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ziliek (Klimko et al., 2009). Vo vsetkych vzorkach su ¢asto
pritomné aj karbonaty. St tvorené hlavne sideritom a Fe
dolomitmi, pricom po puklinach st zatlacené oxidmi Fe
s primesou Mn a Mg (Lalinska et al., 2010).

Oxidy Sb su najfrekventovanej$ie mineralne fazy
v takmer vSetkych vzorkach. Typickym prikladom je
identifikovany oxid Sb stibikonit [Sb,O,(OH)] (obr. 7).
Najvyssi podiel tychto faz sa zistil vo vzorke pédneho
substratu v blizkosti §tdlne Jozef (az 63 %). Vysoky podiel
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Sb oxidov bol stanoveny aj v substratoch odkaliskovych
sedimentov v Cuéme. Oxidy Fe a Sb maju velmi varia-
bilné zlozenie, od ,,Cistych® oxidov Sb a Fe az po zmie-
sané Fe-Sb oxidy bez primesi a Sb-Fe oxidy so zvySenym
obsahom inych prvkov, napriklad Ca, As a Pb (Lalinska
et al., 2010). Podobny trend plati aj pri celkovom obsahu
v pddnej matrici odobranych vzoriek pdd, kde Fe vystu-
puje ako dominantny prvok v systéme Ca — Fe — As, resp.
Ca—Fe — Sb (obr. 8).
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Mobilita stopovych prvkov v pédach

Vysledky extrakéného experimentu s destilovanou vo-
dou (tab. 2) poukazali na relativne nizky mobilizovatel'ny
podiel Sb a As z celkového obsahu tychto prvkov v pdd-
nych substratoch. V pripade antiménu sa z pod (hibka 0
— 15 cm) vylthovalo 0,14 az 1,42 % Sb z jeho celkovej
koncentracie s medidnom 0,46 %. Podobny trend ltihova-
nia Sb sa zaznamenal aj pri pddnom substrate z hibky 15
— 30 cm, kde bol median nepatrne vyssi (0,50 %). Vo vse-

vody uvolnilo 0,26 — 2,69 % As (median 0,60 %) a z pody
z hibky 15 —-30 cm to bolo 0,56 — 1,60 % (median 0,70 %)
z celkového obsahu As v pddach. Nizsie rozpustené po-

Tab. 2
Celkovy obsah SbaAs (C_, .; mg.kg™"), ich extrahovana

celk™?

koncentracia (C , ; mg . kg™'), percentualny podiel (% mob.)

vo vodnych vyluhoch z p6d a hodnoty pH vyluhov.

Tab. 2
Total contents of Sb and As (Ccc”i.; mg . kg, their extractable
concentrations (C gy M8 - kg™) and proportions (% mob.)
in aqueous extracts of soils and leachate pH values.

obecnosti sa preukazalo, Ze koncentracia extrahovaného - "
Sb bola imerna jeho celkovému obsahu, teda pri podach - - pH
s vysokym obsahom Sb bola stanovena aj jeho najvyssia Cou C i mg)b. C.i | Coun mﬁ’b.
mobilnd koncentracia. Vzt'ah medzi celkovym obsahom 015 em

Sb v pddach a extrahovatelnou koncentraciou Sb bol

Statisticky vel'mi vyznamny (R? = 0,93 pri p < 0,000 1). MIN 69 0,09 0,14 16 | 039 | 0,26 | 328
Celkovo nizke percento extrahované¢ho Sb sa uvadza aj

v ramci viacerych predchadzajucich stadii (Ettler et al., MAX [142322 | 198 1,42 | 2253 | 592 | 2,69 | 7.42
2007; Hiller et al., 2012; Nakamaru et al., 2017; Zhang
et al., 2018), pricom hlavnou pri¢inou nizkej mobility Sb MED 620 3,43 | 046 1531 0,73 | 0,60 | 6,47

je silna adsorpcia alebo koprecipitacia s oxidmi Fe v pro-

cesoch zvetravania (Hammel et al., 2000). Podl'a Alva- 15-30 cm
rez-Ayuso et al. (2013) vSak aj nizky podiel mobilného
o . L Ay MIN 13,4 0,1 0,15 19 [ 0,30 | 0,56 [ 3,20
Sb (< 2 % z celkovej koncentracie Sb) mdze predstavo-
vat’ zna¢né nebezpecenstvo pre okolité prostredie, najma
S P , P .p , > J MAX |121 061 181 0,77 763 | 5,29 1,60 [ 7,85
rastlinnil biomasu rasticu na kontaminovanych pddach
v Gizemi. Percentudlny podiel uvol'neného As v porovnani MED | 1448 9,03 | 0.50 304 | 206 | 070 | 6.54

s Sb bol relativne vys§i. Z pody z hibky 0 — 15 cm sa do

<

Obr. 5. Mikrofotografie §tudovanych podnych substratov (vzorky CUP-3B, CUP-7, CUP-11).

