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Abstract

Concentration of heavy metals in Scardinius erythrophthalmus (L., 1758) found in Biosphere Reserve "Srebarna”
(Northeastern Bulgaria) was examined in 25 fish individuals from every age group and season. The concentration of
heavy metals was investigated by mineralization and subsequent atomic absorption spectrophotometry (according to
the requirements of the methodology of the pollutants). To ensure the comparability of results the following standards
were complied: 1. Sample collection and storage - ISO 5667-3/4:1995; etc. Fish sampling and analysis were carried
out in compliance with National Program for Biomonitoring of Bulgaria (MEW, 1999). Particular the concentrations of
Pb in Scardinius erythrophthalmus, Ceratophyllum demersum (L.), sediments and water were studied. Bioconcentration
factor (BCF=C fish tissues;macrophytes/C water;sediments) for Pb in the tissues of fish and macrophytes were
estimated and discussed. Biomagnification factors (BMF=C fish tissues/C macrophites) for Pb in the tissues of fish
were estimated and discussed. The chemical analysis showed accumulation of Pb mainly in the fish bones as compared
to the accumulation of the respective metal in the fish muscles. Biomagnification factors of Pb in Scardinius
erythrophthalmus compared to Ceratophyllum demersum were evaluated. The mean concentration of Pb in the muscles
of Scardinius erythrophthalmus was established to greatly exceed the reference values for lead in fish meat from

Regulation Ne 31 of 29 July 2004 on the maximum levels of pollutants in food.
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INTRODUCTION

The circulation of heavy metals in the lake
ecosystem has not been a subject of detailed
and systemic studies. There is evidence of
heavy metal content in sediments from 5
monitoring points of BR “Srebarna” for the
period 2004 — 2005. These analyzes were
carried out in close connection with the
monitoring program on the territory of the
reserve. The only published data are those on
the content of heavy metals in sediments of
Srebarna Reserve and the Bulgarian section of
the Danube River (Ricking and Terytze, 1999).
The content of heavy metals in the major
species macrophytes (Tipha phragmites) of
Lake Srebarna was monitored by Yurukova and
Kochev (1996). These studies indicated
exceeding by minimum the admissible levels of
macroelements that provokes and motivates
once again the interest in studying their
circulation in freshwater ecosystems of
Srebarna reserve.

Aquatic macrophytes are good indicators of
water quality because of their exceptional
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abilities to accumulate chemical elements as
the increased accumulation of individual
elements in plant tissues may be associated
with increased concentrations in the aquatic
environment (Yurukova and Kochev, 1996).
The studies of Pajevi¢ et al. (2003a, b) and
Borisev et al. (2006) showed Ceratophyllum
demersum as a macrophyte with a great
potential for accumulation of Pb.

Arnaudova et al. (2008) studied the
accumulation of Pb, Zn and Cd in three fish
species perch, rudd and bleak from Studen
Kladenets and Kyrdzhali dams. In the organs
and tissues of the fish species Alburnus
alburnus, Scardinius  erythrophtalmus and
Perca fluviatilis were observed high amounts
of Pb, Zn and Cd, exceeding the limit
concentrations  for these metals. The
accumulation of heavy metals varied among the
different fish species. The highest content of
the three metals was detected in .
erythrophtalmus.

Information on the fish fauna of Srebarna Lake
can be found in publications since the
beginning of the XX century (Antipa, 1909;



Ivanov, 1910; Kovatchev, 1922; Morov, 1931;
Bacescu, 1942; Drensky, 1951). The first
detailed study of the ichthyofauna of Srebarna
Lake was made by Bulgurkov (1958), which
reported 31 species of fish. Assay of the
content of heavy metals (Cu, Pb, Zn, Cd, Mn,
Co, Ni u Fe) in the silt layer in one meter
depth (Hristova, 2000) showed no reasonable
contamination of the lake with trace metals.
Comprehensive analysis of burden on the
aquatic ecosystem hasn’t been carried out. The
aim of the current study was to determine the
concentration of Pb in the dominant species of
fish fauna and the presence of Pb in the
elements of the nutrient spectrum of the studied
species.

