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ABSTRACT

The surrounding of the poorly maintained tailing ponds is endangered by the toxic substances
and represents a serious risk for the health of the local population. The aim of the study was to
determine the soil pollution by the hazardous elements (As, Cr, Cd, Cu, Fe, Mn, Ni, Pb, Zn) around
the tailing pond using contamination factor (Cy), degree of contamination (C,) and pollution load
index (PL/). The health and the condition of soil were evaluated by soil enzyme activity (urease,
acid and alkaline phosphatase, florescein diacetate, and B-glucosidase). The spreading of the air-
borne hazardous elements from the body of the tailing pond was evaluated by moss and lichen
bag technique and relative accumulation factor was used for the result expression. Cd, Fe, and Mn
in soils reached above the limit values at all sampling sites. According to the degree of contamin-
ation (C,), the soils at the sampling area were very high contaminated by As, Cd, Cu, Fe, Mn, Ni,
and Pb. The most part of the assessed area was according to the PL/ values extremely polluted.
The air pollution was the most serious around the tailing pond, but serious levels of some hazard-
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ous elements were determined also in the remote distances.

Introduction

The inappropriate storage, inadequate reclamation and
releasing of hazardous elements from mining bodies into the
surrounding environment is still an up-to-date problem at
former mining areas in Slovakia. Spreading of inorganic
toxic substances from these secondary sources of pollution
could affects soils, waters, and the atmosphere.") Especially
the surface of the tailing ponds covered by small particles of
a dust consistency could be easily eroded by wind and par-
ticles transported to a long distance.!

According to the information system for the disposing of
mining waste, which was created as the implementation of
the provisions of the act on management of the waste, 338
repositories of mining material of which 28 are high risk are
registered in the Slovak Republic.!®! There are 56 tailing
ponds of various levels and types used for ash material, ore
material and other industrial material storing."*! The level of
re-cultivation or storing safety is inadequate and poses an
immensely treat in terms of environment protectionm and
human health.

There has been repeatedly shown that the soils in former
mining areas contain hazardous elements such as Cd, Cr,
Hg, Pb, Zn, sometimes in dangerous quantities’®™”) exceed-
ing the limit values set by law.*)

High pollution levels impact soil fertility, influence food
production'®’ and through the food chain may affect animal
and human health.""”! Polluted soils lose very common bio-
chemical properties which are necessary for the functioning
of the ecosystem. Compared to the other soil characteristics,
soil enzymes react quickly to the environmental stress and
are reliable indicators reflecting the biological state of
soil.'] Because of their easy, rapid, and precise determin-
ation, they are often used as bioindicators of soil quality.!**!
Mining activities and mining-related industries contribute
significantly to the air pollution,!"* which is reflected by soil
contamination, changes in plant community structure!™*) or
human health problems.”) Moss and lichen bag technique
introduced by Ref. [15] is a useful tool for biomonitoring air
pollution in different types of urban areas.'®'”! Numerous
advantages of the moss and lichens, such as geographical
widespread, a high abundance in different geographical con-
ditions and the lack of root system, what prevents the
uptake of the hazardous elements from mineral substances,
make them an ideal biomonitors for air pollution.
Additionally, compared to traditional air pollution monitor-
ing methods, mosses and lichens are low-cost, independent
of power supply and able to evaluate the whole range of the
hazardous elements at the same time.!"®!
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Present study focused on the evaluation of the environ-
mental quality in the surrounding of the tailing pond Nizna
Sland (Eastern Slovakia). The aim of the study was to (i)
determine the concentration of the hazardous elements in
soils in different distances from the tailing pond and assess
the impact of soil pollution on biological characteristics
(activity of soil enzymes), (ii) to evaluate the ecological risk
of the hazardous elements by applying contamination factor
(Cy), degree of contamination (C;) and the pollution load
index (PLI), (iii) evaluate the spreading of the hazardous ele-
ments in air, from the tailing pond down the valley, using
moss and lichen bag technique, (iii) compare accumulation
abilities of different moss and lichen taxa.2.