A: 1 - litoklasty vel'mi jemnozrnného metapieskovca s prevahou kremena; 2 — ilovec s prevahou sericitu, ilovych mineralov a amor-
fného tmelu (hnedy az ¢ierny); 3 — vel'mi jemnozrnny metapieskovec s klastami kremena a karbonatov v amorfnom tmele; 4 — tmel
z amorfnych Fe oxyhydroxidov (X polaroidy). B: detail A1 (X polaroidy). C: 1 — litoklast vel'mi jemnozrnného pieskovca (kremen
+ sericit + albit + karbonat); 2 — substrat s prevahou tmelu, menej st zastiipené ilové mineraly, kremen, albit, svetla sl'uda a karbonat
s prachovcovou zrnitostou (X polaroidy). D: 1 — vel'mi jemnozrnny substrat tvori kremen, karbonaty, ilové mineraly a prevlada amor-
fny tmel; 2 — polykrystalicky (zilny?) kremefi s amorfnym tmelom po puklinach (X polaroidy). E: 1 — ve'mi hruby metapieskovec
(kremen + muskovit + albit) s amorfnym tmelom Fe oxyhydroxidov na folia¢nych plochéach; 2 —ako D 1 (X polaroidy). F: 1 —litoklasty
polykrystalického hrubozrnnejsSicho metamorfného kremena v jemnozrnnejSom substrate (II polaroidy). G: 1 — fragmenty kremena
v submikroskopickom matrixe (kremen + sl'uda + albit); 2 — ve'mi jemnozrnny metapieskovec; 3 — rdzne litoklasty v tmele (X polaroi-
dy). H: 1 —litoklast alterovaného metavulkanoklastika; 2 — krystaloklast undulézneho kremena v submikroskopickom matrixe (kremen
+ karbonat + sericit) (I polaroidy). I: ako H (X polaroidy). J: 1 — litoklast acidného metavulkanoklastika; 2 — jemnozrnné fragmenty
kremena, svetlej sl'udy, karbonatu a albitu v amorfnom tmele (X polaroidy). K: alterované acidné metapyroklastikum (kremen + kar-
bonat + sericit + albit) (X polaroidy). L: vel'mi jemnozrnny substrat (kremen + ilové mineraly + albit + amorfny tmel) (II polaroidy).
Fig. 5. Microphotography of studied soil substrates (samples CUP-3B, CUP-7, CUP-11).

A: 1 — very fine-grained metasandstone with a predominance of quartz; 2 — claystone with predominance of sericite, clay minerals and
amorphous cement (red-brown to black); 3 — very fine grained metasandstone with quartz and carbonate in amorphous cement; 4 — ce-
ment of amorphous Fe-oxyhydroxides (X polaroids). B: Detail A1 image (X polaroids). C: 1 — very fine-grained metasandstone (quartz
+ sericite + albite + carbonate); 2 — a substrate in which cement prevails, clay minerals, quartz, albite, light mica and silstone grain
size carbonate are less represented (X polaroids). D: 1 — a very fine-grained substrate consists of quartz, carbonates, clay minerals and
amorphous cement predominates; 2 — polycrystalline (vein?) quartz with amorphous cracks (X polaroids). E: 1 — very coarse-grained
metasandstone with amorphous Fe-oxyhydroxides cement in foliar areas; 2 — as Fig. D 1 (X polaroids). F: 1-lithoclasts of polycrystal-
line coarse-grained metamorphic quartz in fine-grained substrate (II polaroids). G: 1 — quartz fragments in submicroscopic matrix
(quartz + mica + albite); 2 — very fine grained metasandstone; 3 — different lithoclasts in cement (X polaroids). H: 1 — lithoclast of
altered metavulcanoclastics; 2 — crystalloid of undulose quartz in submicroscopic matrix (quartz + carbonate + sericite) (I polaroids).
I: as Fig. H (X polaroids). J: 1 — lithoclast of acid metavulcanoclastics; 2 — fine grained fragments of quartz, light mica, carbonate and
albite in amorphous cement (X polaroids). K: altered acid metapyclastics (quartz + carbonate + sericite + albite) (X polaroids). L: very
fine-grained substrate (quartz + clay minerals + albite + amorphous matrix) (II polaroids).
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2 e
Obr. 6. Fe fazy tmelu litoklastov vo vybruse podnej vzorky (vzorka CUP-8, vl'avo II polaroidy, vpravo X polaroidy).
Fig. 6. Fe-phase of amorphous cement in soil microscope slice (sample CUP-8, left II polaroids, right X polaroids).