MATERIALS AND METHODS

Srebarna Biosphere Reserve is situated in
Northeastern Bulgaria (44°7°N, 27°5’E) and it
includes the Srebarna Lake (Figure 1). The
Srebarna Lake is a freshwater eutrophic lake
connected through an artificial canal with
Danube River and is characterized by a
significant diversity of highly protected species
(Michev et al., 1998; Uzunov et al., 2001;
Pehlivanov et al., 2006).

For the period of the present study seasonal
changes of the water level have been
established. High water levels have been
constituted during the spring due to the influx
of water from Danube River and lower water
level — during the following months.

The model fish species chosen for this study
was the  herbivorus fish, rudd S.
erytrophtalamus L., 1758. The rudd is one of

Pehlivanov et al.,, 2005). The fishes were
caught by nets in the lake.
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b

Figure 1. Srebarna Lake (source Map Google, 2009, with
reductions)

Fish material, macrophytes, water and
sediments were collected within 2010 year at
three times during each of the spring (22
March-22  June), summer (22 June-22
September) and fall (September 22 to
December 22). For the content of Pb 9 samples
of Ceratophyllum demersum L., 8 samples of
water and 8 samples of sediments were tested.
A total 225 individuals of S. erythrophthalmus
were examined (Table 1). The fish were
weighed and measured. Samples of muscles,

e . bones and skin were collected from all
the most abundant fish species in the Biosphere ndividual
: madaividuals.
Reserve Srebarna (Pehlivanov, 2000;
Table 1. Characteristics of the fish studied - Scardinius erythrophthalmus
N Body weight (g) Total length (cm) Width (cm)

e number of fish Range Mean SD SE Range Mean SD SE Range Mean SD SE

I+ 75 8.00-12.50 1060 133 034 3.80-10.80 993 0.66_ 017 __ 2.00-2.30 215 0.0 0.03
2+ 75 16.50-38.00 2493 636164 9.70-12.90 11.97 094 024 2.90-4.10 341 028 0.07
3T 75 48.00-164.00 6604 3196 825 13.00-1650 1386 1.09 028 __ 4.00-6.30 440 065017

Determination of the age of the studied  Karapetkova and Zhivkov (1995, 2000). For

freshwater fishes was based on a standard
method (Moyseev et al., 1975). The studied
fish specimens were divided into 3 groups
according to their age (Tables 1 and 2).

Each fish was determined to the species using
the definers by Drensky (1951) and
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the systematic determination of fish species
were used additional databases: GISD, ITIS,
Fauna Europaea (http://www.faunaeur.org/),
FishBase (http://www.fishbase.org/).

The fish weight was measured in grams and its
dimensions in centimeters. For each studied



fish specimen were examined the following
parameters (Zashev and Margaritov, 1966):
Total length (L, cm) from the tip of the snout to
the end of the beams of the caudal fin; Standard
length (I, cm) from the tip of the snout to the
end of caudal peduncle/ beginning of the caudal
fin; Maximum height (H, cm), Weight (W, g),
Sex and Age.

The material for the study was collected from
four locations of the lake ecosystem (Figure
1): 1-Central water surface of the lake, 2-
Puddle "Ribarnika", 3-"Below the village"
and 4-South gateway.

The water samples were collected and when
necessary were preserved following the
hereafter mentioned standards and
regulations: BSS EN 25667-2:2000; ISO
5667-3:1994; 1SO 5667-4:2002. Two-liter
sealed containers were used and were
delivered to the laboratory for chemical
analysis. Each sample was recorded and
numbered in advance. Samples that could not
be tested the same day were stabilized or
preserved by the addition of 5 ml nitrogen
acid or 1 ml sulfur acid to every 1 I of water
sample. For short period preservation
samples were cooled down to 4°C.

