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THE LANDFILL OF INDUSTRIAL WASTE FROM NICKEL PRODUCTION AND ITS
IMPACT ON THE LANDSCAPE (CASE STUDY FROM SERED IN SLOVAK REPUBLIC)

The landfill of waste from nickel production is situated to the south of Sered” in Slovak Republic. The landfill
area covers around 50 ha. Volume is in present day 5.5 - 6.5 mil. [t] and in 1993 it was about 9 mil.[t]. The land-
fill was formed during 30 years of manufacturing process, which was stopped due to the economic and ecologi-
cal reasons in 1993. The pollution of base rocks, underground waters, soils and air pollution was noticed during
production in the Nickel smelting plant and continues up to the present days. In this paper we focused on the
current structure on the landfill of waste from nickel production and its impact on the environment. Physical and
chemical properties of the waste are responsible for the creation of a specific ecosystem, not peculiar to the natu-
ral landscape, which negatively affects the quality of the environment. It is proposed to reduce waste using mi-
crowave vitrification method, although it is very expensive, but the most effective, because procedure in convert-
ing waste glass provides high chemical stability and water resistance.
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Jlucusik A., Muxasau E., Borruznap M., Buiuexk ., Coaap B. CBAJIKA IPOMBIIIIVIEHHBIX
OTXO/IOB OT MPOU3BO/ICTBA HUKEJIA U EE BJIMSTHUE HA JAHJIIIA®T (HA IPUMEPE T.
CEPE]] B CJIOBAIIKOM PECITYBJIMKE)

CBajka OTXO/OB OT IIPOM3BOJICTBA HHUKEIS, pacoiiokeHa K rory ot r. Cepen B CioBarkoii Pecryonmuke. I1o-
JIMTOH 3aHMMaeT Iuroniagsb okoso 50 ra. B Hactosimee BpeMs: 00beM CBAJIKK cOCTaBIseT 5,5-6,5 MUIUIMOH TOHH,
a B 1993 romy Obu1 OkoNO 9 MHWIIHOH TOHH. CBanka oOpa3oBanack 3a 30 JeT MpOW3BOACTBA, KOTOpOE OBLIO
OCTaHOBJICHO M3-32 ’KOHOMMYECKHX U IKOJIOTHUecKuX npuyuH B 1993 rogy. Bo Bpemst mpon3BoACTBEHHOH Aes-
TEJILHOCTH HUKEJIEBOTO 3aBOJ/Ia Ha CBAJIKE ObUIO OOHAPYKEHO 3arpsi3HEHHE MOJCTHIIAIONIMX MOPOJ, TPYHTOBBIX
BOJI, IOYB ¥ BO3/lyXa, KOTOPOE MPOJOJDKAeTCA U B HacTosmee Bpems. B paboTe uccinenoBaHa TeKymas CTpyKTy-
pa MOJHroHa ¢ OTXOAAMH OT MPOHM3BOJCTBA HHUKEN M €r0 BIISHHE Ha OKpYXamourylo cpeny. Pusmdeckue u
XMMHYECKHEe CBOWCTBA OTXO/IOB SBIAIOTCS MPUYMHON CO3AaHUS CHENN(UIECKON SKOCHUCTEMBI, He CBOICTBEHHOMN
MPUPOAHBIM JaHAMmadTaM, KOTOpast HETATUBHO BIIMSIET Ha KA4eCTBO OKpYy»Karomieh cpensl. llpemmaraercsa mis
COKpalIEHUsI OTXOAOB MCHOJIB30BaTh METOJI MHKPOBOJHOBOM BHTPH(HUKALNHU, XOTS 3TO OYEHb JOpPOro, HO
HanOonee 3PQPEeKTUBHO, T.K. MPOIEAYypa CTEKJIOBAHUS B NPEOOPa3OBAHUM OTXOJOB O00ECHEYMBACT BBICOKYIO
XMMHUYECKYIO CTaOMIIBHOCTB M CONPOTHBIICHHE BObI.