Obr. 7. Antimonit (biely) obklopeny oxidom Sb stibikonitom (svetlosivy). Najtmavsie zrna reprezentuje kremen a muskovit (obrazok
vpravo — detailny pohl'ad).

Fig. 7. Stibnite (white) surrounded by Sb oxide stibiconite (light gray). The darkest grains are quartz and muscovite (picture right —
detail view).

Obr. 8. Diagram chemického zlozenia podnych substratov v systéme Ca — Fe — Sb a Ca — Fe — As (v %).
Fig. 8. Diagram of chemical composition of soil substrates in Ca — Fe — Sb and Ca — Fe — As systems (in %).
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diely As a Sb v najvrchnejSej vrstve pod pravdepodobne
stvisia s vy$$im obsahom organickej hmoty (fulvokyselin
a huminovych kyselin), ktora je schopna viazat’ tieto po-
lokovy prostrednictvom tvorby komplexov (Herath et al.,
2017). Statisticky silny pozitivny vztah medzi celkovym
obsahom a extrahovanou koncentraciou sa rovnako potvr-
dil aj pri As (R>= 0,95 pri p < 0,000 1). Nizke percentualne
podiely mobilného As, rovnako ako v pripade Sb, mozno
vysvetlit’ adsorpciou As na povrch sekundarnych oxidov
Fe, ako aj jeho inkorporaciou do Struktiry hojne zastipe-
nych oxidov Fe. Potvrdzuji to aj vysledky z mineralogic-
kého vyskumu tychto pod.

Na zéklade vysledkov statickych extrakénych experi-
mentov mozno konstatovat, ze v ramci skumaného 0ze-
mia EZ v Cuéme st identifikované miesta s extrémnym
obsahom rizikovych prvkov ako Sb a As v substratoch
inicidlnych pod, ktoré sucasne predstavuju potencialne
riziko vyplyvajice z mobilizacie Sb a As v procesoch
zvetravania. Su to hlavne miesta v blizkosti historickych
$tolni a opustenych hald a odvalov.

Zaver

Na zaklade zrealizovaného mineralogicko-geoche-
mického prieskumu pdd v oblasti opusteného Sb loziska
Cuéma bola zretelne preukazana kontaminacia pddnych
substratov antiménom a arzénom. Geologicka stavba toh-
to Gzemia, ako aj rozsiahla banska Cinnost’ prebiehajica
v minulosti su hlavnymi pri¢inami extrémne vysokého
obsahu stopovych prvkov, ktorych maxima s pozorované
najmé v blizkosti deponovanych hald a odvalov s tazob-
nym odpadom a byvalych §tolni. Zvetravanie mechanicky
porusenych materskych hornin so zastipenim sulfidov Sb
a As sposobuje neustale uvolnovanie tychto dvoch konta-
minantov do prostredia. Nizky podiel 'ahko mobilizova-
tel'nych foriem Sb a As je spojeny s ich pomerne stabilnou
vézbou v Struktirach hojne zastipenych sekundarnych
oxidov Fe v tychto podach. V pripade Sb je to aj vd’aka
tvorbe samostatnych stabilnych oxidov Sb (stibikonit,
cervantit a roméit) a nemozno vylucit ani tlohu pddne;j
organickej hmoty. Aj tento nizky extrahovatelny podiel je
vsak stale pre SirSie okolie potencialnym rizikom, pretoze
bol stanoveny v pripade slabého extrakéného ¢inidla (des-
tilovana voda) a nezohl'adiiuje v tomto pripade dlhodoby
realny ucinok v prostredi. V stvislosti s tym je potrebny
d’alsi vyskum a vyhodnotenie potencialneho environmen-
talneho rizika v tejto oblasti zamerané na detailnejsie $ta-
dium podmienok Sirenia a biopristupnosti kontaminantov.