Materials and methods
Study area

Nizna Slana village is situated in the Eastern Slovakia in
Slovenské rudohorie hills, surrounded by three national
parks - Muranska planina plain, Slovensky raj, and
Slovensky kras karst area. From the climatological point of
view, area belongs to the moderately warm - moderately
wet climate region, with the mean January temperature —2
to —5°C.[""! Nizn4 Slan village was established in the 14th
century as the mining village focused to the iron ores and
precious metals mining. During the 18th and the 19th cen-
tury, the biggest industrial and mining development was
recorded. Accompanied processing activities were performed
in the smelter provided by three blast furnaces.””’ Mining
and ore processing activities were stopped in 2008, but
abandoned mining pits, heaps of waste material, huge aban-
doned smelter area and the tailing pond stayed the source of
toxic substances endangering surround environment.!*"!
Tailing pond Niznd Sland [48°44'36.90"; 25°25'51.24"] with
an area of 20.6 ha is situated in the 464 m a.s.l. and 7 million
tons of the sewage sludge is stored there. Overall high of the
dam is 100 m. Because of inadequate remediation, the tailing
pond is unstable and represent serious environmental treat
for the region.!*!

Samples of the soil taken in the surrounding of the tailing
pond are according to the International Union of the Soil
Science!?”! characterized as technosols — new referential soil
formed by the material of technogenic origins. In our case,
the proportion of soil and the material of technical origin
was changing with the distance from the tailing pond -
that’s why we will use the term “soil” for all the soil/techno-
sols samples.

Soil sample collection and preparation

Topsoil samples (10-20cm) were sampled at 11 sampling
sites distributed at a distance 0, 50, 100, 150, 200, 300, 400,
500, 700, 1000, 1100 m from the main pollution source - the
dam of the tailing pond. The localization of the sampling
sites regarding the relief is shown in Figure 1. The sampling
sites are localized in the direction of the predominant wind
(east-west direction) which flow from the tailing pond,

down to the valley.*"! At each sampling site, 500g of the
soil was sampled, stored in the plastic bag, and transported
to the laboratory, where the samples were air-dried at a
room temperature for 2weeks. Subsequently, the samples
were manually crushed, cleaned of rough particles and dead
parts of the plants, and sieved through a mesh sieve (2 mm).

Soil enzyme activity and pH determination

Soil reaction (pH) was determined as follows: 20g of the
soil was mixed with a 50mL CaCl, (c=0.01mol L")
(Sigma-Aldrich, spol. s r.o., Bratislava, Slovakia). After the
20 minutes of shaking in Unimax 2010 horizontal shaker
(Heidolph Instruments, GmbH, Schwabach, Germany) the
samples were filtered through the filter paper Filtrak 390
(Munktell&Filtrak, GmbH, Barenstein, Germany) and subse-
quently measured by pH meter Metrohm 691 (Metrohm
AG, Herisau, Switzerland).!?”

Activity of acid (ACP) and alkaline phosphatase (ALP)
was colorimetrically determined as a phenol release after the
incubation (for 3h at 37°C) of soil samples with phenyl
phosphate solution and acetate buffer (for acid phosphatase)
and acetate buffer (for alkaline phosphatase).”®’ Phenol
release was measured by the spectrometer at 510nm.
Activity of urease (URE) was colorimetrically determined as
an ammonia release after the incubation (for 24 h at 37°C)
of soil samples with urea solution.””’ Ammonium determin-
ation was measured by spectrometer at 410 nm. Fluorescein
diacetate activity (FDA) was spectrophotometrically deter-
mined using fluorescein diacetate as a soil and incubated
at the temperature of 30°C for 1h after the soil hydroly-
sis.*®! Activity of B-glucosidase (BG) was determined as a
p-nitrophenol release after the incubation (for 1h at 37°C)
of the soil samples with 4-Nitrophenyl glucopyranoside.'*!