Knrouegwvie cnoga: oTxonpl, MPOU3BOJICTBO HUKENS, METaJIMUYECKasl MbUIb, 3arpsA3HEHUE, MUKPOBOJIHOBAS
Betpudukamnms, r. Cepen, Cnoankas PecrryOmka

Jlicusik A., MixaeJi €., bBoariziap M., Bintuek ., Conap B. 3BBAJIMIIE ITPOMHUCJIOBHUX BIAXO-
JIIB BIJIl BAPOBHUIITBA HIKEJIIO I HOT'O BILJIUB HA JIAHJAIIA®T (HA IMTPUKJIAII M. CE-
PEJI Y CJIOBAIIBKINA PECITYBJIIIII)
3BasIe BiXO/iB BiJl BUPOOHHUIITBA HIKEIIO, po3TalioBaHe Ha miBaeHb Bi M Cepen y CroBarpkiit Pecmy0uii.
TTostiron 3aiiMae mionty 0au3sko 50 ra. B nanwuii yac o0csr 3Bajuia ctaHOBUTh 5,5-6,5 Minbiion ToHH, a B 1993
poi 0yB 6:1m3bKk0 9 MinbiOH TOHH. 3BajnuIne yrBopuiacs 3a 30 pokiB BUPOOHHUIITBA, siKe OyJI0 3yITMHEHO Yepe3
€KOHOMI4Hi Ta exostoriuHi npuauHu B 1993 poui. I1ig yac BUpoOHMIITBA HIKETIEBOTO 3aBO/IY Ha 3BAIUILI OyiH
NoMiueHi 3a0pyAHEHHS MiICTIIIAI0YNX TOPiM, HiAIPYHTOBUX BOJ, IPYHTIB Ta MOBITPs, K€ IPOJOBXKYETHCS 1 J10
HalMX JHIB. Y poOOTi 310CIIHDKEHO TOTOYHA CTPYKTYpa HOJIIrOHY 3 BiJX0JaMH Bil BAPOOHUIITBA HIKENIO i HA
HOro BIUIMB Ha HABKOJIMIIHE cepenoBuine. Di3nyHi Ta XiMi4HI BIACTUBOCTI BIAXJIIB € NPUYNHOIO YTBOPEHHS
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cnenn(iTHOT eKOCHCTEMH IO HEBJIACTHBA MPUPOIHUM JIAHAMA(TAM, SKa HETATHBHO alTUBA€E HA SIKICTh JTOBKIJI-
751 [IponoHy€eThCs ISl CKOPOUYCHHS BiIXO/iB BUKOPUCTATH METOJ MiKpOXBHIJICBOI BUTpidiKalii, Xoda 1me Zoporo
ane epeKTHBHO TOMY IO MPOIENypa CKIOBAaHHA IEPETBOPCHHS BiAXOJIB 3a0e3leuye BUCOKY XiMIUHYy CTa01Ib-

HICTP Ta omip BOIH

Kntrouosi cnosa: Bigxonu, BApOOHUIITBO HIKETIO, MeTaieBuid i, 3a0pynaenHs, M. Cepen, CnoBanbka Pec-

myOutika

Introduction

The landfill of industrial conglomerate
waste (the waste from production of nickel to
origin from the treatment of iron-nickel laterite
ore from Albania with 1 % nickel in one ton of
ore) is located on the Danubian plane at an
altitude of 125 m. It is from aspect of the envi-
ronment the heavily disturbed space [8], which
is not resolved of ecologically and was left on
a self-cleaning ability of the natural landscape.
The aim of this paper is to highlight the current
structure on the landfill of luZenec that has
evolved over the last 30 years (after the ending
production of nickel) under influence of an-
thropogenic processes and natural processes in
moderate climate zone.

