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The contamination of aquatic and terrestrial ecosystems with heavy metals and other
mining chemicals have been major environmental problems in many mining areas of the
world. Industrial wastes, geochemical structure and metals mining form a potential source of
metal contaminants in the aquatic environment especially in sediment. Monitoring sediment
quality is one of the highest priorities in environmental protection policies. For better
knowledge about migration, transformation behaviour and rules of heavy metals in sediment,
it is necessary to make an accur ate assessment of contamination level and extent at each site.
The aim of this study isto assesstheriver sediment quality in the territory of East of Slovakia,
representing the water basins of the rivers Hornad, Laborec, Torysa, Ondava and Topla.
Sampling points wer e selected based on the current surface water quality monitoring networ k.
I nvestigation was focused on heavy metals (Zn, Cu, Pb, Cd, Ni, Hg, As, Fe, Mn). The content of
heavy metals reflected the scale of industrial and mining activitiesin a particular locality. The
sediment quality was evaluated using potential ecological risk index for heavy metals
concentrationsin the samples.
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3a0pyaHeHHS] BOJHMX Ta Ha3eMHHUX EKOCHCTeM 3 BaXKKHMH MeTalaMu Ta iHIIMMH
ripHu40100yBHUMH XiMiYHUMH PEeYOBHHAMH € OCHOBHHUMM €KOJOTiYHMMH MpolJjeMaMHM B
0araTbox ripHu4oa00yBHUX paiionax csiTy. IIpomucioBi Bigxoam, reoximiuHa cTpykTypa Ta
BUI00YBAHHSI MeTANIB € MOTEHUiliHMM JKepeoM 3a0pyAHeHb MeTaliB Yy BOJHOMY cepelo-
BHUIII, 0CO0/IMBO Yy Bink/jaaeHHsAX. MOHITOPMHI SIKOCTiI ocaaiB € OJHUM 3 HAWBAKJIMBIIHX
NpiopuTeTiB MOJTITHKH 3aXMCTy HABKOJHMIIHLOrO cepenoBuma. ljisi kpamoro 3HaHHS NPo
Mirpaiir, nopemaiHky Tpancpopmanii BasKKMX MeTAJTIB y BilK/jaxax Heo0XiIHO TOYHO OUIHUTH
Mipy i cTyninb 3a0py/IHeHHSsI HA KOKHil AiisiHIi. MeToI0 1aHOTr0 J0CTiTKeHHS € OI[iHKA SIKOCTI
piuxoBuX ocaxiB Ha TepuTopii Cxony CJji0BaY4MHM, 10 NPEACTABJSIOTH BOJIHI 0aceiiHu pidyok
Xopuan, Jladopu, Topuca, Ongasa i Tonua. Touku BinOopy npod Oy.au Bixidpani Ha ocHOBI
NMOTOYHOI Mepe:Ki MOHITOPUHTY AKOCTI MoBepXHeBUX BoA. JlociimzkeHHs1 0yi10 30cepezkeHO Ha
Baxkkux meranax (Zn, Cu, Pb, Cd, Ni, Hg, As, Fe, Mn). BmicT BaxkKuX MeTaiB BitoOpa3us
MaclITa0¥ NPOMHCJIOBOI Ta TPHMYOI00YBHOI IislJILHOCTI B MeBHil MicueBocTi. fAAkicTh ocany
OL[iHIOBAJIM 3 BMKOPHCTAHHAM iHAEKCY NMOTEHUiHHOr0 eKOoJOriYHOro0 PU3UKY KOHLEeHTpauii
BAYKKHX MeTAJIB y 3pa3Kax.

Kuro4ogi cjioBa: BigkjiageHHs, BasKKi MeTaIU, MOTeHWiiHUNA eKoJIoriYHMii pu3uK.

