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Introduction

Trace metals entering the river origi-
nate from either natural or anthropogenic
sources (Bem, Gallorini, Rizzio & Krze-
min, 2003; Wong, Li, Zhang, Qi & Peng,
2003; Adaikpoh, Nwejai & Ogala, 2005;
Akoto, Bruce & Darko 2008). In unaf-
fected environments, the concentration
of most metals is very low and is typic-
ally derived from mineralogy and the
weathering processes (Karbassi, Mona-
vari, Nabi Bidhendi, Nouri & Nemat-
pour, 2008). The main anthropogenic
sources of heavy metal contamination
are due to mining, disposal of untreated
and partially treated effluents con-
taining toxic metals, as well as metal
chelates from different industries and
the indiscriminate use of heavy metal
— containing fertilizer and pesticides
in agriculture fields (Hatje, Bidone &
Maddock, 1998; Nouri, Mahvi, Jahed

& Babaei, 2008). Metals enter river wa-
ter from mining areas through various
means such as mine discharge, runoff,
chemical weathering of rocks and soils,
wet and dry fallout of atmospheric partic-
ulate matter (Macklin et al., 2003; Bird et
al., 2003; Kraft, Tumpling & Zachman,
2006; Singh et al., 2008; Venugopal et
al., 2009). The mine water, runoff from
abandoned watersheds and associated in-
dustrial discharges are the major source
of heavy metal contamination, total dis-
solved solid and low pH of streams in
mining area (US EPA, 1998; Mohanty,
Misra & Nayak, 2001; Cravotta, 2008;
Shahtaheri, Abdollahi, Golbabaei, Rahi-
mi-Froshani & Ghamari, 2008).

The anthropological influences (i.e.
urban, industrial and agricultural activ-
ities) as well as the natural processes (i.e.
changes in precipitation amounts, erosion
and weathering of crustal materials) de-
grade surface water quality and impair
its use for drinking, industrial, agricul-
tural, recreational and other purposes.
Due to spatial and temporal variations in
water chemistry, a monitoring program

Year over year comparison of sediment quality in the rivers of Eastern Slovakia

289



that provides a representative and reliab-
le estimation of the quality of surface wa-
ters has become an important necessity.
Consequently, comprehensive monitor-
ing programs that include frequent water
sampling at numerous sites and include a
full analysis of a large number of physi-
cochemical parameters designed for the
proper management of water quality in
surface waters are required.

Potential ecological risk index
(PERI), proposed by Hakanson (1980),
is used as a quick and practical tool for
environmental assessment, obtaining
as results the pollution classification of
areas and the identification of the toxic
substances of interest, supporting actions
for pollution control of limnic aquatic
systems. Potential ecological risk index
provides a fast and simple quantitative
value for PER of a given contamina-
tion situation. This model, despite being
formulated in 1980s and for limnic sys-
tems, has an organized structure based
on simple algorithms, including the most
important environmental parameters for
an ecological risk assessment, and also
includes the mathematical relationships
between them.

Material and methods

Study area

Hornad belongs to Danube river ba-
sin. Area of Hornad is 4,414 km?. In the
basin 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. There is 164 surface water bo-
dies while 162 are in the category of the
flowing waters/rivers and two are in the
category of standing waters/reservoirs.

Ten groundwater bodies exist in the ba-
sin while one is in quaternary sediment,
two is geothermal waters and seven are
in pre-quaternary rocks. Hornad 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 identi-
fied in the river basin. Diffuse pollution
is from agriculture and municipalities
without sewerage. The upper stretch of
Hornad to Spisska Nova Ves is in good
ecological status while the lower stretch
is changed to poor status. From the
Ruzin Water Reservoir, Hornad achieves
moderate ecological status. According
to chemical status assessment, Hornad
is in good status. Fifty six water bodies
(34%) are failing to achieve good eco-
logical status in Hornad river basin. The
water body of intergranular ground wa-
ters of quaternary alluviums of Hornad
river basin achieves poor chemical sta-
tus (pollution from the point and dif-
fuse sources) and poor quantitative status
identified on the base of long-term de-
crease of groundwater levels. The water
body of pre-quaternary rocks is in good
status — quantitative and chemical (SEA,
2015).

