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Abstract
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The major part of sediment deposits is situated in the localitics, where Hnilec, Horndd, Bela
and Opétka rivers flow into the water reservoir of Watcrwork RuZin 1. The analy,sis of scéimcnt
deposits for heavy metals (HM) showed the following results.

Except for Cu, Co and Ni, the small tributary Bela creates sediment deposits with a low con-
tent .of HM compared with the requirements of the Methodical Instruction of the Ministry of the
E:.1v1ronmcnt of the Slovak Republic No. 549/1998-2. The sediment deposits of the second small
tnbutal.'y Opétka have a similar composition, only the content of Cu exceeds the admissible con-
centration specified by the Instruction. The analyses of sediment deposits in the Hnilee river
proved a high content of Cu and the increased content of Co and Ni. The sediment deposits of the
Horn4d river are heavily contaminated by HM, especially by Hg.

Introduction

Since its completion in 1969, the water reservoir of Waterwork (WW) Ruzin I has had
a multifunctional relevance in the management, environment and anti-flood protection and
it has: had a significant role of accumulator of erosion products from the catchment areas of
the rivers, which flow into it. The rivers discharging into the water reservoir (Fig. 1) flow
through the Slovenské Rudohorie with a lot of geological ore deposit structures of ut.ility
m'etals, which were intensively mined and processed in the past. That is why there are
different minerals in the weathering products, which have primary but mostly secondary
fo_rms and often soluble forms which get into brooks and rivers due to the wash-out. These
minerals can be the originators of the majority of heavy metals in the water reservoir sedi-
ment deposits, which represent the subject of our team’s research.
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The literature (Holubova et al., 1996) states that the quantity of sediment deposits in the
reservoir is estimated to 7 million m®. The annual inflow of the sediment into the water
reservoir, where they form sediment deposits, is about 260 thousand m’. Their distribution
on the water reservoir bed is uneven and represents the subject of hydrological research.
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Fig. 1. Lay-out of the water reservoirs Ruzin 1, 11 and main tributarics.

The highest quantity of sediment deposits is at the backwater level ends of the rivers
Hnilec, Hornad, Beld and Opatka (Fig. 1), where the thickness achieves several meters. . In
the deeper sections of the water reservoir, in the direction towards the WW dam, the thick
ness of sediment deposits diminishes considerably and becomes irregular. They consists of
very fine (pelitic) material which takes almost “the rocky” form after being dried. The
water reservoir sides are mostly very steep, S0 the sediment deposits flow down them into
the streamline of original watercourse. The sediment deposits are in the depth of 15mand
more, so in the future this may complicate their excavation from the water reservoir. The
places more suitable for excavation are situated in the vicinity of the mouth of the rivers
Hnilec, Hornad, Bela and Opitka (Fig.1), where the sediment deposits form a several meter
thick layers the surface of which is currently less than 10 m under the maximum water level,

The properties of sediment deposits, mainly its expressive toxicity (Bobro et al., 2003
and Sesztak, 1998) rank them among wastes (Act No. 606/92 Coll.) and the quantily
(Holubovi et al., 1996) among the materials with potential use in the future.



Experiments

The S(?parate methodology have been worked out and applied in the sampling of sediment
deposits from the part under the water level according to the sampling locality and in con-
sent with operative standards specified in detail in the literature (Bobro et al., 1996). The
first vertical profile sampling was carried out in 1994 in the sections where Hnilec, Hornad
Bela and Opatka rivers flow into the water reservoir. The sampling was carried out, again 01;
the same places in the following years (Table 1), but the samples were taken only from the
surface layer. The air-dried samples were analysed for heavy metals using AAS method.
The content of heavy metals was assessed using a new standard — Methodical Instruction
(MI) of the Ministry of the Environment of the Slovak Republic. This MI was also applied to
carry out sampling from the surface (10 cm) of a newly-accumulated layer, starting from 1999.