Pod’akovanie
Tato praca bola vypracovana vd'aka projektu Agentury na

podporu vyskumu a vyvoja ¢. APVV-17-0317 a projektu
VEGA 1/0597/17.

229

Literatara / References

Arvarez-Avuso, E., OTONES, V. MURCIEGO, A., GARCIA-SAN-
CHEZ, A. & SANTA REGINA, ., 2013: Mobility and phytoavai-
lability of antimony in an area impacted by a former stibnite
mine exploitation. Sci. Total Environ., 449, 260 — 268.

BaaNik, S., HANZEL, V., IVANICKA, J., MELLO, J., PRISTAS, J.,
REICHWALDER, P., SNOPKO, L., VOZAR, J. & VOZAROVA, A.,
1983: Vysvetlivky ku geologickej mape Slovenského rudo-
horia, vychodna cast’. Bratislava, St. Geol. Ust. D. Stira, 16,
50.

Bastos, P, 2016: Mine waters in the Slovak, part of the Western
Carpathians — distribution, classification and related environ-
mental issues. Slovak Geol. Mag., 16, 139 — 158.

BaJTOS, P., ZAHOROVA, ., RAPANT, S. & PRAMUKA, S., 2012:
Monitoring geologickych faktorov vplyvu tazby nerastov
na zivotné prostredie v rizikovych oblastiach na Slovensku
v rokoch 2007 — 2011. Miner. Slov., 44, 375 — 392.

Bako§, F., CHOVAN, M., BacCo, P., BAHNA, B., FERENC, S., HvoZ-
DARA, P., JELEN, S., KAMHALOVA, M., KaNA, R., KNESL, J.,
KRrASNEC, L., KrR1ZANI, 1., MATo, L., MIKUS, T., PAUDITS, P.,
SoMBATHY, L. & SALy, J., 2004: Zlato na Slovensku. Bratisla-
va, Slovensky skauting, 298 s.

Brusseau, M. L, MccoLL, C. M., FaMIsaN, G. & ARTIOLA, J.
F., 2006: Chemical Contaminants. In: Pepper, 1. L., Gerba,
Ch. P. & Brusseau, M. L. (Eds.): Environmental & Pollution
Science. Second Ed. Amsterdam, Elsevier Academic Press,
532s.

CurLIK, I. & SEF¢IK, P., 1999: Geochemicky atlas SR. Cast’ V. —
Pody. Bratislava, VUPOP, 100 s. + 83 map. priloh.

CurLIK, J. & JURKOVIE, L., 2012: Pedogeochémia. Vysokoskol-
ska uéebnica. Univerzita Komenského v Bratislave, 228 s.

ETTLER, V., MIHALJEVIC, M., SEBEK, O. & GRYGAR, T., 2007: As-
sessment of single extractions for the determination of mo-
bile forms of metals in highly polluted soils and sediments
— Analytical and thermodynamic approaches. Anal. Chim.
Acta, 602, 131 — 140.

ETTLER, V., MIHALJEVIC, M., SEBEK, O., VALIGUROVA, R. & KLE-
MENTOVA, M., 2012: Differences in antimony and arsenic
releases from lead smelter fly ash in soils. Chem. Erde, 72,
15-22.

FiaLa, K., BARANCIKOVA, G., BRECKOVA, V., BURIK, V., CHOMA-
NICOVA, A., HOUSKOVA, B., KoBza, J., LiTAVEC, T., MAKOV-
NIKOVA, J., MATUSKOVA, L., PECHOVA, B. & VARADIOVA, D.,
1999: Zavizné metody pod. Ciastkovy monitorovaci systém
— Poda. Bratislava, Vyskumny ustav pédoznalectva a ochra-
ny pody, 139 s.

FrAKOVA, R., ZENISOVA, Z., KREMAR, D., ONDREJKOVA, 1. & SRA-
CEK, O., 2017: Occurrence of antimony and arsenic at mining
sites in Slovakia: Implications for their mobility. Carp. J.
Earth Environ. Sci., 12, 41 —48.