Poprad is in Vistula river basin dis-
trict and is the only Slovak river that
drains their waters into Baltic Sea. It
sources in High Tatras over Popradské
Lake. It flows to the southeast direction
up to city of Svit. The river mouths into
Dunajec from the right side, in Poland,
river km 117.00. It drains the area of
1,890 km?. There are 83 surface water
bodies all in the category of the flow-
ing waters/rivers. Five groundwater bo-
dies exist in the basin while one is in
quaternary sediment, one is geothermal
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waters and three are in pre-quaternary
rocks. Poprad has 27 transverse struc-
tures without fishpass in operation. Sig-
nificant industrial and other pollution
sources are: Chemosvit Energochem,
a.s., Svit, Whirlpool Slovakia, s.r.0., Po-
prad, screw factory Exim, Stard Lubo-
vina, Vychodoslovenské stavebné hmoty
a.s (closed in 2013). From the point of
view of environmental loads, there are
17 high-risk localities which have been
identified in the river basin. Diffuse pollu-
tion is from agriculture and municipalities
without sewerage (Ondrus, 1991).

Laborec is a river in Eastern Slova-
kia that flows through the districts of
Medzilaborce, Humenné, and Michalov-
ce in Kosice Region, and PreSov Region.
The river drains the Laborec Highlands.
Tributaries of Laborec include Uh which
joins Laborec near the city of Drahiiov in
Michalovce District, and Cirocha. Labo-
rec itself is a tributary, flowing into La-
torica. Catchment area of [zkovce hydro-
metric profile at Laborec is 4,364 km?
and it is situated at 94.36 m a.s.l. (SEA,
2015).

Sampling materials

Sediment was sampled according
to standard ISO 5667-6 which outlines
the principles and design of sampling
programs and manipulation, as well as
the preservation of samples. Monitoring
was carried out in the 2017-2018. The
samples of sediment were air-dried and
ground using a planetary mill to a fraction
of 0.063 mm. The chemical composi-
tion of sediments was determined by
means of X-ray fluorescence (XRF)
using SPECTRO 1Q II (Ametek, Germa-
ny, 2000). Sediment samples were prepa-
red as pressed tablets with a diameter of
32 mm by mixing 5 g of sedimentand 1 g
of dilution material (Hoechs Wax C Mic-
ropowder — M-HWC-C38H76N202)
and compressing them at a pressure of
0.1 MPa'm2. The mean total concen-
trations of 8 heavy metals in sediment
of sediments samples are presented in
Table 1.

Results of XRF analysis of sediments
were compared with the limited values
according to the Slovak Act 188/2003

FIGURE 1. Situation of three investigation rivers in Eastern Slovakia
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TABLE 1. Results of chemical analyses of sediment from the rivers of Eastern Slovakia in 2017-2018

S| 5| sam- | As | cd | o | cu | Hg | Ni [ P | zn
5| 2
2| fom mgkg
S 149 | <51 | 358 [ 1103 | <2 | s04 | <2 [ 1670
E| 83 | 823 | <si | 1412 | 2330 | <2 | 1305 | 379 | 3604
S| s4 <1 | <51 | 1699 | 1084 | <2 | 452 | 511 | 1774
s5 126 | <51 | 1899 | 1880 | <2 | 646 | <2 | 2027
S <1 | <51 | s26 | 184 | <2 | si7 | <2 | 363
| 2] s2 <t | <51 | 281 | 301 | <2 | 665 | <2 | 517
S|=| s3 <1 | <51 | 366 | 358 | <2 | s40 | <2 | 337
S4 13 | <51 | 280 | 380 | <2 | 646 | <2 | 611
S <1 | <sa1 | 1247 | s1e | <2 | es7 | <2 | 1004
Bl 2 <1 <5.1 28.7 24.7 <2 50.3 <2 58.1
gl s <1 | <51 | 569 | 29 <2 | 355 | <2 | 186
S4 <1 | <51 | 385 | s6 | <2 | 200 | <2 | 1056
S <1t | <51 | 1220 | 362 | <2 | 394 | <2 | 86
HIEES <1 | <sa1 | 287 | 2094 | <2 | 403 | 25 | 1797
S| s3 <1 | <51 | 341 | 275 | <2 | 374 | <2 | 559
S4 <1 | <51 | 509 | 629 | <2 | 339 | <2 | 712
s <1t | <51 | s0 g4 | <2 | 197 | <2 | <1
=| 2] s2 <t | <s1 | so [ w1 | 22 | 17| <2 | <1
S|=| s3 <1 | <51 | 50 1.5 <2 | 134 | <2 <1
S4 <t | <51 | 50 | 107 | <2 | 155 | <2 | <1
S <t | <51 | s0 8.1 <2 22 | <2 | 1227
B s2 <1 <51 | 447 | 149 <2 20.9 <2 39.4
T <t | <51 | 50 | 327 | <2 | 345 | <2 | 495
S4 <t | <51 | 50 | us | <2 | 20 | <2 | 710
Limits
) 20 | 10 | 1ooo | 1000 | 10 | 300 | 750 | 2500

Coll. of Laws on the application of
treated sludge and bottom sediments to
fields. It can be stated that limit values
comparing with Slovak legislation were
not exceeding in all sediment samples in
rivers in Eastern Slovakia.

