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Chromium level in water, sediment, aquatic plants and meat of common carp (Cyprinus carpio 
L.) from different water bodies in Bulgaria

1 1 2 3 1E. Valkova *, V. Atanasov , K. Velichkova , G. Kostadinova , M. Tzanova

1Department of Biochemistry, Microbiology and Physics, Faculty of Agriculture, Trakia University, 6000 Stara Zagora, Bulgaria
2Department of Biology and Aquaculture; Faculty of Agriculture, Trakia University, 6000 Stara Zagora, Bulgaria
3Department of Applied Ecology and Animal Hygiene, Faculty of Agriculture, Trakia University, 6000 Stara Zagora, Bulgaria

Abstract. Chromium (Cr) is heavy metal often found in aquatic ecosystems due to its widespread use in households and industry. Reaching toxic levels in 
water, chromium may cause a violation of many metabolic processes in hydrobionts. The aim of the present study was to investigate and assess the Cr 
concentration levels in water, sediment, aquatic plants and meat of common carp from different surface water bodies in a region of Bulgaria with high 
anthropogenic impact. International standards of ISO and BSS for sample preparation of water, sediment, aquatic plants and meat of common carp analysis 
were used. Concentration of Cr in the analyzed samples was determined by atomic adsorption spectrometry. It was found that the Cr levels: a) in surface water 
varied from 0.012 mg/l in monitoring point (MP-5) to 0.043 mg/l in MP-6, all concentrations exceeded the maximum admissible concentration (MCA) – 8 µg/l 
(0.008 mg/l) for Cr (VI) according to Regulation No 4-H (2012) for characterization of surface water, from 1.5 times in MP 5 to 5.38 times in MP 6; b) in sediment 
ranged from 20.7 mg/kg in MP 1 to 199.9 mg/kg in MP 4, which are lower than the MCA for cultivated soil – 200 mg/kg dry soil according to Regulation No 
3/01.08.2008 concerning norms for admissible content of harmful substances in the soil, from 1 time in MP 4 to 9.6 times in MP 1; c) in aquatic plants varied from 
6.021 mg/kg in MP 3 to 23.2 mg/kg in MP 6; d) in common carp meat were between 0.11 mg/kg in MP 5 and 0,16 mg/kg in MP 3, which is lower than the MCA (0.3 
mg/kg) for maximum permissible quantities for contaminants in food (Regulation No 31, 2004), from 0,37 times in MP 5 to 0.53 times in MP 3. Cr accumulation 
was not observed in the tested common carp meat samples, which most probably is due to its accumulation in organs with active metabolism (gills, liver); e) 
proportions of accumulation of Cr in the trophic chain are different for the different units – water/sediment (1040 – 12 129 times more), aquatic plants/water (207 
– 1011 times more) and meat of common carp/water (9.1 – 12.1 times more).

Keywords: aquatic plants, assessment, common carp, chromium, meat, sediment, water

Abbreviations: MP – monitoring point, MCA – maximum admissible concentration
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Introduction widely observed in sediments and aquatic organisms – plants and 
animals ﴾Linnik and Zubenko, 2000﴿. Thus aquatic ecosystems are 
typically monitored for pollution of heavy metals using biological The accumulation of heavy metals in the aquatic ecosystem is a 
analyses ﴾Wong and Dixon, 1995﴿. The industrial effluents from serious problem throughout the world in the last decades. These 
factories and thermal power plants contribute to contamination of metals may accumulate very high toxic levels and cause harmful 
river and groundwater by chromium (Cr) (Javed and Usmani, 2013). impact on the aquatic organisms. Waters are polluted by different 
Some metals are known to be toxic even at low concentrations chemicals and toxic heavy metals such as cadmium, lead, chromium 
including Cr (Nguyen et al., 2005). Cr is also deposited at high levels and mercury (Nastova-Gеorgioska et al., 2006; Mane et al., 2013). 
in the intestinal and renal tissue of some species (Sanyal et al., Increase in population, urbanization, industrialization and 
2014). High concentration of Cr can cause severe histopathological agriculture practices contribute to pollution because effluents are 
damages of the liver, kidney and gill of the fish (Parvathi et al., 2011. often disposed directly into the surface waters (Giguère et al., 2004; 
The uptake of metals by plants depends on the chemical form of the Georgieva et al., 2011). Heavy metals compared to the other types of 
metal and way of life of the macrophytes (Mishra and Tripathi, 2009). aquatic pollution, are less visible but their effects on the ecosystem 
Chromium as Cr (VI) penetrates cell membranes and can cause and humans are intensive and very extensive due to their toxicity 
genotoxic effect and cancer (Iwegbue et al., 2004). Cr is an element and their ability to accumulate in the aquatic organisms (Edem et al., 
often found in aquatic ecosystems due to its widespread use in 2008; Stoyanov, 1999). Heavy metals, compared to organic 
households and industry. When it reaches toxic levels in water, Cr pollutants, cannot be chemically degraded or biodegraded by 
may cause violation of many metabolic processes in hydrobionts.microorganisms. Therefore, their content has steadily increased in 

