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Abstract

Heavy metals belong to a group of substances, which, after reaching a
natural habitat, can manifest various negative effects. This paper analyses heavy
metals (Cu, Cd, and Pb) in the Una river and fish samples, whereby individuals of
grayling (Thymallus thymallus) were used for analysis. The samples were taken at
three locations at the Una river: Ripa¢, Hatinac, and Grmusa. Alongside with the
examination of the content of heavy metals, quality of water was tracked, including
the following parameters: temperature, pH, electrical conductivity, dissolved
oxygen, suspended matter, BPKs, KPK — Cr, total nitrogen — N, total phosphorus
P, sulphates, chlorides, nitrites — NO, nitrates — NOs, fluoride, and heavy metals
(Cu, Cd, and PDb). Besides the content of heavy metals, proteins, fats, water,
carbohydrates, and mineral matter were found in the grayling fillets. Amount of
heavy metals (Pb, Cu, and Cd) were under maximum allowed concentration
(MACQC).
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Introduction

European grayling is a salmonid species exposed to different and long
historical life development, even before Pleistocene (Parkinson et al., 1999;
Koskinen et al., 2001; Weiss et al., 2002; Froufe et al., 2003; Gum et al., 2005). In
Awustria, for example, because of the danger of its extinction, it was proclaimed
“endangered animal species” in 1997, although that is the area of the European
zone of grayling (Uiblein et al., 2001). Pollution of surface waters with heavy
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metals is a serious ecological issue, because some toxins, even in small
concentrations as polluters, are non-biodegradable and can have toxic action, even
far away from the source of pollution (Tilzer and Khondker, 1993). Although some
metals like Fe, Cu, and Zn are important micronutrients, they can be harmful for
the physiology of living organisms in greater concentrations (Kar et al., 2008; Nair
et al., 2010). The greatest interest is shown for these elements because of frequent
soil contaminations, water, and food chain contaminations as well (He et al., 2005).
Mazet et al. (2005) proved presence of cadmium and lead in samples of fish from
a wider range of locations alongside the river stream, and their concentrations did
not exceed values defined by European regulations. In the study done by Ali¢ et
al. (2004), lead (Pb) content in the muscle tissue of fish (mean) upstream of the
city of Biha¢ was 0.29 mg/kg, and downstream 0.34 mg /kg, copper (Cu) upstream
0.82 mg/kg and downstream 1.33 mg/kg and the content of cadmium (Cd)
upstream 1.00 mg/kg and downstream 1.64 mg/kg.

Material and Methods

Fishing and sample taking was done in March 2013. Samples of water
and fish for analysis were taken at three different locations: Ripac¢, Hatican, and
Grmusa, a total of 3 samples of water and 12 fishes were analysed. Determining
physical and chemical parameters of the quality of the water sample was done
according to the standard methods (APHA, 2000). At spot (In-situ) temperature,
oxygen saturation, pH value, and electrical conductivity were measured. Basic
chemical composition of the fish meat (proteins, fat, carbohydrates, water, and
ashes), as well as the analysis of water, was done in the laboratory of the
Biotechnical Faculty, University of Biha¢, by using standard AOAC (2000)
methods: Fish and Marine Products, Ed. 2000. Researched locations are shown
in Table 1. The water and fish samples were delivered in a portable, cooled
device to the laboratory, where they were prepared for the analysis. In order of
determine heavy metals, destruction of samples of the grayling muscle tissue was
done by digesting in the ”Multiwave PRO”, Anton Paar microwave. 6 ml of
concentrated HNO3 and 1 ml of HCL was added to the 0.3 gram sample, and
then burned by a given temperature programme. Heating and burning of the
mixture was done for 10 minutes, and after that, the samples were cooled and
diluted.

