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Abstract: The dump-field Cubietova — Podlipa is situated at the boundary of the
village settlement. The heavy metal contamination of the technogenous sediments and soils at
the investigated dump-field show irregular planar distribution. Also the heavy metal content in
the surface water, drainage water and in the groundwater was studied both in the dry as well as
during the rainy periods. The cementation process causes substitution of iron by copper. Natural
installation and development of plant species was observed at the old mine waste dumps,
specific to the local chemical conditions such as low content of essential nutrients and high
content of heavy metals. The individual parts of the plant tissues (roots, branches/stems,
leaves/needles, flowers/fruits) are contaminated by heavy metals and tissues are damaged
differently, respectively. The technogenous sediments and the contaminated soil of the dump
show only very limited acid potential.
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1. INTRODUCTION

The Lubietova deposit was in the 15th and 16th centuries one of the most
important and most extensively exploited Cu-mines of Europe. Although mining
activities were stoped during the 19th century and only a few geological survey
activities with negligible effect have been carried out here since (Ilavsky et al. 1994),
the area remains substantially affected.
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The main dump-field Podlipa represents about 2 km® area. The deposit is
situated in the Lubietova crystalline complex of Permian age which consists of
greywackes, arcose schists and conglomerates. The copper content in manually graded
ore was about 4 — 10 wt. %. Copper content in dump waste material was 0.9 — 2.4 wt.
% (Bergfest 1951; Kodéra et al. 1990; Ilavsky et al. 1994).

The heavy metals from the ore contaminated the technogenous sediments of
the dumps, the soil and the surface water, drainage water as well as the groundwater
(Andras et al. 2007). The heavy metals can reach plants from the soils due to their
higher content in the base rocks or from the sources of different anthropogenic
activities. Heavy metals from the air pollutants can reach plants through pores/water or
soil solution. Their penetration influences soil-ecological conditions such as soil types,
soil pH, concentrations and bonds of heavy metals, humus content in soil, oxidative-
reductive conditions around root system connecting with microbial decomposition of
inorganic and organic substances, soil moisture, temperature, utilized fertilizes and
preparations for the plant protection (Andras et al. 2007).

Natural installation of mine waste dumps by plants is inhibited due to fine-
grained soil flushing from the slopes and fast draining of rain water from the surface
into the basal level of dumps or into the impermeable sub-soil by soil-forming
substratum. Therefore only several large mine waste dumps provide the possibility to
enroot to resistant plants in depressions or at local plains after centuries (Andras et al.
2007).

2. EXPERIMENTAL

The samples (of about 10 kg weight) of sediments from the dumps and soils
from the 15 — 20 cm depth (the sampling step was 25 m?), surface water (stream water,
drainage water, and groundwater) were collected for the characterization of
components of landscape contamination. To the each water samples of 1 000 ml
volume was added 10 ml of HCI.

The reference site was selected for comparison of territories loaded by heavy
metals and non-contaminated natural environment (Fig. 1). It was situated outside of
geochemical anomalies of heavy metals and represent graywakes of Permian age)
similar to material at the dump-field. The samples of plant material were collected
from the contaminated dumps.

Vegetation creates small isles and is enrooted in few depressions which have
enabled limited soil-forming process. The selection of plant species was performed so
that it could be possible to compare all identical plant species from the contaminated
planes with plants from the reference sites. The samples of hardwood species (Betula
pendula, Quercus petraea, Salix fragilis), coniferous species (Pinus sylvestris, Abies
alba, Picea abies) and herbs (Juncus articulatus, Mentha longifolia) were studied. At
everyone site were sampled 10 individuals of each plant species to get average sample
Five coniferous individuals of approximately same age were sampled for branches (in
case of Picea abies also needles) from the fourth or fifth spike with approximate length
of segment from 10 to 15 cm. In the case of Pinus sylvestris were analysed two years
old needles. Roots of the same length and with 2 - 3 cm diameter were obtained from
the surface soil level. Similar mode of sampling was used at hardwood species: 3 — 4



years old branches were sampled from the lower limbs. The samples were dried at
laboratory temperature and then homogenized.
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Figure 1. The dump-field Podlipa in Cubietova

The samples of technogenous sediments from the dumps and soils were dried
and 0.25 g of sample was heated in HNO;-HCIO,4-HF to fuming and taken to dryness.
The residue was dissolved in HCI. Solutions were analysed by ICP-MS analyse in the
ACME Analytical Laboratories (Vancouver, Canada). Plant samples were divided into
roots, branchess/stems, leaves/needles and flowers/fruits. 0.5 g of vegetation sample
was after split digestion in HNO; and then in Aqua Regia analysed by ICP-MS for
ultralow detection limits. The contamination of live and dead parts was compared in
several plants. Plants were analyzed in the same laboratory as sediments.

