotransformation reactions, 

which are characteristic for the metabolism for in 

vitro experimental systems such as rodent (most-

ly rat) liver microsomes and S9 fraction. The 

principal applicability of this simulator is associ-

ated with the reproduction as well as the predic-

tion of the metabolic activation reactions and 

pathways of xenobiotic chemicals, which may 

elicit in vitro genotoxicity effects such as bacte-

rial mutagenicity and chromosomal aberrations 

[10]. 

DNA binding by OASIS. The profiler is based 

on Ames Mutagenicity model part of OASIS 

TIMES system. The profiler consists of 85 struc-

tural alerts responsible for interaction with DNA 

analyzed in Ames Mutagenicity model. The 

scope of the profiler is to investigate presence of 

alerts within target molecules which may interact 

with DNA [10]. 

Protein binding by OASIS. The scope of the 

profiler is to investigate presence of alerts within 

target molecules responsible for interaction with 

proteins. The list of 112 structural alerts has been 

separated into 11 mechanistic domains. Each of 

the mechanistic domains has been separated into 

more than 2 mechanistic alerts. The profiling 

result outcome assigns a target to the correspond-

ing structural alert, mechanistic alerts and do-

main [10]. 

 

RESULTS AND DISCUSSIONS 

 

The three similar tazarotene structures with a 

Tanimoto similarity metric of 0.8 (from 0.92 to 

0.84) by the CompTox Chemistry Dashboard 

were predicted for hepatic and skin metabolic 

activation (in vivo and in vitro rat) and their 

DNA and protein binding (mechanism of action) 

by the OECD QSAR Toolbox software (version 

4.3). The parent structures of the three similar 

compounds (without the third compound) of 

tazarotene can bind to DNA (Radical mechanism 

via ROS formation (thiols)) and they can bind to 

protein (Michael addition on polarised alkynes 

(polarised alkynes – alkinyl pyridines, pyrazines, 

pyrimidines, triazines) and Michael addition on 

polarised alkenes – sulfinyls) and experimental 

metabolic pathways of activation were not ob-

served for rat in vivo and in vitro. In the liver 

metabolism simulator (in vivo rat), from eleven 

to twenty metabolites were predicted. The results 

of metabolic activation of the three similar com-

pounds of tazarotene (in vivo rat metabolism 

simulator) and their protein and DNA binding 

are presented in Table 1. 

 

Table 1. Possible hepatic metabolic activation of the similar compounds of tazarotene by QSAR 

Toolbox (in vivo rat metabolism simulator) 

 

Number/Structure/Name 

of compound 

Metabo-

lite/s 

DNA binding by OASIS  

(mechanism of reaction) 

Protein binding by OASIS  

(mechanism of reaction) 

1) 

6-[(4,4-Dimethyl-3,4-

dihydro-2H-1-

benzothiopyran-6-

yl)ethynyl]pyridine-3-

carboxylic acid 

19 

 

 

 

No alert found – 9 metabo-

lites; 

Radical (Radical mechanism 

via ROS formation (thiols) – 

10 metabolites 

Michael addition on polar-

ised alkynes (polarised al-

kynes – alkinyl pyridines, 

pyrazines, pyrimidines, tria-

zines) – 19 metabolites; 

Michael addition on polar-

ised alkenes (polarised al-

kenes – sulfinyl) – 4 metabo-

lites; 

Nucleophilic addition (Addi-

tion to carbon-hetero double 

bonds (ketones)) – 2 me-

tabolites; 

Schiff base formation with 
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carbonyl compounds (alde-

hydes) – 1 metabolite. 

2) 

6-[(2,2,4,4-Tetramethyl-

3,4-dihydro-2H-1-

benzothiopyran-7-

yl)ethynyl]pyridine-3-

carboxylic acid 

11 

 

 

 

 

No alert found – 6 metabo-

lites; 

Radical (Radical mechanism 

via ROS formation (thiols) – 

5 metabolites 

 

 

 

 

 

 

 

Michael addition on polar-

ised alkynes (polarised al-

kynes – alkinyl pyridines, 

pyrazines, pyrimidines, tria-

zines) – 11 metabolites; 

Michael addition on polar-

ised alkenes (polarised al-

kenes – sulfinyl) – 2 metabo-

lites; 

Nucleophilic addition (Addi-

tion to carbon-hetero double 

bonds (ketones)) – 2 me-

tabolites; 

Schiff base formation with 

carbonyl compounds (alde-

hydes) – 1 metabolite. 

3) 

6-[(4,4-Dimethyl-1-oxo-

1,2,3,4-tetrahydro-1-

benzothiopyran-6-

yl)ethynyl]pyridine-3-

carboxylic acid 

20 

 

 

 

No alert found – 16 metabo-

lites; 

Radical (Radical mechanism 

via ROS formation (thiols)) 

– 4 metabolites 

 

 

 

 

 

 

Michael addition on polar-

ised alkynes (polarised al-

kynes – alkinyl pyridines, 

pyrazines, pyrimidines, tria-

zines) – 20 metabolites; 

Michael addition on polar-

ised alkenes (polarised al-

kenes – sulfinyl) – 8 metabo-

lites; 

Nucleophilic addition (Addi-

tion to carbon-hetero double 

bonds (ketones)) – 3 me-

tabolites. 

 

Active and inactive DNA binding metabolites 

were predicted for the three similar tazarotene 

compounds. Active metabolites have the follow-

ing mechanism of action (Radical mechanism via 

ROS formation (thiols)) by DNA binding. Me-

tabolites have the following mechanisms of ac-

tion (Michael addition on polarised alkynes (po-

larised alkynes – alkinyl pyridines, pyrazines, 

pyrimidines, triazines), Michael addition on po-

larised alkenes (polarised alkenes – sulfinyl), 

Nucleophilic addition (Addition to carbon-hetero 

double bonds (ketones)), Schiff base formation 

with carbonyl compounds (aldehydes)) by pro-

tein binding. 

The results of metabolic activation of the 

three similar compounds of tazarotene (in vitro 

rat metabolism simulator) and their protein and 

DNA binding are presented in Table 2. 

 
Table 2. Possible hepatic metabolic activation of the similar compounds of tazarotene by QSAR 

Toolbox (in vitro rat metabolism simulator) 

 

Number/ Name of com-

pound 

Metabo 

lite/s 

DNA binding by OASIS 

(mechanism of reaction) 

Protein binding by OASIS 

(mechanism of reaction) 

1) 6-[(4,4-Dimethyl-3,4-

dihydro-2H-1-

benzothiopyran-6-

yl)ethynyl]pyridine-3-

carboxylic acid 

5 

 

No alert found – 6 metabo-

lites; 

Radical (Radical mechanism 

via ROS formation (thiols) – 

5 metabolites 

Michael addition on polar-

ised alkynes (polarised al-

kynes – alkinyl pyridines, 

pyrazines, pyrimidines, tria-

zines) – 11 metabolites; 
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Michael addition on polar-

ised alkenes (polarised al-

kenes – sulfinyl) – 2 metabo-

lites; 

Nucleophilic addition (Addi-

tion to carbon-hetero double 

bonds (ketones)) – 1 me-

tabolite; 

2) 6-[(2,2,4,4-

Tetramethyl-3,4-dihydro-

2H-1-benzothiopyran-7-

yl)ethynyl]pyridine-3-

carboxylic acid 

9 No alert found – 5 metabo-

lites; 

Radical (Radical mechanism 

via ROS formation (thiols) – 

4 metabolites 

Michael addition on polar-

ised alkynes (polarised al-

kynes – alkinyl pyridines, 

pyrazines, pyrimidines, tria-

zines) – 9 metabolites; 

Michael addition on polar-

ised alkenes (polarised al-

kenes – sulfinyl) – 2 metabo-

lites; 

Nucleophilic addition (Addi-

tion to carbon-hetero double 

bonds (ketones)) – 1 me-

tabolite; 

3) 6-[(4,4-Dimethyl-1-

oxo-1,2,3,4-tetrahydro-1-

benzothiopyran-6-

yl)ethynyl]pyridine-3-

carboxylic acid 

9 No alert found Michael addition on polar-

ised alkynes (polarised al-

kynes – alkinyl pyridines, 

pyrazines, pyrimidines, tria-

zines) – 9 metabolites; 

Michael addition on polar-

ised alkenes (polarised al-

kenes – sulfinyl) – 4 metabo-

lites; 

Nucleophilic addition (Addi-

tion to carbon-hetero double 

bonds (ketones)) – 1 me-

tabolite; 

 

Metabolites have the following mechanism of 

action (Radical mechanism via ROS formation 

(thiols)) by DNA binding. Metabolites have the 

following mechanisms of action (Michael addi-

tion on polarised alkynes (polarised alkynes – 

alkinyl pyridines, pyrazines, pyrimidines, tria-

zines), Michael addition on polarised alkenes 

(polarised alkenes – sulfinyl), Nucleophilic addi-

tion (Addition to carbon-hetero double bonds 

(ketones)), Schiff base formation with carbonyl 

compounds (aldehydes)) by protein binding. 

The results of metabolic activation of the 

three similar compounds of tazarotene (skin me-

tabolism simulator) and their protein and DNA 

binding are presented in Table 3. 

 

Table 3. Probable skin metabolic activation of the similar compounds of tazarotene by QSAR 

Toolbox 

 

Number/ Name of com-

pound 

Meta 

bolite/s 

DNA binding by OASIS 

(mechanism of reaction) 

Protein binding by OASIS 

(mechanism of reaction) 

1)6-[(4,4-Dimethyl-3,4-

dihydro-2H-1-

benzothiopyran-6-

yl)ethynyl]pyridine-3-

carboxylic acid 

2 

 

No alert found Michael addition on polarised 

alkynes (polarised alkynes – 

alkinyl pyridines, pyrazines, 

pyrimidines, triazines) – 2 

metabolites; 

Michael addition on polarised 
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alkenes (polarised alkenes – 
sulfinyl) – 1 metabolite;

2) 6-[(2,2,4,4-Tetramethyl-
3,4-dihydro-2H-1-
benzothiopyran-7-

yl)ethynyl]pyridine-3-
carboxylic acid 

2 No alert found Michael addition on polarised 
alkynes (polarised alkynes – 
alkinyl pyridines, pyrazines, 
pyrimidines, triazines) – 2 

metabolites; 
Michael addition on polarised 
alkenes (polarised alkenes – 

sulfinyl) – 1 metabolite;
3) 6-[(4,4-Dimethyl-1-oxo-

1,2,3,4-tetrahydro-1-
benzothiopyran-6-

yl)ethynyl]pyridine-3-
carboxylic acid 

1 No alert found Michael addition on polarised 
alkynes (polarised alkynes – 
alkinyl pyridines, pyrazines, 
pyrimidines, triazines) – 1 

metabolite; 
 

Metabolites for the three similar compounds 
of tazarotene are not active by DNA binding. 
Metabolites have the following mechanisms of 
action (Michael addition on polarised alkynes 
(polarised alkynes – alkinyl pyridines, pyrazines, 
pyrimidines, triazines) and Michael addition on 
polarised alkenes (polarised alkenes – sulfinyl)) 
by protein binding. 

 
CONCLUSIONS 

 
The three similar compounds of tazarotene 

with a Tanimoto similarity metric of 0.8 by the 
CompTox Chemistry Dashboard were predicted 
for hepatic and skin metabolic activation by 
QSAR Toolbox (in vivo, in vitro rat metabolism 
simulator and skin metabolism simulator). Some 
of predicted metabolites (active) by QSAR Tool-
box have electrophilic character and they may 
react with nucleophilic sites in DNA and also 
bind to protein. The possible adverse effects of 
active metabolites on the three similar com-
pounds of tazarotene have the following mecha-
nisms of action (Michael addition on polarised 
alkynes (polarised alkynes – alkinyl pyridines, 
pyrazines, pyrimidines, triazines), Michael addi-
tion on polarised alkenes (polarised alkenes – 
sulfinyl), Nucleophilic addition (Addition to 
carbon-hetero double bonds (ketones)) and 
Schiff base formation with carbonyl compounds 
(aldehydes)) by protein binding and Radical 
mechanism via ROS formation (thiols) by DNA 
binding. 
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OSMOMETER WITH NATURAL AND ARTIFICIAL CYLINDRICAL MEMBRANES 
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ABSTRACT 

 

The present paper describes osmometers with natural and artificial membranes of osmotic cells. 

The membranes are cylindrical because this form is closest to the shape of the protoplasmic sacs of 

cells in living organisms. Quantitative results are given for the osmotic pressure depending on the 

membrane area, which for a cylindrical shape is much larger than the area of the flat membranes in 

the classical osmometers. An experiment was simulated to find the magnitude of the osmotic pressure 

when the membrane is healthy and when it is damaged in living organisms, as in some diseases. 

Key words: diffusion, osmosis, cell membrane, osmotic pressure, regression analysis, coefficient 

of determination, Fisher criterion 

  

INTRODUCTION 

 

Let a clean solvent and a solution with a sharp 

boundary between them be placed in a vessel. 

Such is, for example, the very popular diffusion 

experiment, which is easily done with a water 

solvent and a solution of bluestone and water. 

The heavier solution is located at the bottom of 

this vessel and the solvent is above the solution. 

Over time (several days) this sharp limit is 

blurred: copper sulphate particles penetrate the 

solvent (water). This mass transfer, called diffu-

sion [1 - 5], ends when equilibrium is reached, 

when the solute is distributed evenly over the 

entire volume of the total vessel. The same hap-

pens when two solutions with different concen-

trations are adjacent – a diffusion of particles of 

the solute with a higher concentration to a weak-

er solution takes place. 

Fick's law of the diffusion: 

t.S.
x

C
.Dm 



                                    (1) 

where: Δm is the mass of substance transferred 

for the time interval Δt, through an area ΔS, lo-

cated perpendicular to the axis 0x, along which 

there is a change in the concentration C in the 

solution (g/cm
3
), ΔC/Δx is concentration gradi-

ent; D is diffusion coefficient. 

In diffusion, the volume of the solution in-

creases by analogy with pressurized gas in a 

cylinder with a piston that can perform work (the 

piston is movable). The solute must also exert 

pressure at the interface which separates the pure 

solvent from the solution or two solutions with 

different concentrations C. The difference ΔC of 

the concentrations in this case plays the same 

role as the pressure difference in gases. The 

semi-permeable barrier allows the particles of the 

solvent (water) to pass and retains the particles of 

the solute (sugar). If the membrane is fixed to the 

vessel with the two substances, as with osmo-

meters, then the height h of the solution moves - 

the solution increases in volume. This penetra-

tion of the solvent through the membrane into the 

solution is unilateral diffusion and is called os-

mosis. The pressure that the solute exerts on the 

membrane is called osmotic pressure [6 - 8]. 

The increase in the level h of the solution con-

tinues until a hydrostatic pressure is equal to the 

established osmotic pressure: 

ghposm                                                (2) 

where ρ is the density of the solution and g = 

9.81 m/s2 is the ground acceleration. 

Diluted aqueous solutions are considered to 

have a density ρ = 1.10
3
 kg/m

3
 (density of water 

at room temperature). In formula (2), the quanti-

ties ρ and g are constants, and h is the maximum 

height that the solution has reached and it no 

longer changes. Therefore, in osmosis experi-

ments, h is measured as a function of time t until 

a plateau is reached (h constant). It should also 

be noted that the similarity in the behaviour of 

the ideal gas and of the dilute solution is most 

evident from the following: 

The equation of state of an ideal gas (Cla-

peyron-Mendeleev) is a relationship between 

three variables: pressure p, volume V and tem-

perature T: 

nRTpV                                                (3) 
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In (3) R is the universal gas constant and n is 

the amount of substance. The equation for the 

state of osmotic pressure, or Van Hoff's law, is:  

CRTp osm                                            (4)  

with this difference, instead of the n / V ratio, the 

molar concentration C is introduced in it.                                            

 

EXPERIMENT 

 

Two experiments were performed: with natu-

ral and artificial membranes. 

 

Osmometer with natural membrane 

Fig. 1 shows an osmometer with a natural 

membrane (carrot with a cylindrical shape). This 

form is closest to the shape of the protoplasmic 

sacs of cells in living organisms. 

 
Fig. 1 Vertical projection of an osmometer carrot 

           with a cylindrical cavity in it. 

 
The osmometer has two modules: the first 

module is the osmotic cell, which consists of a 

hollowed-out cylindrical cavity 3 in a carrot 4. 

The second module is a glass tube 1 placed in a 

stopper 2. The plug-tube module is placed in the 

mouth of the cylindrical cavity filled with solu-

tion. The tube with the cap and the cap to the 

carrot are additionally strengthened with the help 

of waterproof plastic glue. Thus assembled to-

gether, the two modules are immersed in a com-

mon vessel (cup) 5 filled with water 6. The 

height h of the solution on the glass tube is read 

by means of a scale. To reduce evaporation, the 

vessel 5 and the tube - with the opening at the 

top, are covered. Finally, the "stopper-tube" ele-

ment is easily separated for the next experiment. 

 

Osmometer with cylindrical artificial (plastic) 

membrane 

This osmometer is analogous to that de-

scribed in Fig. 1, the carrot being replaced by a 

thin plastic membrane produced by the Koch 

company. The first experiment was with a 

normal, intact osmotic cell membrane. The 

second experiment was performed after half 

the area of the plastic membrane had been 

damaged. 

To calculate the height of the solution rise 

along the capillary tube as a function of time in 

minutes, regression equations of degree 4 for 

the natural membrane (carrot) and of degree 6 

for the artificial cylindrical membrane are de-

rived: 
4

4
3

3
2

21 x.ax.ax.ax.aby         (5) 

6
6

5
5

4
4

3
3

2
21

x.ax.ax.a

x.ax.ax.aby




                 (6) 

where y is the lifting height of the solution, mm; 

x is time, min. The coefficients b and a1, a2, ... a6 

involved in equations (5) and (6) are determined 

by regression analysis of experimental data [9, 

10]. 

For estimation of the quality of the regression 

models, the coefficient of determination R
2 

was 

used to determine the degree of linear depend-

ence between the regressors involved in the 

model and the initial value. The significance of 

R
2
 was checked using the Fisher criterion 

 
 
 11

1

2

2








k

kN
.

R

R
F                               (7) 

where: k is the number of the estimated parame-

ters of the model; 1N  is the size of the sample of 

experimental data. The Fisher criterion has de-

grees of freedom 11  kv , kNv  12 .  

At F >  21,, vvF  = critF , the value of 
2R is 

considered to be significant and it can be used 

for estimation of the model adequacy.  

The higher the calculated value of R
2
, the 

more reliable the regression model is. 

 

RESULTS AND DISCUSSION 

 

Osmometers with natural and artificial cylin-

drical membranes of osmotic cells were de-

scribed. The following results were obtained: 

Osmometer with natural membrane 
Table 1 shows the results obtained from the 

experiment with the described osmometer. 

3 

4 

5 

6 

1 

2 
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Table 1. Experimental data on lift height h and 

time t. 

h, 

mm 

t,  

min 

h,  

mm 

t,  

min 

h,  

mm 

t,  

min 

1.5 50 24 470 82 685 

2.0 

2.5 

5.0 

7.4 

10.0 

15.0 

100 

150 

200 

250 

310 

375 

32 

40 

52 

59 

69 

77 

500 

525 

550 

580 

640 

670 

87 

89 

90 

90 

90 

90 

725 

730 

770 

775 

800 

825 

 

In the experiment, the radius of the hollow 

cavity is r = 5 mm, its height is h = 100 mm, and 

the thickness of the cylindrical part of the carrot, 

which acts as a membrane, is 3 mm. The sur-

rounding cylindrical surface of the carrot and the 

flat lower base (circle) form a total area of 64.6 

cm
2
. The concentration of the aqueous sugar 

solution is 0.25 g/cm
3
. 

The type of the derived regression equation is: 

4936

2

10.456.6.10.4.6

.002892.0.8963.02.1427

xx

xxy

 


    (8) 

 
Fig. 2 Measured (h, meas., mm) and predicted  

             (h, calc., mm) by model (8) values of lift  

             height. 

The measured (h, meas., mm) and predicted 

(h, calc., mm) by model (8) values of the height 

of the liquid rise in the capillary are presented in 

Fig. 2. 

Fig. 2 shows that the value of the coefficient 

of determination is very close to 1 (R
2
 = 0.95), in 

order to assume that the model is characterized 

by good quality and reliability. 

Equation (8) can be used to calculate the lift 

height for each intermediate time value. 

Table 1 shows that the maximum height of the 

liquid in the capillary is 90 mm. An osmotic 

pressure of 883 Pa corresponds to this height. 

Osmometer with cylindrical artificial (plastic) 

membrane 

In this osmometer the carrot has been re-

placed with a thin plastic membrane from Koch. 

The cylindrical membrane has a radius r = 17 

mm and a height of the osmotic cell of 90 mm. 

The concentration of the sugar solution with 

water that fills the osmotic cell is C = 0.019 

g/cm
3
. 

The first experiment carried out with the plas-

tic osmometer was with a normal, intact mem-

brane of the osmotic cell (the first graph in Fig. 

3). It was obtained that hmax = 300 mm along the 

glass tube.  

Therefore: 

ghposm  = 2943 Pa, 

which is reached after 40 hours. 

The second experiment with the same os-

mometer was performed after half the area of the 

plastic membrane was damaged. This damage 

was achieved with the help of plastic synthetic 

Bison glue. When the glue dried, the pores of the 

coated half of the membrane were already 

clogged. This procedure causes damage to the 

protoplasmic sacs in diseased living organisms in 

(second graph in Fig. 3). It was obtained that hmax 

= 92 mm along the glass tube.  

Therefore: 

ghposm  = 902.5 Pa, 

which is reached after 78 hours. 

The derived regression equations, respectively 

for experiments 1 and 2 have the form: 

665

43

2

.10.6.2000276.0

01044.01756.0

.2241.1.9880.50175.0

xx

xx

xxy







       (9) 

6957

453

2

.10.9.210.16.8

10.2.9005083.0

.1267.0.1317.25911.0

xx

xx

xxy











      (10) 
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Fig. 3. Height (h, mm) of the liquid in the glass tube as a function of time (t, h) in an experiment with  

            a plastic membrane. 

 

The measured (h, meas., mm) and predicted 

(h, calc., mm) by models (9) and (10) values of 

the height of the rise of the liquid in the capillary 

are presented in Fig. 4 and 5, respectively for 

plastic membrane experiments 1 and 2. 

 
Fig. 4. Height (h, mm) of the liquid in the glass  

              tube as a function of time (t, h) in 1st 

              experiment with a plastic membrane. 

 
The figures show that the value of the coeffi-

cient of determination is very close to 1 (R
2
> 

0.99), in order to assume that the models are 

characterized by good quality and reliability. 

Equations (9) and (10) can be used to calcu-

late the lift height for each intermediate time 

value. 

 

 
Fig. 5. Height (h, mm) of the liquid in the glass  

            tube as a function of time (t, h) in 2nd  

            experiment with a plastic membrane. 

 

Therefore, damage to the membrane, on the 

one hand, reduces the magnitude of the osmotic 

pressure, and on the other, this pressure is ob-

tained after a longer period of time (78 hours).  
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CONCLUSIONS 

 

From the above results and discussion, it is 

concluded that: 

Osmometers with natural and artificial cylin-

drical membranes of osmotic cells are described. 

The cylindrical form is closest to the shape of the 

protoplasmic sacs of cells in living organisms. 