Contamination factor, degree of contamination and the
pollution load index

To determine the hazardous elements pollution in soil sam-
ples, the contamination factor (C})BO] was calculated as fol-
lows Equation 1:

i
CO—I

C = .
f c

(1)
where, C}_, is the measured concentration of the hazardous
element and C!, is the background level of the hazardous
element in upper Earth’s crust according to Curlik and
Sefeik®!! and Kabata-Pendias.!*?! The background level (C')
of As, Co, Cd, Cr, Cu, Fe, Mn, Ni, Pb, Zn in natural soils
were considered as 25, 0.3, 20, 10, 20, 530, 20, 530, 10, 20,
40mg kg ' respectively.*"*?! Hakanson®"! recognized four
classes according to the contamination factor values: (i) low
contamination factor (if Ci< 1), (ii) moderate contamin-
ation factor (if 1§C}<3); (iii) considerable contamination
factor if 3< C}<6) and (iv) very high contamination factor
(if Ci > 6).

Degree of contamination (C,) is a degree of overall con-
tamination in a sampling site calculated as follows Equation
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Fig. 1. The localization of the sampling sites selected for soil sampling and M/L bags exposition.



4 L. DEMKOVA ET AL.

Fig. 2. The area of the Nizna Slana tailing pond (a) and the spreading of the dust particles from the tailing pond (b).

Ca = G )

The final C, values were divided by Hakanson™" into

four categories as follows: (i) low degree of contamination
(if C;4<8), (ii) moderate degree of contamination (if
8<C,;<16), (iii) considerable degree of contamination (if
16 <C,;<32), (iv) very high degree of contamination
(if C;> 32).

For the comparative assessment of the level of hazardous
elements pollution at each sampling site, pollution load
index (PLI) proposed by Tomlinson et al.**! was used. PLI
was calculated as follows Equation 3:

PLI = (Cflx Cnx Cp X.. X Cfn)l/n 3)

where n — is number of assessed metals, Cyis a contamin-
ation factor of individual pollutants. The PLI values were
divided into four categories according to Wang et al.** as
follows: (i): no pollution (PLI< 1), (ii) moderate pollution
(1<PLI<2), (iii) heavy pollution (2<PLI< 3), (iv) extreme
pollution (PLI > 3).

One lichen (Hypogymnia physodes (L.)) and three moss
taxa (Dicranum spp., Hypnum spp., Polytrichum spp.) were
sampled during the June 2016 in Slanské vrchy hills
(Eastern Slovakia). Sampling localities were selected at least
500m from the forest road and at least 1000m from the
main road. Approximately 500 g of each taxon was sampled.
Moss and lichen (M/L) samples were stored in the paper
bags and transported to the laboratory conditions where
they were manually cleaned from the soil particles and nee-
dles, separated from the brown tissue, homogenizes and
washed tree times (approximately 10L water per 100g of
moss dry weight lasting 5, 10, 20 minutes) in deionized
water. Subsequently were M/L samples hand squeezed and
air-dried in an oven at 60°C for 24h (Venticell 111, BMT,
a.s., Czech Republic).

Moss and lichen sampling and preparation

About 5g of each M/L taxa was packet into the nylon net
(2mm mesh size) cut at pieces 10 x 10cm. Two bags of
each taxon were exposed to 11 sampling points (same as the
soil sampling sites) (Fig. 2), hanging on the trees in
the height of 2m. One part of each taxon was stored as
the background sample (not - exposed) to determine

initial hazardous elements values. A total set of 88 M/L
bags were exposed for 6weeks. After the exposure, M/L
bags were collected and stored in plastic bags, at —20°C
prior to analysis.

Soil and moss and lichen hazardous element
determination

The homogenized M/L samples and soil samples were pre-
pared by milling in a laboratory grinder IKA A1l0 basic
(IKA Works, Wilmington, USA). The homogenized samples
were stored in closed plastic bags until the next treatment
step. For pressure microwave digestion, approximately 0.20 g
(with a precision to 4 decimal places) of samples was
weighed into PTFE digestion tubes. Consequently, 5mL of
HNO; and 1mL of H,O, (trace purity) were purchased
from Lambda Life spol. s r. o., Bratislava, Slovakia (produ-
cer: Sigma-Aldrich Chemie GmbH, Steiheim, Germany), was
added directly to the PTFE vessels. The digestion procedure
was carried out using pressure microwave digestion system
ETHOS-One (Milestone, Srl., Italy). The mineralized sample
solutions were filtered through a quantitative Munktell filter
paper No. 390 (Munktell & Filtrak, Barenstein, Germany)
into 50 mL volumetric flasks and filled with deionized water
(ddH,0) to the final volume. Sample solutions were stored
in polyethylene tubes until ICP-OES analysis. Each sample
was prepared in three replicates. Ultra-pure water - ddH,0
(182 MQ cm ™', 25°C) was treated in a Simplicity 185 puri-
fication (Millipore SAS, Molsheim, France) and was used in
all cases.