Tab. 1. Digestion programme in Multiwave Pro

Power (Watt) Ramp (min) Hold (min) Fan
650 5 10 1
1400 10 10 1
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Analysis of heavy metals was done by using the method of atomic
absorption spectrophotometry, “Analytical Methods” FP-3 Analysis of Meat and
Meat Products (2000.). The analysis was done using “Perkin Elmer” Aanalyst-
800, an atomic absorption spectrophotometer.

Tab. 2. Suggested conditions for analysis on AAS

Element Flame Wave length  Burner Kalibra.meto  Stock Stand.Solut

Pb Air-acetylene 283.3 nm 10cm  Linear/nulu Lead 1000 mg/I
Cu Air-acetylene 324.8 nm 10cm  Linear/nulu Cooper 1000 mg/I
Cd Air-acetylene 228.8 nm 10cm  Linear/nulu  Cadmium1000 mg/I

Results and Discussion

The water examined from the upstream to the downstream of the Una
River has approximately uniform values of electrical conductivity, and their
range was from 392 pS/cm to 477 pS/cm, which classifies them in the first class
quality surface waters. Studies done so far on the stream of the Una River show
the values under limits (600 uS/cm) with the tendency of increasing values
outside of the cities.

Tab. 3. Physical-chemical analysis of the Una River water

1 Temperature °C 10.80 12.40 11.30
2 pH / 7.37 8.04 7.76
3 Electrical conductivity usS 392.00 477.00 405
4 Dissolved oxygen mg/l 7.30 8.20 8.30
5 Total suspended matter mg/l 0.17 0.89 0.65
6 BPKs mg O/l 0.62 1.04 0.67
7 KPK-Cr mg O/ 2.94 4.78 0.78
8 Total nitrogen- N mg/l 1.34 4.27 2.04
9 Total phosphorus- P mg/l 0.43 1.974 1.03
10 Sulphates mg/l 27.253 30.177 31.321
11 Nitrites- NO. mg/I 0.021 0.157 0.319
12 Nitrates— NO3 mg/l 2.762 3.481 3.015
13 Chlorides mg/l 4.035 5.028 5.971
14 Fluorides mg/l 0.249 0.439 0.423
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The main issues in water are connected to organic pollution. Chemical
oxygen consumption in the tested water, as a measurement of the presence of
organic matter, has a range from 2.94 to 4.78 mg O2/1 and it points to low organic
matter content. Values of BPKs show the consumption of oxygen spent on
dissolving organic matter, hence it represents measure of the water pollution. All
tested waters had the value of consummated oxygen under 2.0 mg/l, which
classifies them in the first class of waters. Tested parameters do not exceed
permitted values.

Tab. 4. Chemical analysis of the grayling (Thymallus thymallus) muscle tissue

Una - Proteins Fats Water Mineral matters Carbohydrates
Locations (%) (%) (%) (%) (%)
Ripaé 17.76 3.31 77.22 131 0.39
Baksais 17.05 3.56 77.70 1.27 0.42
Vrkasié¢ 17.14 4.03 77.01 1.25 0.55

When it comes to results of the analysis of the fats content in grayling
from the location Ripac, its amount was 3.31% increasing to 4.03% in grayling
from the location Vrkasi¢, which fits into the information found in literature
(FAO, 1994.). According to FAO (1994.), the average share of proteins, which
are considered to be of high quality because of their amino acid content, ranges
from 18.8 to 19.1 %.

However, variations of shares of proteins in fish have a greater range (16-
21%), provided that the minimal shares found in literature sometimes were 6%
(Kovacevic, 2001). Bojci¢ et al. (1982) give an average share of 20%. The tested
grayling samples have a lower share of proteins (17.05%-17.76 %) that fits into
other studies (Beciraj, 2009), and the values are lower than the average in the
literature. This can be explained by the fact that proteins are used as energy in
this case, because the location Ripa¢ has the lowest temperature (10.8°C, Table
3) that affects the occurrence of hydrobionates negatively. In the water of
relatively fast flow, it is harder for fish to find feed that has enough carbohydrates
and fat.