Quantitative results for the osmotic pressure 

were obtained. In the case of the osmometer with 

a natural membrane (carrot), the maximum 

height of lifting of the liquid on the capillary is 

90 mm for a time of 550 min and the osmotic 

pressure of 883Pa corresponds to this height. The 

concentration of the aqueous sugar solution is 

0.25 g/cm
3
. 

Two experiments were performed with an 

osmometer with an artificial (plastic) membrane. 

The first experiment with the plastic osmometer 

was with a normal, intact membrane of the os-

motic cell. A maximum lift height of 300 mm is 

obtained along the glass tube, the osmotic pres-

sure being 2943 Pa, which is reached after 40 

hours. 

The second experiment with the same os-

mometer was performed after half the area of the 

plastic membrane was damaged. This procedure 

causes damage to the protoplasmic sacs in living 

organisms during disease. A maximum height of 

92 mm is obtained, and an osmotic pressure of 

902.5 Pa, which is reached after 78 hours. 

To calculate the height of the solution rise 

along the capillary tube as a function of time in 

minutes, regression equations of degree 4 for the 

natural membrane (carrot) and of degree 6 for the 

artificial cylindrical membrane are derived. The 

values of the height of the rise of the liquid along 

the capillary, measured and predicted by the 

models, are graphically presented. The figures 

show that the value of the coefficient of determi-

nation is very close to 1 (R
2
> 0.99), in order to 

assume that the models are characterized by 

good quality and reliability. Using the derived 

regression equations, the elevation height can be 

calculated for each time value. 

The experiments with the artificial membrane 

show that damage to the membrane, on the one 

hand, reduces the magnitude of the osmotic pres-

sure, and on the other, this pressure is obtained 

after more time (78 hours). And the osmotic 

pressure is associated with water supply and 

nutrient solutions in plant and animal organisms! 
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ABSTRACT 

 
The aim of the present paper is to study the possibilities to synthesize zirconium ceramic pigments 

from pure and waste materials with respect to their possible use as pigments in the silicate industry. 
Zircon pigments with main phase ZrSiO4 are synthesized by heating a mixture of ZrО2, SiО2, chromo-
phore ion and mineralizer. The raw materials for the synthesis of pigments are ZrO2, Fe2O3, NH4VO3, 
Co3O4, Cr2O3, MnO2, ash from rice husk as a source of SiO2, and NH4Cl as a mineralizer. The follow-
ing elements have been added as colorants (chromophores): V, Fe, Cr, Co and Mn. The optimal pa-
rameters of synthesis are determined and the color characteristics of the synthesized zirconium ce-
ramic pigments are measured with the CIELab system of color measurement.  

Key words: zircon pigments, rice husk, solid-state sintering, CIELab color measurement 
 

INTRODUCTION 
 

In recent years the synthesis of new kinds of 
ceramic pigments has been based on the growing 
importance of ceramic materials, powders and 
pigments, as well as the diverse possibilities for 
obtaining them from both traditional and waste 
materials, as well as their potentially wide practi-
cal use in the ceramic and glass industries, e.g. 
coloring of ceramic tiles and other articles, mosa-
ic tiles, coloring of glass to obtain various types 
of colored glasses, etc. Their color palette con-
stantly increases with respect to the production 
of over-glaze paints and coloring of glazes for 
the ceramic industry, e.g. for tile production [1].  

A number of researchers [2-3] focused their 
efforts on the mechanism of formation of zircon 
pigments, the role of the mineralizers, as well as 
the possibility to use various raw materials in the 
process. The selenites of the rare earth elements 
turned out to be quite suitable for the synthesis of 
zircon pigments. 

Rice husks, which are an agricultural waste 
product, contain high percentage of SiO2. The 
presence of a high content of silica in rice husk 
ash has been known since 1938, and extensive 
literature studies have highlighted the high use of 
ash as a substitute for pure silica [4]. 

Various studies have shown the effectiveness 
of using rice husks as a precursor to silica, espe-
cially for the production of ceramic materials. 
Prasad et al. [5] studied the effect of quartz re-
placement in ceramic vessels and found that 

silicon dioxide from the rice husk leads to a de-
crease in ripening temperature and an increase in 
strength. 

Andreola et al. [4, 6] have investigated the 
use of silicon dioxide from rice husks for the 
synthesis of ceramic pigments. They have found 
more stable pigments and a higher intensity of 
red color compared to pure quartz pigments, 
while Sobrosa  et al. [7] have reported that glass-
ceramics produced with silica from rice husks 
has higher values of flexural strength and higher 
Mohs hardness in comparison with commercial 
glass-ceramics. 

The aim of the present work is to synthesize 
zirconium ceramic pigments from pure and waste 
materials and study the possibilities for their 
application in the silicate industry. 

 
EXPERIMENT 

 
Methods 
The zircon ceramic pigments were studied 

mainly by infrared spectroscopy (FT-IR) as well 
as with the CIELab system of color measure-
ment. 

Color Measurement. The color determination 
of the pigments is carried out spectrally with a 
tintometer of Lovibond Tintometer RT 100 
Color. 

The FT-IR studies were performed on a Ten-
sor 27 Fourier infrared spectrophotometer FTIR 
(Bruker, Germany) in the 400 – 4000 cm-1 inter-
val at a resolution of 1 cm-1. The measurements 
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It was proved by X-ray analysis that at 900°C 
the main phase ZrSiO4 is completely synthe-
sized. In the case of pigments with a Co2 + chro-
mophore, the band of zircon is observed even at 
900° C. It is possible that the band at 986 cm-1 is 
due to isomorphic substitution of silicon or zir-
con atoms by a cobalt atom, as a result of which 
a Si - O - Co or Zr - O - Co bond is formed (Fig. 

3).   

Fig. 4 FT-IR spectra with Fe3+   chromophore 

Fig. 5 FT-IR spectra with Mn2+chromophore 

 

In the systems with chromophores Fe3+ and 
Mn2+ the characteristic bands of zircon appear in 
the samples synthesized at 1100oС (Fig. 4, 5).  

In the system with chromophores Cr3+ the 
spectra of the samples are almost identical, 
which proves the fact that up to 1100oС no zir-
con phase is synthesized (Fig. 6). 

 

Fig. 6 FT-IR spectra with Cr3+ chromophore 

 
The appearance of an absorption region of 

about 590 cm-1 may be related to the formation 
of the zirconium phase. 

 
CONCLUSIONS 

 
Zirconium ceramic pigments were 

synthesized by the method of solid state 
sintering. 

The optimal parameters of synthesis of all 
compositions were determined. 

As starting materials for the synthesis of 
zircon pigments, ZrO2, Fe2O3, NH4VO3, Co3O4, 
Cr2O3, MnO2, rice husk ash, and NH4Cl as a 
mineralizer were used.  

The most intense color appeared in 
composition ZR1, synthesized at 1000°C with an 
isothermal delay of 3 hours. This pigment had a 
tile-red color with a parameter:  

(a *) = 17.51, measured by the CIELab 
system. 

In all compositions, with the decrease in 
synthesis temperature, a decrease in their color 
intensity was observed. 

It has been found out that the synthesized 
pigments can be successfully used in wall tile 
glazes. 
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ABSTRACT 

 

Noise is one of the main factors with adverse effect on the quality of life. Throughout the years, 

noise pollution has increased and turned into a serious ecological and health problem. In the present 

study, noise measurements were performed at five different points around the Inorganic Chemistry 

Building of the Prof. Dr Assen Zlatarov University, Burgas, in the time interval from 9:00 am to 3:00 

pm from 9.10.2019 until 6.11.2019. The equivalent noise levels were determined during the breaks 

and during the academic lectures. It was found out that the noise from the international road E871 

increases the noise pollution by 20-25 dB(A) with the equivalent noise levels around the building 

reaching values of 72 dB(A). These values are significantly bigger than the allowable noise limits in 

areas of scientific research and lecturing activities. Measures for reducing the noise pollution are 

suggested.  

Key words: noise level, pollution, traffic, measurement 

 

INTRODUCTION 

 

Noise is one of the main factors with adverse 

effect on the quality of life of people [1]. Noise 

pollution has negative effect on activities such as 

communication and concentration, especially in 

educational institutions (schools, educational 

laboratories, colleges and universities). The noise 

around educational institutions is of special im-

portance because it affects both the results 

gained by students and pupils and their health 

[2]. 

Shield & Dockrell [3] measured the noise 

levels around 142 schools in London and studied 

the types of noise sources aiming to create a 

general view on the noise environment around 

the schools in central London. They found out 

that the predominant noise source around Lon-

don’s schools is the street traffic and the medium 

sound level for a typical 5 min period during a 

school day was approximately 57 dB (A). 

Ozyonar et al. [3] measured the noise at 9 

points of the Cumhuriyet University campus for 

5 days in three different periods of the day. They 

established that the traffic noise is the main 

source of noise in the university campus. 

Akintunde et al. [4] measured the noise in Gazi 

University Engineering Faculty Campus, which 

is located near a highway. The researchers de-

termined the noise levels at 16 points in three 

time intervals of the day (9–12, 12–14 and 14– 

 

 

24) and made two measuring cycles. The noise 

levels were found to vary from 53.4 to 138.5 dB. 

It has been stated in a number of other reports 

[5-9] that the main noise source in university 

campuses is the road traffic. In some campuses, 

noise mapping has already been made [10].  

To decrease the noise pollution, certain regu-

latory documents have been issued in the world 

and in the Republic of Bulgaria. In Ordinance No 

6 from 26.06.2006 [11], it is stated that the al-

lowable noise level in areas of scientific research 

and educational activities during the daytime is 

45 dB(A). 

The monitoring of the noise in the Ecology 

Seminar Room 327 in the Inorganic Chemistry 

Building of Prof. Dr. Assen Zlatarov University, 

Burgas established that with open windows the 

noise level was significantly higher than the al-

lowable limit and reached 63-66 dB(А). This 

gave us enough grounds to continue our investi-

gation in this direction. The main aims of the 

present study are: 

♦ to determine the noise level on the territory 

of the Inorganic Chemistry Building of Prof. Dr 

Assen Zlatarov University, Burgas; 

♦ to estimate the noise pollution; 

♦ to suggest measures to reduce the noise pol-

lution. 
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RESEARCH METHOD 

 

Study area  
The Inorganic Chemistry Building (ICB) is 

one of the eleven buildings of Prof. Dr Assen 

Zlatarov University, Burgas. It has a square 

shape with a side length of 50 m. It is located in 

the north-eastern part of the university campus. 

The international road E871, which coincides 

with the European road E773, passes north-east 

of the building. The university campus is situated 

to the south-west, there is agricultural land to the 

north-west and the Organic Chemistry Building 

is to the south-east. The total area of the territory 

around the ICB is about 12,000 sq. m. 

 

Equipment 

♦ Noise meter: two pieces of GM 1356 were 

used. They are produced according to IEC 

PUB651 TYPE2 & ANSI S1.4 TYPE2 stand-

ards. Range: 30-130 dB А; measurement preci-

sion +/-1.5dB А; range of memory: 1-250 sec-

onds; memory: 4500 records. Outputs: AC, 

PWM, USB. The USB connector allows down-

loading the data of both saved in the memory and 

real-time measurements to a computer for further 

processing and analysis. 

♦ Software: noise meter GM1356 is delivered 

together with an installation disk containing the 

necessary software, Sound Lab. It provides op-

portunity both to monitor the real-time data and 

download the data recorded in the memory in 

tabular form for further processing. The data 

measured by the gauge are: sequential number of 

the measurement, value measured, hour and date. 

♦ Tripod on which the noise meter is fixed. 

 

Sampling 

The noise meter is mounted on a tripod and 

fixed at a height of 160 cm corresponding to the 

height of students’ ears. Parameters of the meas-

urement are: 

• frequency – 1 measurement per second  

• duration – 59 min (3540 measurements). 

The experiment can be terminated earlier than 

the set period. 

The measurements were carried out from 9:00 

am until 3:00 pm and lasted for 59 min. The 

noise level is recorded as L, dB(A). Data down-

load takes usually less than a minute, after that 

the gauge memory is freed for the next sampling. 

Each file contains the following information: 

point of sampling, date, hour and second of the 

start of measuring. All measurements were car-

ried out in the autumn of 2019.  

Computer processing of the results  

The data transfer (export) from the noise me-

ter was done using the embedded USB port. The 

software provides opportunity to export the data 

in tabular form and they were further processed 

with software such as MS Excel to visualize the 

changes in noise level L, dB(A) with time. The 

values measured were transformed to obtain the 

equivalent noise level Leq, dB(A). There are 

possibilities to analyze various time periods, i.e. 

45 min (which is the duration of an academic 

hour), 20 min or 15 min (which is the duration of 

the break).  

 

RESULTS AND DISCUSSION 

 

Determination of the points of noise meas-

uring 

To get an idea about the overall noise distri-

bution, 5 points were selected around the Inor-

ganic chemistry building (Р.1; Р.2; Р.3; Р.4 and 

Р.5), where the noise levels were determined. 

These points were selected as follows: 

♦ Р.1 is a relaxation place (equipped with 

benches), where students gather during breaks; 

♦ Р.2 is positioned south-west of the ICB, at a 

distance of 10 m from the building facade;  

♦ Р.3 is positioned south-east from the ICB, at 

a distance of 10 m from the location of Room 

327 where the internal noise was measured earli-

er;  

♦ Р.4 and Р.5 are positioned north-east and 

north-west from the ICB, also at a distance of 10 

m from the middle points of the building.  

Fig. 1 shows a satellite image of the territory 

of Prof. Dr Assen Zlatarov University, where the 

ICT is located [12], with the surroundings of the 

building and the marked positions of the five 

selected points of noise measuring.  

  Fig. 1. Satellite image of the ICB and the points 

where noise measurements were carried out.  
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Measuring the noise level L, dB(A) 

The measurements were taken every 

Wednesday for 5 consecutive weeks starting 

from October 6
th
 to November 9

th
 2019. The 

measurements lasted 6 hours, from 9 in the 

morning till 3 in the afternoon.  

The data were first obtained in tabular form. 

Then, using spreadsheet programs like MS Ex-

cel, the change of the noise level L, dB(A) with 

time was visualized (Fig. 2).   

Fig.2. Change of noise level L, dB(A) with time 

on October 9
th
 2019 at point P.1 

 

Fig. 2 shows the change of noise level L with 

time for the period from 10:24 to 11:24 on Octo-

ber 9
th
, 2019 at Р.1. it can be seen from the figure 

that the noise level varied from 52 to 72 dB(A) 

from 10:24 till 11:06, then increased and varied 

in the range from 54 to 90 dB(A). After 11:20, 

the noise level decreased. These changes can be 

explained by the presence of students at P.1 dur-

ing the breaks.  

 

Estimation of the noise pollution 

To estimate the noise pollution means to 

compare the value of the equivalent noise level 

(Leq) for certain period of time (15 or 20 min) 

with the allowable limit of noise level according 

to Ordinance No 6 from 26.06.2006. The equiva-

lent noise levels were determined in the present 

work for: 

♦ five selected points: Р.1; Р.2; Р.3; Р.4 and 

Р.5;  

♦ 6 astronomical hours: from 9:00 am to 3:00 

pm;  

♦ during a break: Leq 15 min, dB(A), from 

9:00 to 9:15, from 10:00 to 10:15, etc., respec-

tively; 

♦ during academic hours: Leq 20 min, dB(A).  

Despite the fact that the duration of an aca-

demic hour is 45 min according to the Regulation 

of Educational Activities of the University, the 

equivalent noise levels were measured for 20 

min periods from 9:25 to 9:45; from 10:25 to 

10:45 and so on for the following reasons: ac-

cording to a number of studies, [4-7] a duration 

of 20 min is long enough to describe the noise 

events taking place. On the other hand, the 

breaks are sometimes prolonged due to various 

reasons and the background activity is not well 

registered about 10 min after the beginning of the 

academic hour and 10 min before its end. 

Fig. 3-7 show changes of the equivalent noise 

levels at different points of measurement. Fig. 3 

presents the obtained results for Leq 15 min 

dB(A) and Leq 20 min dB(A) in the time interval 

from 9:00 am to 3:00 pm for students’ relaxation 

spot (Р.1). 

Fig. 3. Change of Leq 15 min dB(A) and Leq 20 

min dB(A) in the interval from 9:00 am to 

3:00 pm at point P.1. 

 

From Fig. 2 it can be observed that: 

♦ the noise level during the academic hour is 

higher than the allowable limits only about noon; 

♦ the noise levels during breaks are higher 

than these during the academic hours. Leq 15 

min were by 6 to 12 dB(A) higher than Leq 20 

min and by 3 to 15 dB(A) higher than the allow-

able limit for scientific research and educational 

activity according to the Ordinance No 

6/6.06.2006. The increase of noise levels can be 

explained with conversations between the stu-

dents. 

The obtained results for Leq 15 min dB(A) 

and Leq 20 min dB(A) in the time interval from 

9:00 am to 3:00 pm at the entrance of ICB (Р.2) 

are presented in Fig. 4. 

It can be seen from Fig. 4 that: 

♦ the values of Leq 15 min are by 7-9 dB(A) 

higher than these at point Р.1. This can be ex-

plained with the higher number of people (stu-

dents, lecturers, staff) at the entrance of the ICB.  
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Fig. 4. Change of Leq 15 min dB(A) and Leq 20 

min dB(A) during the interval from 9:00 

am to 3:00 pm at point Р.2. 

 

♦ the values of Leq 20 are lower than these of 

Leq 15 min but higher than the corresponding 

ones at point Р.1. This can be explained with the 

presence of people which are not engaged in 

educational activities, as well as with the exist-

ence of another source of noise – cars moving or 

parking in front of ICB.  

♦ all the values for the equivalent noise level 

at ICB entrance are higher than the allowable 

limits standardized for the Republic of Bulgaria 

and the EU. 

Fig. 5 shows the results obtained for the noise 

level on the south-east side of ICB. 

 

Fig. 5. Change of Leq 15 min dB(A) and Leq 20 

min dB(A) for the time interval from 9:00 

am to 3:00 pm at point P.3. 

 

As can be seen in Fig. 5, the values of Leq 15 

min and Leq 20 min at point P.3 are significantly 

higher than those at point P.2. The reason for this 

is the traffic noise on the international road 

Е871, which is the main source of noise at point 

P.3. The small differences between Leq 15 min 

and Leq 20 min can be explained with the noise 

from automobiles on the alleys around the ICB, 

repair works and green area maintenance around 

the ICB. 

Fig. 6 shows the values of Leq 15 min and 

Leq 20 min measured at point P.4. 

 

Fig. 6. Change of Leq 15 min dB(A) and Leq 20 

min dB(A) for the time interval from 9:00 

am to 3:00 pm measured at point P.4. 

 

It can be seen from the data presented in Fig. 

6 that: 

♦ the values of Leq 15 min and Leq 20 at 

point P.4 are the highest in the territory around 

the ICB. The noise level reached values as high 

as 73 dB(A) which is by 28 dB(A) higher than 

the allowable limit for noise in areas of scientific 

research and educational activities according to 

Ordinance No 6/6.06.2006. The reason for this is 

the proximity of point P.4 with the international 

road Е871, on which large amount of light and 

heavy vehicles pass day and night and their 

number is increasing every year, hence the in-

creasing noise pollution on the territory of ICB. 

♦ the values of Leq 15 min and Leq 20 are 

almost equal because there are no alleys built on 

the north-eastern side of the ICB and this is the 

reason why the noise generated by students, lec-

turers and staff has a small effect on the noise 

level.  

The values of Leq 15 min and Leq 20, meas-

ured at point P.5 are presented in Fig. 7.  

Fig.7. Change of Leq 15 min dB(A) and Leq 20 

min dB(A) for the time interval from 9:00 

am to 3:00 pm measured at point P.5. 
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Fig. 7 reveals that the influence of the noise 

generated by students is weak. The high noise 

level is caused by the international road Е871. 

 

Possibilities for reduction of noise pollution  
It becomes clear from the data presented that 

the main sources of noise pollution around the 

Inorganic Chemistry Building are the automotive 

transport and the noise from student communica-

tion. We recommend the following measures to 

be taken to reduce the noise pollution in the area 

around the ICB: 

♦ creation of a green belt between the interna-

tional road Е871 and Inorganic Chemistry build-

ing. For this purpose, noise reducing shrubs and 

trees should be planted in a checkerboard pattern. 

The green belt will reduce the exposition to the 

automotive transport. The expected noise reduc-

tion is by 20 – 25 dB and, simultaneously, it will 

reduce the exposition to harmful gases and par-

ticulate matter in the region;  

♦ a sensor for registration of the noise level 

should be placed at the entrance of the Inorganic 

Chemistry building which should emit a light 

signal when the allowable limit for noise is ex-

ceeded; 

♦ certain activities should be carried out to in-

form students and lecturers about the harm 

caused by high noise levels on human health and 

increase the sensitivity of the campus community 

to the effects of noise pollution. 

 

CONCLUSION 

 

Studies were carried out to determine the 

noise level on the territory of the Inorganic 

Chemistry Building of Prof. Dr Assen Zlatarov 

University. The noise level was measured at five 

points around the Inorganic Chemistry Building 

in the time interval from 9:00 am to 3:00 pm in 

the autumn of 2019. The equivalent noise levels 

were recorded for 15 min intervals during the 

breaks and 20 min intervals during the academic 

hours. An estimation of the noise pollution was 

made. It was confirmed that the main sources of 

noise pollution are the automotive traffic on the 

international road Е871 and the noise from stu-

dent communication. It was established that the 

noise at the 5 points studied exceeds the allowa-

ble limits for noise level for areas of scientific 

research and educational activities. To reduce the 

noise pollution, the planting of a green belt be-

tween the international road E871 and the ICB 

was proposed, as well as placing a light emitting 

noise sensor at the entrance of the ICB and in-

forming the students and lecturers about the 

harm caused by the high noise levels.  
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ABSTRACT 

 
The adsorption process of thiophenic sulfur compounds, thiophene(T), benzothiophene(BT), and 

dibenzothiophene(DBT), from their binary model mixtures in i-octane and ternary model mixtures in i-
octane and toluene, on sorbents (Al2O3, silica gel) were investigated. The presence of toluene in ter-
nary model mixtures significantly reduced the desulfurization performance of the sorbents. 

Key words: sulfur compounds, ecology, adsorption, advanced technologies, purification  
 

INTRODUCTION 
 
   High-sulfur fuel poses increased environmental 
risks because its combustion in automobiles and 
industrial operations releases noxious sulfur ox-
ides into the atmosphere. 
   Sulfur oxides are known as precursors of acid 
rain, and are reported to cause fuel refining prob-
lems, such as catalyst deactivation during oil 
processing and corrosion problems in pipeline, 
pumping, and refining equipment. Furthermore, 
sulfur compounds poison the catalysts for carbon 
monoxide oxidation and nitrogen oxide reduction 
in vehicle exhaust catalytic converters. Because 
of these considerations, environmental regula-
tions worldwide have imposed ultra-low sulfur 
concentrations in liquid fossil fuels at 10 mg/kg 
for diesel. Stricter policies that will require zero 
sulfur emissions are even foreseen, giving rise to 
the need for further development of advanced 
sulfur removal technologies [1]. 
   The removal of sulfur containing compounds 
from transportation fuels is an important opera-
tion in petroleum refining, and is achieved by 
catalytic processes operated at high pressures and 
elevated temperatures. Deep desulfurization has 
attracted increasing interests due to increasingly 
stringent environmental regulations on sulfur 
content as well as the possible use of liquid fuels 
for fuel cell applications (where sulfur is a poi-
son for catalysts). Today, refineries rely on hy-
drodesulfurization (HDS) processes to reduce 
sulfur levels, but achieving deep-desulfurization 
levels would require enlargement of existing 
reactor sizes and increasing hydrogen consump-
tion. There has been much recent interest in 
desulfurization of liquid fuels at ambient tem-
perature and pressure using a variety of adsorb-

ents for selective sulfur removal, such as acti-
vated carbon, modified carbons, NaY and other 
type-Y zeolites, and Ag-doped on mesoporous 
supports.  