GRECULA, P., ABONYI, A., ABONYIOVA, M., ANTAS, J., BARTAL-
SKY, B., BARTALSKY, J., DIANISKA, 1., Drzik, E., Duda, R.,
GARGULAK, M., GAZDACKO, L., HUDACEK, J., KOBULSKY,
J., LORINZ, L., MACKoO, J., NAVESNAK, D., NEMETH, Z., No-
VOTNY, L., RADVANEC, M., RoikoviC, 1., RoZLOZNAK, L.,
RozLoZNIK, O., VARCEK, C. & ZLOCHA, J., 1995: Loziska



Mineralia Slovaca, 51, 2 (2019)

nerastnych surovin Slovenského rudohoria, zv. 1. Bratislava,
Geocomplex, 834 s.

HaMmMEL, W., DEBUS, R. & STEUBING, L., 2000: Mobility of anti-
mony in soil and its availability to plants. Chemosphere, 41,
1791—1798.

HEevr1os RyBIcka, E., 1996: Environmental impact of mining and
smelting industries in Poland. In: Appleton, J. D, Fuge, R.
& Mccall, G. J. H. (Eds.): Environmental Geochemistry and
Health with special reference to developing countries. Lon-
don, Geol. Soc., 264 s.

HERATH, 1., VITHANAGE, M. & BUNDSCHUH, J., 2017: Antimony
as a global dilemma: Geochemistry, mobility, fate and trans-
port. Environ. Pollut., 223, 545 — 559.

HiLLERr, E., 2003: Adsorpcia arzeni¢nanov na podach: §tadium
rychlosti adsorpcie a adsorpénych izoteriem. J. Hydrol. Hy-
dromech., 51, 288 — 297.

HiLLER, E., LALINSKA, B., CHOVAN, M., JURKOVIC, L., KLIMKO,
T., JANKULAR, M., Hovori¢, R., SoTTNIK, P., FEAKOVA, R.,
ZENISOVA, Z. & ONDREJKOVA, 1., 2012: Arsenic and antimony
contamination of waters, stream sediments and soils in the
vicinity of abandoned antimony mines in the Western Car-
pathians, Slovakia. Appl. Geochem., 27, 598 — 614.

HILLER, E., TOTH, R., KUCEROVA, G., JURKOVIC, L., SOTTNIK, P,
LALINSKA-VOLEKOVA, B. & V0ZzARr, J., 2016: Geochemistry
of mine tailings from processing of siderite-Cu ores and mo-
bility of selected metals and metalloids evaluated by a pot
leaching experiment at the Slovinky impoundment, Eastern
Slovakia. Mine Water Environ., 35, 447 — 461.

HLODAK, M., MATUS, P., URIK, M., KORENKOVA, L., MIKUSOVA,
P., SENILA, M. & Divis, P., 2015: Evaluation of various inor-
ganic and biological extraction techniques suitability for soil
mercury phytoavailable fraction assessment. Water Air Soil
Pollut., 226, Article num. 198.

CHOVAN, M., HABER, M., JELEN, S., ROJKOVIC, 1., ANDRAS, P.,
ANTAL, B., BEBEJ, J., BENKA, J., BOHMER, M., DIVINEC, L.,
Duba, R., HATAR, J., HuralL V., HURNY, J., KoTUEAK, P,
KODERA, P., KUSIK, R., MAT0, L., ONACILA, D., RAGAN, M.,
RoikoviC, 1. & RoikoviCovA, L., 1994: Ore textures in the
Western Carpathians. Bratislava, Slovak Academic Press,
219 s.

CHOVAN, M., LALINSKA, B., SOTTNIK, P., JURKOVIC, L., ZENISOVA,
Z., FEAKOVA, R., KRCMAR, D., LINTNEROVA, O., HILLER, E.,
Krivko, T., JANKULAR, M., HOVORIC, R., JASOVA, 1., LUX, A.,
VACULIK, M., HUDACEK, M., MICHNOVA, J., PETRAK, M., AN-
DRAS, P., MILOVSKA, S. & MAJZLAN, J., 2010: Zhodnotenie
vplyvu banskej ¢innosti na okolie opustenych Sb lozisk Slo-
venska s navrhmi na remediaciu. Zavere¢na sprava o rieSeni
projektu. Bratislava, PriF UK, 358 s.

Jung, M. C., 2008: Heavy metal concentrations in soils and
factors affecting metal uptake by plants in the vicinity of a
Korean Cu-W mine. Sensors, 8, 2 413 — 2 423.