The area of the Danube plane [12] near
the Sered’ is built by fluvial sediments (Pleis-
tocene and Holocene). Regarding the anthro-
pogenic sediments there is a significant landfill
of metallurgical waste from nickel production.
It is a homogeneous formation from the petro-
graphic point of view. The material is granu-
lometric very fine (97 % faction is smaller 0.1
mm), black colour, originated by grinding and
washing Albanian laterite iron-nickel ore. The

permeability of this mass is very high, so the
rainfalls can reach its bottom layers very
quickly. The landfill is classified as an indus-
trial, fireproof, surface, convex, accumulating
anthropogenic landforms [10, 18], anthropo-
genic terraced plateau with wide surface and
steep slopes (declination of slopes is 10° —
45°). Landfill is the subject of recent fast natu-
ral erosive geomorphological and anthropogen-
ic processes as well (rain wash, creep, defla-
tion and mining). Deflation occurs on the dry
and vegetation free part of landfill, mostly on
the places, where the landfill plane is destroyed
by mining processes. The investigated area is
warm and dry with very mild winter and
a rainfall shortage is from 100 to 150 mm per
year [11]. In the region are rich collectors the
underground waters (in the depth of 2 - 3.5 m
under the surface of floodplain (river Vah).
The vegetation is metahemerobic, with mini-
mal biogenic processes [2] and soils are repre-
sented by Spolic Technosols on the material of
technogenic origin [17]. Animals are concen-
trated on reclaiming part of the landfill.

Material and methods

Methodology is oriented towards the re-
search of the primary geoecological structure
of the landfill. Secondary landscape structure
according to the corresponding categories of
land use, were identified by using the interpre-
tation of high-resolution orthophotos from
2013. Digitalization of spatial data were pro-

cessed manually by method on screen using
software ArcView GIS 3.1 The identified land-
scape elements were consequently categorized
into the purposefully arranged legend accord-
ing to their content characteristics. The ob-
tained results were verified in the terrain re-
search.

Results and discussion

The presented contribution was focused
on the character of the primary and secondary
landscape structure and especially on the im-
pact of the landfill to environment. The atten-
tion was given to floristic composition of
plants communities on the landfill of waste
(luzenec). Physical and chemical characteris-
tics waste conditioned the emergence of a very
specific ecosystem, which cannot be found in
any natural landscape.
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The vegetation on the landfill is specific
and its differentiation and composition is not
identical with others landfills. The highest
number of plant species grows from its foothill
to the height approximately 2 metres. Vegeta-
tion which is concentrated in the tufts is cover-
ing sporadically only upper part of the landfill
slope, which is formed on the pure waste
(laZenec) without additives of sludge from
sugar factory. The continuous vegetation cover
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can be seen mostly in the oldest landfill parts,
where is the arboreal vegetation mostly with
Populus canescens. More than as half of the
landfill is covering the formations of grass -

phytocoenosis of Calamagrostis epigejos and
Artemisia absinthium. About 40 % of the land-
fill area has no vegetation cover (Fig. 1).

Landscape structure the landfill waste of
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Fig. 1 — Landscape structure the landfill of waste from nickel production in 2013

The area of landfill with its surroundings
is strongly degraded. According to the region-
alization of Ministry of Environment of the
Slovak Republic [8] the territory belongs pur-
suant to the environmental quality into strongly
disturbed area. The situation is more important
as it concerns the region with the oldest settle-
ment of the lowland landscape in Slovakia
with the most productive, highly and very pro-

ductive soils [16]. Production of nickel (in
Nickel smelter in Sered’) per year was 3000 t
Ni and 60 t of Co and 300000 t of waste
(lazenec). The waste of nickel production —
luzenec shows high content of various metal
oxides and other substances. The content of
iron — Fe is highest (Table 1, 2). The waste is a
medium rich Fe - concentrate [3]. Despite of
this, its use in metallurgy is highly limited.

Table 1
Production of metal in [t], waste in [t], Chemical composition of liZenec in %,
Annual consumption of chemicals in [t]
Annual production of | Annual production of Chemical composition of waste Annual con-
metal in [t], % of waste in t, in % sumption of
waste for 30 years chemikals in [t]
3000 [t] Ni, 300 000 t waste, 50 - 80 % Fe, 2 800 [t] NH4OH,
60 [t] Co, 9 000 000 mil. [t] waste | 2,5—3,5%Cr,03 1200 [t] Na,S,
1,02 % of waste 6 -8 % SiO;, 611 [t] HCI,
6 —8%Al,0;3 1013 [t] H,SO,
2.5-3.5% Ca0,
0.17 % Ni,
0.6 —0.18 % P,0;