Elemental analysis was carried out on an Agilent ICP-
OES spectrometer 720 (Agilent Technologies Inc., Santa
Clara, CA, USA) with axial plasma configuration and with
an auto-sampler SPS-3 (Agilent Technologies, GmbH,
Germany). Detailed experimental conditions were set as fol-
lows: RF power 1.45kW; plasma gas flow 16.0L min "% aux-
iliary gas flow 1.50L min~' and nebulizer gas flow 0.85L
min~" and CCD detector temperature —35 °C. Signal accus-
ation time 3s for three replicates. In total, 88 M/L samples
and 11 soil samples were analyzed for concentration of nine
elements (As, Cd, Cr, Cu, Fe, Mn, Ni, Pb, and Zn).
Calibration of the analytical method ICP-OES was realized
using mixed standard TraceCert® ICP 5 (Sigma Aldrich,
GmbH, Steiheim, Nemecko), which was diluted to the three
calibration levels (L.: 0.0475mg kg~ ; IL: 0,950 mg kg~ '; IIL:
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0,190mg kg~ '). Argon and carbon were used as internal
standard elements. ERM®-CE278k (mussel tissue; IRMM,
Belgium) was used for quality measurements control. Their
recovery values (regarding the water volume), for all deter-
mined elements, ranged between 85 and 118%. Following
spectral lines were used for quantitative and qualitative ele-
ments determination: As: 188.980 nm; Cd: 226.502nm; Cr:
267.716 nm; Cu: 324.754nm; Fe: 234.350nm; Mn:
257.610nm; Ni: 231.604nm; Pb: 220.353nm and Zn:
206.200 nm. All hazardous elements data were calculated to
the mg kg~' DW. A total content of the hazardous elements
was determined also in the reference material - M/L sam-
ples not exposed. The final values of hazardous elements in
M/L bags were computed as the measured (exposed) valued
minus reference values.

Relative accumulation factor
Relative accumulation factor (RAF) was used to assess the

content of each hazardous element in the exposed moss and
lichen species (Equation 4) as follows:
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Fig. 5. The activity of soil urease (URE) acid phosphatase (ACP), alkaline phosphatase (ALP), FDA and B-glucosidase (BG) at sampling sites localized near Nizna Slana

tailing pond.
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Table 1. Correlation relationship (Spearman’s correlation) between hazardous elements, activity of soil enzymes and soil pH (URE — urease, ALP -alkaline phos-

phatase, BG - B-glucosidase).

cd Cu Fe Mn Ni Pb Zn As URE ACP ALP FDA BG pH
Co 0.77** 039  0.77**  0.79** 0.96**  0.70* —0.19 0.82**  —0.16  —0.80 —0.57 —0.37 —0.07 0.69*
cd 046  0.92%*  0.95%* 0.78%%  0.74** 0.21 0.90%* —028 —0.62* —0.49 —0.39 0.01 0.75%*
Cu 0.63 0.47 0.54 0.37 0.40 0.35 -0.02 —-0.09 —0.04 0.12 0.17 0.54
Fe 0.93**  0,83** 0.847** 0.28 079**  —026 —0.48 —0.26 —0.14 0.06 0.79
Mn 0,81%** 0.75%* 0.1 0.88**  —043 —0.62 —0.42 —0.42 0.08 0.85
Ni 0.73**  —0.10 076**  —0.19 —0.69* —0.49 —0.29 0.01 0.73%*
Pb 0.36 0.62* —-0.15 —-0.28 0.01 0.12 —0.01 0.50
Zn —0.01 0.23 0.57 0.51 0.61* 0.14  —0.15
As —0.34 —0.74%*  —0.58 —0.46 —0.12 0.78%**
URE 0.24 0.26 0.48 —-055 —0.63
ACP 0.86** 0.79* 012  —0.62*
ALP 0.85**  —0.12  —0.40
FDA —-0.19  —-045
BG 0.16

*P < 0.05, **P<0.01.

