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Abstract. The aim of this study was to examine the concentration of iron (Fe), nickel (Ni), lead (Pb), 
manganese (Mn), copper (Cu), chromium (Cr), cadmium (Cd) and zinc (Zn) in roach (Rutilus 
rutilus) and bleak (Alburnus alburnus) as species for human consummation. Two fresh water fish 
species, roach and bleak were caught from Zhrebchevo Dam Lake in Bulgaria. Determination of 
heavy metals (Fe, Cu, Ni, Pb, Zn, Mn, Cr and Cd) in muscle samples were performed with electro 
thermal atomic absorption spectrometry (ETAAS). The heavy metal content in the meat of roach 
and bleak were found to be 0.59±0.032 - 0.69±0.128 mg kg-1 for Cu, 6.59±0.224 - 7.34±0.142 mg kg-1 
for Fe, 0.03±0.025 - 0.04±0.012 mg kg-1 for Ni, 0.06±0.044 - 0.07±0.031 mg kg-1 for Pb, 4.05±0.263 - 
5.46±0.388 mg kg-1 for Zn, 0.49±0.060 - 0.72±0.080 mg kg-1 for Mn, 0.09±0.036 - 0.1±0.045 mg kg-1 for 
Cr, 0.01±0.002 - 0.01±0.003 mg kg-1 for Cd. The data show that the differences between the content 
of Fe, Cu, Mn, Zn, Cr and Ni in roach and bleak are significant, while these ones of Pb and Cd are 
not significant. The significant differences in the content of heavy metals in muscles of roach and 
bleak are as a result of multiple factors, including season, food, chemical properties of water or 
sediment. The data established during the investigation show that the edible part of fish do not 
carry heavy metals loads and concentrations are below the legal value for fish and fish products 
established by the Food and Agriculture Organization and national legislation. This paper is 
helpful to consumers and academics concerning the mineral of body composition of roach (Rutilus 
rutilus), and bleak (Alburnus alburnus).  
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Introduction  
The roach widely distributed in Europe 

fresh water is species mostly caught 
together with bleak (OKGERMAN et al., 2009). 
The fish inhabit nearly every type of water 
bodies, from large lakes, coastal brackish 
lagoons and rivers, to small oxbow lakes 
and clay-pits (RACZYŃSKI et al., 2008). The 
roach and bleak represent one of the most 
commonly found and most widely 
distributed fishes in Bulgaria – river Danube 

and many dam lakes as Dospat, Batak, 
Koprinka, Zhrebchevo wetlands along the 
Bulgarian Black Sea coast (Durankulak and 
Shabla Lake). The species also represent and 
important component of recreational 
catches, carried out by amateur anglers 
(BRYLIŃSKA, 2000; PETROVA & STOYKOV, 
2002; 2009). 

The content of minerals in fish tissue 
has an important role in human metabolism 
(ÖZDEN, 2010). The levels of contaminants, 
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especially toxic trace minerals in fish tissue 
are of particular interest because of potential 
risk to human. These minerals can be 
classified as potentially toxic (aluminum, 

arsenic, cadmium, lead, mercury etc.), 

probably essential (nickel, vanadium, 
cobalt) and essential (cooper, zinc, 
selenium) (CANLI & ATLI, 2003). The effects 
of toxic metals, presented in aquatic food 
products upon human health and environ-
ment are of great interest today (ÖZDEN et 
al., 2013; YORDANOVA et al., 2008, 
STANCHEVA et al., 2013a, b). The accurate 
determination of mineral elements in fish 
meat is therefore important in nutrition 
studies, particularly because meat, as a bio-
logical material, exhibits natural variations 
in the amounts of nutrients contained 
(GREENFIELD & SOUTHGATE, 2003).  

Overall, the most widely used trace 
elements determination techniques in fish 
meat are UV-Vis spectrophotometry (BLAND 

et al., 1999), ETAAS (ANGELOVA et al., 2006; 
DOSPATLIEV et al., 2008), X-ray fluorescence, 
ICP-OES (DOSPATLIEV et al., 2010; 
DOSPATLIEV et al., 2011) and ICP-MS 
(FORRER et al., 2001; MATSUURA et al., 2001). 

The aim of this study was to examine 
the concentration of iron (Fe), nickel (Ni), 
lead (Pb), manganese (Mn), copper (Cu), 
chromium (Cr), cadmium (Cd) and zinc 
(Zn) in roach (Rutilus rutilus) and bleak 
(Alburnus alburnus) as species for human 
consummation. 
 