Introduction. Sediments accumulate contaminants and serve as sources of pollution to the
ecosystems they are connected with. Pathogens, nutrients, metals, and organic chemicals tend to sorb onto
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both inorganic and organic materials that eventually settle in depositional areas. If the loading of these
contaminants into the waterways is large enough, the sediments may accumulate excessive quantities of
contaminants that directly and indirectly disrupt the ecosystem, causing significant contamination and loss
of desirable species. Many studies have documented the importance of sediment contamination for
ecosystem quality and the widespread incidence of sediment contamination [1, 2]. Sediment quality
guidelines are very useful to screen sediment contamination by comparing sediment contaminant
concentration with the corresponding quality guideline, provide useful tools for screening sediment
chemical data to identify pollutants of concern and prioritise problem sites and relatively good predictors
of contaminations. However, these guidelines are chemical specific and do not include biological
parameters. Aquatic ecosystems, including sediments, must be assessed in multiple components (biol ogical
data, toxicity, physicochemistry) by using integrated approaches in order to establish a complete and
comprehensive set of sediment quality guidelines. The overview of existing sediment quality criteria
enable us to state the worldwide harmonisation is missing. Such different outcomes assessment occurs
because in different countries have been set for individual indicators various occupational exposure and
also have different numbers of monitored indicators [3,4].

Pollution of the natural environment by heavy metals is a universal problem because of their
undegradability. When permissible concentration levels are exceeded, most of them have toxic effects on
the living organisms. Monitoring sediment quality is one of the highest priorities in environmental
protection policies. The main objective is to control and minimize the incidence of pollutant — oriented
problems, and to provide water of sufficient quality in order to serve various purposes such as irrigation.
River sediment quality in the territory of The aim of this study is to assess the sediment quality in the five
river basins (Hornad, Laborec, Torysa, Ondava and Topla) in east of Slovakia. Investigation was focused
on heavy metals (Zn, Cu, Pb, Cd, Ni, Hg,As, Fe, Mn). The content of heavy metals, evaluated by potential
ecological risk index, reflected the scale of industrial and mining activitiesin a particular locality.

Study area. River Hornad belongs to the River basin of Danube. Area of the Hornad river is
4.414 km® Inthebasin is 27.6 % of arable land, 15.7 % of other agricultural land, 47.4 % of forests, 2.7 %
shrubs and grasses and 6.6 % is other land. Thereis 165 surface water bodies while 162 are in the category
of the flowing waterg/rivers and 2 are in the category of standing waters/reservoirs. Ten groundwater
bodies exist in the basin while 1 is in quaternary sediment, 2 is geothermal waters and 7 are in pre-
quaternary rocks. The Hornad river has 11 transverse structures without fishpass in operation. From the
point of view of environmental loads, there are 11 high-risk localities which have been identified in the
river basin. Diffuse pollution is from agriculture and municipalities without sewerage. The upper stretch of
the Hornad river to Spisska Nova Ves is in good ecological status which gets worse to poor status or
potential by pollution and hydromorphological pressures. From the Ruzin Water Reservoir, the Hornad
river achieves moderate ecological status. According to chemical status assessment, the Hornad river isin
good status. 56 water bodies (34 %) arefailing to achieve good ecological status in Hornad river basin. The
water body of intergranular ground waters of quaternary alluviums of the Hornad river basin achieves poor
chemical status (pollution from the point and diffuse sources) and poor quantitative status identified on the
base of long-term decrease of groundwater levels. The water body of pre-quaternary rocks is in good
status — quantitative and chemical [3].

River Ondava is a 146.5 km long river in Slovakia, the northern source river of the Bodrog. Its
sourceis in the Low Beskids (Eastern Carpathian Mountains), near the village Nizna Polianka, close to the
border with Poland. The Ondava flows south through the towns Svidnik, Stropkov and Trhoviste, and
through the Ondavska Highlands. Near the village Cekov, the Ondava joins the Latorica and forms the
Bodrog river, itsef atributary of the Tisza. The Ondavariver is 44 % regulated [3].

River Torysa is a 129 km (80 mi) long river in eastern Slovakia. Its source is in the Levoca
Mountains and it flows through the towns of: Lipany, Sabinov, Verky Saris, Presov, and into the Hornad
river near Nizna Hutka, southeast of Kaosice[3].