RAF = (Cexposed - Cinitia.l)/ Cinitial (4)

where Ceyposea i the content of the hazardous element
after exposure, Ciyiar is the content of the hazardous elem-
ent before exposure.

Statistical evaluation and the map preparation

Spearman’s correlation coefficient was used to determine the
relationship between hazardous element concentrations, soil
enzymes activity and soil pH in the soil samples. Cluster
analysis, Wards method was used to highlight the similarity/
distinction between hazardous elements determined in soil
samples. One-way ANOVA test followed by Turkey’s mul-
tiple comparison test was used to find out the differences in
hazardous element concentrations between moss/lichen taxa
at the P<0.01 and P<0.05 level. All statistical analyses
were performed in R studio.”*”!

For the reached data visualization and the map prepar-
ation geographic information system QGIS was used. As an
analytical base maps OpenStreetMap (OSM); GoogleMaps;
Geodesy, Cartography and Cadastre Authority of Slovak
Republic and Mapbox layers where used.

Results and discussion
Total content of hazardous elements in soil samples

The values of the hazardous elements determined in soil
samples at different distance from the main pollution source
- tailing pond and the limit values of the hazardous ele-
ments®"*?! are listed in Figure 3. The values of Cd, Fe, and
Mn reached above the limit values'® at all sampling sites
and their average value was 36, 75, and 6 times higher than
the acceptable limit value, respectively. The similar course
with the highest values at the site 5 and the below limit val-
ues at the last sampling site, were determined for As and
Co. Pb and Ni exceeded the limit values only in the middle
part of the sampling area. The whole research area was
unpolluted by Cr. According to the earlier researches on the
study area, the serious content of As, Fe, and Mn in the
atmospheric deposition was determined.?"! Analyses focused
on the hazardous element content in sediments around

Table 2. The values of the hazardous elements contamination factor (Cp), with
highlighted the highest values and the degree of contamination (C,) of eval-
uated hazardous elements (*distance from the dam of the tailing pond).

Sampling Distance*

site (m) As Co Cd Cu Fe Mn Ni Pb Zn

1 0 375 112 999 16 685 8.04 404 188 057
2 50 120 1.04 110 356 944 844 463 321 0.89
3 100 119 092 468 690 651 432 316 1.63 091
4 150 147 257 776 367 886 826 1073 6.14 0.71
5 200 146 3.24 181 433 107 963 11.8 595 1.00
6 300 722 110 652 411 87.1 514 545 561 122
7 400 400 115 182 848 124 124 538 8.86 6.36
8 500 171 094 59.2 278 769 597 378 3.10 1.21
9 700 3.03 071 445 747 602 3.57 401 134 138
10 1000 194 052 312 163 506 223 175 155 1.60
1 1100 1.83 040 249 1.03 385 207 133 180 1.8
Cyq - 293 13.7 924 456 861 700 56.0 41.1 17.0

Nizna Sland tailing pond have also confirmed extremely
high levels of As, Fe, and Mn.””) A close relationship
between mentioned hazardous elements was confirmed by
cluster analysis (Fig. 4).

As it shown in Figure 3, the highest pollution was deter-
mined in the middle part of the sampling area in the dis-
tance from 250 to 400m from the tailing pond body. It
should relate to the wind force and the transmitted particle
size. Especially particle size has been reported to influence
or control many critical factors including atmospheric dis-
tance and deposition rate.*®! Niu et al.’”) have found, that
hazardous elements such as Mn, Ni, Cu, Zn, and Cd are
usually bounded to the nanoparticles, the elements such as
Fe and Pb are bounded to the fine-size particles. Despite the
assumption that smaller particles will be transported over
longer distances, no significant differences between hazard-
ous elements were determined.