The aim of the present study was to investigate and assess the water and subsequently accumulated in sediments, plants, fishes, 
Cr concentration levels in water, sediment, aquatic plants and meat and even in humans (Che et al., 2006).
of common carp from different surface water bodies in a region of The heavy metal pollution of aquatic ecosystems is the most 
Bulgaria with high anthropogenic impact.

* e-mail: elica_valkova@abv.bg

334



335

and one dam lake (Jrebchevo Dam) (Figure 1). Tundja River passes Material and methods
through the area which is characterized by large settlements, 
industrial enterprises and arable lands. The outflow of wastewater Study area and monitorin  points
from these areas is a precondition for quality deterioration of the river Four water bodies from Stara Zagora Region, Central South 
waters. Subject to anthropogenic impacts are also Bedechka River Bulgaria were investigated three rivers (Tundja, Bedechka, Sazliika) 

Figure 1. Map of Stara Zagora Region

and Sazliika River, which are mainly used for irrigation of crops. The bodies. They were collected from all MPs each month for a year 
main directions in which the waters of Jrebchevo Dam are used are (from November 23, 2009 to November 23, 2010) in accordance with 
irrigation, fishing and electricity production. the requirements of BS EN IS  5667 – 1/2007. The water samples 

were stored in accordance with BS EN IS  5667 – 3/2006.  A total of 6 monitoring points (MP) were set for 
Sediment  6 sediment samples collected from the studied water screening purposes in accordance with Regulation №4-H from 

bodies were prepared, archived, stored and analyzed for the period 14/09/2012 for characterization of surface water in Bulgarian 
from May to December 2010. legislation, as follows:

Aquatic plants  A total of 6 aquatic plant samples collected from · Monitoring Point 1 (MP 1) – Bedechka River, Stara Zagora 
the studied water bodies were prepared, archived, stored and Municipality (N42.27049° E25.37937°)  
analyzed for the period from May to December 2010.· Monitoring Point 2 (MP 2) – Sazliika River, Stara Zagora 

Common carp  Samples of common carp meat (18 pieces) Municipality (N42.26914° E25.29015°)  
were collected, archived and analyzed in the period from May to · Monitoring Point 3 (MP 3) – Tundja River at Yagoda village, 
December 2010.Maglizh Municipality (N42.32740° E25.3380°)  

The analyses of water samples, sediment, aquatic plants and · Monitoring Point 4 (MP 4) – Tundja River at Jrebchevo Dam, 
common carp meat were carried out in the laboratories of the Nikolaevo Municipality (N42.38333° E25.49350°)
Scientific Research Center for Environment at the Faculty of 

· Monitoring Point 5 (MP 5) – Jrebchevo Dam, Nova Zagora 
Agriculture, Trakia niversity, Stara Zagora. 

Municipality (N42.35346° E25.57020°)  
The chromium concentrations in water, sediment, aquatic 

· Monitoring Point 6 (MP 6) – Tundja River, Banya Village, plants and common carp meat were measured by atomic absorption 
Nova Zagora Municipality (N42.36243° E25.59466°). spectrophotometer AAS–GF-Analist 800 (Perkin Elmer). The 

chromium content of surface waters was determined in graphite tube 
Samplin

or flame (depending on the concentration of these elements) at a 
Samples of water, sediment, aquatic plant and common carp 

definitive wavelength and water preservation of the samples. The 
musculature from the surveyed monitoring points were tested 3samples were treated in advance with 5 cm  k.HN (for each 3 regarding the content of the element Cr.  