The sediment samples were isolated with the
use of Bottom Sediment Grab Sampler of
Ekman. They were collected in accordance
with the regulations of BSS EN ISO 5667-
15:2009. The sediments were kept in a
temperature of 4°C until they were analyzed.
Samples of tissues from the examined fish were
deeply-frozen (-25°C) and posterior processed
for trace element analysis. Samples of muscles,
bones and skin (1 g) were dried under
temperature of 110°C and mineralized in the
combustion mixture consisted of perchloric and
nitric acid in ratio 3:2 and then burned. The
concentration of heavy metal Pb was
established by atomic absorption
spectrophotometry (Bires, at al., 1995) (Table
2). Samples were analyzed in the Laboratory of
atomic absorption spectrophotometry at IBER
on AAS "Perkin-Elmer" - 3030 B.

The differences in concentration factors were
particularly discussed in respect to the
bioavailability = of trace metals from
macrophytes. A linear correlation coefficient, rg
was used to test the associations between
sediments, water, fish tissues and macrophytes.
For the calculations and analysis were used MS
Excel and BioDiversity Pro Softwares.

Table 2. Mean concentration of Pb (mg/kg) in muscles, bones and skin of Scardinius erythrophthalmus in age groups

Muscles Bones Skin
age number of fish Range Mean SD Range Mean SD Range Mean SD
1+ 75 1.09-10.42  5.31 3.34 1.21-13.12  7.15 347 1.51-5.94 3.064 1.62
2+ 75 0.86-7.40  3.70 1.72 0.36-11.53  4.87  2.70 0.18-3.65 2.20 0.87
3+ 75 0.76-7.43 394 250 1.43-9.21 453 242 1.01-10.10 3.98 3.04

RESULTS AND DISCUSSIONS

The content of Pb in water and sediments of the
freshwater ecosystem of the Lake Sreberna was
established (Table 3). The results obtained in
the present study for the content of Pb in water
(35.00 pg/l) were higher than the values
obtained by Yurukova and Kochev (1996),
Hiebaum et al., (2012) for Lake Srebarna.

Table 3. Mean concentration of Pb in water (ug/l) and
sediment (mg/kg) from Lake Srebarna

Elements Water (ng/l) Sediments (mg/kg)

Pb 35.00 28.29

The high values of the studied elements in the
water of Lake Srebarna were thought to be due
to the passage of contaminated water from
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Danube River. The problem with the burden of
the ecosystem could be related to the improper
use of different fertilizers and pesticides as well
as the improper agricultural activities in the
surrounding land used for agricultural needs.
The high concentrations of Pb in C. demersum
showed that there was a chance that they were
present there from the surrounding agricultural
areas indicated by Pajevi¢ et al. (2003a).

The content of Pb in sediments exceeded the
element content in the water of Lake Srebarna.
The values obtained from previous studies
(Yurukova and Kochev, 1996) were similar and
slightly lower than those in the present study.
When comparing the content of heavy metals in
sediment samples from Lake Srebarna by
Hiebaum et al. (2000) with the results of this



study it can be seen minor increase in the
content of Pb over the years (Table 4).

Table 4. Mean concentration (mg/kg) of Pb in sediments
from Lake Srebarna

Year Pb
1999 35.855
1 2002 41.707
2006 15.25
1999 20.716
2 2002 26.213
2006 17.817
1999 26.056
3 2002 29.438
2006 16.527
X 2010 28.29

Legend: 1-3 points of comparison from Hiebaum and etc.
(2012); X — data from the present study.

In all researches regarding the content of
elements in Lake Srebarna (Hiebaum et al.,
2012; Ricking and Terytze, 1999, others) the
presence of technogenic pollution of the upper
sediment layer of the lake was highlighted.
Similar results were presented by a number of
authors who studied Danube’s basin
(Milenkovic et al., 2005; Vignati et al., 2013;
Vitek et al., 2012, etc.).