   Liquid transportation fuels (gasoline, diesel 
and jet fuel) contain mainly aliphatics and aro-
matics plus small amounts of thiophenic sulfur. 
In adsorptive desulfurization, the aromatics com-
pete with thiophenic sulfur for adsorption sites, 
while aliphatics are not competitive. The con-
tents of aromatics are about 20% by volume in 
diesel and jet fuel, and about 30% in gasoline. 
The sulfur compounds are mainly thiophene and 
alkylated thiophenes in gasoline, benzothiophene 
and alkylated derivatives in jet fuel, and diben-
zothiophene and its derivatives in diesel [2]. 
   Previous studies have explored the utilization 
of various solid adsorbents on the removal of 
sulfur from fuel and nearly 100% sulfur removal 
was achieved by using alumina adsorbents. 
     Adsorptive desulfurization can supplement 
HDS process as a polishing step and offers an 
alternative solution to the high cost of production 
of ultra-clean fuels [3, 4]. 
   In this study, the removal of sulfur compounds 
from model mixtures by adsorption onto com-
mercial alumina and silica gel was investigated.  
 

EXPERIMENT 
 
   Thiophene (T), benzothiophene (BT), diben-
zothiophene (DBT), i-octane and toluene were 
purchased from Sigma-Aldrich by Valerus, 
Sofia. 
   The adsorbents used in this study were com-
mercial standard Al2O3 90, neutral and standard 
silica gel 60. The adsorbents thus selected were 
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activated according to the methods described in a 
previous work [5]. 
   Binary model mixtures and ternary model mix-
ture were used. Binary model mixtures contain i-
octane and a sulfur compound or toluene of vari-
ous concentrations (ranging from 500 to 850 
mg/kg sulfur or toluene). A ternary model mix-
ture contains i-octane, toluene (600 mg/kg or 25 
% toluene) and a sulfur compound of various 
concentrations (ranging from 500 to 850 mg/kg 
sulfur). The solution (ranging from 10 to 30 ml) 
and the corresponding adsorbent (50–100mg) 
were mixed in a column at ambient temperature 
(25°C). The sulfur content after adsorption was 
investigated by BSS 20846 and the toluene con-
tent was investigated by BSS 2977.  
   The obtained experimental results are pre-
sented in the next section. 
 

RESULTS AND DISCUSSION 
 

The following tables show the results of ad-
sorption purification of binary model mixtures 
and the ternary model mixture of sulfur thio-
phene compounds and toluene. 

Table 1. Results of adsorption purification of 
binary model mixture (thiophene – i-octane) with 
silica gel 

initial sulfur content:750 mg/kg 

№ Contact time, 
min 

Sulfur content, mg/kg 

 ratio 1:10 
1. 10 650 
2. 20 612 
3. 30 588 
4. 60 554 
5. 90 541 
6. 120 522 
7. 150 510 
8. 180 460 
9. 210 430 
10. 240 410 
11. 270 381 
12. 300 334 
13. 330 310 
14. 360 285 
 ratio 1:15 
15. 10 598 
16. 20 562 
17. 30 524 
18. 60 498 
19. 90 486 
20. 120 476 

21. 150 444 
22. 180 432 
23. 210 410 
24. 240 390 
25. 270 356 
26. 300 315 
27. 330 268 
28. 360 235 
 ratio 1:20 
29. 10 582 
30. 20 564 
31. 30 510 
32. 60 486 
33. 90 452 
34. 120 422 
35. 150 388 
36. 180 366 
37. 210 345 
38. 240 318 
39. 270 276 
40. 300 253 
41. 330 232 
42. 360 218 
 

Table 2. Results of adsorption purification of 
binary model mixtures (thiophene – i-octane) 
with alumina 

initial sulfur content:750 mg/kg 

№ Contact time, 
min 

Sulfur content, mg/kg 

 ratio 1:10 
1. 10 666 
2. 20 624 
3. 30 598 
4. 60 574 
5. 90 560 
6. 120 525 
7. 150 495 
8. 180 476 
9. 210 452 
10. 240 433 
11. 270 412 
12. 300 382 
13. 330 368 
14. 360 341 
 ratio 1:15 
15. 10 620 
16. 20 572 
17. 30 546 
18. 60 522 
19. 90 500 
20. 120 482 
21. 150 458 
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22. 180 436 
23. 210 420 
24. 240 394 
25. 270 377 
26. 300 355 
27. 330 334 
28. 360 310 
 ratio 1:20 
29. 10 588 
30. 20 548 
31. 30 530 
32. 60 488 
33. 90 465 
34. 120 426 
35. 150 408 
36. 180 378 
37. 210 356 
38. 240 336 
39. 270 314 
40. 300 288 
41. 330 265 
42. 360 246 
 

Table 3. Results of adsorption purification of 
binary model mixture (benzothiophene – i-
octane) with silica gel 

initial sulfur content:650 mg/kg 

№ Contact time, 
min 

Sulfur content, mg/kg 

 ratio 1:10 
1. 10 610 
2. 20 592 
3. 30 576 
4. 60 558 
5. 90 540 
6. 120 527 
7. 150 498 
8. 180 476 
9. 210 461 
10. 240 443 
11. 270 418 
12. 300 400 
13. 330 385 
14. 360 364 
 ratio 1:15 
15. 10 602 
16. 20 578 
17. 30 551 
18. 60 527 
19. 90 504 
20. 120 488 
21. 150 463 
22. 180 440 

23. 210 424 
24. 240 404 
25. 270 382 
26. 300 364 
27. 330 345 
28. 360 326 
 ratio 1:20 
29. 10 528 
30. 20 473 
31. 30 455 
32. 60 410 
33. 90 394 
34. 120 366 
35. 150 348 
36. 180 320 
37. 210 304 
38. 240 286 
39. 270 268 
40. 300 244 
41. 330 222 
42. 360 208 
 

Table 4. Results of adsorption purification of 
binary model mixture (benzothiophene – i-
octane) with alumina 

initial sulfur content:650 mg/kg 

№ Contact time, 
min 

Sulfur content, mg/kg 

 ratio 1:10 
1. 10 618 
2. 20 589 
3. 30 574 
4. 60 550 
5. 90 536 
6. 120 522 
7. 150 492 
8. 180 474 
9. 210 458 
10. 240 439 
11. 270 410 
12. 300 385 
13. 330 368 
14. 360 346 
 ratio 1:15 
15. 10 588 
16. 20 570 
17. 30 552 
18. 60 530 
19. 90 513 
20. 120 483 
21. 150 462 
22. 180 430 
23. 210 405 
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24. 240 386 
25. 270 368 
26. 300 340 
27. 330 322 
28. 360 304 
 ratio 1:20 
29. 10 482 
30. 20 444 
31. 30 424 
32. 60 407 
33. 90 392 
34. 120 369 
35. 150 344 
36. 180 338 
37. 210 320 
38. 240 289 
39. 270 270 
40. 300 248 
41. 330 226 
42. 360 204 
 

Table 5. Results of adsorption purification of 
binary model mixture (dibenzothiophene – i-
octane) with silica gel 

initial sulfur content:550 mg/kg 

№ Contact time, 
min 

Sulfur content, mg/kg 

 ratio 1:10 
1. 10 532 
2. 20 510 
3. 30 490 
4. 60 468 
5. 90 445 
6. 120 422 
7. 150 402 
8. 180 380 
9. 210 364 
10. 240 347 
11. 270 328 
12. 300 312 
13. 330 298 
14. 360 282 
 ratio 1:15 
15. 10 523 
16. 20 502 
17. 30 482 
18. 60 463 
19. 90 438 
20. 120 419 
21. 150 401 
22. 180 377 
23. 210 348 
24. 240 319 

25. 270 298 
26. 300 276 
27. 330 254 
28. 360 232 
 ratio 1:20 
29. 10 508 
30. 20 475 
31. 30 458 
32. 60 438 
33. 90 420 
34. 120 403 
35. 150 382 
36. 180 355 
37. 210 334 
38. 240 318 
39. 270 284 
40. 300 261 
41. 330 243 
42. 360 222 
 

Table 6. Results of adsorption purification of 
binary model mixtures (dibenzothiophene – i-
octane) with alumina 

initial sulfur content:550 mg/kg 

№ Contact time, 
min 

Sulfur content, mg/kg 

 ratio 1:10 
1. 10 526 
2. 20 504 
3. 30 486 
4. 60 464 
5. 90 442 
6. 120 418 
7. 150 386 
8. 180 366 
9. 210 348 
10. 240 331 
11. 270 310 
12. 300 290 
13. 330 272 
14. 360 250 
 ratio 1:15 
15. 10 520 
16. 20 488 
17. 30 472 
18. 60 450 
19. 90 433 
20. 120 418 
21. 150 398 
22. 180 378 
23. 210 352 
24. 240 336 
25. 270 319 
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26. 300 296 
27. 330 274 
28. 360 256 
 ratio 1:20 
29. 10 484 
30. 20 453 
31. 30 425 
32. 60 409 
33. 90 381 
34. 120 362 
35. 150 334 
36. 180 316 
37. 210 298 
38. 240 280 
39. 270 261 
40. 300 245 
41. 330 227 
42. 360 218 

Table 7. Results of adsorption purification of 
ternary model mixture with silica gel 

initial sulfur content:850 mg/kg; initial toluene content:25 % 

№ Contact time, 
min 

Sulfur com-
pounds, mg/kg 

Toluene, 
% 

 ratio 1:10  
1. 10 801 24 
2. 20 778 22 
3. 30 752 22 
4. 60 712 22 
5. 90 688 22 
6. 120 656 22 
7. 150 634 21 
8. 180 610 21 
9. 210 582 21 

10. 240 560 21 
11. 270 546 21 
12. 300 525 20 
13. 330 508 20 
14. 360 482 20 

 ratio 1:15  
15. 10 784 23 
16. 20 763 22 
17. 30 751 22 
18. 60 736 21 
19. 90 710 21 
20. 120 691 21 
21. 150 677 20 
22. 180 658 20 
23. 210 625 20 
24. 240 588 20 
25. 270 560 20 
26. 300 528 19 
27. 330 489 18 
28. 360 462 18 

 ratio 1:20  
29. 10 768 22 
30. 20 740 22 
31. 30 715 22 
32. 60 685 21 
33. 90 670 21 
34. 120 654 21 
35. 150 623 21 
36. 180 590 20 
37. 210 568 20 
38. 240 544 19 
39. 270 521 19 
40. 300 498 18 
41. 330 472 18 
42. 360 450 18 

 

Table 8. Results of adsorption purification of 
ternary model mixture with alumina 

initial sulfur content:850 mg/kg; initial toluene content: 25% 

№ Contact time, 
min 

Sulfur 
compounds, 

mg/kg 

Toluene, 
% 

 ratio 1:10  
1. 10 773 23 
2. 20 745 22 
3. 30 722 22 
4. 60 690 21 
5. 90 666 21 
6. 120 642 21 
7. 150 618 21 
8. 180 592 20 
9. 210 570 20 

10. 240 555 20 
11. 270 538 20 
12. 300 520 19 
13. 330 488 18 
14. 360 464 17 

 ratio 1:15  
15. 10 774 22 
16. 20 751 22 
17. 30 730 22 
18. 60 712 22 
19. 90 698 22 
20. 120 676 21 
21. 150 654 21 
22. 180 638 20 
23. 210 612 20 
24. 240 587 20 
25. 270 553 19 
26. 300 530 19 
27. 330 514 18 
28. 360 508 18 

 ratio 1:20  
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29. 10 764 22 
30. 20 750 21 
31. 30 737 21 
32. 60 720 21 
33. 90 682 21 
34. 120 658 20 
35. 150 637 20 
36. 180 614 20 
37. 210 598 19 
38. 240 573 18 
39. 270 555 18 
40. 300 522 18 
41. 330 488 18 
42. 360 462 18 
 
   The results presented in Tables 1 to 8 show that 
by using the adsorption method sulfur and arene 
hydrocarbons are removed from the model sys-
tems prepared by us, resembling the composition 
of the middle distillate fractions. 
   It is noteworthy that the adsorbent aluminium 
trioxide that we used removes both sulfur com-
pounds and toluene to a greater extent. 
   From the three ratios of raw material used (ad-
sorbent = 1:10, 1:15 and 1:20), the expected 
greatest reduction in sulfur compounds and tolu-
ene was obtained by applying the adsorbent = 
1:20 ratio of raw material. 

   The presented experimental results prove that 
alumina is a better adsorbent compared to silica 
gel when used to remove sulfur compounds and 
toluene from model mixtures resembling middle 
distillate fractions. 
   It should be noted that the reduction of sulfur 
compounds by adsorption in binary model sys-
tems is the greatest with process duration of 10 
to 60 min., and subsequently the removal of sul-
fur compounds is in the range of 18 to 24 mg/kg. 
   It is observed that upon adsorption of the qua-
ternary mixture the reduction of sulfur com-
pounds is in a higher percentage, which is most 
probably due to the presence of toluene. 
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ABSTRACT 
 

Fluorescent conjugate between monoclonal CD45 antibody and fluorescent dye dR110(6-carboxy-
4, 7-dichlororhodamine 110) were prepared. Purification of the obtained conjugate was carried out 
by gel filtration chromatography through Sephadex G-25 column. The emission maximums of the ob-
tained conjugate and initial fluorescent dye dR110 were measured. A single-step method for leukocyte 
isolation from human blood was performed. The isolated cells were proved by Giemsa-Eosin staining 
using an optical microscope. Then the isolated leukocyte was counted by EasyCounter automatic fluo-
rescent device and by Olympus optical microscopy. Staining of all white blood cells (WBCs) was car-
ried out by the obtained conjugate anti-CD45 antibody – fluorescent dye dR110, and the dead WBCs 
were stained with Sofia-Green fluorescent dye. The leukocyte count in six apheresis samples was 
measured. The coefficients of variation of the obtained results with EasyCounter were compared to 
these obtained with the Olympus optic microscope.  

. Key words: CD45+ cells, antibody, dR110, conjugate, cell counting 
 

INTRODUCTION 
 

Leukocytes or white blood cells (WBCs) are 
immune cells that fight infection, neoplasms and 
other inflammatory conditions, and mediate al-
lergic responses. The normal number of WBCs 
in the blood is 4,500 to 11,000 WBCs per micro-
liter. Both elevated and low leukocyte counts can 
be markers of infection and malignancy. Differ-
ent kinds of WBCs express different count of 
CD45 glycoprotein. The expression of CD45 is 
the highest on lymphocytes (279,369±101,409), 
intermediate on monocytes (52,398±15,192), and 
the lowest on granulocytes (26,890 ±7,856). 
Counting of leukocytes can be performed by 
automatic fluorescence microscope using the 
biomarker expression of CD45. Staining for the 
expression of CD45, a common leukocyte bio-
marker and fluorescent intercalating reagent that 
stains dead cells, can distinguish healthy leuko-
cytes from dead cells. White blood cells 
(WBCs), also called leukocytes, are the cells of 
the immune system. All white blood cells are 
nucleated. The number of leukocytes in the blood 
is often an indicator of a disease, and thus the 
white blood cell count is an important subset of 
the complete blood count. 

Determination of leukocytes and their viabil-
ity is very important. Based on the expression of 
CD 45 antigen onto the cell surface, a screening 

could be made for the number of mature leuko-
cytes. The determination of cell viability of leu-
cocytes has been performed by several methods, 
including methylene blue dye exclusion (optical 
microscopy), propidium iodide and 7- amino-
actinomycin D using fluorescence microscopy 
[1–3]. Flow cytometry is the other effective 
method for cell counting [4–10]. Optimization of 
the flow cytometric analysis requires the use of 
one fluorescent dye to select nucleated cells and 
another to determine viability. The determination 
of cell concentration using a flow cytometer has 
been well established [11]. The immunofluores-
cence method using conjugate of antibody spe-
cific to CD 45 cells with different fluorescent 
dyes is a perspective method for this purpose. 
 

MATERIALS AND METHODS 
 
Reagents 
 
Sephadex G25 Medium was purchased from 

Pharmacia Fine Chemicals, Sweden. Giemsa; 
Eosin yellowish (Eosin Y, for Microscopy); me-
thylene blue; dR110(6-carboxy-4, 7-
dichlororhodamine 110); bovine serum albumin 
(BSA); anti-CD 45 antibody; methanol; glycer-
ine; dimethyl formamide, N-
hydroxysuccinimide, N-(3- Dimethylaminopro-
pyl)-N�-ethylcarbodiimide hydrochloride (EDC); 
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PBS; Ethylenediaminetetraacetic acid (EDTA); 
Triton X-100 were delivered by Sigma-Aldrich, 
Germany. Human peripheral blood was taken 
from healthy volunteer donors. 

 
Leukocyte isolation from human peripheral 

blood  
 
Fresh human blood diluted 1:1 with BSS, pH 

7.2, was used for analysis. A mixture containing 
15 ml of Ficoll and 25 ml of diluted blood was 
carefully placed in a plastic tube with a conical 
bottom. 

 

 
 

                     Centrifugation 

 
Fig. 1. Separation of blood with a density gradi-

ent Ficoll – Paque PREMIUM and isola-
tion of mononuclear cells 

 
Subsequent centrifugation (400 x g) for 40 

min at 20°C was used to obtain four layers 
(plasma, mononuclear cells, Ficoll and red blood 
cells with granulocytes). Each layer was placed 
in a separate tube. To the mononuclear cell layer, 
BSS, pH 7.2, was added and centrifuged to sepa-
rate the cells from Ficoll. Erythrocytes and 
granulocytes were then lysed from mononuclear 
cells using 0.87% NH4Cl. A white pellet of white 
blood cells was obtained, which was resuspended 

in 1 ml BSS, pH 7.2 and 0.01% EDTA (Fig. 1). 
The isolated leukocytes were observed with 
Giemsa-Eosin staining with an Olympus BX51 
microscope [15]. 
 

Preparation and purification of anti-CD45 
antibody - dR110 conjugate 
 

A conjugate between monoclonal CD45 anti-
body and fluorescent dye dR110 (6-carboxy-4, 7-
dichlororhodamine 110) was prepared by the 
carbodiimide method. DR110 in dimethylfor-
mamide DMF (5 mg/mL), N-
hydroxysuccinimide (10 mg/mL, 10 mM PBS 
pH 6.0) and EDC (10 mg/mL, 10 mM PBS pH 
6.0) was shaken at 7 000 rpm for 1.5 h. Then it 
was mixed with100 μl (1mg/ml, PBS pH 7.4) 
anti-CD45 antibody and was incubated in a 
shaker for 60 min at room temperature. The tube 
was wrapped in foil. Then it was left to react at 
4°C, overnight. Finally, the conjugate was iso-
lated from uncoupled reagents. 

Sephadex G25 Medium column was used (11 
x 1 cm). Flow rate was 0.3 mL/min and fractions 
were 1.7 mL each. Elution was performed with 
storage buffer (10 mM PBS, pH 7.4). Fractions 
were analyzed at 280 nm and 491 nm wavelength 
for protein and DR110, respectively. The conju-
gate was in fractions 2. 
 

Counting of leukocytes with EasyCounter 
BC new image cytometer and Olympus optic 
microscope  

 
First, the total leukocyte concentration was 

determined with EasyCounter and Sofia Green 
DNA fluorescent dye. Dye solution (0.1mg/mL 
Sofia Green and 1% Triton X-100) was added to 
50 μL sample from isolated leukocytes. 

The solution of Triton X-100 turns imperme-
able (live) cells into permeable (dead) cells. The 
DNA dye penetrated all dead cells and this al-
lowed the measurement of total cell count. Then 
the sample was mixed and 8 μL of it was placed 
in a chip and the count of leukocytes was deter-
mined by EasyCounter. The total count of leuko-
cytes (CD45 cells) was also measured by using 
obtained conjugate anti-CD45-dR110 and 
EasyCounter. To 50 μL isolated leukocytes in 10 
mM PBS, pH 7.4 were added 2 μL anti-CD45-
dR110 (5μg/mL). The sample was mixed and 
incubated at 37°C for 20 min in a shaker. After 
the incubation, 8 μL of it was placed in a chip 
and the count of leukocytes was determined in a 
minute by EasyCounter. 
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The parallel experiment was performed for 
counting of leukocytes with Olympus optic mi-
croscope. For this purpose, the same staining 
sample of isolated leukocytes was diluted 20 
time with 10 mM PBS, pH 7.4. 20 μL of the 
sample was placed in a Thomas camera and the 
cells were counted with Olympus microscope.  

Sofia Green fluorescent dye with concentra-
tion 0.1 mg/ml and EasyCounter BC were used 
for determination of dead leucocytes. 
 

EasyCounter BC device 
 
The fluorescently stained cells were examined 

using the new EasyCounter BC instrument 
(Milkotronic Ltd, Bulgaria) with image-
acquisition and associated software for image 
analysis and data management. The sample was 
loaded into the microfluidic camera (Cellchip) 
with 4 channels. Each channel had 16 fields. The 
average cell count from the 16 fields was calcu-
lated. The EasyCounter BC system automatically 
focuses on the cellchip and the stained cells are 
captured by a sensitive CMOS camera. The algo-
rithm for the analysis of digital images deter-
mines the number and the size of fluorescent 
cells and calculates their total concentration and 
viability in percent. The results are automatically 
presented on the display of the device. 
 

RESULTS AND DISCUSSIONS 
 

1. Preparation of conjugate dR110-CD45 an-
tibody 
 

A conjugate between monoclonal CD45 anti-
body and fluorescent dye dR110 (6-carboxy-4, 7-
dichlororhodamine 110) was prepared by thecar-
bodiimide method. The conjugating mixture had 
antibody fluorescent dye conjugate, free antibody 
and unconjugated dye. The mixture was filtrated 
by size-exclusion chromatography with 
Sephadex G25 Medium (Fig. 2). 

The conjugate had the highest molecular 
weight in the mixture and exited the column first. 
Flow rate was 0.3 mL/min. Anti-CD45 antibody 
– DR110 conjugate was in fractions 2 (Fig. 2). 

 
Fig. 2. Sephadex G 25 size exclusion chromatog-

raphy of conjugate mixture contains anti-
CD45antibody – dR110 conjugate: Ab-
sorbance at 491 nm (●) and 280 nm (▲). 

 
Fluorescent dye: protein ratio (F/P) was in op-

timal values (3–10). This ratio was found to be 
preferable due to obtained signal-to-noise results 
(not shown). In this case, the conjugate provided 
high enough fluorescent signal and negligible 
background. 
 