The minerals of the clay fractions were determined by x-ray diffraction and the



clay mineral samples were ICP-MS analysed, than macerated 14 days in natural
drainage water from the studied locality containing heavy metals and again analysed.
The pH of the sediments was determined from suspension both with distilled water and
IM KCI after 3 hours of maceration.

The sulphur, total carbon, organic carbon and inorganic carbon content in the
sediments was IR analysed using furnace Strohlein C-MAT 4000 in the laboratories of
Geological Institute of Slovak Academy of Sciences. The static test of the total acid
potential was realized according to Morin and Hutt (1997) and Sobek et al. (1978).

The water samples were analyzed using AAS in the National Water Reference
Laboratory for Slovakia at the Water Research Institute in Bratislava. The speciation of
As was performed on the basis of different reaction rate of As’” and As’* depending on
pH. The experimental study of the Cu precipitation on the surface of iron particles was
realized in the laboratory of the Comenius University in Bratislava by Dr. B. Lalinska.

Microscopical analyses of plant tissues were realized in the laboratories of the
Department of Wood Science of the Technical University Zvolen.

3. RESULTS
3.1 Technogenous sediments and soil

The dump-field mining sediments are influenced by heavy metals from the
hydrothermal Cu-mineralization. The main contaminants: Cu (up to 20 360 ppm), Fe
(up to 2.58 %), As (up to 457 ppm), Sb (up to 79.3 ppm) and Zn (up to 80 ppm) are
accompanied also by U (up to 10 ppm) and Th (up to 35 ppm). The distribution of the
contamination is irregular (Fig. 2 — 4). In general it is possible distinguish according to
the geochemical behaviour three main groups of elements: 1a): Fe, Sn, Ag, U, 1b): Cu,
Ni, Co, As, Sb, Cr, V, Th 2): Zn, Bi and Cd, 3): Pb.

The weathering processes of reactive minerals in predominantly acid rock
surrounding mobilize heavy metals and toxic elements (e.g. Cu, As) and contaminate
the landscape components. The natural sorbents were studied to secure efficient
landscape remediation. The most important possible natural sorbents at the studied
locality are clay minerals and limonite. X-ray diffraction analyse of the clay fraction
showed that it consists of illite and muscovite mixture, of caolinite, minerale of the
smectite group and of chlorite group. Within the studied symplex the dominant clay
minerale are illite and muscovite. The second most important clay mineral is the
smectite.

The present study showed that the best sorbent is the limonite (tab. 1, sample A-
17) but its occurrence at the dump-field is very limited. In most cases show good
sorption property alsi clay minerals. These minerals form at the locality the natural
geochemical barrier which enable precipitation of heavy metals and their fixation on
clay minerals surface.

Important sorption was prowed predominantly in the case of Cu, Pb and Zn but
in some cases also As, Sb, Bi, Mn show good sorption power (Tab. 1). This tendency
was not prowed only in limited cases: in samples where was determined presence of
not oxidized primary ore minerals (e.g. chalcopyrite in sample A-1), which case that
the content of the individual heavy metal (in case of sample A-1 it is the Cu content)



ins in the technogenous sediment or soil higher as in the fraction of the clay minerals
(Tab. 1, Fig. 5).

Table. 1. ICP-MS analyses of technogenous sediments and soils from the dump-field