sample) (IS  8288, BS EN IS  5667-3/2006). The contents of Cr in Water  72 water samples were taken from the studied water 
water samples were measured in mg/l.
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All samples of sediment and aquatic plants were lyophilized to tested water samples have exceeded the MCA – 0.008 mgl 
constant weight. The dried sediment was milled and sieved (Regulation No 4-H, 2012) from 1.5 times in MP 5 to 5.4 times in    
repeatedly to fine powder. Twenty grams from each studied sample PM 6.
were obtained. Sediment samples were decomposed by means of Sediment. Cr content in sediment was between 20.7  mg/kg in 
concentrated nitric acid and hydrochloric acid in accordance to ISO MP 1 to 199,9 mg/kg in MP 4 (Figure 3). The levels of Cr gradually 
Standard 11466. The samples were filtered and diluted to 50 ml with increased from MP 1 (Bedechka River) to MP 4, where the maximum 
distilled water. measured value of 199.9 mg/kg has been reached (Jrebchevo Dam, 

The preliminary sample preparation of aquatic plants and Nikolaevo Town). This value is almost equal to the MCA determined 
common carp meat was performed by wet combustion in a by Regulation No 3 (2008) for norms for permissible content of 
microwave oven Perkin Elmer Multiwave 3000. The obtained harmful substances in the soil. High concentrations of this element 
extracts were diluted with distilled water to 25 ml. Concentrations of have also been measured in Tundja River, Yagoda Village (148.2
chromium in acid solutions were established by AAS in accordance mg/kg) and Jrebchevo Dam (145.6 mg/kg). 
to BSS ISO 11047. Quantities of the examined element in the 
sediment and aquatic plants were measured as mg/kg dry weight. 
The chromium content in the samples of common carp meat was 
measured in mg/kg wet weight.

The device was periodically calibrated with standard chemical 
solutions prepared from commercially available chemicals (Merck, 
Germany). An air-acetylene flame and hollow cathode lamp for all 
samples were used. Calibration curves were prepared using 
dilutions of stock solutions. Each sample of water, sediment, aquatic 
plants and meat of common carp was measured three times and the 
mean values were calculated.

Assessment
Water: By comparing the established values with the maximum 

permissible concentration of Cr(VI) – 8 µg/l (0.008 mg/l), a more 
toxic than Cr(III), under Regulation No 4-H (2012) for 
characterization of surface water.

Sediment. By comparing the established values with MPC for 
cultivated soil – 200 mg/kg dry cultivated soil, according to 
Regulation No 3/01.08.2008 concerning norms for admissible 
content of harmful substances in the soil.

Aquatic plants. By comparing the established values with data 
from literature sources because regulated norms for this element are 
not available in Bulgaria.

Common carp meat. Results of common carp meat were 
discussed according to Regulation No 31 (2004) for maximum 
permissible quantities for contaminants in food.

Statistical analysis. The results were processed by 
STATISTICA with ANOVA test.

Results and discussion

Water. The values of Cr in surface water varied from 0,012 mg/l 
in MP-5 to 0,043 mg/l in MP-6 (Figure 2). The highest levels of Cr 
have been found in the points: MP 6 (Tundja River, Banja Village) – 
0.043 mg/l, MP 4 (Jrebchevo Dam, Nikolaevo Town) – 0.039 mg/l, 
MP 2 (Sazliika River) – 0.030 mg/l. The main reason for these results 
is that these points are located near settlements undergoing strong 
anthropogenic influence. The lowest were the concentrations of Cr 
in MP 5 (0.012 mg/l) and MP 1 (0.013 mg/l). These MPs are situated 
in areas with low anthropogenic impact. 

Study of Nastova-Gyorgioska et al. (2006) in Vardar River in 
Macedonia shows significantly lower levels of Cr in water from areas 
with different anthropogenic impact – from 0.0004 – 0.009 mg/l in the 
upper reaches to 0.0023 – 0.0077 mg/l in the lower reaches. 
Probably many factors influence the formation of levels of chromium 
in surface waters, which are specific to particular cases.

All measured concentrations of the element chromium in the 

 

 

Figure 2. Content of Cr in water samples of the 
waterbodies from Stara Zagora Region, Bulgaria
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Figure 3. Content of Cr in sediments of waterbodies 
from Stara Zagora Region, Bulgaria
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Decrease of the levels from MP 4 to MP 6 has been established in the samples from the Tundja River, Yagoda Village (MP 3), which 
probably due to sedimentation of available quantities of chromium in corresponds to the high levels contained in the water in the same 
the waters of Jrebchevo Dam. Nastova-Gyorgioska et al. (2006) period of time. Cr accumulation is not observed in the tested 
established in the sediment of Vardar River in Macedonia relatively common carp meat samples. This is probably due to their 
similar values comparable to those in PM 1 and PM 6 (from 28.8 accumulation in organs with active metabolism (gills, liver).
mg/kg in the upper reaches to 42.0 mg/kg in the lower ones) and Our data are significantly lower than the results of Nastova-
much lower concentrations in sediment compared to the other MPs Gyorgioska et al. (2006) established in meat of Barbus meridionalis 
(2 – 5). risso (barbel) from different areas of Vardar River in Macedonia, 2.18 