Source: Kalebac, Soucek, Had 1987
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Table 2
Chemical analysis the pure waste
Measurand Unit | Horizon | Method
Depth [m] 0.4
pH (H,0) 8.50 E
TOC [%] 0.05 HTO
C [%] 0.74 EA
N [%] 0.05 EA
Fe,O; T. content [%] 78 RFS
Al,O; [%] 3.27 RFS
Ni [mg/kg] | 2920 RFS
Cr [mg/kg] | 24 300 RFS
Cu [mg/kg] 49.0 RFS
Zn [mg/kg] 300.0 RFS
Fraction < 0.01 [%] 111 AS

Source: SGUS, Geoanalytical laboratories, ASL STN EN ISO/IEC, Spisska Nova Ves, SR, Analysis in 2011

From the aspect of negative impact of
the landfill on environment in present days we
identified these:

In the lowland scenery the landfill, with
its physiognomic shape, represents a signifi-
cant allochthonous barrier element.

Its integration in to the landscape, main-
ly regarding the length of a human life, could
be considered as incontrovertible phenomenon.

According to the present mining rate and
export of waste (Iazenec) it is possible to liqui-
date the landfill in approximately 600 years.

From the beginning of depositing in
1963 till the present days the landfill has been
the source metallic dust, which escapes in to
the landscape (air, waters, soils, vegetation
cover) to the distance of 50 km.

There is no monitoring station of the air
pollution and therefore the data concerning
pollution of dust and other emissions are miss-
ing. According to the long-lasting observations
of the state observing system the worst water
quality is measured in the Vah (river) near
Sered’. Water contamination was caused by
technological water release until the cessation
of manufacturing process in 1993, without any
cleaning the release was directed to the inunda-
tion area of the Vah (river) and directly into
the river. The pollution in the river influenced
the underground water quality, where the in-
creased contents of heavy metals, nitrogen,
chlorides and disulphate compounds were
measured. High concentration exceeded border
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limit of the state standards. On the basis of
micro-pollutants content the water on this part
of the river belongs to the IV." class of quality
(extremely polluted).

Nickel is considered as hazardous ele-
ment for soil. The landfill of luZenec and area
of former Nickel smelter represents anthropo-
genic Ni sources. This is evident in the flood-
plain of the Vah (river), where Ni has been
dispersed from this industrial sources by air
transport (dust) and migration of underground
waters to the distance of 40 to 50 km (about
1500 ha of agricultural soils contains Ni — risk
element). In organic matter in the soils is high
concentration of Ni and secondary oxides of Fe
[1]. Regional median values of Ni content is
from 35 mg to 40 mg. kg ™ of soil [15]. The
risk of the contamination of plant production
with heavy metals is so high, that the territory
is recommended only for grassing.

The liquidation the landfill of waste from
nickel production (ltZenec) and elimination the
impact on the environment at Sered” went since
1994 several directions, but so far was not
successful none of them except the partial re-
claiming.

The first: mining the waste from nickel
production and its use as a material for the
production of low-alloy steel [9] and ferroal-
loys e. g. ferrochrome. Experimental metallur-
gical research has demonstrated that this form
of use is not economical [3].

The second: the use this material as an
admixture in cement — it is prohibited by EU
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legislation for the content of chromium (it is a
health damaging).

The third: the use material to prewash-
ing of brown coal — this form is of insignificant
in the relation to its quantity.

The fourth: the redevelopment of the
dump to the greening - for that possibility was
realized experimental research which designat-
ed the ability the selected plant species to grow
on the toxic waste. The research results
showed that reclaimed to the greening is possi-
ble, but only with the 10% admixture of sludge
from sugar factory into material (laZenec) for
improving its properties (Banasova, Hajduk,
1984). The reclaiming was performed on 8 ha
of the landfill.

The fifth: the protection against the
spread of metallic dust into the air - the sprin-
kling the landfill with water — is ineffective as
the equipment built for this process is dysfunc-
tional, not working. Creating of the green zone
for the remediation to prevent the impact of the
landfill on the environment was not created.

The sixth: The elimination of groundwa-
ter pollution through the construction of the
hydraulic membrane and the amelioration
channels has not been implemented due to high
costs to investing and to operating. Elimination
the impact of the landfill on groundwater until
today has not been made. The planned 50-
years the groundwater monitoring has not been
also performed. The all possibilities the reme-
diation and liquidation of impact the dump on
the environment have been processed into the
projects, but have not been performed.