Potential ecological risk index (PERI)

In this research, potential ecological
risk index (PERI) proposed by Hakanson
(1980) was used to evaluate the poten-
tial ecological risk of heavy metals. This
method comprehensively considers the
synergy, toxic level, concentration of the
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heavy metals and ecological sensitivity
of heavy metals (Nabholz, 1991; Singh,
Sharma, Agrawal & Marshall, 2010;
Ouay et al., 2013). Potential ecologi-
cal risk index is formed by three basic
modules: degree of contamination (Cy,),
toxic-response factor (7,) and potential
ecological risk factor (ER). According
to this method, the potential ecological
risk index of a single element (E') and
comprehensive potential ecological risk
index (R/) can be calculated via the fol-
lowing equations:

C'f :i (1)
Cn

where C; is the mean concentration of
an individual metal examined and C,’
is the background concentration of the
individual metal. In this work, back-
ground concentrations of contents of se-
lected elements in sediments unaffected
by mining activities in the assessment
area were used (Table 3). Index C is the
single-element one. The sum of contami-
nation factors for all examined metals
represents the contamination degree (Cy)
of the environment:

Cy=).C 2)
i=1

Indicator E,’ is the potential ecologi-
cal risk index of an individual metal. It is
calculated by
E.=C\.T; 3)
where T, is the toxic response factor
provided by Hakanson (1980). Indicator

R' is the potential ecological risk index,
which is the sum of E,’:

R=YE )
i=1

~ Hakanson defined five categories of
E,! and four categories of R', as shown
in Table 2.

TABLE 2. Risk grades indexes and grades of po-
tential ecological risk of heavy metal pollution

i RlSk i RlSk
E, grade R grade
E', <40 low R <150 low
40<E, 150< R’
<80 moderate <300 moderate
80 <E'. |consider-| 300<R’ |consider-
<160 able <600 able
160 < E', . ; very
<320 high R'>600 high
i very
E'.>320 high X

Results and discussion

Based on the monitoring data of se-
diment quality in the study area, a quan-
titative analysis of heavy-metal pollu-
tion in sediment was conducted using
the method of PERI. The results based
on potential ecological risk index show
that the quality of sediment in 2018 is
better than 2017. The worst result were
obtained for Hornad in 2017. Significant
improvement were occurred at the sam-
pling point S2 in Hornad in 2018. The
best results were determined for Laborec
in 2018.
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TABLE 3. Statistical results of potential ecological risk index of a single element (ER) and comprehen-
sive potential ecological risk index (PERI) for rivers of Eastern Slovakia in 2017-2018

- . E,
g | o |Sampling i .
=& point | As | Cd | Cr Cu | Hg | Ni Pb Zn R Risk grade
Sl 149 | 30 | 295 [ 2013 | 40 [11.98| 5 | 432 | 26336 | moderate
?é S2 823 30 |11.6242.52 | 40 2631 | 94.75 | 9.31 | 1077.51 | very high
S| s3 10 | 30 [13.98] 1979 | 40 | 9.11 [127.75] 4.54 | 25521 | moderate
S4 | 126] 30 | 1563|3431 | 40 |13.02] 5 | 524 | 269.19 | moderate
S1 10130 ] 2 | 255 |40 | 505 | 5 | 258 | 370,85 | comsider-
able
| 2 10 | 30 | 686 |21835] 40 | 615 | 5 | 22.5 | 338.86 | comsider-
8 able
o
o 1 _
| &= s3 10 | 30 | 418 | 455 | 40 | 745 | 5 | 247 | 57633 | consider
— able
8 ider-
S4 10 | 30 [ 528 | 320 | 40 | 510 | 5 | 300 | 44538 C"gi‘le
Sl 10 | 30 [49.88]99.73 | 40 | 5 | 1004 |38.08| 497.34 Cogzll‘ier'
ol s2 | 10|30 1148|4750 | 40 | 5 | 58.1 |3808| 325.91 | consider
5 able
< consider-
S| s3 10 [30] 20 | 1212 40 | 5 | 1482 |38.08]| 33527 e
S4 10 | 30 [2276| 558 | 40 | 5 | 118.6 |38.08 | 301.59 co';;‘l‘ier'
S1 10 |30 | 114 [2013] 40 [1145] 5 [ 395 | 1118 low
?é S2 10 |30 | 93 [4252] 40 | 0.64 | 625 | 836 | 116.06 low
Sl s3 10 [30] 87 [1979] 40 [ 054 | 5 26 | 107.15 low
S4 10 | 30 [ 398 [ 343180 | 039 | 10 | 6.62 | 196.12 | moderate
S1 03] o 94 |40 | 5 5 902 10892 low
|3l 2 10 [30] o [1735] 40 [5225] 5 29 | 1475 low
o
SIFIRE 103 0 38 | 40 [8625| 5 | 3.64 | 212.89 | moderate
S4 10 [30] o [1335]40|500] 5 |522] 10857 low
Sl 03] 2 4 |40 821 ] 5 1| 13821 low
§ S2 10 58] 2 | 505 |40 [7375] 5 1| 12167 low
S s3 10]3]| 2 75 | 40 |5585] 5 1 | 101.09 low
S4 1030 ] 2 | 535 |40 | 646 | 5 1| 147.96 low
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Conclusions