Soil pH and the activity of the soil enzymes

Soil pH at the sampling sites ranged between 4.72 and 7.54
(Fig. 5). The highest values were determined at the body of
the tailing pond and decreased down the valley. According
to Curlik and Sefiik classification™ soil samples were
determined as slightly alkaline to strongly acid. There has
been repeatedly reported,****! that pH in heavily polluted
soils uses to reach low values. In our case the opposite trend
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2.18

Fig. 6. The values of pollution load index (PL/) determined at the sampling sites localized near tailing pond.

Table 3. The hazardous elements content (post-exposed minus pre-exposed)
determined in four different taxa after the 6 weeks exposure near the Nizna
Slana tailing pond (min — minimum, max — maximum, ave - average, std —
standard deviation, med — median).

Hazardous elements [mg kg*1 DW]

M/L taxa As Gd G Cu Fe Mn Ni Pb Zn

0.80 244 121 1413 134 214 339 371
222 435 16,6 5919 495 112 420 416
110 330 135 2239 199 450 372 395
038 0.72 1.23 1209 988 231 227 173
0.97 321 135 1833 155 3.73 37.1 395
Hypnum spp.  min 141 120 5.15 156 2479 188 4.68 468 75.6
max 118 3.57 158 237 9875 1030 16.7 713 97.8

ave 182 171 971 185 3895 459 849 57.8 90.8

std 324 063 321 203 1990 222 4.02 631 627

med 549 149 108 182 3321 451 7.04 59.1 926

Polytrichum min 099 033 152 108 561 212 137 158 199
spp. max 51.1 133 370 147 3758 459 6.83 23.6 285
ave 827 055 229 119 1120 298 320 189 255

std  13.8 025 0.72 1.01 848 614 150 194 233

med 3.60 0.50 218 116 895 288 3.03 19.0 256

Hypogymnia min 064 172 206 6.65 452 709 265 11.8 569
physodes max 694 3.11 496 127 4512 416 11.1 209 76.6
ave 128 219 295 887 1175 148 511 150 689

std 189 038 094 148 1122 938 248 253 568

med 541 212 253 885 786 114 4.09 141 69.5

Dicranum spp. min 1.75
max 76.5
ave 129
std  20.7
med 4.68

was determined what could be influenced by the low activity
of soil organisms. Javorekové et al.*! have found that the
soil organisms could influence the formation of the soil
acidity. A composition of the material stored in the tailing
pond could affect soil pH.

The values of the soil enzymes activity are shown in the
Table 1. The lowest values of URE, ALP and FDA were
determined at the body of the tailing pond and increase

with the distance from the tailing pond body. The lowest
values of ACP and BG were determined at the 5th sampling
site (in the middle of the slope). It has been repeatedly
shown that accumulation of the hazardous elements in soils
reduce the content of microbial biomass, limiting the func-
tional diversity of ecosystem.[*"*?! On the other hand, the
effect of the hazardous elements on soil microorganisms is
not always identical, it depends on many physical and
chemical characteristics,'**! what explain the different devel-
opment of various enzymes activity in our case. Alcaic pH
values use to suppress the activity of acid phosphatase,*"’
what was confirmed in our study. Hu et al.** and Yang
et al.**! also recorded that urease and acid phosphatase
react significantly to the environmental stress.

Correlation relationship between hazardous elements
and soil properties

Several studies had confirmed that a positive correlation
among hazardous elements suggest their common ori-
gin.***”) The results of the Spearman’s correlation between
hazardous elements are listed in Table 1. Significant positive
correlations (P < 0.01; P < 0.05) were confirmed between As,
Co, Cd, Fe, Mn, Ni, and Pb to each other. In addition, these
elements significantly positively correlated with pH (except
Pb, which gave only positive, no significant correlation,
probably because the Pb pollution wasn’t as serious as pollu-
tion by other hazardous elements). Zinc gave no correlation
with other elements. Although, zinc pollution is usually
associated with mining activities (among others),**) around
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Fig. 7. The average RAF values (regardless the taxa) at the sampling sites in different distance from the tailing pond.

Nizna Slana tailing pond wasn’t as serious comparing
other elements.

In the areas with a high soil pollution, negative correl-
ation between hazardous elements and soil pH was com-
monly confirmed.””*"! In this study, hazardous elements
significantly positively correlated with soil pH, what could
be the result of the sludge from tailing pond, which usually
reach higher (alkaline) pH values.”® Soil acidification
enhances the mobilization of metals in soils, resulting in
increased uptake by plants’®’ On the other hand, the bio-
availability of heavy metals in soils decreases above the
pH 5.5-6.1°!)

