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Abstract

Flotation tailings, formed mainly in copper mining, are the largest percentage of waste generated during
the extraction of mineral resources. Polish copper mining deposits 100% of tailings in landfills. Flotation tail-
ings, although there are many concepts of management, is unused. This waste contains a considerable amount
of toxic metals that can pollute the natural environment near the reservoir of flotation tailings and accumulate
in plant tissues.

The aim of our research was to evaluate the heavy metals concentrations in soils and their bioaccumu-

lation in plant and mushroom tissues from a landfill.
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Introduction

The research area was a reservoir of flotation tailings
named Gilow and belonging to KGHM Polish Copper
located in the municipalities Polkowice and Lubin. The
landfill of flotation tailings is an artificially created reser-
voir. The area of the reservoir is 600 ha. Gilow is one of the
largest unused waste landfills in Legnicko-Glogowski
Okreg Miedziowy. Gilow was developed to deposit tailings
from copper the processing plants ZG Lubin, ZG Rudna,
and ZG Polkowice. The amount of waste deposited in the
reservoir is estimated at 91.85 million Mg.

Gilow is subject to reclamation in the direction of the
water and forestry sectors. Currently, unused landfill is cov-
ered with forest and autogenic plants. A major environmen-
tal problem is unused flotation tailings on grounds of high
concentration of heavy metals. The unfavorable impact of
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flotation tailings on the natural environment is primarily
pollution of groundwater and surface water, dust caused by
wind erosion, and infiltration of supernatant water.
Additionally, used waste disposal requires large areas of
land. Dust emissions containing heavy metals have pollut-
ed soils and negatively affected the growth of vegetation [ 1-
12]. Knowledge of physical, chemical, and ecotoxicologi-
cal properties of flotation tailings is important for their
management [13].

Our aim was to evaluate the heavy metals concentration
in soils and their bioaccumulation in plant and mushroom
tissues from the Giléw landfill.

Materials and Method
Sampling of Soil and Plant Material

Our research area was the flotation tailings reservoir
Gilow. The soil core sample was used for soil sampling.
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Table 1. Selected properties of soil samples.

Statistical pH Sainity CaCO; Organic matter
parameters H,0 KCl mS-cm’! %
Average 8.14 7.96 0.26 442 1.59
SD 0.23 0.22 0.29 1.34 0.09
Median 8.12 7.98 0.14 5.00 1.50
Minimum 7.51 6.70 0.06 1.00 -
Maximum 8.63 8.23 1.26 5.00 3.30
V% 3 3 108 31 6

Soil samples for analyses were collected from 0-20 depth in
points measured from the center of the Gilow area by from
0 to 1 km to the north, east, south, and west. The sample
collection points were localized using a Garmin GPSap62s
satellite receiver. Three samples were taken at each mea-
suring point. Samples of vegetation (mushrooms, pine tree
needles, monocotyledonous plants) and dicotyledonous
plants were taken in measuring points. The total collected
61 soil samples and 44 plants samples.

Chemical Analysis of Soil and Plant Material

Basic physicochemical properties were assessed in the
collected soil material: pH (by potentiometer in water and 1
mol-dm® KCI suspension), salinity (by conductivity),
organic matter content (loss on ignition), and content of cal-
cium carbonate (by Scheibler method) for each soil sample.
Additionally, total content of heavy metals and their soluble
forms were measured. In order to determine total heavy
metals content, the soil material (2 g air-dried) was dis-
solved in the mixtures of HNO; and HCIO; acids (3:2 v/v).
Extraction of the soluble metal forms from the soil was con-
ducted using static method through a single shaking of sed-
iment samples with the solution at the sediment to solution
ratio 1:10 and extraction time 1 h (1 mol HCl-dm?). The
contents of heavy metals in the plant material (2.5 g d.m)
were assessed after dry digestion and dissolving the ashes
in 10 ecm® HNO; (1:3 v/v). The contents of Cu, Pb, Zn, Cd,
and Ni in the obtained filtrates was assessed using induc-
tively coupled plasma-atomic emission spectrometry (ICP-
AES) on JY 238 ULTRACE apparatus (Jobin Von
Emission).