JUrRkoVIC, L., SorTNik, P., FLAKOVA, R., JANKULAR, M., ZENI-
SOVA, Z. & VAcULIK, M., 2010: Opustené Sb-lozisko Popro¢
— zdroj kontaminacie prirodnych zloziek v povodi Olsavy.
Miner. Slov., 42, 109 — 120.

JURKOVIC, L., SOTTNIK, P., SEKULA, P., PETKOVA, K., KOTUS, J.,
LEeSSo, J., BACIK, M., HILLER, E. & MaLy, V., 2016: Geoche-
mické hodnotenie environmentalnych rizik na lokalite opus-

230

teného Hg loziska Mernik (vychodné Slovensko). Miner.
Slov., 48, 157 —170.

KrLiMKO, T., LALINSKA, B., MAJZLAN, J., CHOVAN, M., KUCEROVA,
G. & PauL, CH., 2011: Chemical composition of weathering
products in neutral and acidic mine tailings from stibnite ex-
ploitation in Slovakia. J. Geosci., 56, 327 — 340.

Krmvko, T., CHOVAN, M. & Huralova, M., 2009: Hydrotermalna
mineralizacia na antimonitovych zilach Spissko-gemerského
rudohoria. Miner. Slov., 41, 115 —132.

KOBULSKY, J., GRECULA, P., GAZDACKO, ., NEMETH, Z., HRASKO,
L., NovOTNY, L., MAGLAY, J., PRAMUKA, S., RADVANEC, M.,
KUCHARIC, L., BAITOS, P., ZAHOROVA, L., KONECNY, P. &
KALICIAK, M., 2006: Geologicka mapa Spissko-gemerského
rudohoria v mierke 1 : 50 000. Bratislava, St. Geol. Ust. D.
Stiira.

LALINSKA, B., CHOvAN, M., KUCEROVA, G., SoTINIK, P. &
PETRAK, M., 2010: Procesy oxidacie sulfidov a migracia As
a Sb v odkalisku na opustenom Sb-Au lozisku Cuéma. Miner.
Slov., 42, 79 — 94.

MANGOVA, K. & LINTNEROVA, O., 2015: Environmentalne aspek-
ty transformacie nizko-sulfidického postflotacného kalu na
antropogénnu podu (Smolnik, Slovensko). Acta Geol. Slov.,
7,195 —-212.

NAKAMARU, Y. M. & MARTIN PEINADO, F. J., 2017: Effect of soil
organic matter on antimony bioavailability after the remedia-
tion process. Environ. Pollut., 228, 425 — 432.

RAPANT, S., DIETZOVA, Z. & CICMANOVA, S., 2006: Environmen-
tal and health risk assessment in abandoned mining area Zla-
ta Idka, Slovakia. Environ. Geol., 51, 387 — 397.

RoikovIC, 1., 2003: Rudné loziska Slovenska. Bratislava, PriF
UK, 180 s.

RoOCHETTE, E. A., L1, G. C. & FENDORE, S. E., 1998: Stability of
arsenate minerals in soil under biotically generated reducing
conditions. Soil Sci. Soc. Am. J., 62, 1 530 —1 537.

RozLOZNiK, L., HAVELKA, J., CEcH, F. & ZORKOVSKY, V., 1987:
Loziska nerastnych surovin a ich vyhl'adavanie. Bratislava,
ALFA, 696 s.

SMERNICA MZP SR z 28. 1. 2015 ¢. 1/2015-7 na vypracovanie
analyzy rizika zneéisteného tizemia. Bratislava, MZP SR,
96 s.

SPS VUPOP, 2014: Morfogeneticky klasifikaény systém pod
Slovenska. Bazalna referen¢na taxonémia. Druhé upravené
vyd. Bratislava, NPPC — VUPOP, 96 s.

SropoX, J., Drits, V. A., McCarty, D. K., Hsieg, J. C. C. &
EBERL, D. D., 2001: Quantitative X-ray diffraction analysis
of clay-bearing rocks from random preparations. Clays Clay
Miner., 49, 514 — 528.

SorTNiK, P., JURKOVIC, [, HILLER, E., KORDIK, J. & SLANINKA,
I., 2015: Environmentalne zataze. Vysokoskolska ucebnica.
Banska Bystrica, Slovenska agentura Zivot. prostr., 301 s.