 
Fig. 3 Fluorescence spectra of the free fluores-

cent dye dR110 (blue) and fluorescent 
conjugate anti-CD45antibody – dR110 
(red). 
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Fig. 3 shows fluorescence spectrophotometric 
assays of the obtained conjugate (fraction 2). The 
analysis was performed with Perkin Elmer LS45 
fluorescent spectrophotometer. The characteristic 
maximum at 491 nm for free DR110 was ob-
served and at anti-CD45 antibody - DR110 con-
jugate, too and showed the successful binding 
between the antibody and the fluorescent dye. 
The slight change of conjugate emission maxi-
mum proved the formation of conjugate anti-
CD45antibody – dR110. 
 
2. Staining of isolated leukocytes from human 

peripheral blood  
Human blood leukocytes from healthy pa-

tients were isolated by Ficoll reagent and proved 
microscopically through standard Giemsa-Eosin 
staining.  
 

 
                         a) 
 

 
b) 

Fig. 4. Fluorescence images of WBCs with 
EasyCounter BC automatic fluorescence 
microscope: a) Total count of WBCs 
with fluorescent conjugate anti-CD45 an-
tibody – dR110; b) Dead WBCs count 
with Sofia Green fluorescent dye  

The total count of isolated leukocytes was 
measured by using EasyCounter BC automatic 

fluorescence microscope and by obtained fluo-
rescent conjugate anti-CD45antibody – dR110 
(Fig. 4a). The dead cells were counted with 
EasyCounter BC and with Sofia Green fluores-
cent dye (Fig. 4b). For counting of dead isolated 
leukocytes, the cells were stained with Sofia 
Green fluorescent dye with concentration 
0.1µg/ml.  

A parallel experiment was performed to count 
leukocytes with Olympus optic microscope. The 
total count of isolated leukocytes was measured 
by using Olympus microscope and by obtained 
fluorescent conjugate anti-CD45antibody – 
dR110 (Fig. 5a). The dead cells were counted 
with Olympus microscope and with Sofia Green 
fluorescent dye (Fig. 5b). 
 

 
a) 

 

 
b) 

Fig. 5. Fluorescent images of WBCs with Olym-
pus optic microscope: a) Total WBCs 
count with fluorescent conjugate anti-
CD45 antibody – dR110; b) Dead WBCs 
count with Sofia Green fluorescent dye  

The obtained results show that the new 
EasyCounter BC is an alternative device for 
rapid cell counting.  
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3. Determination of variation coefficients  
The coefficients of variation (CV) of the re-

sults obtained by EasyCounter BC and Olympus 
optical microscope were determined.  

Table 1. Coefficients of variation of the results 
obtained with EasyCounter BC 

 
 
№ 

Total, 
EasyCoun-
ter, Sofia 
Green 

Total cells count using 
anti-CD45-dR110 
 cells/mL 
Cells/mL CV, % 

1 65 283 63 472 3.0 

2 82 311 80 102 5.4 

3 103 475 99 634 5.8 

4 58 834 55 728 5.2 

5 73 452 71 905 4.8 

6 92 148 87 524 6.0 

 
A comparison of the coefficients of variation 

obtained by the two methods shows that the data 
obtained by EasyCounter BC were three times 
lower than the results obtained with an Olympus 
optical microscope. The coefficients of variation 
of the results obtained by EasyCounter BC 
automatic fluorescence varied in the range of 3-
6% (Table 1).  
 

Table 2. Coefficients of variation of the results 
obtained with Olympus optic microscope  

 
 
№ 

Total cells count using anti-CD45-
dR110 cells/mL 
Cells/mL CV, % 

1 55 325 14.2 

2 74 521 15.7 

3 92 638 18.4 

4 43 234 16.8 

5 58 954 19.1 

6 80 388 16.2 

 
The coefficients of variation of Olympus op-

tic microscope are in the range of 14-19%. This 
shows the better reproducibility and accuracy of 
the EasyCounter automatic fluorescent device. 

The results were obtained on the basis of six 
samples. Each sample was measured 10 times.  
 

CONCLUSION 
 

The conjugate anti – CD45 antibody - fluo-
rescent dye dR110 was prepared. The new 
method for total WBCs count and dead WBCs 
count was developed by using the new 
EasyCounter BC fluorescence automatic micro-
scope. Staining of all WBCs was carried out by 
the obtained conjugate anti-CD45 antibody - 
fluorescent dye dR110 and the dead WBCs were 
stained with Sofia-Green fluorescent dye. The 
viability of cells was calculated on the basis of 
the total and dead WBCs count. The new method 
ensures precise and accurate analysis. The ob-
tained coefficients of variation with EasyCounter 
BC were three times lower than those obtained 
with the Olympus optic microscope.  
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ABSTRACT 

 

White blood cell (WBC) count is a crucial laboratory test for basic diagnostic practices. A method 

has been developed to determine the total cell number and viability of white blood cells in fresh capil-

lary and venous blood by a new EASYCOUNTER BC fluorescence microscope (produced by Milko-

tronic LTD). The method enables leukocyte counting without any sample pre-treatment. A new DNA – 

binding dye, TO-DAM-3, is used in combination with acridine orange. Acridine orange is used for 

staining of the total cell population, whereas TO-DAM-3 is used for dead cells staining. The dye per-

meates only in dead cells because their cell membrane is compromised. This double staining enables 

WBCs counting in a single sample, which minimizes the standard error and increases stain-to-stain 

precision. The optimal working range for measuring WBCs with the EASYCOUNTER BC was deter-

mined. The coefficient of variation (CV, %) of the results obtained with EASYCOUNTER BC in the 

optimal working range varied between 2.85% and 5.7%. This shows that the EASYCOUNTER BC 

automated fluorescence microscope in combination with double fluorescence staining could be used 

for rapid clinical diagnostics. 

Key words: white blood cells, TO-DAM-3, acridine orange, cell counting 

 

INTRODUCTION 

 

Determination of the number of white blood 

cells (WBCs) as well as their viability in capil-

lary or venous blood is an important indicator for 

clinical diagnostics and patient treatment. This 

analysis is necessary to diagnose infections, al-

lergic reactions, inflammation, blood cancers 

such as leukaemia or lymphoma, side effects 

caused by drugs and monitoring of treatment. In 

some cases, it is crucial to obtain the results as 

soon as possible in order to accelerate diagnos-

tics and treatment. Determining the number of 

white blood cells is one of the most common 

tests that are carried out with patients when their 

diagnosis is established. Leukocytes are found 

throughout the body, including the blood and 

lymph system, and are far fewer than red blood 

cells [5]. They protect the body against infectious 

diseases, other foreign agents, and altered body 

cells [2, 6-8]. As a reference or quantitative lim-

its in adults and adolescents (over 15 years of 

age), values between 3.5 and 10.3 x 10
9
 G / l are 

considered normal. Increased leucocyte level is 

present in various infections, mainly bacterial. 

The values can reach 30.0 x 10
9
 G / l. All white 

blood cells have a nucleus that distinguishes 

them from red blood cells (RBCs) and platelets 

and can therefore be coloured when mixed with 

DNA dyes. 

During the 1950s, laboratory technicians 

counted each individual blood cell underneath a 

microscope. Generally, the number of white 

blood cells is obtained by manual microscopic 

counting procedure, by colouring the blood sam-

ple with Giemsa stain (methylviolet, gentian 

violet) and microscopic examination of the sam-

ple in a haemocytometer (for example Burker's 

Chamber). The method has high standard error 

due to the human factor. Tedious and incon-

sistent, this method was later replaced with hae-

matology analyzers.  

Fluorescence techniques, which were intro-

duced at the beginning of the century, are now 

widely used as a research tool in cytology. Blood 

has been studied by several fluorochromes, in-

cluding auramine and acridine. Acridine orange 

is the most popular fluorochrome for studies on 

whole blood, reticulocyte counting and identifi-

cation of nucleic acids. It has also been used in 

cell culture, blood parasites, and certain automat-

ed techniques [9, 11]. Furthermore, when such a 

fluorescence technique is combined with an au-

tomated device, a very quick and precise analysis 

could be developed. 

https://mail.bg/idx#compose/bWlsa2FfODhAYWJ2LmJn
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The introduction of automated cell counting 

devices to quantify the viable number of cells is 

a much more convenient method due to the re-

moval of the human factor [1, 3, 4]. Replacing 

the Giemsa dye with a fluorescent dye increases 

the sensitivity of the analysis. In the present 

work we used a combination of the well-known 

fluorescent dye acridine orange and the newly 

synthesized dye TO-DAM-3. 

Acridine orange (AO) is an amphipathic, vital 

dye that intercalates leukocyte nucleic acids and 

acidic vesicles. AO has a 450 nm excitation 

wavelength and has emission peak wavelength at 

525 nm (green). TO-DAM-3 has a 627 nm exci-

tation wavelength and has emission peak wave-

length at 655 nm (red). Acrid orange is used to 

stain the entire cell population, while TO-DAM-

3 is used to stain dead cells. The dye only pene-

trates dead cells because their cell membrane is 

damaged. Thus, living cells can be successfully 

distinguished from dead cells. 

Thus, the number of dead cells is determined, 

and by the difference of the total number of cells 

and the listed dead cells the number of living 

cells is determined and the cell viability is esti-

mated. Therefore, there is a great need for a 

quick and simple method for white blood cells 

counting. In addition, devices that can be seam-

lessly mounted in a variety of clinical applica-

tions and even in remote field clinics are needed 

to provide a quick and accurate analysis.  

 

MATERIALS AND METHODS 
 

Materials 

Capillary or venous blood sample was taken 

from volunteers. Acetic acid, gentian violet, ac-

ridine orange, sodium phosphate monobasic 

monohydrate, sodium phosphate dibasic, sodium 

chloride from Sigma Aldrich were used. DNA 

fluorescent dye TO-DAM-3, produced by Milko-

tronic LTD, was also used. 

 

Apparatus 

Easycounter BC Automatic fluorescent mi-

croscope equipped with special software, two 

different light sources (470 and 627) and two 

separate fluorescent filters. Microfluid camera 

(cellchip) for sample loading and analysing 

(Milkotronic, LTD, Bulgaria), Olympus BX51 

Microscope. 

 

Methods 

Determination of the total count of WBCs 

using light microscope and lysis of the red 

blood cells 

RBCs affect the correct count of WBCs due 

to their high count in blood. Therefore, before 

counting leukocytes, erythrocytes must be lysed. 

For this purpose, 180 μl of Turk’s reagent were 

added to 20 μl of capillary or venous blood sam-

ple, the mixture was placed in a haemocytometer 

(Bürker counting chamber), and WBCs were 

counted under low magnification [10]. The num-

ber of white blood cells was obtained by bright 

field microscopic examination of the sample. 

 

Determination of total cell count and viabil-

ity of WBCs in capillary and venous blood us-

ing EASYCOUNTER BC and double fluores-

cent staining procedure 

Fresh whole blood was diluted with PBS in a 

ratio of 1: 4 (Dilution factor 5). 100 μl of the 

diluted blood were pipetted in an Eppendorf tube 

containing lyophilized mixture of the fluorescent 

dyes acridine orange and TO-DAM-3 (10 

µg/ml). The sample was incubated for 10 

minutes at room temperature. The prepared sam-

ple was used for determination of WBCs total 

count and viability. 

8 μl from the samples were placed in one of 

the channels of the microfluidic camera (cell-

chip). 

Counting and analyzing the total number of 

WBCs, the number of dead WBCs and the 

WBCs viability was measured and calculated 

using EASYCOUNTER BC. 

 

RESULTS AND DISCUSSION 

 

1. Determination of the viability of WBCs 

in capillary and venous blood using 

EASYCOUNTER BC 

Measurement of the concentration and viabil-

ity of nucleated cells in clinical samples is diffi-

cult to achieve due to the presence of red blood 

cells (RBCs), platelets and cellular debris. To re-

move interfering red blood cells, clinical samples 

are usually pre-treated in order to lyse red blood 

cells [12]. But even these methods are not always 

successful in removing all the red blood cells and 

lead to significant errors in determining white 

blood cells concentration. Furthermore, when 

performing this step, a great dilution of the sam-

ple is necessary, which additionally complicates 

microscopic counting. 
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a)     

b) 

Fig. 1. Bright field images from light micro-

scope of: (a) diluted blood sample 

(without RBCs lysis), (b) diluted 

blood sample with lysed RBCs (x 

40). 
 

Fig. 1 shows images of blood sample under 

microscope. On the left, the blood sample is 

diluted 10 times with PBS, and is not treated in 

order to remove the RBCs. Their count in the 

sample is much higher than the WBCs count, 

which greatly hinders the WBCs observation 

and makes their correct and accurate counting 

impossible. Obviously, at high red cells count, 

the number of observed and counted WBCs is 

decreased. That is why, the RBCs lysis before 

WBCs microscopic counting is a must. 

On the right, the blood sample is diluted 10 

times with 2 % aqueous solution of acetic acid in 

order to remove the RBCs. The image shows that 

there is a great decrease in the number of RBCs, 

which allows the WBCs counting. Nevertheless, 

there are residual RBCs that could still interfere 

with the correct WBCs counting. 

 

 
a) 

b) 

Fig. 2. Images of stained WBCs: total count (a) 

and stained dead WBCs (b) obtained by 

the Easycounter BC automatic fluores-

cence microscope  
 

Using the fluorescence cell staining method, 

the need for red blood cells lysis is eliminated. 

Thus, the concentration and viability of WBCs in 

capillary and venous blood can be measured 

without the removal of red blood cells from the 

sample. Measurement is performed directly with 

the EASYCOUNTER BC automatic fluores-

cence microscope. The blood sample is diluted 

with PBS and stained simultaneously with both 

the AO and TO-DAM-3 dyes. The DNA dye AO 

stains the nuclei of all the leukocytes present in 

the sample, as it is able to penetrate through their 

membranes (Fig. 2(a)). The other dye, TO-

DAM-3 stains only the dead leukocytes in the 

cell population because their cell membrane is 

compromised and permeable to the dye (Fig. 

2(b)). Live cells do not stain because their cell 

membrane is intact and impermeable to the dye. 

In this way, a clear distinction can be made be-

tween living and dead cells. Based on these two 
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results and the built-in software, the viability of 

the leukocytes is calculated as a percentage. 

The automated fluorescent microscope per-

forms the assay automatically as it shoots sixteen 

pictures with the blue light source and the green 

filter and after that it shoots the same fields with 

the red light source and the red filter. According-

ly, all cells in the sample are counted (stained 

with AO) and only dead cells (stained with TO-

DAM-3) are counted. This allows averaging of 

the results and achieving high precision.  

Viability of 10 venous blood samples was de-

termined. Each sample was diluted 5 times with 

PBS and stained with the mixture of the dyes. 

After that each stained sample was automatically 

measured (10 times) using EASYCOUNTER BC 

and the viability was calculated. All the samples 

showed viability between 90-98 % which is quite 

usual considering that the blood samples were 

obtained and tested in the same day. With such 

viability ratio the 5-fold dilution was very appro-

priate as it provides a good number of cells per 

image for both the total number of cells and for 

the dead cells. The results were averaged, the 

standard deviation and the coefficient of varia-

tion were calculated. The CV, % varied from 

2.2% to 5%, which showed a high accuracy and 

good correlation. 
 

2. Validation of automatic fluorescence 

microscopic method for total WBCs count 

using EASYCOUNTER BC 

 

The total number of WBCs in a sample of ve-

nous blood, diluted in PBS at different ratios was 

determined. After the respective incubation, 

counting and analyzing the total number of 

WBCs using EASYCOUNTER BC was per-

formed. In order to validate the method, the same 

samples of venous blood were treated in order to 

lyse the RBCs. Then a visual microscopic exami-

nation was performed using Bürker counting 

chamber. 

Fig. 3 shows that the results obtained by the 

two methods are comparable only at some of the 

dilutions. At the low dilutions the microscopic 

method is not very reliable due to the interfer-

ence of the red blood cells, which at such dilu-

tions could not be satisfactorily removed. At 

dilutions 6, 8 and 10 times both methods showed 

very close and correlating results. At the high 

dilutions again a deviation in the results was 

observed due to the excessively reduced number 

of cells, which is unsuitable for counting at this 

scale of the microscope.  

 
Fig. 3. Total number of WBCs determined by 

EASYCOUNTER BC and manual light 

microscopic counting at different sample 

dilutions 

 

For comparison the developed automatic fluo-

rescence method showed correlating results at 

almost all dilutions. Only for the first sample 

(dilution 1 – concentrated whole blood) the ob-

tained results were not reliable. For all the rest of 

the dilutions the method showed a good correla-

tion and reproducibility. 

Furthermore, the developed method has a 

number of advantages: it does not require red 

blood cells lysis, takes less time and has lower 

standard error. Due to the bigger sample volume 

that is loaded in the cellchip, thousands of leuko-

cytes are counted by the automated techniques in 

order to obtain more accurate results, whereas in 

visual examination using a haemocytometer only 

100-200 white blood cells are typically tested. 

Stain to stain precision of the method was de-

termined. For this purpose, a series of diluted 

capillary blood was prepared using PBS.  

Each dilution aimed to reach a certain con-

centration range. Each diluted sample was sepa-

rately stained three times with the DNA fluores-

cent dye AO and measured 10 times. The results 

were averaged and plotted in Table 1. 

The table shows that at the low number of 

cells tested (0-10 cells per microliter), the results 

obtained are either invalid or with a very high 

deviation. As the number of cells increases, the 

coefficient of variation decreases, reaching the 

lowest levels at 500-1000 cells per microliter. 

Almost all tested concentrations showed good 

reproducibility of the results and low coefficients 

of variation. This shows that samples with differ-

ent cell numbers can be successfully tested and 
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different dilutions can be applied according to 

the needs and specificity of the sample, achiev-

ing high measurement accuracy. 

 

Table 1. Stain to stain precision of the method 

considering total leukocyte count 

WBCs/µl 

target 

Stain 

N 

Mean SD Total 

CV, % 

0-1 

 

1 <1 0,43 NA 

2 <1 0,6 NA 

3 1 0,2 NA 

5-10 

 

1 7 1,03 14 

2 5 1,2 24 

3 6 1,1 18 

20-30 

 

1 26 2.8 10,8 

2 25 1,98 7,9 

3 21 1,3 6,2 

50-60 

 

1 48 5,5 11 

2 55 7,3 13 

3 47 4,4 9 

80-100 

 

1 82 4,7 5,7 

2 99 6,3 6,3 

3 79 5,5 6,9 

200-500 

 

1 318 15 4,7 

2 300 13 4,3 

3 342 12 3,5 

500-

1000 

1 630 18 2,85 

2 665 20 3 

3 672 20 2,9 

 

CONCLUSION 

 

The proposed method for WBCs counting us-

ing fluorescent double staining method with AO 

and TO-DAM-3 and the automatic fluorescent 

microscope provides fast, accurate and precise 

results. Using the cell fluorescence method, the 

need for red blood cells lysis is eliminated. Thus, 

the concentration and viability of WBCs in capil-

lary and venous blood can be measured without 

the removal of red blood cells from the sample. 

The application of these two fluorescent dyes 

allows the counting of cells to be performed in a 

single sample, with single dilution step, the total 

number of cells and the number of dead cells is 

counted from the same fields, which further in-

creases the accuracy of the analysis. The ready to 

use lyophilized reagents and the specific soft-

ware make the assay very easy to perform. The 

assay allows the elimination of human error and 

presents the results in a very accessible form. The 

method could be successfully incorporated in 

different aspect of clinical diagnostics. 

REFERENCES 

1. Elhanan, T. and Yelin, D., “Measuring blood 

velocity using correlative spectrally encoded 

flow cytometry”. Optics Letters, 39, 4424–

4426, 2014. 

2. Fleur-Brooks, M. 2008. “Exploring Medical 

Language: A Student-Directed Approach” 

(7th ed.). St. Louis, Missouri, US: Mosby 

Elsevier. p. 398 

3. Golan, L. and Yelin, D., “Flow cytometry 

using spectrally encoded confocal microsco-

py”. Optics Letters, 35, 2218–2220, 2010. 

4. Golan, L., Yeheskely-Hayon, D., Minai, L., 

Dann, E. J. and Yelin, D., “Noninvasive im-

aging of flowing blood cells using label-free 

spectrally encoded flow cytometry”. Bio-

medical Optics Express, 3, 1455–1464, 

2012. 

5. Guyton, A. C. and Hall, J. E., Textbook of 

medical physiology. Elsevier, 2010. 

6. Houwen, B., “The differential cell count”. 

Laboratory Hematology, 7, 89–100, 2001. 

7. Illoh, O. C., Current applications of flow 

cytometry in the diagnosis of primary im-

munodeficiency diseases. Archives of patho-

logy&laboratory medicine 128, 23-31, 2004. 

8. O’Gorman, M. R., Zollett, J. and Bensen, N., 

“Flow cytometry assays in primary immu-

nodeficiency diseases”. Methods in molecu-

lar biology, (Clifton, N.J.) 699, 317–335, 

2011. 

9. Seligrnan, P.A., Allen R., Kirkchanski S., 

Natale P., “Automated analysis of reticulo-

cytes using fluorescent staining with both ac-

ridine orange and an immunofluorescence 

technique”, American Journal of Hematolo-

gy. 14:57-66, 1983.  

10. Sugiuchi, H., Ando, Y., Manabe, M., 

Nakamura, E., Mizuta, H., Nagata, S., Oka-

be, H., “Measurement of total and differential 

white blood cell counts in synovial fluid by 

means of an automated hematology analyz-

er”. Journal of Laboratory and Clinical Med-

icine, 146,1, July, 36-42, 2005. 

11. Wearne A., Robin H., Joshua D.E., 

Kronenberg H., “Automated enumeration 

of reticulocytes using acridine orange”. Pa-

thology. 17:75-7, 1985.  

12. Yeo, C., Saunders, N., Locca, D., Flett A., 

Preston, M., Brookman, P., et al., “Ficoll-Paque 

versus Lymphoprep: a comparative study of 

two density gradient media for therapeutic 

bone marrow mononuclear cell preparations”. 

Regenerative Medicine, 4, 689–96, 2009. 

https://www.sciencedirect.com/science/journal/00222143
https://www.sciencedirect.com/science/journal/00222143
https://www.sciencedirect.com/science/journal/00222143/146/1


 

45 
 

                                     ANNUAL OF ASSEN ZLATAROV UNIVERSITY, BURGAS 
                                                                  BULGARIA, 2020, XLIX (1) 
 

 

A SUSTAINABLE APPROACH TO CREATING A BIODIESEL SUPPLY CHAIN FROM 
DAIRY WASTE SCUM 

 
Desislava Nikolova 

E-mail: desislava_nikolova@btu.bg 
 

ABSTRACT 
 

Biodiesel is practically an inexhaustible, clean fossil fuel substitute. It can be produced from vari-
ous substances, including animal or agricultural fats. The growing need for plant oils for biodiesel 
production has increased the need for alternative sustainable strategies based either on non-food 
crops or agro-industrial wastes that do not compete with food and feed production. In this study the 
opportunity for biodiesel production from dairy waste scum has been analyzed. The creation of a sus-
tainable supply chain is a topical area which is continuously developing and that is why the main fo-
cus of this study is to create an efficient, sustainable supply chain that minimizes the overall costs for 
its operation and provides the best scenario for reducing environmental impact throughout the supply 
chain. 