Cu | Pb Zn Ni Co As Sb Bi §]
Sample Ppm
A-1 2829  28.1 14]  368| 104 162]  61.6 2.8 1.3
A-lc 1693|  63.8 18] 360 113 258|  60.1 4.5 1.4
A-le* | 2345 229.1 95| 71.8| 183 628| 1532 146 33
A-2 1988 13.0 21 9.8 5.9 10 7.1 0.2 1.4
A2c¢ | 5743 224 36| 122 103 19 9.2 1.4 1.1
A2c* | 4724 279 62| 170 6.4 15| 126 1.5 1.1
A-3 8275 16.0 200 321 14.0 71| 224 8.5 1.7
A3c | 6242| 231 25| 283 17.0 110|  24.0 7.2 1.8
A3c* | 8574| 374 47]  304| 110 105 28.0] 121 1.9
A-4 4471 9.6 23| 550 500 169] 595 237 1.6
A-4c¢ 3324|149 16| 424 583 237 793| 392 1.7
A4c* | 3112|378 27|  644| 321 300 129.8| 909 2.2
A-5 3150  16.9 19 340 244 60| 172 1.7 1.0
A-5¢ 3001 14.8 18] 341 304 64| 163 2.1 12
A-5c¢* | 2078 219 45|  554| 296 105|303 3.2 1.4
A-6 4797| 156 13| 516 418 134| 49.8| 254 1.4
A-6¢ 2503 |  24.6 14 451 409 224|  562| 244 1.6
A-6c* | 2918 723 65| 67| 320 305 923|517 2.2
A-7 7558| 168 26| 104 102 16| 115 0.9 1.1
A-7c | 855.1| 202 330 101 12.0 17 7.1 1.2 1.1
A-7c* | 2026 73.7 176|  26.0| 155 33| 174 3.6 2.3
A-8 716.0 6.5 7] 580] 899 61 17.9 0.5 2.6
A-8¢ | 8355 6.3 14 665 69.7 52| 202 0.7 2.5
A-8c* | 8367 4.2 4|  625] 1045 46| 189 0.8 2.1
A9 5903 295 24|  39.8]  36.0 244 37.0] 151 2.7
A-10 7699 302 19] 522 480 457 627|251 4.0
A-11 1563|248 37] 190 8.7 16] 149 4.8 1.7
A-12 | 113.1] 394 29 8.9 8.6 16 5.6 0.7 1.4
A-17 | 14440 8.4 59| 517 734 280 432 7.2 2.3
A-17c | 20360  49.0 80| 43.0| 700 260| 400 6.0 2.0
A-17¢* | 23060|  60.0 50] 58.0| 83.0 280  34.0 5.0 1.0

Explanations: A-1 to A-11 — technogenous sediments and soils from the dump-field, A-12 reference area,
A-17 limonite, A-1c to A-17c clay fraction, A-1* to A-17* - clay fraction after 14 days maceration in
drainage water, containing heavy metals.

In the very most cases were the heavy metals after 14 days maceration of the
clay fraction in the drainage water sorpted on the clay minerals surface. This result
prowed that the clay minerals dispose by free sorption capacity (fig. 5). For the not
numerous exceptions as e.g. the decrease of the As content in samples A-2, A-3 or A-§,
eventualy decrease of the Mn content in samples A-2 to A-6 we have in the present
state of the investigation no relevant explanation.



Figure 2. Distribution of the heavy metal contamination
at the dump-field sediments at the Cubietova deposit. The number indexes on the isolines
represent the concentration in %.
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Figure 3. Distribution of the heavy metal contamination
at the dump-field sediments at the Cubietova deposit. The number indexes on the isolines
represent the concentration in ppm.
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Figure 4. Distribution of the heavy metal contamination at the dump-field sediments at the
Lubietova deposit. The number indexes on the isolines represent the concentration in ppm.
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Figure 5. Histograms of Cu, Pb, As and Sb content in technogenous sediments (a), in fraction of
clay minerals (b) and in clay minerals macerated 14 days in heavy metals containing drainage
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Differences of the sorption capacity among individual clay mineral mixtures
were not prowed. It could be caused probably by the fact that the matrix of each clay
fraction consists from the larger part of illite and muscovite. The variable quota of
smectite, which has according to Koza¢ (1996) higher sorption capacity as illite or
muscovite, is not enough important to show substantially higher sorption efficiency.

3.2 Water

The surface water in the creek draining the valley along the dump-field is
gradually contaminated by heavy metals from leached from the technogenous
sediments of the mining dumps. The drainage water contains high Cu (up to 2060
ppm), Fe (up to 584 ppm), Zn (up to 35 ppm) and sometimes also Co (up to 10 ppm)
and Pb (up to 5 ppm) concentrations. The highest As concentration is 0.6 ppm.

The heavy metal content in the water is probably in one third higher during the
dry period in comparison with the rainy period. The As content is both in the surface
(and drainage) as well as in the groundwater not high (0.061 ppm). The speciation of
the As proved only the presence of the less toxic As’". The more toxic inorganic As>* is
not present (Fig. 6).

The presence of Acidithiobacteria or of sulphate reducing bacteria was not
proved. The acidity both of the surface and groundwater is close to neutral pH (6.4 —
7.6) so the formation of acid mine drainage water is not probable.