Materials and Methods 

 
Study area. The Zhrebchevo Dam Lake 

is located in Southeastern Bulgaria, 
geographic coordinates (42° 36′ 56″ N, 25° 
51′ 33″). Surface area 25 km2, maximum 
depth is 50.50 m. The dam water is used as a 
source of irrigation water and as a 
recreational area. There are more than 15 
freshwater fish species, including roach and 
bleak. 

Sample preparation. The study was 

carried out in February-March 2013. Roach 
and bleak were caught by recreational 
anglers’ using fishing rod. A freshly caught 
fish (27 fish per group) should be 
anaesthetized (el stunning) and stored on 

ice in an insulated box at a temperature 0-4o 

C and transported to the Central laboratory 
of Trakia University, Stara Zagora on the 
next day. The mean weight and length of the 
roach were 127.15±43.73 g and 206.90±26.20 
mm, of bleak were 32.63±4.73 g and 
156.60±7.00 mm respectively. The meat 
samples (35 g), without skin from all fish 
specimens were taken and examined. They 
were prepared for the experiment after 
dried at 105o C in a fan oven and stored in 
dark plastic bottles. 

Reagents. Reagents were qualified as 

pure (Merck® and Fluka®). The standard 
solutions for ETAAS determination of Cu, 
Fe, Ni, Pb, Zn, Mn, Cr and Cd, with 
concentration of 1000 mg.l-1 were supplied 
by Merck (Darmstadt, Germany). Double-
distilled water was used for all procedures. 
To determine the pH of H2O was used pH-
meter (Consort C932, Belgium). 

Mineralization of samples. For the 

determination of Cu, Fe, Ni, Pb, Zn, Mn, Cr 
and Cd, 3.0 g (weighted to the nearest 0.01 
g) of each air-dried muscle sample was put 
in a round-bottomed 100 ml flask 22.5 ml of 
HCI and 7.5 ml of HNO3 were added. After 
that the flask was connected to a reflux 
condenser and let it stand for no less than 16 
hours at room temperature, then heated 
gently to boiling for 2 hours. After cooling 
and flushing the condenser with 25 ml of 
12.5 % nitric acid, the sample was filtered 
and 100 ml of 12.5 % nitric acid was added 
to the part of it in liquid phase. For analyzed 
of the muscle samples were used Perkin-
Elmer AAnalyst 800 atomic absorption 
spectrometer (Norwalk, CT). 

Statistical analysis. Statistical analyses 

were performed using STATISTICA 6 
(StatSoft Inc., 2002). The accuracy of the 
measurements was assessed by standard 
deviation (SD) for n=10. 
 

Results and Discussion 
The iron content of these two species 

was very low compared to that of mammals 
(WATANABE et al., 1997) and another fish like 
salmon (ATANASOFF et al., 2013). Mean 
concentrations of iron in the samples of 
roach were 6.59±0.224 mg kg-1 and bleak 
7.34±0.142 mg kg-1 respectively (Table 1). A 
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joint effort of the FAO/WHO (1999) has set 
a limit for iron intake based on human body 
weight. For an adult weighting (60 kg), the 
provisional tolerable daily intake for iron is 
48 mg (MITEV et al., 2013). The statistical 
analysis of the iron data showed that 
significant differences (p≤0.001) were found 
between two studied fish species. 

Copper is essential trace element for 
fish metabolism and important 
micronutrients in the human diet (AMES, 
1998). This element is a cofactor in a wide 
range of enzymes, including cytochrome 
oxidase, superoxide dismutase and lysyl 
oxidase (WATANABE et al., 1997). Copper is 
essential for good health, but very high 
intake can cause adverse health problems, 
such as liver and kidney damage (IKEM & 

EGEIBOR, 2005; VELCHEVA et al., 2006). 
Muscle copper levels in roach were 
0.69±0.128 mg kg-1 and bleak 0.59±0.032 mg 
kg-1 respectively. The statistical analysis of 
the cooper data showed that significant 
differences (p≤0.001) were found between 
two fish species (Table 1). The established 
maximum level for copper in fish tissue 
according to Bulgarian legislation, above 
which fish consumption is not permitted, is 
10 mg kg-1 (REGLAMENT 31/2004). 

Zinc is another important essential 
element and it presents active site of many 
enzymes of fish. Its deficiency can lead to 
loss appetite, growth retardation and skin 
changes in marine species (ÖZDEN, 2013). 
The muscle concentration of zinc in roach 
was found to be 5.46±0.388 mg kg-1 and in 
bleak 4.05±0.263 mg kg-1 respectively (Table 
1). The FAO (1983) set a limit daily human 
intake for Zn 30 mg kg-1. The established 
maximum level for zinc in Bulgarian 
legislation above which fish consumption is 
not permitted is 50 mg kg-1 (REGLAMENT 

31/2004). The statistical analysis of the zinc 
data showed that significant differences 
(p≤0.001) were found between two species. 