River Toplais ariver in eastern Slovakia and right tributary of the Ondava. It is 129.8 km long and
its basin covers an area of 1.544 km? (596 sq mi)." " It rises in the Cergov mountains, flows through
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Ondava Highlands, Beskidian Piedmont, Eastern Slovak Hills and Eastern Slovak Flat and flows into the
Ondava in the cadastral area of Parchovany. It flows through the towns of Bardejov, Giraltovce,
Hanusovce nad Topl'ou and Vranov nad Toplou [3].

River Laborec is a river in eastern Slovakia that flows through the districts of Medzilaborce,
Humenné, and Michalovce in the Kosice Region, and the PreSsov Region. The river drains the Laborec
Highlands. Tributaries of the River Laborec include River Uh which joins River Laborec near the city of
Drahnov in Michalovce District, and the River Cirocha. River Laborec itself is atributary, flowing into the
River Latorica. Catchment area of 1zkovce hydrometric profile at River Laborec is 4, 364 km® and it is
situated at 94.36 ma.s.l [3].

Materials and methods

Sample collection. Sediments were collected from 29 sample sites from 5 rivers on eastern Slovakia
in 2017 (Figure). The sediment was dried, homogenized and sieved bellow 0,063 mm. Chemical analyses
were performed by the XRF method using SPECTRO iQ Il (Ametek, Germany). Results of chemical
analyses of the sediment were compared with the limited values according with Slovak legislation.

Topla
Torysa
$12-516 517-822

Laborec
.
o = 523-829
s
L "
ey ——
-l : i
o g t "
i ) 3 ;)
"

| A gt
A Ao i =
\L‘i Tf 4[' = o
.\. oy
L i I

Monitoring area

Method of potential ecological risk assessment. This research employed the Potential Ecological
Risk Index (PERI) proposed by Hakanson (1980) [4] to evaluate the potential ecological risk of heavy
metals. This method comprehensively considers the synergy, toxic level, concentration of the heavy metals
and ecological sensitivity of heavy metals [5, 6]. PERI is formed by three basic modules: degree of
contamination (Cg), toxic — response factor (T,;) and potential ecological risk factor (E;). According to this
method, the PERI of the single element (EiF) and comprehensive PERI can be calculated via the following
equations:

cl=2 @)
f = C;

E, =CiXT, 2

R =4 E 3)

i=1
Where C; is the mean concentration of an individual metal examined and C', is the background
concentration of the individual metal. In this work, as background concentrations the contents of selected
elements in sediment unaffected by mining activities in assessment area were used. C/' is the single —
element index. E, is the potential ecological risk index of an individual metal. Rl is a comprehensive
potential ecological risk index and T;' is the biological toxic factor of asingle element, which is determined
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for Zn =1, Cr = 2, Cu = Pb= 5 [4]. The criteria for contamination factor its classification shows Table 1.
The Table 2 shows Risk grades indexes and grades of potential ecological risk of heavy metal pollution.

Tablel
Risk gradesindexes and grades of potential ecological risk of heavy metal pollution
RI value Risk level Risk degree
RI < 40 A Slight
40<RI <80 B Medium
80<RI <160 C Strong
160 <RI <320 D Very strong
RI > 320 E Extremely strong

Result and discussion. The mean total concentrations of 8 heavy metals in sediment of 6 rivers on
East of Slovakia are presented in Table 2. Results of XRF analysis of sediments were compared with the
limited values according to the Slovak Act. No. 188/2003 Call of Laws on the application of treated sludge
and bottom sedimentsto fields, (Table 2). The results of potential ecological risk and its risk grade showed
Table 3. Theresults of potential ecological risk assessment show, that the Topla River is extremely strong
contamined by heavy metals and its pollution can be attributed to human activities. The second worst river
is Hornad, it dependence by mining activities in the past. The area of Torysa River and Ondava River
represent strong pollution by heavy metals.