Each sample of the soil material was analyzed in two
replications. If the analysis results of those replications dif-
fered from one another by more than +5%, another two
analyses of that sample were conducted. Reference sam-
ples CRMO023-050 — trace metals — sandy loam 7 (RT
Corporation) (soil material) and BCR 129 (plant material)
with known parameters was added to each series. A
microsoft Excel 2007 spreadsheet and Statistica 10 pack-
age were used for analysis and presentation of the obtained
results.

Resultes and Discussion

The basic physicochemical parameters of soil samples
were compared in Table 1. Tested samples were character-
ized by alkaline reaction: pH was from 7.51 to 8.63 in H,0
and from 6.70 to 8.23 in KCI. Alkalinity of samples was
determined by significant content of carbonate minerals in
flotation tailings deposed (Table 1). Sediment samples
showed a relatively low salinity. Electrolytic conductivity
was in the range 0.06 to 1.26 mS-cm”. This value is rela-
tively low for a postindustrial area. Salinity in the waste
tailings derived mainly from the processes of ore process-
ing. Tested samples showed a low organic matter content.
The average content of organic matter in flotation tailings
was 1.59%.

The total content of heavy metals and their soluble
forms in tested soil samples in 1 mol HCI are compared in
Table 2. The total content of heavy metals was much more
diversified in soil samples from Gilow. The greatest content
variation was found for nickel and the lowest for lead: Ni >
Cd > Cu = Zn > Pb (Table 2). The highest average content
was observed for copper and the lowest for cadmium: Cu >
Pb > Zn > Ni > Cd. The content of soluble form of metals
in 1 mol HCI was formed by a series: Pb > Zn > Cu > Ni >
Cd (Table 2). Distribution of heavy metals in soil at the
landfill was shown in Table 3.

The total content of copper in tested samples ranged
between 20.45 and 2,175.48 mg Cukg' d.m., on average
864.01 mg'kg"' (Table 2). Such a copper content greatly
exceeds the limits and classified the soil for the highest
degree of contamination: V (by Kabata-Pendias et al. 1993)
[14]. The content of copper showed very low solubility in 1
mol HCI, which represents 2% of the total content (Fig. 1).

The total content of lead ranged between 10.12 and
432.64 mg Pbkg' d.m., average 195.39 mg'kg"' (Table 2).
Tested samples had a high content of lead, allowing us to
classify the soil to contamination degree I1I. The solubility
of lead was very high. The content of soluble forms of lead
in 1 mol HCI was 98% of total content of lead (Fig. 1).

Cadmium is an element that occurs in small quantities in
flotation tailings, usually not exceeding 1 mg Cd-kg'. The
total content of cadmium ranged between 0 and 0.18 mg
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Table 2. The total content of heavy metals and their soluble forms in soil samples from the Gilow reservoir [mg-kg' d.m.].

p%;jﬁ;teif::s Pb cd Cu Zn Ni
Total content
Average 200.18 0.07 864.01 53.13 9.85
SD 104.25 0.05 469.27 28.81 7.62
Median 200.40 0.08 897.13 51.85 8.50
Minimum 9.32 0.00 2045 14.66 3.72
Maximum 436.47 0.18 2,175.48 227.67 59.90
V% 52 72 54 54 77
Soluble form in 1 mol HCl-dm™
Average 195.39 0.05 21.00 41.79 3.36
SD 102.95 0.05 11.44 17.89 1.85
Median 200.62 0.05 21.32 43.95 3.04
Minimum 10.12 0.00 0.62 421 0.28
Maximum 432.64 0.17 53.85 73.85 9.74
V% 53 93 55 43 55
Table 3. Distribution of heavy metals in soil at the landfill.
Distance from the center of the Gilow area Cu Pb Cd Zn Ni
km mgkg' d.m.
0-0.25 1062 1,089.6 0.08 523 8.54
0.25-0.5 842.4 241.8 0.06 63.4 6.78
0.5-1 598.3 186.6 0.03 38.1 4.78

Cdkg' d.m., average 0.07 mg-kg" in tested flotation tailings
(Table 2). The content of cadmium was in the soil quality
standards in all tested samples. The content of soluble forms
of cadmium in 1 mol HCI was 71% of total content (Fig. 1).