Lead exists in water mostly in 
particulate form. The WHO suggests a 
maximum tolerable weekly intake 25 μg kg-1 
body weight for adult per week for lead 
(MITEV et al., 2013). Lead content of catching 
fish were determined in roach as 0.07±0.031 
mg kg-1 and bleak 0.06±0.044 mg kg-1 (Table 

1). The established maximum level for lead 
in Bulgaria legislation, above which fish 
consumption is not permitted, is 0.20 mg kg-

1 (REGLAMENT 31/2004). 
Cadmium is a non-essential element in 

food and in natural waters it can cause 
kidney and liver damages at any 
concentration. The EU has set the upper 
limit of cadmium concentration in fish for 
human consummation at 1.0 mg kg-1 (ÖZDEN 

et al., 2009). In our study were determined in 
roach 0.01±0.002 mg kg-1 and in bleak 
0.01±0.003 mg kg-1 (Table 1). The established 
maximum level for cadmium, according 
Bulgaria legislation above which fish 
consumption is not permitted, is 0.05 mg kg-

1 (REGLAMENT 31/2004). 
Nickel concentration in roach was 

found as 0.04±0.012 mg kg-1 and in bleak as 
0.03±0.025 mg kg-1. Many trace amounts, 
could be beneficial to activate some human 
enzymes systems. The WHO (1984) 
recommends 100-300 μg kg-1 body weight 
nickel for daily intake. However, nickel 
toxicity in humans is not very common 
occurrence because the absorption of nickel 
is very low (ÖZDEN, 2008). The statistical 
analysis of the nickel data showed that 
significant differences (p≤0.01) were found 
between two studied species. The 
established maximum level for nickel, in 
Bulgaria legislation above which fish 
consumption is not permitted is 0.05 mg kg-1 

(Reglament 31/2004). 
Manganese is recognized as essential 

trace element for human, but the human 
requirements or levels of absorption from 
the diet have not been clearly determined 
(ÖZDEN et al., 2010). The manganese content 
was 0.49±0.060 mg kg-1 in roach and in bleak 
was 0.72±0.080 mg kg-1 (Table 1). The 
statistical analysis of the manganese data 
showed that significant differences (p≤0.001) 
were found between these two species. 

Chromium concentrations in selected 
biological materials are elevated in the 
vicinity of industrial operations and 
municipal waste treatment facilities 
(ATANASOFF, 2014). Chromium content was 
also determined in this study (Table 1). The 
fish samples that had the higher 
concentration of chromium were from roach 
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muscles 0.10±0.045 mg kg-1 and they were 10 
% more than in these ones of bleak (p<0.05). 
The established maximum level for 

chromium, in Bulgaria legislation above 
which fish consumption is not permitted is 
0.3 mg kg-1 (REGLAMENT 31/2004). 

 
Table 1. Heavy metals content (mg kg-1) in roach and bleak meat. 

 

Elemental concentration (mg.kg-1) 

Element n 
Roach Bleak Reference 

(REGLAMENT 31/2004) Mean SD Mean  SD 

Fe 10 6.59 ±0.224 7.34*** 0.142 - 

Pb 10 0.07 ±0.031 0.06ns 0.044 0.20 

Mn 10 0.49 ±0.060 0.72*** 0.080 - 

Cd 10 0.01 ±0.002 0.01 ns 0.003 0.05 

Zn 10 5.46 ±0.388 4.05*** 0.263 50 

Cu 10 0.69  ±0.128 0.59*** 0.032 10 

Ni 10 0.04 ±0.012 0.03* 0.025 0.05 

Cr 10 0.10 ±0.045 0.09** 0.036 0.3 

ns - no significant correlation;  *correlation is significant (p<0.01); **correlation is significant 
(p<0.05); *** correlation is significant (p<0.001) 
 

It is know that the variation in the 
mineral composition of fish meat is closely 
related to seasonal and biological 
differences (species, size, dark/white 
muscle, age and sex), food source and 
environmental conditions. As can be seen 
from the results of both two fish, legal 
limitations for toxic metals were content not 
exceeded.  
 

Conclusion  
Fish are often at the top of aquatic food 

chain and may concentrate large amounts of 
metals from the water. Multiple factors, 
including season, food, chemical properties 
of water or sediment can play a significant 
role in toxic metal accumulation.    