Key words: biodiesel, supply chain, dairy waste scum, sustainable 
 

INTRODUCTION 
 

Biofuels are gaining importance as alternative 
renewable fuels that can cope with major prob-
lems caused by the usage of conventional fuels, 
such as deterioration of the energy supply 
worldwide, environmental pollution and energy 
security [1]. The application of biodiesel offers 
several advantages, such as reduced greenhouse 
emissions, gaseous pollutants and particulate 
matter and still biodiesel is usually reported as 
being costlier than traditional diesel fuel [2]. The 
high cost of biodiesel is the reason for the con-
tinuing work on reducing its production cost in 
order to make the new biodiesel competitive, 
because the cost of biodiesel is the main stum-
bling block to its commercialization [3].  

The present work examines biodiesel from 
dairy waste scum as a suitable alternative for 
petroleum diesel. A large part of the world popu-
lation consumes milk and various dairy products 
on a daily basis. Every day, dairies generate a 
great percentage of waste scum which is difficult 
to dispose. In addition, waste oils are a very seri-
ous challenge to the environment due to their 
disposal problems. Biodiesel production from 
waste milk scum has been analyzed in terms of 
the process of transesterification by converting 
waste milk scum into methyl ester and glycerol 
[4]. One acceptable scenario is transesterification 
of waste milk scum and its inclusion in the dairy 
supply chain. The classical dairy supply chain is 

a combination of processes, including agricul-
ture, livestock farming, manufacturing, packag-
ing, distribution, retail and consumption [5]. 

The role of the strategic approach is to pro-
vide a solution that addresses sustainability 
through the Triple Bottom Line Plus method. 
The TBL þ method implements economic opti-
mization, in terms of profit and environmental 
optimization (with regards to the harmful emis-
sions generated throughout the chain); social 
optimization, in terms of social aspects; political 
optimization, in terms of government investment 
and government support; and technological op-
timization, in terms of minimizing the total 
amount of raw materials. 

The main asset of the present work is the 
creation of an efficient, sustainable supply chain 
in order to minimize the total operating costs of 
the chain, aiming to provide the best option for 
reducing the environmental impact of the entire 
supply chain. 
 

PROBLEM DESCRIPTION 
 

Dairy waste scum as a raw material for bio-
diesel production 

 
When cleaning the equipment in large dairy 

vessels, there are specific residues left such as 
residual butter and fats, which are leached and 
collected in an effluent treatment plant as dairy 
waste scum. The dairy waste scum is collected in 
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a fresh state in the scum removing area of the 
effluent treatment plant. The scum is a non-solid, 
dense, floating substance, white in texture and 
colour because it is usually formed by a mixture 
of fats, proteins, lipids and others [6]. The fol-
lowing are four basic methods for biodiesel pro-
duction: blending, micro emulsification, pyroly-
sis, and transesterification, amongst which trans-
esterification is a well-established and the most 
common method for biodiesel production. 

The chemical composition of dairy scum oil 
is presented in Table 1 [3]. 

Table 1. Chemical composition of dairy scum oil 

Component Carbons Fatty acid% 
Butyric 4:0 1.3634 
Caproic 8:0 1.4987 
Capric 10:0 0.9444 
Lauric acid 12:0 2.7176 
Myristic acid 14:0 14.3526 
Palmitic acid 16:0 42.1390 
Steric 18:0 15.7632 
Oleic acid 18:1 19.2093 
Linoleic acid 18:2 0.4822 
Linolenic acid 18:3 0.2509 

 
The high proportions of saturated and mono 

saturated fatty acids in dairy waste scum oil are 
considered optimal for fuel production. Polym-
erization in the combustion of such a fuel would 
be substantially lower than in the combustion of 
a fuel derived from polyunsaturated fatty acids. 

 
Properties of scum biodiesel 

 
Viscosity is the most significant factor that in-

fluences the fluidity of biodiesel. Viscosity is 
3.75 mm2/s at 40 ºC, which makes it easier to 
pump, atomize and achieve finer droplets in the 
fuel injection system [7]. The flash point is 
157ºC, which is greater than traditional petro-
leum diesel. The higher flash point makes stor-
age and transport issues less important. Specific 
gravity is 0.876; this lower value indicates the 
completion of a reaction and effective removal of 
glycerine [8]. Due to the longer fatty acid carbon 
chain and the more saturated fatty acid, the 
cetane number is 60 min, which is higher com-
pared to vegetable oils methyl esters [9]. The 
pour point and cloud point must be considered 
when biodiesel is to be used in a cold climate. 
The cloud and pour points, 5ºC and 2ºC, indicate 
that scum biodiesel is less suitable for cold 

weather conditions. This is due to the high per-
centage of saturated fatty acid methyl ester. 
 
Biodiesel supply chain from dairy waste scum 
 

The following diagram (Fig. 1) describes the 
biodiesel supply chain from dairy waste. It in-
cludes milk production farms as the supplier of 
the raw material, dairy plants, customer areas 
and biorefineries for utilization of the obtained 
waste products through biodiesel production. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1 Structure of biodiesel supply chain from 

dairy waste scum 
 
where F  is a set of candidate regions for bio-
diesel production; 
N  is a set of the dairy farms producing milk as a 
raw material used in dairy plants; 
M  is a set of the regions in which dairy plants 
are installed; 

Dairy Cus-
tom

Dairy Farms

 

Biorefinery Plants 
 

Dairy Plants 
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C  is a set of the regions that use ready-made 
dairy products (dairy customers). 
 

The problem studied in this paper can be for-
mulated as follows: There are different types of 
milk products which can be used as raw material 
for the production of different dairy products. 
These raw materials can be produced from dairy 
farms located in different places. Each of these 
farms has limited productivity and a nomencla-
ture that is known in advance, such as price and 
the type of transport that can be used for the 
transportation of milk. On the other hand, it is 
assumed that there is a set of dairy plants in dif-
ferent places in the current area. For each of 
these plants, the possibilities for producing the 
respective final products and the technologies for 
their production are known, as well as the gener-
ated waste products which can be used for bio-
diesel production. The potential places where 
biodiesel plants can be installed are various. Bio-
refineries are amongst the eligible sites for this 
purpose. At the same time, the places for deliv-
ery of the final products, their type and admissi-
ble quantity are known. The transport logistics 
for each type of raw material, final product and 
waste raw materials is set and the transport ca-
pacity, available types of transport, distance and 
released emissions are known for each of them. 
With all this information, the task is to determine 
the optimal operating conditions of the system as 
a whole. 

The evaluation of the operation of the bio-
diesel supply chain from dairy waste scum sys-
tem includes all costs for the supply of raw mate-
rials, production and transport costs, as well as 
costs for the construction of the necessary biore-
fineries. Regarding this, the task is to determine 
the optimal operating conditions of the system 
which provide a minimum of the aim function 
while observing the technological, environmental 
and time constraints. The environmental impact 
of the supply chain is measured in terms of total 
greenhouse gas emissions .)( 2 eqkgCO −  result-
ing from the life-cycle activity. They are con-
verted into carbon credits multiplied by the mar-
ket price of carbon emissions .)( 2 eqkgCO − . 
This task can be formulated as a task of Mixed 
Integer Linear Programming (MILP). 

 
CONCLUSION 

 
The necessity of a good, sustainable substitute 

for conventional fuels leads to increasing bio-
diesel popularity. The ongoing humanitarian, 
economic and environmental crises in different 
parts of the world are the reason for the high 
demand for alternative fuels, but the question 
with the cost of the raw material for biodiesel 
still remains unsolved. 

The article considers dairy waste scum as an 
alternative raw material for biodiesel production 
and its inclusion in a sustainable supply chain. 
This study provides the characterizations of dairy 
waste scum as a potential raw material for bio-
diesel production as well as the qualities of the 
scum biodiesel. The paper presents a model of 
sustainable supply chain from dairy waste scum. 
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ABSTRACT 

 

A study of the physicochemical composition of 20 assortments of confectionery products, compris-

ing the protein and total fat content, has been carried out. Calculations have, furthermore, determined 

their total carbohydrates content and energy value. The results show a relatively low protein content 

of 1.02 g to 9.9 g, high carbohydrate content of 30.85 g to 60.68 g, and fat content of 3.94 g to 31.57 

g. Confectionery products are ready-to-eat foods with high "energy density"; they are a source of fast 

carbohydrates and high-fat content. The data obtained by conducting this study can be used both for 

labelling confectionery and designing menus in order to reduce the risk of overweight and obesity 

among a wide range of consumers of this type of food. 

Key words: carbohydrates, fats, proteins, rational nutrition 
 

INTRODUCTION 

 

Food has a strong and varied effect on the 

human body. Both nutritionists and the popula-

tion get acquainted with the main energy sources 

in food: fats, carbohydrates and proteins from the 

information about the energy value of food prod-

ucts. Control over them is important with respect 

to the healthy nutrition of the population. The 

World Health Organization identifies obesity as a 

global epidemic and a significant public health 

problem. Overweight and obesity among chil-

dren and adolescents are gaining momentum, 

especially in developed countries. Various con-

fectionery products are the subject of the present 

study. The energy value of food is determined in 

kcal (kilocalories) or kJ (kilojoules), where 1 

kcal = 4.1841 kJ. The main energy sources for 

the body are proteins, fats and carbohydrates. 

The energy equivalents of the nutrients are as 

follows: 1g protein is 17 kJ (4 kcal); 1g carbohy-

drates is 17 kJ (4 kcal); 1g fat is 38 kJ (9 kcal) 

[1]. The energy balance is positive when the 

amount of received energy exceeds the amount 

of consumed energy. In the human body, excess 

energy is converted into reserve adipose tissue. 

Under systemic energy intake and overfeeding, 

body weight increases, and this leads to obesity. 

The energy received with food by the body must 

correspond to the consumed energy, therefore it 

is necessary for consumers to be familiar with 

the energy composition of food. Energy demand 

is the amount of energy a person needs to get 

from food in order to remain healthy and active 

[1]. People's energy demands vary from person 

to person, depending on their body weight, body 

composition, age, gender, and physical activity. 

Carbohydrates and fats represent these very im-

portant macronutrients that confections carry. 

Moreover, they are important for the additional 

energy intake and the risk of unbalanced diets. 

Carbohydrates are a major source of energy for 

the body and play an important role in the proper 

functioning of the immune system, blood clot-

ting, and overall human growth [2]. 

The aim of the present study is to determine 

the content of the main macronutrients, proteins 

and fats in different types of confectionery and to 

present the carbohydrate and energy content of 

the studied confectionery in order to properly 

inform consumers about their nutritional values. 

The data can be used for correct labelling of 

products and shaping a daily diet associated with 

limiting the risk of overweight and obesity 

among the population. 

 

EXPERIMENT 

 

Materials and methods: 

The study was conducted in 2019-2020. 

Twenty types of confectionery, such as cakes, 

pastry, cookies, etc. were analyzed for protein 
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content and total fat. The following verified test 

methods were used to reach the results: proteins 

according to BDS 3412 article 3.9: 1979 [4] and 

total fats according to BDS 5439: 1985 [9]. 

The carbohydrate content as well as the ener-

gy content of each of the studied types of confec-

tionery were calculated. 

 

RESULTS AND DISCUSSION 

 

Food is vital for structuring and development 

of the human body, for ensuring the maintenance 

of a constant set of conditions in metabolic pro-

cesses and physical activity. The normal func-

tioning of the human body depends on the energy 

received from food, which varies for each indi-

vidual. Age, health and physical activity play a 

central role and require different amounts of 

energy. Energy value is one of the basic indica-

tors for determining scientifically based physio-

logical norms for proper nutrition of the popula-

tion. The European Commission considers that it 

is appropriate to provide the mandatory infor-

mation on the nutrition facts label per 100g or 

100ml. 

A study analyzing the content of the main 

macronutrients in different varieties of confec-

tionery has been conducted. Carbohydrate and 

energy content of confectionery products has 

been presented in order to correctly inform con-

sumers about the nutritional value. The obtained 

information can be useful for correct labelling of 

products and for the preparation of daily diets 

with the purpose of limiting the risk of over-

weight and obesity among the population. Vari-

ous kinds of confectionery products with high 

carbohydrate content have been analyzed during 

the course of this study. Carbohydrates play a 

central role in a person's diet. Their main func-

tion is to provide energy. They provide more 

than half of the energy value of a daily ration of 

the human body. Carbohydrates are building 

blocks which are important for the correct opera-

tion of the intestines. They are a source of energy 

for the normal function of intestinal microflora. 

Sweet carbohydrates, mono- and disaccharides 

improve the taste of food. Some important 

sources of carbohydrates are: cereals, flour, pas-

ta, sugar and confectionery, kitchen desserts, etc. 

But confectionery, such as cakes, pastries, cook-

ies, along with the carbohydrates in flour and 

sugar, also contains large amounts of fats. Fats, 

which are present in many foods, are found in 

large quantities mainly in products of animal 

origin, such as meat and dairy. The results ob-

tained from the physicochemical analysis of 

macronutrients in pastries, confectionery rolls, 

cookies, and cakes are presented in Table 1. Con-

fectionery is not the main source of protein. The 

results show that it contains small amounts of 

protein, as the highest protein values however 

belong to the confectionery known as meringue, 

which still depends on the recipe. Carbohydrates 

predominate, ranging from 30.85 g to 60.68 g. 

The fat content in different confectionery prod-

ucts ranges from 8.3g to 31.57g, and varies de-

pending on the recipes. It strongly affects the 

energy content of different types of products. 

Fats have the greatest possible effect if the ration 

contains almost equal amounts of vegetable, milk 

and other animal fats. The recommended bal-

anced ratio of protein and fat in grams is 1:1 for 

students. Fat is the source of energy with the 

highest energy equivalent. Foods high in fat (20-

40 g) include caramel cake 26.42 g, Garash cake 

27.32 g, truffle cake 30.32 g, cheesecake with 

caramel 24.22 g. Products with moderate fat 

content (10-19g) include cake 11.03 g, cookies 

11.85 g, éclair 16.39 g, cherry paste 18.81 g, 

chocolate paste 13.24 g, butter cream cake 14.4 

g, sweets with sugar syrup 14.29g. Low fat prod-

ucts (3-9 g) include meringue 3.94 g and cake 

with vegetable oil cream 8.30 g. Food products 

with very low fat content (<3g) include the sweet 

beverage boza with 0.2 g (this product also has 

the lowest protein content of 1.02 g). A study 

conducted on similar indicators in confectionery 

shows a fat content of 16 to 30% and a carbohy-

drate content of 62 to 75% [3]. 

 

Table 1. Macronutrient content and energy in 100 g net weight of confectionery 

No Types of confec-

tionery 

Proteins 

(g) 

 

Fats 

(g) 

 

Carbohydrates 

(g) 

Energy 

value 

kcal / 

100g 

 

Energy 

value 

kJ / 100g 

 

1 Caramel Cake 5.50 26.42 53.79 474.9 1985.47 

2 Cupcake 7.24 11.03 51.94 336.0 1414.17 



50 

 

3 Cookies 6.12 11.85 42.43 300.9 1263.80 

4 Meringue 9.9 3.94 60.68 314.5 133.9 

5 Small sweets 5.49 31.57 53.32 519.4 2167.86 

6 Chocolate roll  2.76 20.47 53.19 404.0 1708.54 

7 Eclair 7.22 16.39 30.9 300.0 1254.47 

8 Boza 1.02 0.2 10.11 46.32 196.61 

9 Fondant mini 

cake 

3.81 9.15 52.48 307.5 1295.48 

10 Cherry mini cake 3.20 18.81 47.42 371.8 1556.51 

11 Chocolate mini 

cake 

2.59 13.24 52.76 340.6 1430.83 

12 Revane 4.64 6.79 54.05 295.5 1248.96 

13 Garash Cake 5.67 27.32 34.79 401.7 1698.7 

14 Butter Cream 

Cake 

2.94 14.4 53.58 355.7 1493.6 

15 Cake with vege-

table oil cream 

4.33 8.30 49.98 291.9 1230.4 

16 Truffle Cake 2.84 30.35 34.61 423.0 1759.6 

17 Cheesecake 5.52 19.58 30.85 321.7 1342.8 

18 Cheesecake with 

caramel 

4.07 24.22 23.95 329.9 1372.0 

19 Tulumba 2.61 14.27 53.0 350.9 1473.4 

20 Caprice mini cake 4.28 12.5 52.41 335.2 1409.58 

 

Nutrition, as a basic life process, is related to 

the reception, processing and digestion of food 

from the environment, necessary for the con-

struction and renewal of cells and tissues, im-

plementation and regulation of vital functions. 

Prolonged nutrient deficiency or excess often 

leads to disease. In medicine, a rational diet is 

defined as a healthy and optimal diet, which ade-

quately meets the body's needs for energy and 

nutrients with a certain quantitative and qualita-

tive composition. This satisfies the needs for 

growing up, helps maintain optimal body weight 

and well-being, increases the body's resistance to 

diseases and adverse environmental factors, 

maintains the optimal level of life processes in a 

variety of working and living conditions, ensures 

physical and mental health and the creation and 

development of a healthy and viable generation. 

In order for nutrition to be rational, it must meet 

certain requirements and principles. Nutrition 

must meet the body's energy needs to maintain 

metabolism and physical activity and satisfy the 

processes of growing up, pregnancy, lactation 

and muscle mass accumulation. The basis of 

rational nutrition is the principle of balance, 

which ensures optimal satisfaction of the body 

with nutrients and biologically active substances 

in strictly defined quantitative and qualitative 

ratios. The food should contain balanced propor-

tions of basic nutrients: Proteins (P), fats (F), 

carbohydrates (C). When feeding adults, the 

quantitative ratio P: F: C is recommended to be 

1: 1: 4. When performing heavy physical work, 

the relative proportion of carbohydrates can in-

crease to 1: 1: 5 (6). Intensified growth can in-

crease protein, and the diet of the elderly can 

reduce fat to 1: 0.8: 4, while increasing the rela-

tive proportion of vegetable fat, fish oil and milk 

fat (containing short-chain fatty acids that are 

absorbed directly into the blood [7]). 

The energy value of the studied confectionery 

products is high and is a result of the high carbo-

hydrate and fat content. The performed physico-

chemical analyses of the content of macronutri-

ents in the various confectionery products show 

that this type of ready-to-eat foods are high-

energy holders of carbohydrates and fats. 
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ABSTRACT 

 
Ultrasonic sensors are widely used in modern sensor systems. They can discover objects made 

from various materials regardless of their colour, shape, size or the disturbances present in the at-
mosphere. Their work is based on the principle of echolocation. The high particulate matter content 
and small depositions on sensor surface have practically no effect on the serviceability. In the present 
paper, a technical solution for such a sensor system for registration of objects and measuring the dis-
tance to them in the range from 2 cm to 400 cm is presented. 

Key words: ultrasonic, Arduino, sensor system 
 

INTRODUCTION 

The registration of objects in the processes of 
industrial automation is realized by contact and 
contactless sensors. Mechanical switches can be 
used as contact sensors for the presence of an 
object. They generate an on/off type signal 
caused by mechanical contact with the object. 
When the pressure exerted by the object disap-
pears, the switch goes back to its initial state.  

Contactless sensors do not need to touch the 
moving object. Their output signal is a function 
of the mutual position of the sensor and the ob-
ject. Among the advantages of these sensors are 
their high reliability as there are no mechanical 
contacts between the object and the converter, no 
friction, wearing down, noise or change of the 
transitional resistance. 

One disadvantage, however, is the non-linear 
conversion function. These converters can work 
in analogue or discrete mode. In analogue mode, 
the output signal is a continuous function of the 
distance between the converter and the object. In 
discrete mode, there are two discrete levels of the 
output signal – high and low. The high output 
level indicates the presence of an object located 
within certain distance from the converter. The 
low level indicates the absence of objects if the 
object is too far away from the converter. Prox-
imity converters are usually used in discrete 
mode of operation. Depending on the physical 
principle used, they can be: inductive, eddy cur-
rent, ultrasonic, optic, etc. 

Ultrasonic sensors can discover objects made 
from any material reflecting the sound waves 
despite its colour, shape, size or the presence of 
disturbances in the environment [1-3]. High dust 

content in the air and small depositions on the 
sensor surface have practically no effect on their 
serviceability. 

 
 

Fig. 1. Ultrasonic converter of proximity: 1 – 
sensor body; 2 – ultrasonic emitter; 3 – 
ultrasonic receiver; 4 – object 

 
In this type of sensors, an ultrasonic emitter 

and a receiver are used (Fig.1). The ultrasound 
emitted is reflected by the object and travels back 
to the receiver. They are characterized by high 
noise resistance, fire and explosion safety, simple 
design, resistance to shock and vibrations, a wide 
range of temperature and pressure, high accuracy 
and speed. For these reasons they are widely 
used in the industry.  

Another type of widely spread sensors for 
measuring distances is the optical ones (Fig. 2). 
Their operation is based on the interaction (inter-
ruption, passing through or reflection) of the 
generated light beam with the object [4-5]. The 
beam is generated by electron circuitry. The re-
ceiver is usually a photodiode of a photoresistor 
with the same spectral characteristics as the emit-
ter. To limit the operation of the receiver to reg-
ister only the light generated by the emitter, two 
solutions are commonly used: pulse operation or 
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synchronous detector which reacts only to pulses 
with the frequency used by the emitter. For many 
kinds of optical sensors, the beam is generated 
by a light emitting diode working in the visible 
or infrared spectrum. 

 
 

 
Fig. 2. Optical sensor for registration of objects 

 
Besides IR LED, laser diodes are also used in 

optical sensors. One such sensor is the sensor 
type ST VL53L0X. It detects the presence of 
objects located at distances from 1 cm to 200 cm 
with 1 mm resolution. It has an I2C digital inter-
face and is not affected by the colour or the sur-
face of the detected object (Fig.3). It is powered 
by 2.6V – 5.5V voltage through an embedded 
voltage regulator. To the digital interface, a logi-
cal level converter was added allowing connec-
tion with microcontrollers with working voltage 
in the range of 2.6V - 5V.  

 
 

Fig. 3. Distance sensor - ST VL53L0X, I2C 
 
Another popular module for measuring dis-

tances is Benewake TFmini LiDAR, UART [6]. 
The module detects the presence of objects at 
distances up to 7 m (up to 12 m indoors) with 
resolution of 0.5 cm and frequency of measure-
ment 100Hz. It contains UART TTL interface 
and is powered by voltage of 5 V. The common 

current consumption is 25mA (up to 800 mA in 
peak performance). The working voltage of the 
interface is 3.3 V (Fig. 4).  

 

 

 
 

Fig. 4. Distance sensor - Benewake TFmini Li-
DAR, UART 

 
The aim of the present paper is to present a 

technical solution for registration of objects of 
any type and measuring the distance to them in 
the range from 2 cm to 400 cm.  

 
PRESENTATION 

 
The block diagram of the sensor system de-

signed is presented in Fig. 5.` 
Block Arduino – This is the main unit of the 

sensor system which receives and processes the 
information gathered by the sensors, sends it by 
Bluetooth connection to the mobile device and 
initiates the indication. Version Arduino Pro 
Mini was selected (Fig. 6). It is based on Atmega 
328 microcontroller. 

The LED indication unit is used to visualize 
the distance measured to the object. It has the 
shape of an arrow (Fig. 7), on which there is a 
LED matrix of 8 bi-colour LEDs. 

LEDs emit solid green (when no object is de-
tected). When an object is detected, voltage is 
supplied to the LED corresponding to the dis-
tance and it changes its colour to red. Eight pins 
are used to control the LEDs. 

The Ultrasonic Sensor unit is based on sen-
sor type HC – SR04. 