SIMURKOVA, M., IvaN, P. & GARGULAK, M., 2016: Subsolidus
alkali metasomatism in the metamorphosed Ordovician acid
volcanics and volcaniclastics of the Gelnica Group (Gemeric
Superunit, Western Carpathians). Acta Geol. Slov., 8, 87— 98.

SEF¢IK, P., BYSTRICKA, G. & KACER, S., 2012: Pedogeochemic-
ké mapy — vysvetlivky. Bratislava, Stamy Geologicky Ustav
Dionyza Stiira, 60 s.

VESELSKA, V., MAJZLAN, J., HILLER, E., PETKOVA, K., JURKOVIC,
L., DurZaA, O. & LALINSKA-VOLEKOVA, B., 2013: Geoche-



Jurkovié, L. et al.: Geochemicko-mineralogicky prieskum péd ovplyvnenych banskou cinnostou v oblasti opusteného Sb loziska Cucma

mical characterization of arsenic-rich coal-combustion ashes
buried under agricultural soils and the release of arsenic.
Appl. Geochem., 33, 153 — 164.

VITKOVA, M., ETTLER, V., SEBEK, O., MIHALJEVIC, M., GRYGAR,
T. & RoHOVEC, J., 2009: The pH-dependent leaching of inor-
ganic contaminants from secondary lead smelter fly ash. J.
Hazard. Mater., 167, 427 — 433.

WENTWORTH, C. K.,1922: A scale of grade and class terms for
clastic sediments. J. Geol., 30, 377 — 392.

ZHANG, S., WANG, Y., PErRvAIZ, A., KoNG, L. & HE, M., 2018:
Comparison of diffusive gradients in thin-films (DGT) and
chemical extraction methods for predicting bioavailability of
antimony and arsenic to maize. Geoderma, 332, 1 — 9.

ZENISOVA, Z., FEAKOVA, R., JaS0ovA, I. & CICMANOVA, S., 2009:
Antimon a arzén vo vodach ovplyvnenych banskou ¢innos-
tou vo vybranych oblastiach Slovenska. Podzemnd voda, 15,
100 - 117.

Geochemical and mineralogical exploration of soils affected by mining activities
at the abandoned Sb-deposit Cu¢ma

Abandoned Sb-deposit Cuéma is one of the typical mi-
ning sites in Slovakia, situated in the southern belt of the
Spissko-gemerské rudohorie Mts. (Western Carpathians)
(Fig. 1). At present, part of the locality is classified as
probable environmental burden (registered as RV (003)/
Cuéma — former mining plant, SK/EZ/RV/777) and the
impoundment is registered in the repository register. The
main source of environmental contamination (mostly Sb
and As) in the area are the outflows of mining waters
from old galleries and deposited mining wastes in the area
(Hiller et al., 2012). Soil samples were taken at two depth
horizons (0 — 15 cm/18 samples and 15 — 30 cm/5 samples)
for the study of geochemical and mineralogical properties
of soils (Fig. 2).

Laboratory analyses of soil substrates showed their
significant heterogeneity (Tab. 1). The soil pH values for
samples from a depth of 0 — 15 cm were in the range of
2.84 —7.45 and 2.06 — 7.13 for pH(H,O) and pH(KCI),
respectively with the same tendency for soil samples from
a depth of 15 to 30 cm. The soil substrates fell into the
categories from “ultra-acidic” to “weakly alkaline soils
with a median of values belonging to the “strongly acidic”
soils based on the USDA scale for the assessment of acti-
ve soil pH. The soil samples represented primarily initial
soils without the presence of horizons or with the presence
of hardly distinguishable horizons, mainly fluvisols and
technosols.