This investigation provides practical 
and useful information on the heavy metal 
content of roach and bleak for first time in 
Zhrebchevo Dam Lake. Based on the 
samples analyzed, the edible parts of fishes 
do not carry heavy metals loads and 
concentrations are below the legal value for 
fish and fish products established by the 
Food and Agriculture Organization (1983).  

It can be concluded that this study 
contributes to a description of the 
investigated elements of fish meat which 
could be use to extend existing information. 
These results will be important for the 

nutritionists and researchers for improving 
processing of fish. It is also helpful for 
similar academic studies and to prepare 
tables of compositions of food. 
 
References 
AMES B. 1998. Micronutrients prevent cancer 

and delay ageing. - Toxicology Letters, 

102: 5-18. 

ANGELOVA V., K. IVANOV, L. DOSPATLIEV. 
2006. Uptake of Fe, Mn, Zn, Cu, Pb 

and Cd from Virginia tobacco. - 
Ecology and Future, 2: 3-9. 

ATANASOFF A., G. NIKOLOV, Y. STAYKOV, G. 

ZHELYAZKOV, I. SIRAKOV. 2013. 

Proximate and mineral analysis of 
atlantic salmon (Salmo salar) cultivated 

in Bulgaria. - Journal of Biotechnology in 

Animal Husbandry, 29(3): 571-579. 

ATANASOFF A., 2014. Replacement of fish 

meal by Ribotricin in diet of carp 

(Cyprinus carpio). - Mac Vet Rev., 37(1): 
1-5. 

BLAND J., D. ALTMAN. 1999. Measuring 

agreement  in method comparison 

studies. - Stat. Methods Med. Res., 8: 
135-160. 

BRYLIŃSKA M. 2000. Freshwater Fishes of 

Poland. Wyd. Nauk. PWN, Warszawa 
(in Polish). 



Georgi I. Zhelyazkov, Dian M. Georgiev, Lilko K. Dospatliev, Yordan S. Staykov 

19 

 

CANLI M., G. ATLI. 2003. The relationship 

between heavy metal (Cd, Cr, Cu, Fe, 
Pb, Zn) levels and the six 

Mediterranean fish species. - 
Environmental Pollution, 121 : 129-136.   

DOSPATLIEV L., P. ZAPRJANOVA, V. 

ANGELOVA, K. IVANOV. 2008. 

Comparison of digestion methods for 
AAS determination of total iron, 
manganese, copper and zinc in 

tobacco leaves. - Ecology & Safety. 

International Scientific Publication. 1; 
531-541. 

DOSPATLIEV L., G. MIHAYLOVA, М. 

VARBANOV. 2010. Use of inductively 

coupled plasma-optical emission 
spectrometry (ICP-OES) to determine 
the macro in the cow’s milk and 

cheese. - Ecology and Future, 9(3-4): 17-

19. 
DOSPATLIEV L., G. MIHAYLOVA, М. 

VARBANOV. 2011. Total amount of Se 

in bone tissue determined by 

Inductively Coupled Plasma. - Ecology 

and Future, 1-2: 29-32. 

FAO (1983). Compilation of legal limits for 
hazardous substances in fish and 
fishery products. FAO fishery circular 
no. 464, 5-100. 

FAO/WHO (1999). Expert committee on 
food additives. In summary and 
conclusions, 53-rd meeting, Rome.1-10 
June.  

FORRER R., K. GAUTSCHI, H. LUTZ. 2001. 

Simultaneous measurement of the 
trace elements Al, As, B, Be, Cd, Co, 
Cu, Fe, Li, Mn, Mo, Ni, Se and Zn in 
human serum and their reference 

ranges by ICP-MS. - Biol. Trace Elem. 
Res., 80: 77-93. 

GREENFIELD H., D. SOUTHGATE. 2003. Food 
composition data: Production, 
Management and Use (2-nd edition). 
Rome: Food and Agriculture 
Organization.  

IKEM A., N. EGIEBOR. 2005. Assessment of 

trace elements in canned fishes 
(mackerel, tuna, salmon, sardines and 
herrings) marketed in Georgia and 

Alabama (United States of America). - 

Journal of Food Composition and 

Analysis, 8: 771-787. 

MATSUURA H., A. HOKURA, F. KATSUKI, A. 

ITOH, H. HARAGUCHI. 2001. 

Multielement determination and 
speciation of major-to-trace elements 
in black tea leaves by ICP-AES and 
ICP-MS with the aid of size exclusion 

chromatography. - Analytical Sciences, 
17: 391-398. 

MITEV J., R. BINEV, T. PENEV, A. ATANASOV, 

Ö. ÖZDEN, N. ÖZDEN, F. ÇAĞILTAY. 
2013. Aquatic toxicology. ISBN: 978-
954-338-066-4, 145 p. 