The accumulation of Pb in Ceratophyllum
demersum was highest in spring followed by
autumn and summer, with typical similar mean
values respectively 23.46 mg/kg, 21.93 mg/kg
and 21.52 mg/kg (Figure 2).

24
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Figure 2. Seasonal variations in the concentration of Pb
(mg/kg) in Ceratophyllum demersum

The mean values of concentration of Pb in C.
demersum in this study (2231 mg/kg)
corresponds to the highest levels of
accumulation of macrophyte survey of Predrag
et al. (2006) (23.0 mg/kg) for chemical analysis
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of dominant aquatic macrophytes from DTD
canal (Vlajkovac locality).

Studies on heavy metal content in macrophytes
(Pajevi¢ et al., 2006) showed approximately 4-
times lower levels of accumulation compared
to the present study. The studies of Pajevi¢ et
al. (2003a, b, 2005) and Borisev et al. (2006)
showed the macrophyte C. demersum as a great
potential for accumulation of Pb. The current
study showed 4.5-times higher accumulation of
Pb when compared to BoriSev et al. (2006).
The study of Jamnicka et al. (2006) confirmed
the high levels of accumulation of Pb in
Ceratophyllum demersum determined in this
study.

The content of Pb in C. demersum from Lake
Srebarna were up to 8 times higher than the
values obtained by Yurukova and Kochev
(2000) at the same location.

Mean concentrations of Pb in C. demersum
were very close to the studies of Brankovié et
al. (2009) for the accumulation of heavy metals
in different macrophytes of lake ecosystems.
Differences in the accumulation of Pb in the
tissue of the S. erythrophthalmus were
established. In general the accumulation of Pb
in rudd followed the trend bones>muscles>skin

(Figure 3).
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Figure 3. Mean concentration of Pb (mg/kg) in the
tissues of Scardinius erythrophthalmus

In contrast to the results of the present study
Arnaudova et al. (2008), Cicek et al. (2009) and
Sevcikova et al. (2013) established lowest
concentrations of Pb in the muscles of S.
erythrophthalmus. However, in the current
study were found much higher mean values of
Pb compared to study of Cigek et al. (2009)
(0.32 mg/kg).



We found that the accumulation of Pb differed
in distinct age groups. Most Pb was
accumulated in the youngest species (Figure 4),
they were followed by 3+ and 2+ age groups
where it was detected the lowest accumulation
of Pb.

5,37

4,15

3,59

0

1+ 2+ 3+

Figure 4. Mean concentration of Pb (mg/kg) at different
age of Scardinius erythrophthalmus

The concentration of Pb in muscles varied
between age groups. Age group 1+ had the
highest measured values of accumulation.
There was at least accumulation of Pb in age
group 2+. The concentration of Pb in bones
followed the same trend and it was highest in
age group 1+, but the lowest concentration was
in age group 3+ (the largest one). Overall,
accumulation of Pb in bones was 2 times
greater than in muscles (Table 2, Figure 5).

Muscles

Bones
2+

Sxin

a1+ m3+

Figure 5. Mean concentrations of Pb (mg/kg) in tissues
and organs in different age groups S. erythrophthalmus

Evaluation of the concentrations of Pb in
different tissues and organs with respect to the
age of the fishes showed that highest
accumulation of Pb was in 1+ age group in the
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bones (7.15 mg/kg), followed by accumulation
of Pb in 1+ age group in muscles (5.31 mg/kg).
However, in the skin was detected higher level
of Pb in 3+ age group than in 1+ age group.
Evaluation of the concentrations of Pb in the
different tissues and organs with respect to the
season showed that most Pb was accumulated
in bones in spring (Figure 6). The second high
value was again in bones but in autumn. In skin
was detected the lowest content of Pb in
autumn. The muscles accumulate Pb mostly in
autumn.

muscles
Ospring

bones

S summer ®autumn

Figure 6. Seasonal variations in the concentration of Pb
(mg/kg) in Scardinius erythrophthalmus

The concentration of Pb in S. erythrophthalmus
from Biosphere Reserve Srebarna was higher
than several other surveys on the accumulation
of heavy metals in rudd (Kalyoncu et al., 2012;
Ozparlak et al., 2012).