It was found that the process of the cementation is present but not fast. In spite
of the limited kinetics of the process the electron microprobe study proved that the
cementation cause on the surface of iron gradual displacement of the Fe*" jons and
precipitation of Cu®" ions, both in form of the Cu-oxides, Cu carbonates as well as in
form of native copper (Fig. 7). The electron microprobe study show that the
cementation copper is of a high fineness. The electron microprobe point analyses
proved Cu-contents up to 96.07 . %.
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Figure 6. The pH vs. Eh plot show only the presence of the As”" in the groundwater
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Figure 7. Native copper (white) of high fineness (up 91,68 % Cu) and the Cu-oxides and
carbonates (grey) on the oxidized steel surface (dark) were precipitated after two months of

maceration.
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Figure 8. The experimental removing of Cu from the drainage water using Fe’ —barrier
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Figure 9. The experimental removing of Sb from the drainage water using Fe’ -barrier
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The ability of the drainage water precipitate cementation copper on the iron
surface give possibility to realize Fe’-barrier for elimination of heavy metals from the
drainage water and contribute to the remediation of the mining country.

The most contaminated is the mineral water from the spring Linhart (Fig. 1).
The average total radioactivity is 6,498 Bq.l"', the Fe (381 ppm) and Cu (80 ppm).
These contents as well as contents of Pb (81 ppm) and Cd (476 ppm) in singular
analysis substantionally exceed the Slovak decrees No. 296/2005 - No 354/2006 Coll.

The experimental test using the Fe’-barrier (Laboratory evaluation of Fe’
barriers to treat acid drainage water) according to Bartzas et al. (2006) showed that the
Cu and Sb were from the acid drainage water removed the objective metals (Cu and
Sb; figures 8 and 9) during 12 hours at pH 6 — 8.

3.3 Plants

The mineralogical composition of the mine waste dumps at Cu-deposit
Lubietova - Podlipa deposit influence the chemical composition of the products
resulted from the specific weathering reactions of the ore and gangue minerals. The
geochemistry characteristics of the mine waste dump sediments, soils, surface and
drainage water influence the natural installation of the plant species. The chemical
analysis of the dump sediments, soils, water and plants from the dump-field show that
they are contaminated by heavy metals: Fe, Cu, As, Sb, Cd and others.

The plants adapted to the specific conditions of the different zones of the
studied area show different level of the contamination in individual tissues (roots,
twigs/stems, leafs/needles or in flowers/fruits). The article presents also results of the
plant tissue degradation study in heavy metal contaminated conditions and compare
them with those from reference sites.

The contents of the heavy metals in plant tissues decrease in the following
rank: Fe, Zn, Pb a Cu. In most cases the highest contents of metals were described in
roots, than in leaves and stems and less in flowers, semens and fruits. The plant tissues
at the dump sites are considerably damaged. Growth of the annual rings are
extraordinary tight. Anomalous coarsening of the cell walls, presence of the calluses
and of resin canals, as well as of numerous hyfes in vessels indicate the defensive
plant-reactions.

It was determined that at the Podlipa locality the concentrations of heavy
metals decrease in plant tissues in the following order: Fe, Zn, Pb and Cu. The
comparison of contamination of individual plant tissues showed that the highest
concentrations of heavy metals have roots then leaves and stems. Flowers, seeds and
fruits have the lowest concentrations of heavy metals. Plant tissues are considerably
damaged at the dump-field and increments of year shoots are extremely narrow.
Anomalous cell-wall exfoliation and coarsening, occurrence of calluses, resin canals
and numerous hyphaes in vessels suggest defense mechanism of plants which are
exposed to the stress factors at the dump-field such as contamination by heavy metals,
soil and moisture deficiency, movement of incohesive material down to slope.
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4. THE TOTAL ACID POTENTIAL OF THE DUMP-FIELD AND
THE POSSIBILITY OF REMEDIATION

If distilled water is used in the measurment of paste or rinse pH of sediments or
soils, its pH is usually around 5.3. The pH values less than 5.0 indicates that the
Sample contain net acidity at the time of analyse (Sobek 1978). Values of paste pH
between 5.0 and 10.0 can be considered near neutral at the time of the analysis. From
viewpoint of this study only two samples (A-3 and A-12) account acid values (Tab. 2).
It is interesting that one of this samples is the sample from treference area. The reason
of such a behaviour is the lack of the carbonates (Tab. 2).