Total concentrations of potentially toxic trace elements
were high in several cases, especially in the case of Sb and
As (the range of Sb contents was 6.2 — 142 322 mg . kg!
with a median of 433 mg . kg! for a depth of 0 — 15 cm and
a median of 882 mg . kg! for a depth 15 — 30 cm). Median
and mean Sb (8 525 mg . kg! vs. 24 872 mg . kg!) concen-
trations increased with soil depth. The enrichment of the
lower depth horizons of the initial soils compared to the
upper horizons in mining areas relates to the rock weathe-
ring and leaching of trace elements from surface layers due
to acidic environments (e.g. mine effluents) (Jung, 2008).
The As contents of the soils significantly correlated with
antimony (R?=0.87 at p <0.000 1), however, the As con-
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tent decreases with depth of soil profiles. The highest total
concentrations of Sb and As as well as Pb, Zn and Cu were
identified in soil samples of the area between the adits of
Matej, Gabriela and Jozef (CUP-3, CUP-4, CUP-6, CUP-
7, CUP-11, CUP-12) and at sites with the cumulative
effect of contaminants (CUP-10, CUP-16, CUP-18), at the
confluence of streams draining the whole area of abando-
ned Sb deposit (Fig. 3). Indication (ID) and intervention
(IT) criteria for soils (according to Directive of Ministry
of Environment of the Slovak Republic) were exceeded in
17 samples for ID, and in 9 samples for IT,, resp. in 18
samples for ID, and 17 samples for IT, (Fig. 4). For most
soils, significant exceedances of limit values, assuming the
possibility of a high probability of endangering human he-
alth and the environment, were assessed.

The soil substrate consists of lithoclasts and
crystalloclasts of variable grain size (Wentworth, 1922)
— from coarse gravel/breccias (more than 4 — 10 mm) to
granularity of claystones (less than 0.003 9 mm). Very fine-
grained meta-sandstones predominate among lithoclasts
(Fig. 5). Lithoclasts are cemented with red-brown to black
amorphous cement, which often penetrates the cracks. The
red-brown to black amorphous cement contains especially
fine-grained quartz, light mica (sericite), clay minerals,
albite and carbonates.

Quartz, calcite, albite, muscovite and illite are the main
mineral phases in the soils of the study area. Concerning
the ore minerals, tetrahedrite and rarely chalcopyrite were
mostly identified in the soil samples. Common amorphous
mineral phases in the soils were Fe oxy-hydroxides.
Ferric aggregates and cement were recorded (Fig. 6),
secondary Sb(Fe) mineral phases cemented lithoclasts
in the soil substrates. Secondary Sb mineral phases —
romeite (Ca,Sb,0.,), cervantite (Sb,0,) and stibiconite
[Sb,O,(OH)] were identified as products of weathering of
antimony ores, mostly stibnite (Fig. 7). Antimony oxides
are the most frequent mineral phases in almost all samples.
In all samples, quartz was the most common non-ore
mineral, which forms whole grains and surrounds other
minerals that most often enter it in the form of various
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veins (Klimko et al., 2009). Carbonates are also often
present in all samples. They are mainly made up of siderite
and Fe-dolomites, and the fissures are pushed by Fe oxides
with the addition of Mn and Mg (Lalinska et al., 2010).
The results of the extraction experiment with distilled
water indicated relatively low mobile proportions of Sb
and As (Tab. 2). Only 0.14 to 1.42 % Sb (median of 0.46 %)
of its total content was extracted from soils at a depth of
0 — 15 cm. A similar trend of Sb extractability was also
observed in the soils taken from a depth of 15 — 30 cm,
where the median was slightly higher (0.50 %). In general,
extractable Sb concentration was proportional to its
total content. The main cause of low Sb mobility was
likely a strong adsorption or co-precipitation of Sb with
Fe oxides in weathering processes (Hammel et al., 2000)
and the formation of individual secondary Sb minerals
with low solubility in water under oxidizing conditions.
The percentage of extracted As was somewhat higher
compared to that of extracted Sb. For soils from 0 — 15 cm
depth, 0.26 — 2.68 % As (median of 0.60 %) was released
into the water, and for soils from 15 — 30 cm depth, it was
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0.56 — 1.60 % (median of 0.70 %) of the total As content
in soils. The lower extractable proportions of As and Sb in
the surface soil layers are probably related to the higher
organic carbon content (fulvic acids and humic acids),
which bind these metalloids through complex formation
(Herath et al., 2017). The low extractable As proportions,
as in the case of Sb, can be explained by the adsorption
of As to the surfaces of secondary Fe oxides as well as
its incorporation into the structure of abundant Fe oxides,
whose presence was confirmed by mineralogical research
of these soils. It can be concluded from the results of
extraction experiments that there are sites with anomalous
concentrations of risk elements, such as Sb and As, in
substrates of initial soils within the investigated area
of abandoned antimony deposit Cuéma, representing
a potential risk to the surrounding environment. These
sites are mainly places located near historical adits and
abandoned heaps and dumps.

1.2019
2.2019

Dorucené / Received:

6.1
Prijaté na publikovanie / Accepted: 2.1