Hence, graylings from this location require more energy for life activities
than graylings from the other two locations, which have a slower flow and more
organic matter, which is confirmed by parameters of BPK and HPK in Table 3.
Content and quality, that is, amount of feed that is available to fish, quality of
ecosystem affect the amount of proteins in fish (Kovacevi¢, 2001). The share of
water in our grayling samples ranged from 77. 01%-77. 70%, based on which we
can conclude that there is an agreement with literature (Alibabi¢, 2005. Beciraj,
2009.) According to Alibabi¢ (2005), average mineral matter in grayling was
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1.32%, whereas in our samples this value ranged from 1.25 % on the location of
Vrkasi¢ (downstream) to 1.31 % on the location of Ripa¢ (upstream).

According to the explained results, we can conclude that our results agree
with the citations in the literature, which confirms the statement that the quality
of the fish meat depends on the quality of water that they live in. Carbohydrates
content in the analysed grayling ranged from 0.39% to 0.55%, which is consistent
with the study by Be¢iraj (2009), whose value was 0.44%.

Tab. 5. Concentration of heavy metals in the Una River water

Una-Locations Pb (mg/kg) Cu (mg/kg) Cd (mg/kg)
Una-Ripa¢ (upstream) 0.000 0.0021 0.004
Una-Hatinac (downstream) 0.000 0.0108 0.021
Una-Grmusa (downstream) 0.000 0.0116 0.018

Results of the analysis of heavy metals do not exceed (MAC) in any of
the water samples of the Una River. The value of lead (Pb) was not identified.
Copper (Cu) content on the location of Ripa¢ (upstream) ranged from 0.0021 to
0.0116 mg/l on the location of Grmusa (downstream). Vidacek et al. (1999) have
questioned the content of heavy metals in the waters of KaraSica-Vucica. Values
obtained for copper (Cu) varied from 0.0033 to 0.0213 mg/l, lead (Pb) from
0.0046 to 0.0405 mg/l, cadmium (Cd) from 0.002 to 0.0039 mg/l, which is in
accordance with our results, except the values of lead (Pb) that were not
identified in our results. According to the study by Veladzi¢ et al. (2017) in the
samples of water, in both periods, the value of lead (Pb) was identified only on
the locations of Vrkasi¢ and in concentration less than 0.001 mg/l, whereas in
our study lead was not present. The content of copper (Cu) in the Una River in
both periods was lower than 0.4 mg/kg, cadmium (Cd) less than 0,1 mg/kg, and
our data from all three locations show much lower values for the concentrations
of copper and cadmium, which confirms that there has not been greater pollution
of the Una River.

Tab. 6. Concentration of heavy metals in the grayling muscle tissue (Thymallus

thymallus)
Una- Locations Pb (mg/kg) Cu (mgrkg) Cd (mg/kg)
Una - Ripaé 0.000 0.034 0.006
Una - Hatinac 0.010 0.052 0.012
Una - Grmusa 0.000 0.076 0.014
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The content of lead (Pb) was only identified in the sample of Una-Hatican
(city zone) and it was 0.010 mg/kg. Copper (Cu) value ranged from 0.0034 mg/kg
to 0.076 mg/kg, meanwhile the values of cadmium (Cd) ranged from 0.006
mg/kg to 0.014 mg/kg. In the study by Ali¢ et al. (2004) done on the muscle
tissue of trout (Salmo trutta m. fario L.) of the fish caught in the Una River,
average amount of lead (Pb) was determined upstream from 0.29 mg/kg to 0.34
mg/kg downstream, which was not in accordance with our results.