The total content of zinc ranged from 14.66 to 227.67
mg Zn'kg! d.m., average 53.13 mg-kg' (Table 2) in the test-
ed soil samples. The obtained values show an increase in
the content of zinc in flotation tailings, which causes a risk
for soil environment. The content of soluble forms of zinc
in 1 mol HCI was 79% of total content (Fig. 1).

The total content of nickel ranged between 3.72 and
59.90 mg Ni‘kg' in tested sediment, average 9.85 mg-kg’'
(Table 2). These values are regarded as natural for the soil.
The content of soluble forms of nickel in 1 mol HCI was
34% of total content (Fig. 1).

The concentration of heavy metals in dry biomass of
dicotyledomous plants, monocotyledonous plants, pine
needles, and fungi are summarized in Table 4.

The heavy metals content in dicotyledonous plant dry
biomass varied considerably and ranged from 3.55 to
159.62 mg Cu, from 0.60 to 28.28 mg Pb, from 21.99 to

105.38 mg Zn, from 0 to 0.24 mg Cd, and from 0.55 to 6.2
mg Ni‘kg' d.m. The highest average content was found for
zinc and the lowest for cadmium: Zn > Cu > Pb > Ni > Cd
(Table 4). The greatest variability of content was observed
for Cd, in sequence for Cu, Pb, Ni, and Zn.
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Fig. 1. The percentage content of the soluble form of metals in
1 mol HCI in comparison to the total content of metals in test-
ed soil samples.
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Table 4. Heavy metal contents in plant and fungi biomass [mg-kg" d.m.].

Statistical parameters Cu Pb Cd Zn Ni
Dicotyledonous plants (n = 9)
Average 46.72 10.45 0.06 55.38 2.89
SD 55.61 8.59 0.10 34.97 2.12
Median 23.18 8.42 0.01 38.54 2.11
Minimum 3.55 0.60 0.00 21.99 0.55
Maximum 150.6 28.28 0.24 105.4 6.20
V% 119 82 163 63 73
Monocotyledonous plants (n = 10)
Average 46.72 12.82 0.06 72.05 3.69
SD 55.61 18.98 0.43 42.99 3.16
Median 35.02 6.44 0.03 54.56 2.99
Minimum 3.81 0.64 0.00 21.65 0.50
Maximum 177.25 63.14 1.40 136.50 9.66
V% 104 148 199 60 86
Pine tree needles (n = 15)
Average 55.71 4.53 0.04 55.2 1.75
SD 47.13 3.27 0.08 16.41 1.01
Median 47.63 2.98 0 52.44 1.48
Minimum 348 2.26 0 37.04 0.32
Maximum 130.64 11.84 0.32 105.78 3.22
V% 85 72 230 30 58
Fungi (n = 10)

Average 39.68 13.02 0.55 90.5 2.52
SD 39.77 10.22 0.48 3548 1.05
Median 26.42 9.74 0.52 93.17 3.08
Minimum 7.38 2.84 0 45.94 0.52
Maximum 111.16 31.38 1.28 147.74 3.54
V% 100 79 88 39 42

Contents of individual elements in monocotyledonous
plant biomass ranged between 3.81 to 177.27 mg Cu, from
0.64 to 63.14 mg Pb, from 21.00 to 136.50 mg Zn, from
0.50 to 9.66 mg Ni, and from 0.00 to 1.40 mg Cd-kg" d.m.
The greatest diversity of content in monocotyledonous
plant biomass was found for cadmium, the smallest for zinc
(Table 4). The greatest average content in test material was
observed for zinc and the lowest for cadmium: Zn > Cu >
Pb > Ni> Cd.