Table 2. Paste and rinze pH (H,O and 1M KCI), sulphur and carbon contents
in samples of technogenous sediments and soils

H,0 IM KCI %
Sampl Ctot. Corg. Cinorg
(& pH Eh pH Eh Stot Sso4 SS . C02 CaC03

A-1 | 514 777|461 109 025 0,10 0,15| 0,74 0,20 0,54 1,97 4,48
A2 |589 34|540 63| 0,02 0,01 001] 086 038 048 1,75 3,99
A-3 | 487 94|421 131| 0,10 0,03 0,07| 0,62 034 028 1,02 2,32
A4 |546 59|533 66| 033 0,13 0,01 034 026 0,08 0,29 0,66
A-5 | 577 42|537 64| 0,05 001 005 0,78 035 043 1,57 3,57
A-6 | 517 74|506 83| 042 0,15 027| 040 027 0,13 047 1,08
A-7 | 793 -84|734 -58| 0,03 0,02 001 L,63 0,10 1553 561 12,71
A-8 | 542 36|522 42| 0,01 001 001|045 0,13 032 1,17 2,66

A-9 | 5,03 83| 5,01 85| 0,03 0,03 0,01| 0,40 0,37 tr. tr. tr.
A-10 | 525 71| 5,14 78| 0,04 0,02 0,02| 048 0,46 tr. tr. tr.
A-11 | 6,11 220595 30| 0,11 0,04 007] 431 418 0,13 047 1,08
A-12 | 421 133|347 173] 0,02 0,01 0,02] 405 4,03 tr. tr. tr.

Table 3. Total acid potential of the sediment and soil samples

Sample | TAP (kg.t")
A-1 7.813
A-2 0.625
A-3 3.125
A-4 10.313
A-5 1.563
A-6 13.125
A-7 0.938
A-8 0.313
A-9 0.938
A-10 1.250
A-11 3.438
A-12 0.625
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The measuring of the pH paste in the samples using solution of 1M KCI give
similar values. It means that only several few samples show markedly acid reaction.

The total acid potential (TAP) was calculated according to Morin and Hutt
(1997):

TAP = (% Sior.) x 31.25,
where TAP is provided in any of three equivalent units: kg CaCOs, equivalent/metric
tone (t) of sample, t CaCO; equivalent/1000 t of sample, or parts per thousand (ppt)
CaCO; equivalent.

The TAP values from the dump-field Podlipa vary in range from 0.625 in
samples A-12 (reference area) and A-2 to 13.125 in sample A-6 (Tab. 3).

If we compare the highest TAP value for sample A-6 with the data about the
sulphur kontent, we can demonstrate, that both the highest sulphide and sulphate
sulphur content were described from this sample, which represents the sedimentary
material from Empfangnis adit. The highest TAP value is also the consequence of the
relatively low carbon content.

5. CONCLUSIONS

The results for the irregular contamination of sediments by selected heavy
metals are shown at figure 2 - 4.

The surface water (and drainage water) as well as the groundwater water are
substantially contamined predominantly by Cu, Fe and As. Both the As content and its
speciation don't pose acute risk (the highest arsenic content is only 0.6 ppm and it is
present only in the form of moderately toxic inorganic As’"). The only risk poses the
spring of the mineral water Linhart because of the high radioactivity and high Fe, Cu,
Cd and Pb contents. For this reason was the spring closed and it is not used for
drinking.

The concentrations of the heavy metals in plant tissues decrease seriately in
rate: Fe, Zn, Pb and Cu. Comparison of individual types of plant tissues show that the
highest concentrations of heavy metals are in roots, than in leafs and stems and the
lowest concentrations are in flowers, seeds and in fruits. The plant tissues from the
dump-field are heavily damaged and the growth of the current year shoots are
extraordinary tight. The results of the research document the plant defense reactions
under the influence of stress factors at the dump sites (absence of soil and water, the
heavy metal contamination, mobility of the cohesionless slope material).

The ability of the drainage water precipitate cementation copper (as well as Sb
and probably also other heavy metals as As) on the iron surface give possibility to
realize Fe-barrier for elimination of heavy metals from the drainage water and
contribute to the remediation of the mining country.

The Lubietova — Podlipa dump-field dispose by certain degree of ,self-
cleaning ability.” Great part of the heavy metals and contaminants is fixed in porous
material, Fe-hydooxides and in clay minerals, which show still an important free
sorption capacity. The possible developing of the dumps in the case of the remediation
activities could relieve and mobilize the fixed heavy metals and contaminants to the
landscape. From this reason we not advise to interfere with the dump material.
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