Aquatic plants. Cr concentration in aquatic plants fluctuated in – 14.5 mg/kg, which may be a result, except of the different 
the range from 6,021 mg/kg in MP 3 to 23.2 mg/kg in MP 6 (Figure 4). environmental conditions and anthropogenic impact, from various 
The highest levels of chromium have been registered in the point MP species differences of the two species of fish – carp and barbel.
6 (Tundja River, Banja Village) – 23.2 mg/kg probably due to the Despite the large diversity of the data for Cr content in water, 
passage of the quantities of this element from the water to the sediment, aquatic plants and meat of common carp, it is necessary 
aquatic plants. High concentrations of this element in aquatic plants to determine Cr content ratio between these components for the 
have also been measured in Bedechka River (13.14 mg/kg) and water body. The data in Table 1 show that Cr is accumulated from 
Sazliika River (10.18 mg/kg). The low concentrations of chromium in 1040 (MP 6) to 12129 (MP 5) times more in the sediment compared 
the MP 4 correspond to the higher levels of sediment from the same to the water. The estimated ratios between Cr concentrations in 
point. This fact indicates that Cr has precipitated but it has not yet aquatic plants and water have shown that the accumulation of this 
accumulated in the aquatic plants. metal in the aquatic plants is from 207 (MP 4) to 1011 (MP 1) times 

Common carp meat. Cr levels in common carp meat from more than the water. This fact suggests available mechanisms, 
different water bodies were from 0.11 mg/kg in MP 5 to 0.16 mg/kg in probably different by simple diffusion of Cr between water-aquatic 
MP-3 (Figure 5). Values of Cr in the meat of carp of all studied points plants and water-fishes. The proportion of common carp meat/water 
have been significantly lower than the established norm – 0.3 mg/kg. leads to the conclusion that this metal accumulates from 9.14 (MP 5) 
However, higher concentrations of chromium have been registered to 12.12 (MP 1) times more in meat compared to water. 

 
 

Figure 4. Content of Cr in aquatic plants of water
bodies from Stara Zagora Region, Bulgaria
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Figure 5. Content of Cr in common carp meat of 
waterbodies from Stara Zagora Region, Bulgaria
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Table 1. Concentration ratio of Cr sediment/water, aquatic plants/water and common carp/water in the monitoring points
of the investigated water bodies.

Points
Coefficient of Cr concentration

(sediment/water), in times more
Coefficient of Cr concentration 

(aquatic plants /water), in times more
Coefficient of Cr concentration (meat of 

common carp/water), in times more

MP 1

MP 2

MP 3

MP 4

MP 5 

MP 6

1589

3231

8715

6661

12129

1040

1011

463

354

207

719

540

12.1

-

9.3

-

9.1

-
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In particular, very recent data in many studies have shown that Pollution and Health, 6, 61-64.
aquatic plants being autotrophic organisms are located at the base Georgieva N, Yaneva Z, Dermendzhieva D and Naneva D, 2011. 
of the food chain in each hydroecosystem (Strezov and Nonova, Investigations of heavy metals levels in Chirpan reservoir. Science 
2009, Parvathi et al., 2011). In this aspect after studies of soil content and Technologies, Nautical and Environmental Studies, 1, 85-89.
of heavy metals in the studied ponds it is reasonable to make such Giguère A, Campbell PGC, Hare L, McDonald DG and 
specimens of aquatic plants and fishes, too. In Europe many studies Rasmussen JB. 2004. Influence of lake chemistry and fish age on 
have been conducted using aquatic plants and fishes as Cd, Cu and Zn concentrations in various organs of indigenous yellow 
bioindicators of heavy metal contamination (Conti and Cecchetti, perch (Perca flavescens). Canadian Journal of Fisheries and 
2003). Aquatic Sciences, 61, 1702-1716.