The ultrasonic sensor for distance HC-SR04 
ensures contactless measurement of distances 
from 2 cm to 400 cm at a resolution of 3 mm. 
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Fig. 5. Block diagram of the ultrasonic distance measurement system 

 

 
 
Fig. 6. Microcontroller circuit board Arduino 

ProMini 
 

 
 
Fig. 7. LED indicator arrow 

 
The sensor comprises an ultrasonic emitter, a 

receiver and a circuit for measurement and con-
trol. The appearance of the sensor is presented in 
Fig. 8. The sensor operation is based on the prin-
ciple of echolocation. The module sends an ultra-
sonic signal and receives its reflected signal from 
the object. Measuring the time from the moment 
of emitting of the pulse to the moment of receiv-
ing the reflected signal, it is possible to calculate 
the distance to the object. The pins Vcc and Gnd 
are used for the power supply while the pins Trig 
and Echo are used for emitting and receiving the 
pulsed sequences. [7]. 

 

 
 

Fig. 8. Ultrasonic sensor for distance HC-SR04 
 

Servomotor unit: it is built on the basis of 
servomotor type – MICRO R/С Servo, which is 
used to control the direction of movement of the 
ultrasonic sensor.  
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Fig. 9. Circuit of the control pulses sent to the 
servomotor.  

 
The control pulses to the servomotor can be 

generated by a comparatively simple electronic 
circuit composed on the basis of timer 555 (Fig. 
9). 

The length of the pulses generated is calcu-
lated as follows: 

 

1 20,693.( ).HT R R C= + , 30,693 .LT R C=  (1) 

Since R2 is a variable resistor, then the high 
level signal will vary in the range: 

 
-60.693(10k + 10k)0.15e  = 2.079mS   (2) 

0.693(10k + 0)0.15e-6 = 1.039mS   (3) 

Bluetooth module unit: this unit is realized 
on the basis of module HC – 06 and its aim is to 
send wirelessly information to a mobile device 
(Fig. 10). 
 

 
 

Fig. 10. General view of the Bluetooth module 
HC – 06 

 
HC – 06 is composed of a serial Bluetooth 4.0 

BLE HM 10 module. It is powered and operates 
with voltage of 3V – 5V, and it also has a TTL 

interface, embedded antenna and one LED. It is 
configured by default with pair code 000000 and 
exchange rate of 9600 bps. 

Laser line unit: this unit is realized with a 
module based of solid state laser (light emitting 
diode). Power - 5 mW, wave length - 650 nm, 
power supply - 5 V. Red coloured light in the 
visible spectrum. This unit is used for better 
visualization of device operation as it shows the 
direction of the ultrasonic sensor.  

Power supply unit: the unit provides power 
supply to the microcontroller circuit with voltage 
of U=5V. It is realized with a standard power 
supply unit (a mobile phone charger) with output 
voltage of 5V and nominal current of 1A. The 
power consumption of the device does of exceed 
500mА. 

Fig. 11 shows the fully assembled sensor sys-
tem.  

 

 
 

Fig. 11. General view of the ultrasonic system 
 
 

CONCLUSION  
 

A project has been designed and a prototype 
of an ultrasonic system for the detection of ob-
jects of any kind and measuring the distance to 
them in the range from 2 cm to 400 cm has been 
prepared. The information obtained from the 
measurement is transmitted to a mobile device 
and simultaneously indicated by the system. 
Complete software for the individual modules 
has been made.  
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ABSTRACT 
 

Six different notches on one penetrameter have been examined by ultrasonic immersion technique. 
Ten types of transducers with frequencies from 1 to 10 MHz have been used. A comparison of the 
acoustic signals reflected from the investigated penetrameter has been carried out. Measurements of 
Ultrasound path and wave attenuation have been accomplished. Based on ultrasonic investigations, 
proper transducers for characterizing the thermoelectrical properties of Peltier Modules are selected. 

Key words: immersion ultrasonic method, ultrasonic attenuation, sensitivity, screen resolution, 
Peltier module 

 
INTRODUCTION 

 
Ultrasonic testing is a non-destructive tech-

nique for examination of solid (typically metallic 
or ceramic) components and materials. It can be 
used for detection of cracks and flaws as well as 
for material characterization [1, 2, 3]. The ultra-
sonic test method operates on the principle of 
injecting a very short pulse of ultrasound from a 
transducer into a component, and then receiving 
and analyzing any reflected sound pulses. The 
frequency of ultrasound pulses must be carefully 
selected to provide a proper balance between 
image detail and depth of penetration. In general, 
high frequency pulses produce higher quality 
images but cannot penetrate very far into the test 
material.  

The major element in the transducer is a crys-
tal size or diameter size designed to vibrate with 
the desired frequency. A given transducer is of-
ten designed to vibrate with only one frequency, 
which is its resonant frequency. Therefore, the 
only way to change ultrasound frequency is to 
change transducers. This is a factor that must be 
considered when selecting a transducer for a 
specific experimental procedure. Certain fre-
quencies are more appropriate for certain types 
of examinations than others. The ability to con-
duct and interpret the results of an ultrasound 

examination depends on a thorough understand-
ing and practical experimentation of these ultra-
sound interactions. 

Typically, a researcher scans a transducer on 
the surface of the component in such a way as to 
check the entire area to be tested by scanning 
motion. One way to couple the sound from a 
transducer to a test object is to apply a liquid, 
usually water, which conducts the sound between 
the probe and the test material. This technique is 
known as immersion testing. In immersion test-
ing, the transducer is placed in the water, above 
the test object, and a beam of sound is projected.  
 

EQUIPMENT 
 

A typical experimental equipment consists of 
ten immersion transducers, a Krautkramer-
Branson ultrasonic flaw detector and a special 
specimen – penetrameter, controlled by UV-
radiation [4]. The transducers are selected to 
transmit compression waves of 1, 2, 4, 5 and 10 
MHz into the material at a chosen focal distance 
shown in Table 1. 

The penetrameter is made from titanium with 
a thickness of 3.94 mm as a Peltier Module [5] 
and size of 50 mm in length and 15 mm width 
and has six notches (steps) with sizes shown in 
Table 2. 
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EXPERIMENT 
 

The test penetrameter is positioned in a small 
water-filled tank. An ultrasound probe is then 
moved on a horizontal axis at constant distance 
to the penetrameter (Fig. 1). The sound travels 
though the water and into the penetrameter. Fol-
lowing the sound’s interaction with the exterior 
and interior microstructure, any flaws that may 
exist, or with the inner surface of the component, 
the echoed sound wave returns to the probe.  

RESULTS 
 

When using the immersion method, the image 
of soundwave peaks is slightly different from the 
contact technique. In this case there is an addi-
tional peak between the initial pulse and the back 
wall peaks caused by the sound wave going from 
the water to the test material. The arrival time of 
the echo and its amplitude enable interpretation 
of where and what it is originating from in the 
material. Some energy is lost when the waves hit 

Table 1. Transducers characteristics, focal distance and frequency range 

 
Transducer 

Element 
Size 

[mm] 

Focal 
distance 

[mm] 

 
Ultrasonic wave shape 

Frequency 
range 

[MHz] 

Z1N Ø 20 64 * detachable collar 0.5 - 4 

Z2K Ø 10 32 * detachable collar 0.5 - 4 

Z4K Ø 10 64 * detachable collar 0.8 - 8 

Z5K Ø 10 80 * detachable collar 0.8 - 8 

Z5M Ø 5 20 * detachable collar 0.8 - 8 

Z10K Ø 10 160 * detachable collar 2 - 20 

Z4KL20 Ø 10 20 detachable collar line focus 0.8 - 8 

Z4KP20 Ø 10 20 detachable collar point focus 0.8 - 8 

Z10ML15 Ø 5 15 line focus 2 - 20 
Z10MP15 Ø 5 15 point focus 2 - 20 

             *Near field length – Freshnel zone 

Table 2. Notches (Steps) characteristics 

Size 
Step 
No.1 

Step 
No.2 

Step 
No.3 

Step 
No.4 

Step 
No.5 

Step 
No.6 

Length [mm] 15 15 15 15 15 15 

Depth [mm] 2.55 2.08 1.45 1.09 0.85 0.69 

Width [mm] 2.7 2.05 1.48 1.08 0.76 0.41 
 

Fig. 1. Experimental set-up 
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the test material, so the front wall peak is slightly 
lower than the peak of the initial pulse. The rate 
at which an ultrasound pulse is absorbed gener-
ally depends on two factors: the material through 
which it is passing and the frequency of the ul-
trasound. The attenuation rate is specified in 
terms of an attenuation coefficient. Its value for 
water is 0.002 dB/cm. 

The ultrasonic detector USM35XS is adjusted 
to ignore the initial pulse peak, so the first peak it 
will show is from the front wall of the pene-

trameter (from notches side). The data obtained 
for the all penetrameter steps show different 
signal amplitude from transducers in respect to 
the screen position shown in Table 3, but only 
the data obtained for the Z4KL20, Z4KP20, 
Z10ML15 and Z10MP15 transducers show a 
good signal resolution, as can be seen in Fig. 2. 
In this case we get a higher amplitude with 
transducers Z4KL20 (4MHz) and Z4KP20 
(4MHz) than that with transducers Z10ML15 
(10MHz) and Z10MP15. 

 

 
 

Fig. 2. Signal attenuation for selected transducers  
 
 

CONCLUSIONS 
 

The conducted experiments show that the ap-
plied non-destructive testing method can serve as 
a comparison between the different materials in 

terms of structure and homogeneity, as well as 
for quality control without disturbing their integ-
rity.  

The results of the research conducted with the 
immersion method show that we can confidently 

Table 3. Adjusting the sensitivity in dB for different types of transducers 
in respect of the registered back pulse echoes from penetrameter steps 

Transducer Step No.1 Step No.2 Step No.3 Step No.4 Step No.5 Step No.6 

Z1N 24 23.5 23 23 23 23 

Z2K 25 25 24 24 24 24 

Z4K 29 28.5 28 28 28 28 

Z5K 31 31 31 31 30.5 31 

Z5M 31 31 31 31 31 31 

Z10K 43 42.5 42 42 42 42 

Z4KL20 32.5 32 31 29.5 29 28.5 

Z4KP20 33 32.5 32.5 31 31 31 

Z10ML15 47 46 45 45.5 45 45 

Z10MP15 46 45 45 45 44 44 
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distinguish the steps with a different depth and 
width.  

In ultrasound imaging the significance of 
wavelength is that short wavelengths are required 
to produce short pulses for good detail (in the 
depth direction) and this requires higher frequen-
cies. The data obtained for all steps unambigu-
ously show a good signal resolution and ampli-
tude with respect to the screen position of the 
Z4KL20, Z4KP20, Z10ML15 and Z10MP15.  

The results are obtained with the optimal ad-
justment mode: sensitivity of 29-33 dB in fre-
quency range at 5-10MHz. With the same pa-
rameters for transducers Z4KL20 and Z4KP20 
with detachable collar line and point focus we 
get a higher amplitude than that of the transduc-
ers Z10ML15 and Z10MP15. 

The observations during the experiment show 
minimal but sufficiently distinct and well repro-
ducible differences in a sample of the same 
thickness as a Peltier Modules, which may be a 
criterion for characterizing the electrical and 
thermal properties of Peltier Modules. The co-
application of this method with electrical meas-
urements ensure a better study and correct selec-
tion of Peltier Modules regarding their appli-

cations in various electronic devices. 
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ABSTRACT 

 

Background radiation is all around us and forms the environment in which everyone lives and 

works. Depending on the main source that provides it, background radiation sources can be natural, 

artificial and technologically modified. Monitoring of the background radiation of the environment, or 

radiological monitoring is the process of measuring the dose rate of ionizing radiation due to radioac-

tive substances in the environment, or measuring the concentration of radionuclides in the components 

of the environment (air, water, soil, vegetation). This type of monitoring is part of the assessment of 

the working environment, whose main task is to provide protection and safety at work, by identifying 

radioactive hazard as part of the working space. 

Key words: radiological monitoring, working factors assessment 

 

INTRODUCTION 
 

Ionizing rays from natural or artificial radio-

active sources are extremely dangerous to living 

organisms because they have no senses to recog-

nize and avoid them. The biological effect of 

ionizing radiation is due to its high energy, the 

lack of any sensation at the time of irradiation, as 

there are no receptors for this type of energy in 

living organisms and the large discrepancy be-

tween the absorbed energy and the radiobiologi-

cal effect. For example, exposure to a lethal dose 

of 10 Gray (1000 R) will increase the body tem-

perature by 0.01° C. 

The monitoring of the radiation background 

of the environment in which people live and 

work is part of the monitoring of the physical 

factors of the environment and is a very im-

portant part of ensuring healthy and safe working 

conditions. By order of the Minister of the Envi-

ronment and Water, a program for continuous 

and periodic monitoring of radiation parameters 

has been approved, and implemented by the Na-

tional System for Radiological Monitoring of the 

Environment. Its aim is to detect deviations from 

permissible values in the main components of the 

environment: atmospheric air, water and soil. 

The permissible values of the radiation back-

ground, or the so-called dose rate of the equiva-

lent dose of gamma radiation, are measured in 

µSv/h (microsieverts per hour), and the safe val-

ues of the natural radiation gamma background 

are in the range 0.06-0.40 µSv/h. 

EXPERIMENT 

 

The objects of the present study is the as-

sessment of the background radiation of an out-

door work environment in the campus of Univer-

sity Prof. Dr Assen Zlatarov University in Bur-

gas with coordinates: 42° 527936 N and 27° 

446122 E and the manner and accuracy of opera-

tion of three dosimetric instruments. The meas-

urement of gamma radiation background (gam-

ma radiation dose rate) and measurement of vol-

umetric activity of natural and man-made radio-

nuclides in atmospheric air on the chosen day, 7
th
 

of July 2020, was carried out with dosimetric 

control devices from three different manufactur-

ers: SEIFERT - FAG, Bella and Graetz (Fig. 1). 
 

 
Fig. 1. Dosimetric control devices used in the 

experiment for background radiation as-

sessment  

Together with the background radiation, other 

indicators of the environment were assessed too, 

namely illuminance (Lux) and humidity (%) with 

M1156 device, amount of O2 with DRAEGER 

gas analyzer), wind speed and direction with 

HUGER anemometer and temperature. For ob-
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jectivity of the results, the tests during the three 

parts of the day, morning, noon and evening, 

were summarized and presented with the letters 

A, B, C, and the dosimeters used were marked 

with: D1 (FAG), D2 (Bella) and D3 (Graetz). 

 

RESULTS AND DISCUSSION 

 

The results summarized by hours and measur-

ing devices are shown in Fig. 2 - 4. 

 

 
 

Fig. 2. Results from experiment, part A 

 

 
 

Fig. 3. Results from experiment, part B 

 

When analyzing the graphs shown, it can be 

noted that in the measurements made at the ex-

periment point with coordinates 42° 527936 N. 

and 27° 446122 E at different times, values in the 

range of 0.24-0.25 μSv/h were reported from the 

D1 dosimeter, which were relatively higher than 

the readings of the other two dosimeters. There-

fore, it can be assumed that the average values 

(Fig. 4) and the interval between the maximum 

and minimum values (Fig. 5) for each of the 

three dosimeters are a function of their design 

capabilities and element base, including the ioni-

zation detector itself. 

 

 
 

Fig. 4. Results from experiment, part C 

 

 
 

Fig. 5. Average results, from all experiment, 

parts A, B, C 

 

It is noteworthy that when measuring C (the 

third part of the experiment, in the afternoon), 

the readings of dosimeter D1 do not exceed 0.20 

μSv/h, which indicates its higher measurement 

sensitivity to the surrounding environment. In 

support of this conclusion is the trend shown in 

Fig. 5, which shows a difference of 0.07 μSv/h 

between max/min reported value by the same 

dosimeter.  

On the other hand, when analyzing the data 

shown in Fig. 2 to Fig. 5, a relative stability is 

observed in all measurements of all three dosim-

eters: they are limited in small intervals, and thus 

the obtained values can claim representativeness 

depending on the location and the averaged at-

mospheric conditions described in Table 1.  

The average values of temperature, humidity, 

illumination and wind direction show that the 

day chosen for the study is a typical summer day 

with an average temperature of over 30° C, aver-

age velocity of a wind with NE/E (northeast/east) 

direction and humidity around 40%, usual for the 

town of Burgas. 
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Table 1. Average atmospheric conditions for 

measuring the gamma background of the envi-

ronment, 07.07.2020 

Time 

interval 

Т,  

°С 

Illumination 

Lux 

Wind/ 

velocity 

m/s 

Humidity 

%
 

9.30-

10.30 

33 1320*10 ne 

0,81 

42 

12.30-

13.30 

15.30- 

16.00 

34 

 

33 

697*10 

 

671*10 

 

ne/ 

0,89 

e/ 

1,15 

39 

 

44 

 

From the measurements of the radiation 

background, it is noticed that it has the highest 

values in the time interval 12.30-13.30 (second 

part of the experiment B), when the average 

temperature is the highest, but not the illumina-

tion. In this connection, no definite connection 

can be made between the light intensity and the 

radiation background of the environment. 

 

CONCLUSIONS 

 

1. The D1 FAG dosimeter from SEIFERT 

turned out to be the most sensitive in this case 

and the specific study of the surrounding envi-

ronment. 

2. The measured background gamma radia-

tion (gamma radiation dose rate) in the open air 

on 07.07.2020 has safe values for humans, with 

average values for devices A, B and C in the 

range of 0.07 μSv/h to 0.13 μSv/h. 

3. A definite connection cannot be made be-

tween the light intensity (illumination) and the 

radiation background of the area. 
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The standard states that “Lighting classes P 
are intended primarily for areas for pedestrians 
and cyclists using footpaths and cycle paths lo-
cated separately or along the traffic lane, or 
neighbourhood streets, etc.” 

Table 1. Lighting Standard EN 13201-1:2016 

Definition 
Lighting 
classes 

City or suburban streets, with 
main traffic 

M 

Streets with conflict zones or 
where luminance values cannot be 
calculated 

C 

Streets for pedestrians and slow -
moving vehicles 

P + HS 

Additional classes for which it is 
necessary to calculate semi-
cylindrical or vertical illuminance 

SC + EV 

 
The lighting class sets the minimum, suffi-

cient, normal, lighting indicators that must be 
realized. 

The number of the lighting class P (P1 ÷ P6) 
is determined by formula (1): 
 6                                                           1  
 
where: (VWS) is the sum of the weighted values 
which are determined according to the EN 
13201-1: 2016 standard and the corresponding 
instructions in it.  

The parameters (VW) determining the choice 
of lighting class for the considered bike lane are: 

−  Movement speed – VW1 = 1; 
−  Traffic intensity – VW2 = 0;   
−  Traffic composition – VW3 = 1; 
−  Parked vehicles – VW4 = 0; 
−  Luminance of the surrounding space –  

 VW5 = 0;  
−  number of lanes – VW6 = 0; 
−  road crossing frequency – VW7 = 0; 
−  visual guidance – VW8 = 0. 
The sum of the weighted values for the bicy-

cle lane is VWS = 2. 
According to formula (1), the lighting class 

for the considered bike lane is P4. 
The standard values of lighting indicators for 

classes P4 and P1 according to BDS EN 3201: 
2016 are shown in Table 2. 

An “Energy efficiency” section has been in-
troduced in the new European standard, defining 
how to calculate the energy efficiency indicators 

of street lighting systems, using the calculated 
power density indicator (PDI) DP and the calcu-
lated indicator for annual energy consumption 
(AECI). DE - source. 

Table 2. Normal values of lighting indicators for 
class P4 according to EN 3201:2016 
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Indicator Dp has a dimension reciprocal to the 

dimension of light output: 
 ∑  .  ,     / .                  2  

 
The annual energy consumption indicator DE 

integrates the power during the year, in accor-
dance with the lighting load schedule: 
 

Е ∑ .  ,     /                            3  
 
where: P is power of the lighting system [W], A 
is area of the illuminated element [m2], n is total 
number of illuminated elements. 

The studied bike lane (Fig. 2) is two-way, lo-
cated on the one side of the road from Slaveykov 
to Lozovo (Burgas). 

 

Fig. 2. Overview of the entire route  

The new solution for the bicycle lane is a cen-
tral, direct route, which can be divided into four 
sections, with the following parameters: 
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12 5.9 4.5 1.61 1.08 0.031 0.73
14 5.2 3.8 1.53 1.05 0.029 0.71
17 5.7 3.6 1.59 1.07 0.038 0.86
20 5.3 4.2 1.59 1.54 0.043 0.91
26 6.3 4.6 1.54 1.31 0.043 1.07
35 5.8 3.7 1.5 1.36 0.049 1.33

Section 2 
7 5.2 3.8 1.58 1.01 0.019 0.4 
9 5.5 4.1 1.62 1.03 0.021 0.46

12 5.2 4.1 1.63 1.07 0.028 0.58
14 5.1 3.7 1.52 1.02 0.025 0.56
17 5.2 3.6 1.59 1.07 0.032 0.68
20 5.2 3.9 1.62 1.06 0.035 0.72
26 5.4 3.6 1.54 1.04 0.036 0.86
35 6.5 4.3 1.58 1.03 0.039 1.06

Section 3 
7 5.4 3.9 1.57 1.09 0.020 0.45
9 5.4 4.1 1.63 1.11 0.024 0.51

12 5.1 4.0 1.60 1.02 0.031 0.65
14 5.2 4.1 1.51 1.00 0.029 0.59
17 5.3 3.8 1.66 1.11 0.037 0.77
20 5.3 3.9 1.62 1.07 0.039 0.81
26 5.3 3.5 1.52 1.00 0.043 0.96
35 6.9 4.6 1.6 1.02 0.042 1.19

Section 4 
7 5.5 4.2 1.66 1.17 0.033 0.73
9 6.3 4.5 1.51 1.06 0.033 0.83

12 5.1 4 1.60 1.02 0.052 1.07
14 5.2 1.1 1.51 1.00 0.047 0.97
17 5.3 3.6 1.60 1.06 0.059 1.26
20 5.1 3.7 1.60 1.02 0.064 1.33
26 5.6 3.5 1.58 1.00 0.070 1.58
35 7.2 4.9 1.64 1.09 0.067 1.94
 

Table 5 shows the distribution, installation 
method and power of the different types of LED 
luminaires for the individual sections of the bike 
lane. 

Table 5. Distribution of LED luminaires for each 
of the sections 
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W m m m m deg m 
Section 1 

7 2.5 1.9 12 6 0 0.5 
9 2.5 1.9 14 7 0 0.5 

12 2.5 1.9 15 7 0 0.5 

14 2.5 1.9 17 8 0 1.5 
17 2.5 1.9 18 8 0 1 
20 2.5 1.9 20 9 0 0.5 
26 2.5 1.9 22 9 0 1.5 
35 2.5 1.9 24 9 5 1.5 

Section 2 
7 2.5 3 12 6 5 1 
9 2.5 3 14 7 0 1.1 

12 2.5 3 15 8 0 0.6 
14 2.5 3 17 8 5 1.6 
17 2.5 3 18 8 0 1.6 
20 2.5 3 20 9 0 0.6 
26 2.5 3 22 9 0 2.1 
35 2.5 3 24 9 10 0.6 

Section 3 
7 3 1.9 12 6 0 1.6 
9 3 1.9 14 7 5 0.6 

12 3 1.9 15 8 0 1.1 
14 3 1.9 18 9 0 0.6 
17 3 1.9 18 8 5 1.6 
20 3 1.9 20 9 0 0.6 
26 3 1.9 22 9 5 1.6 
35 3 1.9 24 9 5 1.1 

Section 4 
7 3 12 6 5 0.6 7 
9 3 14 6 0 0.6 9 

12 3 15 8 0 1.1 12 
14 3 18 9 0 0.6 14 
17 3 18 8 0 1.6 17 
20 3 20 9 0 1.1 20 
26 3 22 9 5 1.1 26 
35 3 24 9 5 0.6 35 

 
The efficiency of the lighting system is 

proved by the newly introduced indicators for 
energy efficiency in EN 13201: 2016: DP (power 
density, W/lux.m2) and DE (annual energy con-
sumption for street lighting, %). For a bicycle or 
pedestrian lane, DP must not exceed 
0.054W/lux.m2 at an illumination of E ≤ 15lux. 