Table 1. Analysis o'f sedimem deposit samples from the branches of water reservoir of WW Ruzin 1in
1994-2002 and comparison with the MI ME SR. 1994 — average values (vertical profiles); 1995-2002 —
values from surface layers ’

Locality Year of Hg [As | Cu | Mn I Cd I Co ] Ni | Pb I Zn l Cr

sampling [mgkg ]
Bela 1994 1.0 6.1 130 700 5 77 96 20.0 139 82
1995 0.7 3.8 52 654 5 72 106 28.5 110 82
1997 0.9 179 66 686 1 20 44 15.8 127 137
1999 0.7 72 80 897 0.7 37.5 20.6 4.8 90 37
2002 1.4 6.1 78 800 0.5 28.2 111 49.8 160 78.1
Opatka 1994 1.1 5.8 497 830 5 84 118 20.0 162 89

1995 2.0 4.4 400 650 3 79 124 | 20.0 188 99
1997 1.4 18.9 38 235 1 19 22 15.0 91 53

1999 0.6 7.2 230 | 1041 1.1 98.9 286 3.1 140 77
2002 2.6 3.8 93 400 0.9 249 | 603 | 647 210 63.6
Hnilec 1994 22 1.1 | 1154 | 1160 17 68 89 0.0 852 89
1995 3.2 12.8 640 | 1110 4 99 103 19.0 | 478 64
1997 3.4 16.0 | 438 786 2 35 53 10.0 786 78

1999 0.9 10.6 440 993 22 8.0 33 3.0 520 36
2002 23 9.1 465 1000 0.8 78.8 | 89.4 134 580 98.8

Hornad 1994 TAT 12:1 396 [ 1220 20 49 137 0.0 357 94
1995 214 | 10.8 246 930 3 77 149 | 20.0 338 111

1997 11.3: | 2135 221 1 045 2 28 62 8.1 308 171

1999 2.0 16.0 350 | 1668 | 05 18.8 59 3.1 120 35

2002 9.6 7.8 249 | 1100 1.4 30.7 171 112 380 236

MIME SR - TV 0.3 29 36 = 0.8 9 35 8.5 140 100
MIME SR - MPC 10 55 73 - 12 19 44 530 620 380
MIME SR—- IV 10 55 190 e 12 - 210 530 720 380

TV — testing value, MPC — maximum permissible concentration
IV — intervention value
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Results and discussion

The results of the analyses given in Table 1 show that each of watercourses has its charac

teristic content of metal elements in sediment deposits. These elements partly come from
geological background through which the rivers flow. The local sources of iron ores and
non-ferrous metals were mined out in the past and processed in the places of their occur
rence and winning.

The old technologies formed places (heaps, dumps, landfills, sludge beds, etc.) which
are currently the sources of the increased water pollution by elements, which penetrate into
the water reservoir sediment deposits. These elements include mercury, copper, zing, chro-
mium, arsenic and manganese. These elements even allow us to characterise the individual
rivers and their sediments.

The Bel4 river flows through the former mining area, which has been inactive for a long
time. Four out of 10 analysed elements show their contents close to maximum permissible
concetration (Cu, Cd, Co, Ni) which means that the contamination of sediment deposits is
around or slightly above the maximum admissible concentration limit.

The content of Cd and Ni in the sediment deposits of the Opatka river is similar to that in
the Bel4 river, only Cu exceeds intervention value 1.3-2.5 times. The content of Co in one
of the samples reaches the MPC limit, however, in other four samples MPC has been ex-
ceeded 1.5-4.2 times. The applied methodical instruction does not know intervention value
for Co.