Javed M and Usmani N, 2013. Assessment of heavy metal (Cu, Ni, 
Fe Co, Mn, Cr, Zn) pollution in effluent dominated rivulet water and 
their effect on glycogen metabolism and histology of 

Conclusion Mastacembelus armatus. Springer Plus, 2, 390.
Iwegbue CMA, Nwanjei GE and Eguavoen IO, 2004. Distribution 

All concentrations established in the water by all monitoring 
of Cadmium, Chromium, Iron, Lead and Mercury in Water, Fish and 

points, exceed the maximum permissible concentration (MCA) – 8 
Aquatic Plants from Ewalu River, Nigeria. Advances in Natural and 

µg/l (0.008 mg/l) for Cr (VI) according to Regulation No 4-H (2012) 
Applied Science Research, 2, 72-82.for characterization of surface water, from 1.5 times in MP 5 to 5.38 
Linnik PM and Zubenko IB, 2000. Role of bottom sediments in the times in MP 6. The Tundja River located near Banya Village, Bulgaria 
secondary pollution of aquatic environments by Heavy-metal is an area with high human impact, so the highest value of Cr (0.043 
compounds. Lakes and Reservoirs, Research and Management, 5, mg/l) has been observed. Cr levels in sediment ranged from 20.7 
11-21.mg/kg in MP 1 to 199,9 mg/kg in MP 4, which are lower than the MCA 
Mane P, Kadam D and Chaudhari R, 2013. Accumulation of heavy for cultivated soil – 200 mg/kg dry soil, according to Regulation No 
metal ions in water, sediment and aquatic weeds: A case study of 3/01.08.2008, concerning norms for admissible content of harmful 
Sudha Dam, Bhokar, India. Advances in Applied Science Research, substances in the soil, from 1 time in MP 4 to 9.6 times in MP 1. The 
4, 394-400.ability of sediment to illustrate even temporary pollution in the 
Mishra VK and Tripathi BD, 2009. Accumulation of chromium and hydroecosystem makes it a good indicator that demonstrates the 
zinc from aqueous solutions using water hyacinth (Eichhornia degree of pollution of each specific water body. The concentrations 
crassipes). Journal Hazard Mater, 64,1059-63.of Cr in aquatic plants varied from 6.021 mg/kg in MP 3 to 23.2 mg/kg 
Nastova-Gyorgioska R, Kostadinova G and Petkov G, 2006. in MP 6. The levels of the studied elements in common carp meat 
Accumulation of heavy metals in ekotrofological chain of Barbus were between 0.11 mg/kg in MP 5 and 0.16 mg/kg in MP 3, which are 
Meridionalis Risso (barbel) from Vardar river in Macedonia. Ecology lower than the MCA (0.3 mg/kg) for maximum permissible quantities 
and Future, 5, 28-35.for contaminants in food (Regulation No 31, 2004), from 0,37 times 
Nguyen H, Leermakers M, Osan J, Tfrfk S and Baeyens J, 2005. in MP 5 to 0.53 times in MP 3. These results clearly demonstrate the 
Heavy metals in Lake Balaton: water column, suspended matter, ability of the sediment, aquatic plants and fish to serve as excellent 
sediment and biota. Science of the Total Environment, 340, 213-indicators for chromium pollution. 
230.
Parvathi K, Sivakumar P and Sarasu C, 2011. Effects of chromium 
on histological alterations of gill, liver and kidney of freshwater 
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Instruction for authors

Preparation of papers
Papers shall be submitted at the editorial 
office typed on standard typing pages (A4, 
30 lines per page, 62 characters per line). 
The editors recommend up to 15 pages for 
full research paper ( including abstract 
references, tables, figures and other 
appendices)
The manuscript should be structured as 
follows: Title, Names of authors and 
affiliation address, Abstract, List of 
keywords, Introduction, Material and  
methods,Results, Discussion, Conclusion, 
Acknowledgements (if any), References, 
Tables, Figures.
The title needs to be as concise and 
informative about the nature of research. It 
should be written with small letter /bold, 14/ 
without any abbreviations.  
Names and affiliation of authors
The names of the authors should be 
presented from the initials of first names 
followed by the family names. The 
complete address and name of the 
institution should be stated next. The 
affiliation of authors are designated by 
different signs. For the author who is going 
to be corresponding by the editorial board 
and readers, an E-mail address and 
telephone number should be presented as 
footnote on the first page. Corresponding 
author is indicated with *.
Abstract should be not more than 350 
words. It should be clearly stated what new 
findings have been made in the course of 
research. Abbreviations and references to 
authors are inadmissible in the summary. It 
should be understandable without having 
read the paper and should be in one 
paragraph. 
Keywords: Up to maximum of 5 keywords  
should be selected not repeating the title 
but giving the essence of study. 
The introduction must answer the 
following questions: What is known and 
what is new on the studied issue? What 
necessitated the research problem, 
described in the paper? What is your 
hypothesis and goal ?
Material and methods: The objects of 
research, organization of experiments, 
chemical analyses, statistical and other 
methods and conditions applied for the 
experiments should be described in detail. 
A criterion of sufficient information is to be 
possible for others to repeat the experi-
ment in order to verify results.
Results are presented in understandable 