From the presented lighting calculations it is 
evident that the lighting of the bike lane meets 
the requirements for energy efficiency: DP = 
(0.029 ÷ 0.033)W/lux.m2 [3]. 

From the lighting calculations, a comparison 
can be made between the different options with 
different types of lighting fixtures and the most 
energy efficient option can be determined. The 
total installed capacity P∑ is calculated by for-
mula 4. 
 ∑ m .                                                              4  
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where: L is length of the section; Lм is pole dis-
tance; Рl is lamp power. 

It has been experimentally proved that the av-
erage annual working time Tyear for street light 
luminaires is 4760h. Therefore, the annual elec-
tricity consumption Pyear for the bike lane can be 
calculated by the formula: 

 

∑.                                                      5  
 

The results of the calculations for the annual 
electricity consumption for the individual sec-
tions are given in Table 6. 

Table 6. Electricity consumption for different 
luminaires 

Luminaires Number 
of poles 

Рinst. Рyear. 

W pcs. kW kWh 
7 333 2.32 11106 
9 286 2.56 12240 

12 267 3.2 15231 
14 229 3.2 15265 
17 222 3.76 17981 
20 200 4 19040 
26 182 4.72 22500 
35 168 5.82 27765 

 
The calculations in Table 6 show that lamps 

with a power of 7W achieve the required normal 
illumination with the lowest annual electricity 
consumption.  

Table 7 presents the calculations made for the 
cost of the construction and installation works 
for the whole route, for each option. The results 
show that the lowest cost of construction is 
achieved with 35W power lamps. 
 
Table 7. Calculated cost 
Luminaires Total cost of construction and in-

stallation works for the entire route
Р, W (BGN) 

7 610 536  
9 543 274  
12 516 649  
14 464 802  
17 454 993  
20 424 164  
26 397 540 
35 376 520 

In order to make the most accurate technical 
and economic assessment, both the annual elec-
tricity consumption (Table 6) and the initial capi-
tal investments (Table 6, 7) must be taken into 
account. 

Using the the price of electricity for street 
lighting (0.0024 BGN/ kWh), the cost of electric-
ity which will be paid annually can be calculated, 
for the whole section and for each option (Table 
8). 
 
Table 8. Comparative analysis of consumed 
electricity 
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Р, W kWh/y (BGN) (BGN) 
7 11106 2666 26656 
9 12240 2938 29376 
12 15232 3656 36556 
14 15266 3664 36638 
17 17982 4316 43157 
20 19040 4570 45696 
26 22501 5400 54004 
35 27766 6664 66640 

 
From the analysis (Table 7 and Table 8), it is 

clear that the most profitable option is with 
lamps with a power of 35W, due to the fact that 
the amount of initial investment (BGN 376,520) 
and the price of electricity consumed for a period 
of 10 years (BGN 66,640) is the lowest (as men-
tioned, the average lifespan of a street LED lu-
minaire is about 10 years). 
 

RESULTS AND DISCUSSION 
 
Lighting calculations were made with the 

DIALux evo software product for luminaires 
with different power. 

The initial investments and annual electricity 
consumption for each luminaire are calculated. 

An energy efficient evaluation of the lighting 
installation for each luminaire has been made. A 
summary of the initial costs and the costs of elec-
tricity consumption for a period of 10 years has 
been made.  
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Based on the obtained results, the most eco-
nomically appropriate option for the lighting of 
the bicycle lane is proposed. 
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ABSTRACT 

 

A study of the achieved electricity efficiency in a single-family, two-storey residential building was 

made with the introduction of a "smart home" system. The relevant technical and economic analyses 

and conclusions are presented. 

Key words: smart home. 

 

INTRODUCTION 
 

In recent years, dictionaries have added words 

such as intelligent building, smart house and so 

on. These concepts involve a healthy and com-

fortable microclimate with minimal consumption 

of energy resources. The construction of such 

buildings is provoked by the desire to reduce 

energy costs, which is easily explained by the 

constant rise in energy prices.  

The intelligent building should be equipped 

with systems for automatic control of all its ele-

ments and installations. These systems have the 

task of providing a favourable living environ-

ment. A key element of the intelligent building is 

the automatic control system, which is a set of 

software and hardware solutions, whose main 

task is to ensure reliable and secure management 

of all installations of the building.  

Smart buildings should be able to change ac-

cording to the changing needs of their occupants. 

The intelligent building that manages all installa-

tions and meets the needs of its occupants as 

much as possible can ensure optimal operation of 

all its subsystems, such as: climate control, disas-

ter protection systems, emergency situations, 

detection of unauthorized access, achieving ra-

tional use of energy and communal resources, 

etc.  

The development of building automation 

technologies paves the way for new systems and 

applications characterized by intuitiveness, flexi-

bility and more autonomous behaviour. In this 

way, the human - computer interaction environ-

ment will become a human - computer collabora-

tion. Technological development logically leads 

to the creation of new opportunities to make 

people's lives easier.  

Currently, several standards are used in the 

implementation of projects for intelligent build-

ings, namely: EIB (European Installation Bus), 

KNX, LON (Local Operating Network), X10 and 

BACnet. 

The main regulations setting the requirements 

to the designers in the "Electrical" area are Ordi-

nance No 7/2010, Ordinance No RD 16-

1058/2009 and LTP [1 ,2 ,3]. They specify the 

mandatory requirements for designers to make 

the necessary decisions in order to achieve ener-

gy efficiency of the building in accordance with 

the class in which it falls. According to the cur-

rent classification [1], they are as follows: 

- for new buildings, in the process of design 

or construction: at least class B; 

- for buildings put into operation in the period 

1991 - 2009: at least class C; 

- for buildings put into operation before 1990: 

at least class D. 
 

METHODOLOGY 
 
The main criteria are the energy performance 

(EP) of the building and compliance with the 

reference values (Table 1). 

For the electrical designers’ part, the number 

of indicators M are from group 3 [1]: 

- total annual cost of heating, cooling, ventila-

tion, hot water, lighting and appliances [kWh]; 

- total annual specific cost of heating, cool-

ing, ventilation, hot water, lighting and applianc-

es [kWh]. 
 

Table 1. EP reference values of buildings 

Confines 

Energy  

consumption 

class 

ЕР ≤ 0.5.ЕPmax,r A 

0.5.ЕPmax,r ≤ ЕР ≤ ЕPmax,r B 

ЕPmax,r ≤ ЕР ≤ 0.5.(ЕPmax,r +ЕPmax,s) C 
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0.5.(ЕPmax,r+ЕPmax,s) ≤ ЕР ≤ ЕPmax,s D 

ЕPmax,s ≤ ЕР ≤ 1.25 . ЕPmax,s E 

1.25.ЕPmax,s ≤ ЕР ≤ 1.5.ЕPmax,s F 

1.5.ЕPmax,s ≤ ЕР G 

 

where: ЕР = {Pi, i = 1, 2 … M}; М is the number 

of indicators for ЕЕ; Р is determined according 

to Ordinance No RD 16-1058/2009; ЕPmax.r and 

ЕPmax.s are reference values for total specific 

consumption of electricity for heating, cooling, 

ventilation, DHW, lighting and appliances 

[kWh]. 

A classification according to Table 1 can be 

made using the second indicator. 

The reference values are obtained using limit 

values of the heat transfer coefficients Umах 

[W/m
2
.К] and concern the design part of HVAC. 

The obtained values for specific energy con-

sumption [kWh/m
2
] have the character of ther-

mal energy. In accordance with the methods 

used, they are monthly and/or annual averages. 

In them lighting is included taking into account 

the heat output per m
2
. Also, the HVAC part 

does not consider the problem of what electricity 

consumption achieves the required energy in 

kWh (heat) for heating, cooling, ventilation and 

DHW.  

The energy indicators used by HVAC design-

ers are: 
 

ЕРHVAC = ∑ Qi.

𝑛

i=1

ei                                               (1) 

 
ЕРHVAC = (Qн + Qc + 𝑄AC + QHW). ei           (2) 
 

where: Qн is the energy required for heating 

[kWh/m
2
]; Qc is the required energy for cooling 

[kWh/m
2
]; QАС is the energy required for ventila-

tion [kWh/m
2
]; QHW is the energy required for 

DHW [kWh/m
2
]; еi reports the losses for produc-

tion and transmission of the required  energy (in 

case of primary energy carrier electricity еi = 3). 

For the "Electrical" design, when knowing the 

selected HVAC facilities, the following indicator 

can be used: 

ЕРHVAC.𝐸𝐿 = 𝑊HVAC.𝐸𝐿 = ∑
Qi

𝜂i
. ei

𝑛

i=1

                 (3) 

 

ЕРHVAC.𝐸𝐿 = (
QH

𝜂H
+

QC

𝜂C

+
QHW

𝜂HW
). ei                               (4) 

 

where: ηС = (2,2 ÷ 3,1) and ηH = (1,6 ÷ 1,8) for 

air conditioners; ηHW = 1 for electric water heat-

ers. 
 

When put on the lighting in ЕР, indicator 

ЕРEL is:  
 

ЕРE𝐿 = WHVAC.𝐸𝐿

+ WL.EL                                   (5) 
 

The specific annual indicator LENI (Lighting 

Energy Numeric Indicator) is used. 
 

LENI = WL.EL

=
WL + WP

𝐴
                                                          (6) 

 

where: A is total illuminated area [m
2
]; WL is 

electrical energy from the lighting load [kWh/y]; 

WP is electrical energy from emergency lighting 

[kWh/y]. 
 

The following formulas are used: 
 

WL =
∑ [(PN. FC). [tD. F0. FD + tN. F0]].

.

1000
           (7) 

 

WP =
∑ [PPC. (tY − tD − tN) + PEMtEM].

.

1000
         (8) 

 

where: PN is installed power [W]; PPC is parasitic 

power [W]; PEM is power from emergency lumi-

naires [W]; ty is 1 year period 8760h; tD is period 

of operation of the luminaires during the day; tN 

is period of operation of the lights at night; tEM is 

period for charging the emergency lights; FC is a 

factor determined by the use of installed power; 

F0 is determined by the presence of people; FD is 

determined by the presence of natural light. 

To assess the energy efficiency of buildings 

in the design and construction of "smart home" 

systems indicators defined by the ЕК 15232 

standard can be used [4]. In accordance with it, 

for each building, depending on the used automa-

tion system, the respective BAC (Building Au-

tomation and Control) efficiency class is deter-

mined. ВАС classes are from А to D, divided 

into two groups for residential and non-

residential buildings. Based on the classification 

of efficiency, depending on the type of building, 

BAC efficiency factors are selected: fBAC.HC and 

fBAC.L. The first shows the impact of automation 

systems on improving energy efficiency for the 

heat used, and the second shows the same for the 

electricity used. In buildings where the main 
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energy carrier is electricity, automation systems 

have a twofold effect: 

- reducing the total electricity consumption of 

the systems; 

- improving the operation of HVAC systems, 

which leads to a reduction in electricity con-

sumption.  

Quantitative assessment is performed based 

on the following methodology: 

- for heating systems QH,Tot,BAC [kWh/m2. y] 
 

QH,Tot,BAC = (QH,nd,B

+ QH,Sys).
fBAC,HC

fBAC,HC,ref
            (9) 

 

QH,Tot,BAC = QH.
fBAC,HC

fBAC,HC,ref
                             (10) 

 

where: QH.nd.B is heat energy for heating and 

losses in the heating system; fBAC.HC is a reference 

BAC factor. 
 

- for cooling systems QC,Tot,BAC [kWh/m2. y] 
 

QC,Tot,BAC = (QC,nd,B

+ QC,Sys).
fBAC,HC

fBAC,HC,ref
            (11) 

 

QC,Tot,BAC

= QH.
fBAC,HC

fBAC,HC,ref
                                                (12) 

 

- for lighting systems QОСВ,BAC [kWh/m2. y] 
 

QОСВ,BAC = WОСВ.
fBAC,EL

fBAC,EL,ref
                            (13) 

 

ЕРел,𝐵𝐴𝐶 = [(
QH

𝜂H
+

QC

𝜂C
) .

fBAC,HC

fBAC,HC,ref
 ] . ei + 

 

+ [(
QHW

𝜂HW
+ WОСВ) .

fBAC,EL

fBAC,EL,ref
 ] . ei     (14) 

 

Formula (14) is used to estimate the EE of 

buildings in the presence of a "smart house" sys-

tem. [4] 
 

ELECTRICAL ENERGY RESEARCH 
 
An assessment of the electricity efficiency 

and the effect of the introduction of a "smart 

house" system for a single-family, two-storey, 

residential building in Aytos, Burgas Municipali-

ty has been made. 

The building is a two-storey house with a to-

tal floor area of 342 m
2
 and a floor area of 189 

m
2
. The building has a living room, a bathroom 

and a covered veranda on the first level and three 

bedrooms and two bathrooms on the second lev-

el. 

The calculated electrical loads are based on 

the installed electrical loads: 

 

Рins. = 23kW; Ке = 0,65; Рsym. = 15kW 

 

In the present project, smart technology will 

be used to increase the energy efficiency of the 

home by building an intelligent electrical instal-

lation and automating the management, namely: 

- lighting and heating control; 

- control of electric water heaters; 

- management of household appliances; 

- management of blinds and garage doors.  

 

 

    Fig. 2. Plan of the power installations on the first floor 
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Fig. 3. Plan of the power installations on the second floor 

 

The automation system consists of the follow-

ing elements:  

- main module CU3 - 02M with RF module 

(SKU: 3239 standard); 

- power supply module PS3-100/iNELS 

(SKU: 4889 standard), for main module; 

- separator BPS3-01M-02M; 

- connecting server (SKU: 4920EN); 

- switching, addressable, 12-channel mecha-

nism SA3-O12M, for lighting control;  

- universal dimmable device, two-channel 

DA3-22M (SKU: 3262 standard), for light inten-

sity control of LED lamps;  

- wall smart switches for lighting WSB3-40, 

WSB3-20 and WSB3-40;  

 

- Wi-Fi based module VC-SH-HUB, to con-

trol the air conditioners;  

- Wi-Fi smart switch BESTCON SCB1E, 

which serves to control electric water heaters 

through Wi-Fi based module VC-SH-HUB. 

 

HVAC facilities used in the project: 

- air conditioners: 900W / 220V (4 pcs.); 

- duct fans: 30W / 220V (3 pcs.); 

- electric water heaters: 3000W/ 220V (3 

pcs.); 

- LED lighting fixtures. 

Based on the shown methodology and the 

projects under parts “HVAC” and “Electrical”, 

the respective indicators have been calculated: 

Table 2. Electrical powers design of the building for HVAC and lighting 

HVAC and DHW facilities Lighting 

QН QС QHW QL.EL (LENI) 

[kWh/m
2
.y] [kWh/m

2
.y] [kWh/m

2
.y] [kWh/m

2
.y] 

23.19 21.48 10.99 

4 WHVAC.EL [kWh/m
2
.y] 

59.66 

 

Total floor area of the building A = 342m
2
; 

BAC class of the building is A. 

 
fBAC,HC

fBAC,HC,ref
= 0,81;     

fBAC,EL

fBAC,EL,ref
= 0,92 ; 

 

ЕРEL = ЕРBAC,EL = 49,94 [
kWh

m2
. y] ; 

ЕРmax,r = 59,66 [
kWh

m2
. y]. 
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EE characteristic of the building ЕР meets the 

condition 0.5.ЕPmax.r ≤ ЕР ≤ ЕPmax.r. The building 

is therefore class B in terms of ЕЕ.  

The calculations show that with the introduc-

tion of the "smart house" system, EE savings will 

be made in the amount of 9.72 [kWh/m
2
.y].  

With respect to the specific building, which 

has an area of 342m
2
, this means that the energy 

savings will be in the amount of 3324 [kWh/y]. 

 

RESULTS AND DISCUSSION 

An assessment was made of the impact of 

building automation on electricity efficiency and 

the classification of buildings by BAC class. 

The energy efficiency of the building is calcu-

lated, with the "Smart Home" system and with-

out this system. Calculations show that with the 

introduction of the intelligent system, savings in 

electricity consumption of 3324 [kWh/year] will 

be made. 
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ABSTRACT 

 

SIMULINK software models graphs and charts as a modern method for creating mathematical 

models. A simulation structure of blocks in Simulink programming environment has been built. 

Key words: filter, amplitude frequency response, duty cycle, Simulink. 

 

INTRODUCTION 

 

Voltage inverter control systems 

The voltage at the output of the inverters has a 

strictly defined form, which depends on the con-

trol algorithm of the power devices in the circuit. 

Depending on the system of alternating voltages 

supplying the load in the output, single-phase 

and three-phase voltage inverters are most often 

used.  

The shape of the current through the load, 

provided that a voltage with a strictly defined 

shape is applied to it, depends on the nature and 

parameters of the load circuit [3]. 

When using the method of symmetrical PWM 

control, signals are obtained for adjusting the 

power devices. The pulses in the half-cycle are 

symmetrical with respect to the beginning and 

the end. In the case of unregulated control of the 

output voltage, the PWM generator produces 

rectangular pulses for the output voltage with a 

control algorithm of 0.5, which are asymmetric 

in half-cycle. 

The main elements of the power circuit of in-

verters are semiconductor devices controlled by a 

key method. These are most often bipolar transis-

tors with isolated gate (IGBT), power field-effect 

transistors with induced channel (power 

MOSFET) or thyristors excluded from the gate 

(GTO thyristors).  
 

Simulink single-phase inverter system project 

Different schemes of single-phase voltage in-

verters are known, as well as different algorithms 

for controlling power devices and forming the 

output voltage curve in them. The most widely 

used are: 

▪ single-phase inverters with rectangular 

shape of the output voltage - modified sine wave 

Single-pulse PWM with fixed and adjustable 

width of control pulses is modelled. 

▪ single-phase inverters with sinusoidal pulse 

- width modulation PWM control. They are 

modelled with one period and two period sinus-

oidal PWM function. 

 

RESEARCH METHODS 

 

The stages of modelling and measurement of 

a single-phase inverter with a modified sine 

wave were as follows: 

1. The main output parameters of the inverter 

system are set;  

2. The curves of currents and voltages in the 

two modes with different fill factors are meas-

ured; 

3. The magnitudes of harmonics with serial 

numbers h3, h5, h7, as well as their initial phases 

are reported by a PowerGUI block; 

4. The losses from active power in the line to 

the load are calculated by summing the active 

powers of the most influential harmonics. 

5. The total power consumption from the con-

sumption is analyzed and the efficiency of the 

inverter system is determined by comparing the 

two modes of operation; 

● Output data for practical implementation of 

the inverter system: 

Udc=300V, RT=5 Ω, L=0.025H, f1=50Hz;  

The first step of the project is to create the 

schematic diagram of the model in the Simulink 

software environment, shown in Fig. 1 [1, 2, 3]. 

The inverter system is modelled by several basic 

elements represented graphically in the scheme: 

source (Udc), bridge single phase voltage inverter 

(Uаc, f1) and active inductive load (RT L). Meas-

uring instruments, oscilloscopes, are also includ-

ed [4, 5]. 
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Power IGBT transistors T1, T2, T3 and T4 

with parallel diodes to the EC junction are con-

trolled by pulse generators, shown in Fig. 2. For 

T1 and T2, two fill factors are programmed 50% 

(35%), and for Т3 and Т4 50% (50%), for two 

simulation modes. 
 

 
 

Fig. 1. Schematic diagram of a model inverter 

system 
 

 
Fig. 2. Models created in the subsystem of Fig. 1 

as rectangular pulse generators with fixed fill 

coefficients; 

 

The complementary couples T1 and T2 are 

connected to the positive terminal, while T3 and 

T4 are connected to the negative terminal of a 

DC voltage source (rechargeable batteries or 

photovoltaic modules). The transistors have 

built-in diodes connected to the power supply in 

the opposite direction of their conductivity. The 

output parameters of the electrical circuit are 

measured using oscilloscope models for I_OUT, 

U_OUT. The voltage and current curves I are 

shown in the following figures and are in the 

form of a signal with two different control algo-

rithms. 

 

EXPERIMENT 

 

Simulation results and evaluation of efficiency 

● Starting the model with fill factor 

50%/50% 

Diagrams of the magnitudes of the harmonics 

from the output voltage with an unregulated con-

trol algorithm 50%/50% are shown in Fig. 3. 

From the amplitude-frequency characteristic 

(AFC) the effective values and the initial phases 

for the voltage harmonics are taken into account: 

First harmonic Uh1 = 267.8V and THDU = 

48.49% 

Initial phase of Uh1 for first harmonic ψU1 = 

0.4
0
. 

U0 = 0.96V, I0 = 10.93A; 

Uh3 = 89.6V, ψU3 = 0.1
0
,  

Uh5 = 53.8V, ψU5 = -0.1
0
, 

Uh7 = 38.4V, ψU7 = -0.2
0
, 

 

 
Fig. 3. Frequency spectrum and shape of the 

output voltage generated by the PowerGUI unit, 

at a duty cycle of 50% / 50%. 

 

From the results for the frequency response in 

Fig. 4. the effective values and the initial phases 

for the output current harmonics are taken into 

account at the following programmed conduc-

tivity interval in the half-cycle: 

First harmonic Ih1=29.9 A и THDI = 29.42%. 

Initial phase of Ih1 for first ψI1 = -40.9
0
. 

Ih3 = 4.94A, ψI3 = -36.6
0
; 

Ih5 = 2.4A, ψI5 = -26.8
0
; 

Ih7 = 1.58A, ψI7 = -20.4
0
. 

The power losses along the lines to the load 

are calculated by summing the active powers of 

the most influential harmonics, with serial num-

bers h3, h5, h7. 

 

 
Fig. 4. Spectral synthesis and shape of the output 

current at 50% / 50%. 

 

The integrated active power is calculated by 

the Fourier row by summing the given harmonics 

from the spectrum: 
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Pout = U0×I0+∑ Ph×cos φh                                  (1) 

 

The phase difference taking into account the 

displacement between the initial phases of volt-

age and current is determined for the first har-

monic by: 

 

φ1 = ψU1 - ψI1                                                     (2) 

 

The useful active power consumed by the 

load is calculated for the magnitudes of the first 

harmonics of current and voltage and shows the 

conversion efficiency through the voltage invert-

er: 

 

P1= Uh1 × Ih1 cos φ1                                           (3) 

 

After substitution with values for the reported 

data, it is obtained that: 

 

P0 = 10.5 W, 

P1 = 8007 × сos (41.2
0
)=8007 × 0.8=6406 W; 

P3 = 443 × сos (36.7
0
)=443×0.84=372 W; 

P5 = 129 × сos (26.7
0
)=129. ×0.9=116 W; 

P7 = 60.7 × сos (20.2
0
)=60.7 × 0.95=57.6 W. 