Soil enzymes activity, which is considered useful tools
for environmental stress bioindication,!”?! react differ-
ently to different types of toxic substances. Hazardous
elements such as As, Co, Cd, Mn, and Ni gave significant
negative correlation with ACP. Soil enzymes URE, ALP,
and FDA gave negative (almost in all cases) correlation
with all evaluated hazardous elements (Table 1). Only BG
was not influenced by hazardous elements toxicity (Table
1). It has been repeatedly shown, that soil pollution influ-
ence negatively the microbial activity what resulted in
decreasing soil enzyme values and ultimately the soil fertil-
ity."***] A significant positive correlation was found between
ACP-ALP, FDA-ACP, FDA-ALP. All evaluated enzymes cor-
related negatively (significantly in the case of URE and ACP)
with soil pH. Taylor et al'®*! and Angelovicova et al.l*
approvingly reported negative correlations between soil pH
and enzyme activities.

Cluster analysis

Cluster analysis, Ward method, was used to identify similar
hazardous elements in soils. Results are shown in dendro-
gram (Fig. 4). Elements belonging to the same cluster get
used to having a strong correlation among themselves and
may originate from a common source.”® In our case two
groups of hazardous elements were identified (i) Cu, Zn, Nij,
Pb, Co, and Cd (ii) Fe, Mn, and As. The pollution by
second group elements (Fe, Mn, and As) in Nizna Sland was
already determined as serious (above the limit values) by
previous studies.?*?!! A close relationship between these
elements was already verified by the Spearman’s correlation

(Table 1).

Contamination factor and the degree of contamination
in soils

Contamination factor (Cp), degree of contamination (C,)
and the pollution load index (PLI) were calculated for a
comprehensive soil pollution assessment in the study area.
The results are listed in Table 2 and Figure 6. The highest
RAF values were determined between the 5th and 7th sam-
pling site, what represents the bottom part of the tailing
pond and the distance 250-400 m from the tailing
pond body.

Based the average C, results we can conclude, that the
soils of the research area are moderately contaminated by
Co, considerably contaminated by Zn, and very high
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Fig. 8. RAF values of individual hazardous elements determined in four M/L taxa depending the distance from the main pollution source (HYPG - Hypogymnia phys-

odes, DIC - Dicranum spp., HYP - Hypnum spp., POLY - Polytrichum spp).

contaminated by As, Cd, Cu, Fe, Mn, Ni, and Pb. PLI was
calculated separately for each sampling site to assess the
quality of soils at the sampling sites.®* According to the
PLI values (Fig. 6), all sampling sites (except no. 10 and 11)
are considered extremely polluted (PLI>3), and sampling
sites localized in the biggest distance from the pollution
source (10, 11) are considered as heavily polluted.

Hazardous elements in the moss and lichen taxa

Hazardous element values (post-exposed minus pre-exposed)
determined in different taxa are listed in Table 3. The highest
average values of all hazardous elements were determined in
the Hypnum spp. tissues, except the average value of Cd,
which reached the highest average value in Hypogymnia phys-
odes. Hypnum spp. is widely used as a bioindicator in the
bioaccumulating studies, due to its wide-ranging distribution
and very good accumulation abilities.!*”!

The average RAF values of the hazardous elements,
regardless of the taxa, are listed in Figure 7. The highest val-
ues were determined at the first sampling sites and
decreased down the valley. Serious pollution is along the

length of the dam, and the lowest values are reached at the
last sampling site.

Based the results (Fig. 8) showing RAF values of individ-
ual elements in different taxa and different sampling sites,
we can conclude, that the pollution by all evaluated hazard-
ous elements is spreading from the main source - tailing
pond down the valley. Wind is an important factor influenc-
ing the spreading the pollution.”® Some studies deal with
the ability of different size particles to accumulate hazardous
elements.”®®! Smaller particles could be transferred for a lon-
ger distance, but no significant differences in their ability to
accumulate hazardous elements were confirmed.”® The
content of the hazardous elements (regardless the taxa) at
the evaluated area decrease in the following order:
As >Ni>Mn >Fe > Cr>Cd >Pb >Zn > Cu.