Al Sayegh Petkovsek et al. (2012) who studied
the accumulation of heavy metals in fish from
the Salek lakes, found repeatedly less
accumulation of Pb in the muscle (0.02 mg/kg)
compared to our study (4.31 mg/kg). The study
of Sevcikova et al. (2013) also determined that
the muscles accumulate in the least Pb to other
organs, the average concentrations of Pb in
muscles S. erythrophthalmus from Skalka
reservoir are several times lower (0.05 mg/kg)
than those of rudd from Srebarna .

The correlation (correlation coefficient of
Spearman, r;) between the content of Pb in the
environment water and sediments and
dominant taxa of the biota of the lake
ecosystem S. erythrophthalmus and C.
demersum, as well as the factors of
bioconcentration and biomagnification were all
studied.



Positive correlations (1) to the content of Pb in
macrophytes, water and sediments were found
(Table 5).

Table 5. Correlation coefficient Spearman (r;) and the
levels of importance of the content of Pb in S.
erythrophthalmus, C. demersum, water and sediments

x-y T P
S. erythrophthalmus - C. demersum 0.65%** <0.001
S. erythrophthalmus — water 0.21%* <0.05
S. erythrophthalmus — sediments 0.12* <0.05
C. demersum — water 0.47** <0.01
C. demersum - sediments 0.22* <0.05

Note: *significant correlation p<0.5;

**highly significant correlation p<0.01;
***very significant correlation p<0.001;
™ non-significant correlation p>0.05.

The calculated values of bioconcentration
factor (BCF) in S. erythrophthalmus and C.
demersum were high compared with those for
water (Table 6).

Table 6. Values of bioconcentration factor (BCF=C tissue
/C water, sediments) for Pb to S. erythrophthalmus and
C. demersum compared to their content in the water and

sediment
BCF Water Sediments
S. erythrophthalmus 124.00 0.15
C. demersum 637.14 0.79

The mean values of BMF were the highest for
bones and range as follows BMFPbbones>>
BMFPbmuscle >>BMFPbskin (Table 7).

Table 7. Mean values of Biomagnification factor
(BMF=C host tissues/C macrophytes) of Pb in S.
erythrophthalmus compared to C. demersum.

Srebarna Lake Fish tissues BMF Pb
Scardinius erythrophthalmus muscle 0.194
bones 0.248
skin 0.147

CONCLUSIONS

Increase of the content of Pb in sediments
compared to previous studies of Lake Srebarna
was found. The content of Pb in waters was up
to 10 times higher than previous studies of the
lake ecosystem. Seasonal fluctuations in the
content of Pb in Ceratophyllum demersum,
related to vegetation and development of plants
were found. High wvalues of BCF in C.
demersum compared to the water and
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sediments were due to the high sensitivity of
the species to Pb in that area. Ceratophyllum
demersum is a reliable biomarker for
monitoring the degree of contamination of
aquatic ecosystems with Pb. The data obtained
testify to the application of the studied
macrophytes as a good indicator for
biomonitoring of pollution with Pb.

Lake ecosystem is loaded with high content of
Pb, caused by technogenic pollution of the
upper layer of the lake sediment mainly from
waters entering from the Danube River.

The mean concentration of Pb in the muscles of
Scardinius erythrophthalmus was established to
greatly exceed the reference values for lead in
fish meat from Regulation Ne 31 of 29 July
2004 on the maximum levels of pollutants in
food.

The ways in which Pb enters in S.
erythrophthalmus are from the food sources,
water and sediment.

Considering our results from the study of
accumulation of Pb in  Scardinius
erythrophthalmus and Ceratophyllum
demersum in Srebarna Biosphere Reserve we
can conclude that the lake is burdened with
heavy metals compared to other freshwater
ecosystem.
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