OKGERMAN H., O. MUAMMER, S. YIGIT. 2009. 

Biological Aspects of Rutilus rutilus in 

Sapanca Lake (Turkey). - Journal of 

Animal and Veterinary Advances, 8: 441-

446. 
ÖZDEN Ö. 2008. Study of seasonal heavy 

metal and macronutrient mineral 
profile of mussels using inductively 
coupled plasma mass spectrometry 

methods. - Fresenius Enviromental 

Bulletin, 17(9a): 1300-1306. 

ÖZDEN Ö., N. ERKAN, M. DEVAL. 2009. Trace 

mineral profiles of the bivalve species 

Chamelea gallina and Donax trunculus. - 
Food Chemistry, 113: 222-226. 

ÖZDEN Ö., 2010. Seasonal difference in the 
trace metal and macrominerals in 

shrimp from Marmara Sea. - Environ 

Monit. Assess., 162: 191-199. 

ÖZDEN Ö., S. ULUSOY, N. ERKAN. 2010. 

Study on the behavior of the trace 
metal and macro minerals in Mytilus 
galloprovincialis as a bioindicator 
species: the case of Marmara Sea, 

Turkey. - J. Verbr. Lebensm., 5: 407-412. 

ÖZDEN Ö., 2013. Monitoring programme on 
toxic metal in bluefish, anchovy and 
sardine from Istanbul. Turkey: Levels 

and estimated weekly intake. - Bull. 

Environ Contam Toxicol., 90: 542-551. 

PETROVA E., ST. STOYKOV. 2002. The 
zoobenthos from the coastal lakes 
on the Northern Bulgarian Black 
Sea coast during 2000–2001 years. - 
IAD Limnological Reports, Vol. 34; 



Determination of Heavy Metals in Roach (Rutilus rutilus) and Bleak (Alburnus alburnus)… 
 

 

© Ecologia Balkanica 
http://eb.bio.uni-plovdiv.bg 

Union of Scientists in Bulgaria – Plovdiv 
University of Plovdiv Publishing House 

 

Proceedings 34th Conference, 
Tulcea, Romania 2002; 337–345. 

PETROVA, E., ST. STOYKOV. 2009 
Investigation of the macro-
zoobenthos from the coastal lakes 
on the northern Bulgarian Black 
sea coast., - In: Proceed. of IVth 
Intrenational Scientific Conference 
BALNIMALKON, Stara Zagora, 
350-354 p. 

RACZYŃSKI M., P. CZERNIEJEWSKI, M. 

WITKOWSKA, B. KIRIAKA. 2008. Age 

and growth rate of roach from three 

lakes used for recreational fishing. - 
Teka Kom. Ochr. Kszt. Środ. Przyr., 5: 
106-116. 

REGLAMENT 31. 2004. The maximum levels 

of various contaminants, 95 p. 
STANCHEVA M., A.MERDZHANOVA, E. 

PETROVA, D. PETROVA. 2013. Heavy 
metals and proximate composition 
of Black Sea sprat (Sprattus 
sprattus) and goby (Neogobius 
melanostomus), - BJAS,.19 
(Supplement 1): 35-41.  

STANCHEVA M., L. MAKEDONSKI, E. 
PETROVA. 2013. Determination of 
heavy metals (Pb, Cd, As and Hg) 
in Black Sea Grey mullet (Mugil 

cephalus), - BJAS, 19 (Supplement 
1): 30-34. 

VELCHEVA I., A. ARNAUDOV, G. GECHEVA, I. 

MOLLOV. 2006. A study on some 

physiological parameters of three 
hydrobiontic species under the 
influence of copper. In: Pešić, V. & 
Hadžiablahović, S. (eds.) Proceedings of 
the symposium, II International 
symposium of ecologists of Montenegro. 
Kotor, 20-25.09.2006, pp.155-160. 

WATANABE T., V. KIRON, S. SATOH. 1997. 

Trace minerals in fish nutrition. – 
Aquaculture, 151: 185-207. 

WHO. 1994. Quality directive of portable 

water. 2-nd Edn. Geneva, 197 p. 

YORDANOVA I, D. STANEVA, TS. BINEVA, E. 
PETROVA. 2008. Preliminary results 
for content of natural and artificial 
radionuclides in some marine 
objects from Black Sea coast, 
Proceed. - Journal of Food Physics, 
ISSN- 1416-2083: 258-266. 

 
 
 
 
 
 

Received: 26.11.2013 
Accepted: 02.03.2014

 