 

The calculated useful active power delivered 

to the load is: 

 

P useful = P0 + P1 =6406+10.5 = 6416.5 W. 

 

The calculated loss of active power on the 

supply line is: 

 

P loss = P3 + P5 + P7 = 372+116+57.6 = 548.6 W. 

P loss % = P loss / P useful ×100 = 8.5% 

 

● Starting the model with fill factor 

35%/50%.  
The magnitude of the harmonics from the fre-

quency spectrum and the waveform of current 

and voltage are shown in Fig. 5 and 6. From Fig. 

5 the effective values of the initial phases for the 

voltage harmonics are taken into account as a 

percentage: 

First harmonic Uh1 = 238.9V and THDU = 

29.7% 

Initial phase of Uh1 for first ψU1 = 27.1
0
, 

U0=0.47V, I0 = 5.2A; 

Uh3=14.2V, ψU3 =77.8
0
, Ih3=2.1 A, ψI3 = 8.9

0
; 

Uh5=38V, ψU5 =-44.8
0
, Ih5=0.7 A, ψI5 = -60.3

0
; 

Uh7=38V, ψU7 = 8.4
0
, Ih7=1 A, ψI7 = -35.4

0
. 

 

 
Fig. 5. Result diagrams and tabular data from the 

frequency synthesis of the output voltage with a 

control algorithm 35%/50%. 

 

From Fig. 6 the rms values and the initial 

phases for the output current harmonics are taken 

into account at the thus programmed conductivi-

ty interval in the half-cycle: 

First harmonic Ih1=27.8A and THDI=14.74%. 

Initial phase of Ih1 for first ψI1=-22.9
0
. 

 
Fig. 6. Result diagrams and tabular data from the 

frequency synthesis of the output current with a 

control algorithm 35%/50%. 

 

After substitution with values for the reported 

data, it is obtained that: 

 

P0= 2.44 W; 

P1= 7095 × сos (50
0
)= 7095×0.71=5038 W; 

P3= 29,8× сos (69
0
)= 29.8×0.47=14 W; 

P5= 27× сos (15.5
0
)= 27×0.97=26.2 W; 

P7= 38× сos (43.8
0
)= 38×0.77=29.4 W. 

 

The calculated useful active power delivered 

to the load is: 

 

P useful = P0 + P1 =5038+2.44 = 5040.4 W. 

 

The calculated loss of active power on the 

supply line is: 

 

P loss = P3 + P5 + P7 = 14+26.2 +29.4 = 69.6 W. 

The percentage of losses in the inverter sys-

tem with a symmetrical 35% / 50% control algo-

rithm is: 

 

𝐏𝐥𝐨𝐬𝐬𝐞𝐬% =
𝐏𝐥𝐨𝐬𝐬
𝐏𝐮𝐬𝐞𝐟𝐮𝐥

× 𝟏𝟎𝟎 = 𝟏. 𝟑𝟖% 
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CONCLUSIONS 
 

1. The comparative analysis shows a reduced 
harmonic composition when simulating the in-
verter system with a fill factor 35%/50% and P 

loss % =1.38%. At a fill factor of 50% / 50% the 
losses of active power are P loss % = 8.5%. 

2. The rectangular voltage pulses with control 
on algorithm 35%/50% have a reduced spectral 
composition, because the half-period is symmet-
rically located. Thus, it approaches the shape of 
the sinusoid, imitating a modified sine wave with 
better performance from the asymmetrically 
placed rectangular pulse. 

3. The model gives an accurate forecast of the 
efficiency of the inverter system to make it a 
reality when choosing different electrical loads. 
Deteriorated harmonic composition in the output 
voltage spectrum affects the performance of sen-
sitive consumers. It has been proven that the 
scheme of the model with a control algorithm 
35%/50% is better.  

The simulation analysis of a voltage inverter 
with a rectangular shape of the output signal 
proves its widespread use in the autonomous 
photovoltaic systems for low power, automotive 
power converters, UPS and etc.  
Inverters can supply electrical loads such as 
lighting fixtures, pumps, television and radio 
receivers, computer stations, sites remote from 
the public power supply network and structures 
intended for uninterruptible power supply. 

No filter was applied in the studied model, 
which takes into account the increased harmonic 
composition of the inverter system. When install-
ing a cutting filter in the output circuit higher 
harmonics can be suppressed, which will im-
prove the power factor, efficiency and quality of 
the energy applied to the load. 

The economic efficiency of the application of 
single-phase inverters is low cost with the good 
technical characteristics. 
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ABSTRACT 
 

In this article the generalized nets method for calculating the tire contact footprint area is applied. 
The method is based on the digital processing of an image and on Bresenham’s algorithm for deter-
mining the actual outlines of the footprint and the calculation of its total area. Generalized nets are 
one of the most popular techniques for describing the processes formally and abstractly. 

Key words: generalized nets, total area, tire contact footprint, outline 
 

INTRODUCTION 
 

Determining the automobile fire contact foot-
print area is strictly connected to the tire’s grip 
on the pavement. This grip depends on both 
various atmospheric factors and the supporting 
surface. There are many methods for determining 
the tire contact footprint. One of these is de-
scribed in [1], applying various mathematical 
methods and digital processing of the image. The 
footprint is taken by applying a layer of paint to 
the tire that is being tested. The tire has a specific 
internal pressure. The footprint is made on a 
piece of paper after pressure has been applied to 
the tire. The area of the resulting footprint can be 
processed in two ways: 

1. Manually, by using a planimeter to cal-
culate the area of the contact footprint; 

2. By using a computer program which de-
termines the number of pixels in the image. 
These pixels compose the contact footprint in 
digitized form. 

The core issue, which is also seen in tradi-
tional manual methods, is to determine the exact 
outline of the tire contact footprint. 

After thorough research on already existing 
methods of image processing, the method “con-
vex hull” has been chosen in [1].  

The goal of the present article is to describe 
the algorithm for determining the area of the tire 
contact footprint by using generalized networks. 
 

EXPOSITION 
 

Presented in this article is a generalized net-
work model of a general structure for calculating 
the tire contact footprint, using the “convex hull” 
method [1]. The methodology for creating the 
generalized networks includes: 

- creating a static structure for the modelling 
process; 

- coverage of the dynamic of the modelling 
process; 

- description of the functionality of the mod-
elling process for a period of time; 

- determining the data which is of interest to 
the modelling function as a rolling circle method. 
 

Generalized network model (Fig 1): 
 

 

 
Fig. 1. Generalised network model for rolling circle method 
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A generalised net model is developed with an 

introduced set of transitions:  
 

A = {Z1, Z2, Z3, Z4,} 
where the transitions describe the following proc-
esses: 
Z1 = “the contact footprint in the digitized im-
age“; 
Z2 = “calculate a set of circle points“; 
Z3 = “the found black pixels are stored“; 
Z4 = “search new black pixel“. 

The transitions have the following description: 
 

Z1 = {l1, l1A), {l2, l1A), R1V{l1, l1A)} 
where: 

2 1

1 1

1 1 ,2

A

A A

l L

R l false true

L W true

=  

W1A,2 = “the processed image is binary“. 
The token from position l1 enters position  

L1A and does not change its characteristics. The 
token from position L1A splits into one token, 
which enter positions l2, obtaining the same 
characteristics: “image is binary”. 
 

Z2 = {l2, l3, l6, l8, l2A}, {l4, l5, l2A}, 
R2,∨{l2, l3, l6, l8, l2A} 

where: 

4 5 2

2

3

2
6

8

2 2 ,4 2 ,5

A

A A A

l l L

l false false true

l false false true
R

l false false true

false false truel

L W W true

=  

W2A,4 = “existence of black pixel“ 
W2A,5 = “error when selecting a black pixel “ 
The tokens from positions l2, l3, l6, l8  merge 

into L2A. The token from position L2A enters posi-
tion l4, l5 where it obtains characteristics: “black 
pixel available” and “selected pixel outside the 
image”. 

Z3 = {l4, l3A), {l6, l7, l3A), R3V{l4, l3A)} 
 
where: 

 

6 7 3

4
3

3 3 ,6 3 ,7

A

A A A

l l L

l false false true
R

L W W true
=  

W3A,6 = “a new centre of the circle is avail-
able“ 

W3A,7 = “no black pixel“ 
The token from position l4  enters position l3A 

and does not change its characteristics. The token 
from position l3A splits into two tokens, which 
enter positions  l6, l7 obtaining characteristics: 
“next centre of the checking circle” and “no 
black pixel found”. 

 
Z4 = {l7, l4A), {l8, l9, l4A), R4,V{l7, l4A)} 

where: 
 

8 9 4

7
4

4 4 ,8 4 ,9

A

A A A

l l L

l false false true
R

L W W true
=  

W4A,8 = “there are change the trajectory “ 
W4A,9 = “image has been processed“ 

The token from positions l8 enters position  
L4A and does not change its characteristics. The 
token from position L4A splits into two tokens, 
which enter positions l8, l9, obtaining characteris-
tics: “new position” and “area calculation”. 

After the transition of the output tokens with 
these characteristics, it is possible to record real 
tire contact footprint and area calculation.  
 

RESULTS 
 
Fig. 2 shows the tire contact footprint image, 

processed using the “convex hull” method in 
Matlab, and the same image processed via the 
rolling circle method, where the radius of the 
checking circle used for the image in Fig. 2b is 
40 pixels, and the radius used for the image in 
Fig. 2c is 10 pixels. 
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Fig. 2. a) a simple image processed applying the “convex hull” method; b) and c) the same image 

processed applying the rolling circle method with radius of the checking circle 20 and 50 
pixels respectively 

 
CONCLUSIONS 

 
What is suggested is a new approach to the 

digital method for determining the tire contact 
footprint area developed by using a new enclos-
ing box technique. The method we propose al-
lows the bounding contour to get closer to the 
shape of the footprint. The aim of our future 
work will be the estimation and optimization of 
the method performance. 
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ABSTRACT 
 

In theoretical mechanics, impact is seen as a physical phenomenon. The main and determining 
property of impact as a process is the instantaneous change of speed at this point in the system. The 
change in the internal state of the object accompanying the impact of other objects is not considered 
in the theory of mechanics. The article, using the methods of mathematical apparatus and physical 
properties in theoretical mechanics, determines the location of impact after a collision with a station-
ary vehicle. The precise location of the object before the impact and the mechanism of its movement 
after the impact is extremely important in the investigation process applicable in assessing the velocity 
of the vehicle in motion during a traffic accident: collision with another vehicle or fixed barrier. 

Key words: mechanism, accident, vehicle, investigation, moving body 
 

INTRODUCTION 
 

Application problems: on top of a moving ob-
ject is a mobile part /object/ subjected to motion 
[1]. The system of these two parts collides into a 
stationary object and the mobile part ejects at a 
certain angle and initial velocity. In another case, 
if the velocity at the collision is less than the 
given initial velocity, then the mobile part re-
mains with the moving object after the collision 
[2, 3].  

Let the velocity at the collision of the moving 
object be 1oV v v= + , then the mobile part has 

velocity ov  at an angle of α when colliding with 

the stationary object. The landing position of the 
mobile part, the angle α, the initial velocity ov  

are known. Let us find the velocity V  of the 
mobile part at the moment of collision, choosing 
the coordinate system, as shown in Fig. 1: 

 
 

Fig. 1. Staging the task of moving, movable and immovable body 
 

At the moment of collision, the height is  
The mobile part at the same moment is at the 

height  and the displacement (X) on 
horizontal plane [4, 5, 6].  
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1

2

1

cos

sin
2

x v t

gt
y h v t

α

α

=

= + −
                                (1) 

 

The kinematic equation of movement of the 
mobile part is eq. (1). We can find the time from 
the first equation and substitute it in the second 
equation. In this way we find y as a function of 
x. 

2
2 2
12 cos

g
y x tg x h

v
α

α
= − + +               (2) 

 
We observe in the final state of the mobile 

part two coordinate points (X, H), we get: 

2
2 2
1

2
2 2
1

2 cos

2 cos

g
H X tg X h

v

g
X tg X h H

v

α
α

α
α

= − + +

⇔ = + + +
 (3)

From the last equation for  we can write: 
 

[ ]1

12 cos ( ) cos sin

g
v x

h H xα α α
=

+ +
(4) 

 
The angle of ejection due to collision in an 

experimental trial is measured. 
 

APPLICATION PROBLEMS: A MOVING 
OBJECT COLLIDES INTO A 

STATIONARY OBJECT, FIND THE 
VELOCITY OF THE STATIONARY 
OBJECT AFTER THE COLLISION 

 
The first object with mass  moves with ve-

locity  and collides with the second stationary 
object with mass  The second object (after 
moving object collides with it) slides down an 
angled surface and collides with the horizontal 
axis at point A. We need to find the velocity 1, 
The masses  ,  and the coordinates of point 
A are known (Fig. 2) [7, 8, 9]. 
 

 

 

Fig. 2. Formulation of the task 

 
The time of the second object to impact the 

horizontal axis at point A is t. 
From the formula of conservation of impulse, 

it follows that: 

1 1
1 1 2 2 2

2

,
m v

m v m v v
m

=  =                     (5) 

where (x, y) are the coordinates of point A at the 
chosen coordinate in Fig. 2. 

Because of the laws of kinematics [10]: 
2

2 ;
2

gt
x v t y= =                                                (6) 

 

where (x, y) are the coordinates of point A at the 
chosen coordinates in Fig. 2. We isolate t from 
the first equation and substitute it in the second 
equation. We get 2v  from x and y. 

From the law of conservation of impulse [11] 

1v  is defined: 

2 2
1 2

1 1

.
2

m m g
v v x

m m y
= =                         (7) 
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CONCLUSIONS 
 

The presented mechanisms accurately deter-
mine the velocity of the moving body in impact 
in two types of tasks: 

1. Determining the velocity of a moving 
body with a moving body on it in a collision with 
a stationary body; 

2. Determining the velocity of the body in 
collision with a second, stationary body accord-
ing to the final position of the second. 
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ABSTRACT 

 
An important factor for the successful realization on the labour market of students of technical spe-

cialties is the study of subjects that provide professional knowledge by forming both key and profes-
sional competences. The training in automotive diagnostics leads to the development and expansion of 
the range of competences. The hands-on use of digital technologies for diagnostics forms professional 
competences for establishing car problems and transferable competences in personal efficiency and 
self-improvement. 
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INTRODUCTION 
 

The successful professional adaptation and 
prospective career of graduate students is the 
compliance of the level and character of their 
professional training and their personal qualities 
with the requirements of the business and jobs of 
the future.  

However, a number of employers think that 
novice engineers do not have enough practical 
skills. Furthermore, they lack key skills, such as 
communication, responsibility, and teamworking 
[1, 3, 4]. 

The development of educational competences 
involves acquiring individual knowledge and 
skills by students as well as the mastery of a 
complex process in which a set of educational 
components is determined for each selected area 
of study. What is specific for the goals for the 
development of competences is that they are not 
only the result of the teacher’s activities but also 
of the students’ pursuits and development in the 
process of acquiring social experience.  

Today’s social and technical reality needs 
workers who are competent both in their profes-
sional field and “in a field that, it would seem, is 
not clearly connected with their professional 
existence”.  

At present, it is necessary to develop compe-
tence models for engineering specialists adapted 
to the specific conditions of their professional 
activities. 

An important factor for the successful realiza-
tion on the labour market of students of technical 

specialties is to develop their profile by introduc-
ing subjects that provide professional knowledge 
by forming both key and professional compe-
tences. The competence profile of a person in a 
key position contains two main components: a 
job description and a competence framework, 
which is the set of required competences for the 
position. 

One of the key subjects in the profile of tech-
nical specialties is the diagnostics of machines 
and systems. The application of the new 
achievements of science and technology in trans-
port requires the use of both classical methods 
and new diagnostic tools in the training. The new 
information technologies which make use of 
computation and computer networks allow for a 
new, modern educational environment to be es-
tablished as the basis for the development and 
improvement of the educational system. 
 

EXPOSITION 
 

The educational policy in technical specialties 
is aimed at building competences in the field of 
engineering and technology. 

Competence is defined as the joint use of per-
sonal abilities and attributes, skills and knowl-
edge to effectively perform a job, role, function, 
task, or duty [5].  

In the conceptual model of MyCompetence, 
competence is an employee’s set of knowledge, 
skills, attitudes and behaviours of to achieve 
results (levels of performance) in a given profes-
sional role or organization [6, 7]. Competence is 
an expression of the individual's ability to do his 



86 
 

job successfully. Competence is a concept that is 
considered in the context of demonstrated behav-
iour in a specific situation and in the perform-
ance of a specific task, role, etc. Competence is 
closer to "I know how" than to "I know what". 

The training of students of technical special-
ties is based on "qualification characteristics" 
outlining the skills which a bachelor of technical 
subjects in the area of transport has to acquire.  

A specialist who has acquired a Bachelor's 
degree in "Engineering and technology in trans-
port" needs a high professional level in technol-
ogy for the design, manufacture, repair, and 
technical operation of equipment intended for 
transportation of passengers and various types of 
cargo, including liquid and gaseous cargo. They 
need to obtain knowledge related to the analysis 
and synthesis of equipment designed for the 
transportation of passengers and goods; manu-
facture, testing, installation, maintenance, and 
repair of such equipment. 

The classification used in MyCompetence 
formulates cluster competences applying several 
criteria, according to the field: digital, communi-
cative, organizational, and professional.  

MyCompetence defines 17 clusters of the 
same type of competences. The clusters include 
key and specific competences.  

Considering the qualification characteristics 
of the specialty and the block model of the sylla-
bus [2], it can be concluded that there is a need to 
build specific and develop key competences. 

Specific competences are defined as strictly 
professional, mainly technical and technological 
knowledge and skills related to the specific na-
ture of the functions performed in a particular 
position, i.e. what employees need to know so 
that they can do their job successfully and effi-
ciently in accordance with the requirements of 
their position. These competences are related to 
the specific nature of the profession and the tasks 
of the position (workplace), the equipment, tools 
and technology used, the business processes and 
operations, and the specific regulations and stan-
dards regarding their position. 

There are three types of competences: univer-
sal, transferable and unique. 

Transferable competencies include skills and 
abilities needed to perform several roles in vary-
ing degrees of importance and mastery. Examples 
of these are leadership and management skills.  

Unique competencies refer to specialized 
know-how or abilities required for a specific role 
or job. Technical competences include the under-
lying knowledge and skills of “the portion of the 

iceberg that remains above the surface of water”, 
described in observable and measurable terms 
that are necessary in order to perform a particular 
task assigned to a person achieving quantitative 
targets and conforming to qualitative require-
ments. 

The development of an engineer’s compe-
tence profile at university is limited within the 
provided academic hours and therefore, compe-
tences from the 17 clusters have to be selected. 

One of the subjects forming the profile of the 
engineer is “Diagnostics of transport equipment”. 
It is studied in the fourth year, when students are 
already familiar with the general principles of 
reliability of transport units and systems and with 
concepts such as failure, operability, maintain-
ability, etc. Students have improved their logical 
thinking, they have understood that quality is a 
necessary element for the reliability of both a 
single element and a complex system, both at the 
design and operational stages. 

The study of car diagnostics should lead to 
the expansion and deepening of the range of 
competences. The choice of competences was 
made after analyzing the clusters from MyCom-
petence, taking into account the Bulgarian quali-
fications framework. According to MyCompe-
tence, the competences are specific, and accord-
ing to Europass, they are professional. 

Our choice of focus was on spe-
cific/professional competences from three clus-
ters: Working with regulations, standards and 
requirements; Repair and maintenance; and De-
sign, development and implementation. 

In parallel, transferable (organisational, ac-
cording to Europass) competences from the Per-
sonal efficiency and self-improvement cluster are 
enhanced during the training. The training begins 
with the formation of the Working with regula-
tions, standards and requirements cluster compe-
tences, as follows: 

- Application of health and safety standards: 
acquaintance with the instructions, rules and 
regulations for health and safety at work, envi-
ronmental protection, and fire and emergency 
safety in the performance of daily duties. Strict 
observance of all rules is exercised, emphasizing 
the fact that transport is a high-risk sector. 

- Application of normative regulations and 
standards: acquaintance with the application of 
the requirements for the specific automotive 
sector standards. 

- Compliance with standards and norms: ex-
amples are given of situations that show the need 
for their timely and complete implementation, 
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Fig. 2 Diagnostic tester menu                                         Fig. 3 Function choice 

 

 

 

 

 

 

 

 

Fig. 4 Selection of a test element                                     Fig. 5 Read parameters/measured value block 

 

 

 

 

 

 

 

 

 

Fig. 6 Monitoring of parameters 

This approach gives a lot of possibilities for 

developing competences for understanding the 

vehicle as a system, for systematic and correct 

control of the technical condition.  

The training is based on the acquired 

knowledge of automotive technology and the 

reliability of transport systems.  

The practical exercises use computer technol-

ogy to diagnose a car. Launch CRP MOT diag-

nostic equipment is used for developing specific 

competences in diagnostics. The tester is a multi-

brand diagnostic scanner, including more than 48 

car brands with diagnostic capabilities for all 

parts of the car electronic systems and the 10 

most commonly used special functions and basic 

adaptations. The equipment is based on a com-

plete Android operating system (Fig. 1). All di-

agnostics information is displayed on the LCD 

graphic display of the tester. The set also in-

cludes the commonly used BMW-20 pin and 

MB-38 pin adapters for old sockets. 

The laboratory exercises start with an intro-

duction to the principle of operation and the use 

of a diagnostic system tester. Students need to 

develop skills for understanding the standards 

and norms which are used in car diagnostic. At 
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the beginning of the practical classes students 

have to get skills such as connecting the tester 

connector to the diagnostic car connector; selec-

tion of the vehicle manufacturer type; choice of 

the appropriate section which provides the list of 

fault codes (Fig.3) from the tester menu (Fig. 2); 

after resetting errors in the memory, selection of 

the appropriate section in the tester menu and 

determination of the new parameters. 

In addition to the numeric code, diagnostic 

units also provide a definition of the fault code 

(Fig. 4). All accumulated fault codes can be reset.  

The initial information on the possible cause 

of the damage is stored in “Read parame-

ters/Measured value block” (Fig. 5).  

The specified fault code does not necessarily 

refer to an actual component failure. Before re-

placing individual components, the information 

should be read carefully to determine the next 

diagnostic steps.  

It is possible to monitor the parameters in real 

time in graphical form (Fig.6).  

In the process of training important compe-

tences are developed, namely concentration and 

professional knowledge. They are required for an 

analysis of the information and establishing the 

character of the element failure or reduction of 

system availability. 

During the practical task, all values that are 

measured, monitored and evaluated, as well as 

the reference values of the system are recorded 

and then provided in written form as a protocol.  

 

CONCLUSION 

 

The use of digital technologies for system di-

agnostics in the training of students of technical 

specialties develops the professional competenc-

es for establishing car failures. They acquire 

skills to recognize the fault codes given by the 

onboard computer and know the symptoms of 

probable failure. Students obtain knowledge 

about the main parameters controlled by the 

computer and the parameters which can be de-

termined without using a tester. As a result, they 

acquire competences for logical determination of 

the possible failure causes and the possible solu-

tions for repair and prevention of failure. In addi-

tion, students get transferable competences in 

personal efficiency and self-improvement.  
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