Environmental risk in the water catch-
ments are closely related to the quality
and quantity of water flows in the catch-
ment and the quality is one of the most
important indicators of risk in the river
basin. The monitoring and evaluation
of water quality have a permanent place
in the process of risk management. The
possibility of minimizing the negative
impact on the environment presents the
assessment and management of environ-
mental risks by using different method-
ologies. Methodology for assessing en-
vironmental risks in the basin presents
a risk characterization for the particular
conditions of water flows. The results rep-
resent the basis for risk management in
the river basin, whose task is to ensure
the sustainability of water bodies.

Different calculation methods on
the basis of different algorithms might
lead to a discrepancy of the pollution
assessment when they are used to assess
the quality of sediment. So it is of great
importance to select a suitable method
to assess sediment quality for decision
making and spatial planning. Pollution
indices is a powerful tool for process-
ing, analysing, and conveying environ-
mental information to decision makers,
managers, technicians and the public.
Potential ecological risk index is based
exclusively on chemical parameters of
sediments because sediment data show
mean integrated values in time, with
higher stability than water column para-
meters; sediments are easily sampled at
field work; sediment samples are more
representative for time and space scales
and analytical data are easily obtained,
especially because sediments present

high concentrations of contaminants,
decreasing the possible errors due to de-
tection limits of the applied analytical
method. The results show on the basis on
potential ecological risk index that the
quality of sediment in 2018 is better than
2017.
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risk indicators in river basins. Therefore, mo-
nitoring and evaluating water and sediment
quality has a very important role in process
of risk management. The aim of the monitor-
ing is provide for the sustainability of water
bodies and these results are the basis for the
risk management in the river catchment area.
Hornad, Laborec and Poprad are the rivers
in Eastern Slovakia. Hornad and Laborec
belongs to basin of Danube and Poprad be-
longs to basin of Vistula. Sediment sampling
was carried out according to ISO 5667-6.
Monitoring was carried out in the spring
on 2017-2018. The chemical composition
of sediments was determined by means of
X-ray fluorescence (XRF) using SPECTRO
iQ II (Ametek, Germany, 2000). The results
of sediment quality evaluated by method
PERI revealed that the quality of sediment in
2018 was better than 2017. Results of XRF
analysis of sediments were compared with
the limited values according to the Slovak
Act 188/2003 Coll. of Laws on the applic-
ation of treated sludge and bottom sediments
to fields. It can be state that limit values
comparing with Slovak legislation were not
exceeding in all sediment samples in rivers
in Eastern Slovakia. Based on the monit-
oring data of sediment quality in the study
area, a quantitative analysis of heavy-metal
pollution in sediment was conducted using
the method of potential ecological risk index
(PERI) which is method for evaluate the po-
tential ecological risk of heavy metals. It is
based exclusively on chemical parameters of
sediments because sediment data show mean

integrated values in time, with higher stabil-
ity than water column parameters; sediments
are easily sampled at field work; sediment
samples are more representative for time
and space scales and analytical data are eas-
ily obtained, especially because sediments
present high concentrations of contaminants,
decreasing the possible errors due to detec-
tion limits of the applied analytical method.
This method comprehensively considers the
synergy, toxic level, concentration of the
heavy metals and ecological sensitivity of
heavy metals. Potential ecological risk index
can be obtained using three basic modules:
degree of contamination (CD), toxic-re-
sponse factor (7R) and potential ecolo-
gical risk factor (£R). The results show on
the basis on potential ecological risk index
that the quality of sediment in 2018 is better
than 2017. The worst result shows Hornad
in 2017. Significant improvement occurred
at the sampling point S2 in Hornad in 2018.
The best results show Laborec in 2018. The
results show on the basis on potential ecolo-
gical risk index that quality of sediment in
2018 is better than 2017.
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