Project documentation was elaborated
for each direction of liquidation the waste
(lazenec), but all these suggestions remained
on the level of projects and pollution elimina-
tion, mainly of underground and surface wa-
ters, was left to the self-cleaning ability of
natural structure. The pollution continues up to
the present days and is the key problem for
foreign investors and is an obstruction for
modern trends in agriculture development.

Conclusions

In this paper we focused on the current
structure on the landfill of waste from nickel
production and its impact on the environment.
Physical and chemical properties of waste
(lizenec) were the cause creating of a very
specific ecosystem that does not equivalent in
the natural landscape. Significantly affecting
the quality of the environment and they are a
key problem in the city Sered’ and its wider
surroundings. The liquidation the landfill by
the mining is an ineffective. Large amounts of
waste excludes use the method of phytosana-

tion [6]. The method of microwave vitrifica-
tion even though it is very costly [14], but the
most effective. The essence of vitrification
procedure is transformation the IuZenec on the
vitrite, which has a high chemical stability and
water resistance. The method can be used on
the large masses especially industrial wastes
and it is important from aspect of waste reduc-
tion. It is a very perspective method. Remedia-
tion of the landfill is not currently possible,
because it is private property.
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I'I'TEHIYHA SAKICTbh BOAU B PIYKAX BYKOBUHCBKUX KAPIIAT
SIK MIOKA3HUK EKOJIOI'TYHOI BE3IEKU PETIOHY

JocmipkeHo TOKa3HWKH Tiri€HigyHOT sKocTi Bomu OaceitHy pikn bimmit Yepemom, omHOrOo 3
Jicorocroaapchkux paroHiB bykoBuHchkux Kaprnar. OTpumani pe3ysbTaTé CBiIYaTh MPO 3pOCTaHHS BEIWYNHU
nokasHukiB BCK Bix BurokiB i mo rupna p. bimmit YUepemomr. BHu3 3a Tediero piku Mae Micue 3a0pyaHEHHS
PIYKOBHX BOJA 3MHBaMH OpraHiuYHOI NMPHUPOIU 3 NPUOEpPEeKHOI Ta BOJZOOXOPOHHOI 30HH, SKi PO3KIANAIOTHCS 3
BUKOPHCTaHHSIM PO3YMHEHOTO y BOJII KUCHIO. 3a3HAaueHA TEHAEHILSl iCTOTHO ITOCHITIOETHCS B TIEPI0JI IEPEXO.LY Bif
3UMOBO-BECHSIHOTO JI0 JITHHOTO ce30HY.OOroBOpPIOEThCS NPAKTUYHMI MMiAXiA ITiABUIIEHHS DIBHS EKOJOTTYHOT
0e3IeKH TripChKUX EKOCHUCTEM MUIIXOM YTHIII3allii BIIXO/iB JICPECBUHH.

Kniouoei cnosa: ririeHidaHa SKiCTh BOTHUX PECYpPCiB, JIICOTOCIOAAPCHKUI PETiOH, TipChka eKOCHCTEMA,
eKoJIoTiYHa Oe3rneKa

MacuxeBuu 1O. I'., MacukeBuu A. 10. THTUEHNYECKOE KAYECTBO BO/Ibl B PEUKAX BY-
KOBHUHCKHX KAPITIAT KAK ITOKA3ATEJb KOJOTMYECKOW BE3OITACHOCTHU PETHOHA
HccnenoBanbl noka3aTend TMTMEHUYECKOTO KauecTBa BOJb! peku benbiit Yepemoll, 0MHOTO U3 JIECOXO3SHCTBEH-
HbIX pailoHoB bykoBuHckux Kapnart. [lomydennsie pe3yabTaTsl CBUIETEILCTBYIOT O POCTE BEIMYMHBI ITOKa3aTeseH
BIIK or ucroxkoB u 1o ycrbs p. benwlii Yepemom. BHU3 10 Te4eHHIO PEKHM HMMEET MECTO 3arpsi3HEHHE
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