The content of the analyzed elements in the needles of
pine trees was in the range between 3.48 to 130.64 mg Cu,
from 2.26 to 11.84 mg Pb, from 0 to 0.32 mg Cd, from 37.04
to 105.78 mg Zn, and from 0.32 to 3.22 mg Nikg' d.m. The

greatest average content was for copper: 55.71 mg, the low-
est for cadmium: 0.04 mg-kg"' d.m, by a series: Cu>Zn > Pb
> Ni > Cd. The greatest diversity of content in pine tree nee-
dles was found for cadmium, the smallest for zinc (Table 4).

The considerable variation of heavy metals content was
found in mushrooms. The content of copper ranged from
7.38 to 111.16 mg, for lead from 2.84 to 31.38 mg, for cad-
mium from traces to 1.28 mg, for zinc from 45.94 to 147.74
mg, and for nickel from 0.52 to 3.54 mg-kg' d.m. Zinc was
distinguished by the highest average content and cadmium
the lowest (Table 4). The greatest variation was observed
for copper concentration and the smallest for zinc: Cu> Cd
>Pb > Ni > Zn.
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Table 5. Bioaccumulation factor values (BCF).

Plant matter Cu Pb Ni Zn Cd
Dicotyledonous plants 0.054 0.053 0.295 1.042 0.857
Monocotyledonous plants 0.062 0.066 0.375 1.356 3.114
Mushrooms 0.050 0.072 0.279 1.786 8.667
Pine needles 0.061 0.023 0.171 1.034 0.473

Bioaccumulation factors were calculated to assess the
degree and direction of movement of heavy metals in plant
and fungi samples. The bioaccumulation factor value deter-
mined the ability of plants for elements uptake from soil,
and informs us about movement of these elements from soil
solution to plants [15-18]. Values of bioaccumulation factor
(BCF) were presented in Table 5. The biggest value of BCF
was shown for fungi and the lowest for pine tree needles. It
also showed that monocotyledonous plants accumulated
more toxic substances than dicotyledonous plants. It also
found that plants accumulated zinc and cadmium easier
than the other metals (Table 5).

The high content of some metals is one of the important
problems arising during soil reclamation and management
of flotation tailings. It significantly exceeded the limits of
copper and lead content in tested soil samples [8, 9]. Most
metals are unavailable for plants due to high pH. Chemical
pollution that is easily dissolved is activated by rain and
passes into the soil. Erosion processes may cause activated
chemical components that lead to concentration of hydro-
gen ions and increased acidification. In presented research
we showed that acidification promotes activation of further
quantities of chemical components. The content of soluble
forms of metals increased on account of acidification. This
mechanism provides a large mobility of heavy metals in
reservoirs of flotation tailings and their high risk on the nat-
ural environment [6, 10, 19-21]. It may be very promising
to use an innovative biotechnological method for more effi-
cient biological reclamation of a reservoir of flotation tail-
ings [22, 23].

Conclusions

Research allows us to formulate the following conclu-
sions:

1. A large part of samples showed exceeding permissible
levels of cooper and lead content (in 33% samples) in
Gilow Reservoir. The content of other metals in the
studied samples was within acceptable limits.

2. Chemical analysis of plant (dicotyledonous plants,
monocotyledonous plants, pine tree needles) and mush-
room materials showed increased content of heavy met-
als. Increased content of copper was found in 52% of
samples, increased content of lead was found in 32% of
samples, and increased content of zinc was found in
25% of tested samples. The increased content of metals
qualifies plants for industrial use [14].

3. The highest contents of zinc, cadmium, and lead were
found in mushrooms. The highest content of copper was
found in pine needles, and the highest content of nickel
was found in monocotyledonous plants.

4. The bioaccumulation factor showed low capacity of
plants for heavy metals uptake from tested soil. The
cause of this is low content mobility from soils contain-
ing tailings. The low mobility of metals may result from
high pH of tested flotation tailings.
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