The highest concentrations of the hazardous elements
in M/L taxa expressed by RAF (except Cu, Pb, and Zn)
were assessed at the tailing pond dam, or at close sam-
pling sites, what do not correspond with the values of the
hazardous elements determined in soil samples. Soil pol-
lution (Fig. 3) was the most serious in the middle part of
the tailing pond dam. It has been stated by several
authors that also physicochemical mechanism of the



Table 4. One-way ANOVA results for the comparison of values of hazardous
elements RAF values between taxa.

RAF values Df F value P-value
As Between taxa 3 0.42 0.74

cd 3 4.05 0.00072**
Cr 3 4383 9.95e — 06 **
Cu 3 1.9 0.0058%**
Fe 3 2.25 0.09

Mn 3 2.30 0.09

Ni 3 241 0.026*

Pb 3 27.9 6.56e — 10**
Zn 3 149 2e — 16**

**P < 0.01; *P < 0.05.

mosses could influence the accumulation of the individual
hazardous elements.[**°!]

Study area was seriously polluted also by Fe, Mn, and Ni.
Extremely high RAF values of As were measured in all eval-
uated taxa at sampling sites close to the tailing pond
(approximately to the distance 200 m from tailing pond). As
mentioned above, in earlier studies focused on the sediments
and atmospheric deposition pollution near Nizna Slana tail-
ing pond serious pollution by As, Mn, and Fe was con-
firmed.?>*") The RAF values of Cu, Pb, and Zn was not as
serious comparing others.

The ability of M/L taxa to entrap the hazardous elements,
expressed by RAF increases in the order: Hypnum spp.>H.
physodes>Dicranum spp.>Polytrichum spp.

One-way ANOVA test followed by Tukey post hoc test
(Table 4) was used to detect significant differences in the
accumulation abilities between M/L taxa. The evaluated taxa
did not differ in their ability to accumulate As. Polytrichum
spp. showed significantly lowest ability to accumulate Cu
(P <0.01) but based the scheme (Fig. 8) also the lowest (not
statistically) average values of Cd, Cr, Fe, Ni, and Pb were
measured in their tissues comparing other M/L taxa. In the
study conducted around tailing pond in Slovinky
(Slovakia).!®*! Polytrichum spp. identically showed the lowest
hazardous elements accumulation abilities. The ability to
accumulate Pb and Zn significantly differ between evaluated
taxa (only Hypnum spp. and Dicranum spp. showed similar
results). In the case of Cd, differences were found only
between Polytrichum spp. and Hypnum spp. (P<0.01).
Spaqnuolo et al.[®! confirmed better resistance to environ-
mental stress for lichens comparing mosses, additionally bet-
ter preserving, or recovering vitality during bio-monitoring.
On the contrary, higher uptake ability for mosses was con-
firmed in the studies of Vingiani et al!®*! and Giordano
et al.l! In this study, H. physodes accumulate significantly
higher volumes of Fe and Ni comparing Polytrichum spp.,
but statistical differences for other hazardous elements and
other taxa wasn’t confirmed.

Conclusions

The hazardous elements determined in the soil samples
sampled at different distances from the tailing pond reached
above the limit values predominantly in the central part of
the tailing dam. The degree of contamination (C,;) con-
firmed for the soils around tailing pond, moderate
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contamination by Co, considerable contamination by Zn
and very high contamination by As, Cd, Cu, Fe, Mn, Nij,
and Pb. Based on the results of pollution load index, all
sampling sites (except last two) are considered extremely
polluted. Serious soil pollution negatively (significantly in
some cases) influence activity of soil enzymes expressing the
fertility and the health of the soil. The ability of three moss
and one lichen taxa, to accumulate hazardous elements from
air, expressed by RAF increased in the order: Hypnum
spp.>H. physodes>Dicranum spp.>Polytrichum spp. One-
way ANOVA confirmed differences in accumulation abilities
between taxa, what points to the need of using different taxa
to reach the complex results about pollution.
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