Table 2
Theresult of chemical analysis of sediments
| As | & | ¢ | Ccu | Hg | Ni | Po | Zn
mg/kg
S1 14,9 <51 35,8 110,3 <2 59,4 <2 167
?é R <1 <51 24,3 27,4 <2 24,8 <2 38,7
5 3 82,3 <51 141,2 233 <2 130,5 37,9 360,4
T A <1 <51 169,9 108,4 <2 45,2 51,1 177,4
5 12,6 <51 189,9 188 <2 64,6 <2 202,7
%6 <1 <51 142 46,3 <2 88 0 55,9
© S7 <1 <51 110,2 37,8 <2 69,7 <2 40,7
8 8 <1 | <51 | 505 | 273 <2 87 | <2 | 236
5 9 <1 <51 29,1 39,5 <2 49,7 <2 26,8
S10 <1 <51 125,9 32,8 <2 60,1 <2 33,9
S11 <1 <51 200,4 41 <2 55,4 <2 55,3
S12 <1 <51 94,1 11,9 <2 325 <2 28
§ S13 <1 <51 735 17,3 <2 34,8 <2 45,1
5 S14 <1 <51 28,6 21 <2 38 <2 36,1
= S15 <1 <51 70 34,7 <2 48,6 <2 53,8
S16 <1 <51 141 15,5 <2 34 <2 1
S17 <1 <51 23,7 15,3 <2 21,8 <2 25,8
. S18 <1 <51 144.,6 0,3 <2 21,4 <2 1
g S19 <1 <51 81,5 13,1 <2 26,4 <2 225
~ 320 <1 <51 49,6 27,3 <2 31,4 <2 24,7
21 <1 <51 62,7 19,2 <2 21,9 <2 30
S22 <1 <51 68,2 25,5 <2 27,3 <2 30,1
23 <1 <51 52,6 184 <2 51,7 <2 36,3
24 <1 <51 21 33,5 <2 46,2 <2 31,7
g 25 <1 <51 | 281 30,1 <2 66,5 <2 517
3 26 <1 | <51 | 366 | 358 <2 54 <2 | 337
- 27 <1 <51 5 8,7 <2 31,6 <2 30,2
28 1,3 <51 28 38 <2 64,6 <2 61,1
329 <1 <51 19 37,7 <2 50,1 <2 40,7
Limits SR 20 10 1000 1000 10 300 750 2500
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Table 3
Theresult of potential ecological risk

RI
- | Sl | 263,365 Very strong D
€ ['s3 [ 107751 | Extremdy strong | E
2| s | 25521 Very strong D
S5 | 269,19 Very strong D
. S6 | 120,1 Strong C
g LS | 11477 Strong C
2 | 9 | 109,19 Strong C
O ['si0| 11322 Strong C
S11 | 118,06 Strong C
% S12 | 76,84 Medium B
> | S1I3| 95,68 Strong C
© | s14| 87,88 Strong C
S16 | 109,995 Strong C
S17 | 372,85 | Extremely strong | E
% S18 | 108,2 Strong C
° S19 | 338,86 | Extremely strong | E
S20 | 576,33 | Extremey strong | E
S21 | 445,38 | Extremely strong | E
S22 | 169,79 Very strong D
g [ S24 ] 101,44 Medium B
S | S25 | 104,03 Medium B
® 26| 91,25 Medium | B
S27 | 106,26 Medium B
S28 | 101,21 Medium B

Conclusion. Ecological risk assessment were used for the study of the pollution status of sediments
contaminated by heavy metals and their relative potential ecological risk indices. Concentration of heavy
metals in sediments of East Slovakia followed Torysa<Ondava<L aborec<Hornad<Topla. The results of
sediments in samples showed that the area has been moderate to extremely contaminate by heavy metals
and its pollution can be attributed to industrial pollution as well as human activities. The contamination
assessment was conducted to provide reasonable evidence about the need of sediment remediation and
protection of surface water for water management.
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