 

tables and figures, accompanied by the 
statistical parameters needed for the 
evaluation. Data from tables and figures 
should not be repeated in the text.
Tables should be as simple and as few as 
possible. Each table should have its own 
explanatory title and to be typed on a 
separate page. They should be outside the 
main body of the text and an indication 
should be given where it should be 
inserted.
Figures should be sharp with good 
contrast and rendition. Graphic materials 
should be preferred. Photographs to be 
appropriate for printing. Illustrations are 
supplied in colour as an exception after 
special agreement with the editorial board 
and possible payment of extra costs. The 
figures are to be each in a single file and 
their location should be given within the 
text.  
Discussion: The objective of this section 
is to indicate the scientific significance of 
the study. By comparing the results and 
conclusions of other scientists the 
contribution of the study for expanding or 
modifying existing knowledge is pointed 
out clearly and convincingly to the reader.
Conclusion: The most important conse-   
quences for the science and practice 
resulting from the conducted research 
should be summarized in a few sentences. 
The conclusions shouldn't be numbered 
and no new paragraphs be used. 
Contributions are the core of conclusions. 
References:
In the text, references should be cited as 
follows: single author: Sandberg (2002); 
two authors: Andersson and Georges 
(2004); more than two authors: Andersson 
et al.(2003). When several references are 
cited simultaneously, they should be 
ranked by chronological order e.g.: 
(Sandberg, 2002; Andersson et al., 2003; 
Andersson and Georges, 2004).
References are arranged alphabetically by 
the name of the first author. If an author is 
cited more than once, first his individual 
publications are given ranked by year, then 
come publications with one co-author, two 
co-authors, etc. The names of authors, 
article and journal titles in the Cyrillic or 
alphabet different from Latin, should be 
transliterated into Latin and article titles 
should be translated into English. 
The original language of articles and books 
translated into English is indicated in 
parenthesis after the bibliographic 
reference (Bulgarian = Bg, Russian = Ru, 
Serbian = Sr, if in the Cyrillic, Mongolian = 

Мо, Greek = Gr, Georgian = Geor., 
Japanese = Jа, Chinese = Ch, Arabic = Аr, 
etc.)
The following order in the reference list is 
recommended:
Journal articles: Author(s) surname and 
initials, year. Title. Full title of the journal, 
volume, pages. Example:
Simm G, Lewis RM, Grundy B and 
Dingwall WS, 2002. Responses to 
selection for lean growth in sheep. Animal 
Science, 74, 39-50
Books: Author(s) surname and initials, 
year. Title. Edition, name of publisher, 
place of publication. Example: 
Oldenbroek JK, 1999. Genebanks and 
the conservation of farm animal genetic 
resources, Second edition. DLO Institute 
for  Animal  Science and Heal th,  
Netherlands.
Book chapter or conference proceedings: 
Author(s) surname and initials, year. Title. 
In: Title of the book or of the proceedings 
followed by the editor(s), volume, pages. 
Name of publisher, place of publication. 
Example: 
Mauff G, Pulverer G, Operkuch W, 
Hummel K and Hidden C, 1995. C3-
variants and diverse phenotypes of 
unconverted and converted C3. In: 
Provides of the Biological Fluids (ed. H. 
Peters), vol. 22, 143-165, Pergamon 
Press. Oxford, UK.
Todorov N and Mitev J, 1995. Effect of 
level of feeding during dry period, and body 
condition score on reproductive perfor-

thmance in dairy cows,IX  International 
Conference on Production Diseases in 
Farm Animals, September 11–14, Berlin, 
Germany.
Thesis:
Hristova D, 2013. Investigation on genetic 
diversity in local sheep breeds using DNA 
markers. Thesis for PhD, Trakia University, 
Stara Zagora, Bulgaria, (Bg).

The Editorial Board of the Journal is not 
responsible for incorrect quotes of 
reference sources and the relevant 
violations of copyrights.

Animal welfare
Studies performed on experimental 
animals should be carried out according to 
internationally recognized guidelines for 
animal welfare. That should be clearly 
described in the respective section 
“Material and methods”.
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