This, however, confirms citations of literature (HadZibeganovi¢ et al.,
1985; Tomasevic et al., 1988), that the river of upstream and in city zones is less
polluted with smaller concentrations of heavy metals. Concentrations of copper
(Cu) in the muscle tissue of a trout (Salmo trutta m fario L.) was 1.08 mg/kg, in
the studies of Ali¢ et al. (2004), which is greater than the values that we obtained
in all three locations of Una River. As it was stated by Ali¢ et al. (2004), values
of cadmium (Cd) in the muscle tissue of trout caught in the Una River was 1.32
mg/kg, which is not in accordance with our study and has higher values. In the
muscle tissue of river trouts, the content of Cd was less than 0.01 mg/kg (Uthe
and Blieg, 1971; Tomasevi¢ et al., 1988). In very contaminated areas, such as the
River Severn in Great Britain, higher content of that metal in the fish meat was
confirmed, as it was 2.5 mg/kg (Tomasevi¢ et al., 1988). Mazet et al. (2005) state
that the concentration of Cd and Pb analysed in fish of the Drome River is lower
than limit values described in the literature.

Conclusion

According to the tested physical and chemical parameters of water, the
Una River can be classified in the first-class quality of waters at all three
locations. Chemical content of the fish meat depends on the species, sex, age,
season, feed availability, quality of biotope, physical activities, and the behaviour
of fish. Since Una is an upstream (Ripac), mostly cold water, with a relatively
fast flow, grayling from this location find it necessary to have more energy for
life activities (less % of proteins) than other grayling from the other two locations
(downstream). The concentration of heavy metals in the water and the muscle
tissue of grayling from the Una River does not exceed maximum allowed
concentration of heavy metals. Concentration of heavy metals in the muscle
tissue is in a direct connection with river pollution. The Una River is not
significantly polluted, which is confirmed by the results of our study of copper,
cadmium, and lead concentrations in the grayling muscle tissue. Our results
showcase that the concentrations of heavy metals are very low, lower than the
limit values described in literature and that there has not been a significant
pollution of the water stream of the Una River, as it was previously mentioned.
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[TpUCYCTBO TEMIKKX METaJIa Y BOAW U MUIIMNHOM TKUBY
mumbena (Thymallus thymallus) us pujeke Yue

Aspa Baxpau!, Cyoxa Iladuh?, Pagocnas Jlexuh?, Upma Nuanosuh!

YVuueepsumem y Buxahy, Buomexnuuxu gpaxynmem, Buxah, buX
2Vuusepsumem y barwoj Jhyyu, Ipupoono mamemamuuxu gaxyimem,
Penybnuxa Cpncka, buX

Caxerak

Temkn MeTau NpuIanajy rpynd Marepuja Koje HaKOH JOCIHjaBama y
KMBOTHY CpEAMHY MOTY HCHOJBHTH pa3nuuuTe HeraTuBHe edekrte. OBUM
HCTpakMBameM o0yxBahena je ananmsa temkux mertana (Cu, Cd u Pb) y Bomu
pujeke YHe u y3opuuma puba, Mpu 4eMy Cy 3a aHalIu3y KOPHILUTEHE jeIHUKE
mursbena (Thymallus thymallus). Y3opiwm cy y3eTd Ha Tpu JIOKaaMTeTa pHjeKe
Vue: Punau, Xatunan u ['pmyma. Yropeno ca HCIUTaBamkeM Cajpikaja TEIIKHX
Merana, paheH je u KBaJuTeT Boje U To ciienehe mapamerpe: Temmneparypa, pH,
€JIEKTPOBOIJBUBOCT, OTOIJbEHH KHCEOHHUK, cycneHaupane marepuje, BPKs KPK -
Cr, ykynuu azot - N, ykynau dochop P, cydaru, xnopuau, nurpuru - NOo,
autpatd — NOs, dayopunn u temku meramu (Cu, Cd u Pb). Takohe cy mopen
cazprkaja TEIIKUX MeTana y (uiiey JUIJbeHa oJpel)eHn: NpoTerHn, MacTH, BOAa,
YIJBUKOXHUAPATH U MUHepanHe marepuje. Kommunne temkux merana (Cu, Cd u
Pb) 6uite cy ncnoa MakCHUMAITHO J103BOJbeHMX KoHIeHTparmja (MJIK).

Kwyune pujeun: Temku metanu, Boja, puoa.
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