The Hnilec river contains sediment deposits of characteristic composition with signifi
cant content of Cu. The content of Cu in this branch exceeds the intervention value 2.5 to
5 times. There is a slight increase observed in the content of Hg in the area of the rivers
Hnilec and Hornad confluence and in the content of As, Cd, Pb and Cr in relation to testing,
value, however, they do not exceed MPC. The content of Co, Ni and Zn in samples taken in

1999 is close to testing value, but the content of these elements in samples taken in the
previous years exceeds this value, as well as maximum permissible concentration and in
one case the content of Zn exceeds also intervention value. The catchment arca of the
Hnilec is much larger than that of the Opétka and Beld. The rock complexes are similar and
formed by Gelnickéa and Rakovecka series. Also ultrabasic rocks (serpentines — Jaklovee),
which are carriers of increased contents of some elements, appear on the surface. The past
and recent industrial activities connected with the mining and processing of ores and metal

lurgic industry (Zakarovce, Gelnica, Prakovce, Smolnik, etc.) have their share, too. The
numerous and larger residential units situated in this area can also have an effect on the
fluctuating content of heavy metals in individual samples.

From the geological point of view the most complicated is the catchment arca of the
Hornad river with known deposits of iron ores and non-ferrous metals. Due to these depo
sits the mining industry flourished in this region in the past and this area was noted for big
processing complexes producing intensive sources of metal elements which accumulated in
the water reservoir of WW. This region includes the cities like Rudiany, Slovinky, Novoveski
Huta, Stefanska Huta, Krompachy and some other cities. The significant producers of con
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taminating elements were probably agricultural production complexes 10-30 years ago,
which used seeds soaked in solutions containing e.g. Hg. The municipal sphere also repre-
sents an important source of contamination.

Table 1 shows the increased share of metal elements in sediment deposits from the Hornad
branch of WW. These are mainly Hg, Cu, Cd, Co, Ni and Zn. The content of Hg exceeds
both maximum permissible concentration and intervention value in the three of five sam-
plings and testing value has been exceeded in the remaining two samplings. For Cu, inter-
vention value has been exceeded 1.3-3.1 times. For Co, maximum permissible concentra-
tion limit has been exceeded 1.5-4 times, for Ni 1.3-3.8 times. Only the content of As is
lower than testing value, the concentrations of Pb and Cr are under maximum permissible
concentration.

The above-listed facts undoubtedly manifest such a contamination of sediment deposits
in this branch of water reservoir of WW Ruzin I which requires the environmental interven-
tion. This means that these sediment deposits should be excavated from the water reservoir
and processed using the most adequate method.

Conclusion

The analyses of the sediment deposits from the water reservoir of WW Ruzin I carried out
i1 1994-2002 show that the contamination by heavy metals continues in spite of the attenu-
ated or minimal activity of mining-processing and industrial plants situated up the water
reservoir.

The volume of sediment deposits accumulated in the water reservoir, their contamina-
tion by heavy metals and the methodical instructions used to compare the content of indi-
vidual elements allow us to recommend to continue in a careful monitoring of qualitative
and quantitative indicators of sediment deposits in the water reservoir and to speed up the
implementation of the excavation of sediments from the most contaminated localities pro-
curing further use or liquidation of these sediments.

Translated by J. Cechovskd
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Brchuv J., Bobro M., Hanéulék J.; Kontaminacia nénosov z koncov vzdutia v nadr#i Vodného dicla RuZin
I nicktorymi faZkymi kovmi.

Najvicsia cast’ nanosov je usadend v lokalitach, kde ricky Hnilec, Hornad, Beld a Opatka ustia do nz’u]r.'zc; .Vud‘néf
ho dicla Ruzin 1. Analyzy ninosov zamerané na fazké kovy poukazali na nasledujice vysledky. Mcn‘s.n pritok
Beld, s vynimkou prvkov Cu, Co a Ni, tvori nénosy s nizkym obsahom tazkych kovov vzhl'adom na ’pomadavlky
Metodického pokynu Ministerstva sivotného prostredia Slovenske; republiky E.S49/}998-2. Druhy z mcn%m:h
pritokov Opétka ma nanosy podobného zloZenia, len obsah Cu vyraznejsic prekracuje pripus(n'\'x‘ koncentraciu
podl'a spomenutého pokynu. Analyzy ninosov ricky Hnilec svedéia o vysokom obsahu th a zvyicnom obsahu
Co a Ni. Nanosy ricky Horndd st vel'mi kontaminované tazkymi kovmi, podl'a spomenutého pokynu.
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