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Abstract: The study area is located in the southern part of the city of Kielce, in the district named
Bialogon, where metallurgical and machine-building industries have operated for more than 200 years.
The immediate cause for creating the Bialogonski Pond was power demand of the Alexander’s
Metalworks functioning in this area. In 1993, the Pond underwent drainage, whereas the soils formed on
its ground still indicate significant enrichment in heavy metals. The content of heavy metals (mg-kg") in
soils of the study area ranges from: 22.40 to 395.73 for Cr; 14.80 to 177.53 for Cu; 21.30 to 103.1 for Ni;
47.00 to 1617 for Pb; and 456.60 to 1646 for Zn. The largest exceedances among the analysed soil
samples were noted for Zn, Pb and Cr, i.e. 100%, 85.7% and 42.9% of samples, respectively. At present,
the physicochemical properties of developed mineral-organic and organic formations (pH 6.0-8.0 as well
as high organic matter content) do not facilitate leaching and migration of deposited elements to
environment, including ground and underground waters. Nevertheless, the location of the contaminated
area within the protection zone of the largest municipal drinking water intake for Kielce requires

conducting continuous monitoring.
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1. INTRODUCTION

The area of the former Bialogonski Pond is a
place where human economic activity has caused a
major burden to environment. The 19" century was
marked there by a rapidly developing metallurgical
and machine-building plant, i.e. the Alexander’s
Metalworks. Its activity was characterized by
substantial emission of metalliferous dusts which in
turn led to their deposition and stabilization in the
bottom sediments of the water reservoir. What is
more, the Pond was flowed through by the River
Bobrza carrying sanitary contamination, including
heavy metals which had previously been
accumulated in waters flowing into it by the River
Silnica. After the flood of 1993, which had caused
the destruction of the hydro-technical constructions,
the Pond was drained (Swiercz, 2010; Swiercz &
Prazak, 2014). From that moment, the area of the
water reservoir was undergoing progressive
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degradation. The mineral-organic and organic soils
were developed from the bottom sediments after the
Pond’s drainage. The studies of soil samples
conducted in 2011 and 2012 indicated considerable
quantities of heavy metals, including lead, zinc and
chromium (Swiercz & Prazak, 2014). This issue is
important insofar as the study area is located within
the protection zone of the largest municipal drinking
water intake for Kielce of nearly 200,000
population. Therefore, heavy metals deposited in the
soil pose a serious threat to the Devonian water
resources.

In the present article, the selected
physicochemical properties of soils formed in the
area of the former water reservoir and its vicinity,
including the content of selected heavy metals, were
submitted for analysis. Also, the spatial variability of
analysed characteristics as well as the correlations
among particular indices were determined.



2. MATERIALS AND METHOD

The study involved 7 soil pits. The pits no.
1+3 were located on the site of the Pond existing
before 1920, whereas the pits no. 4+7 were dug
within the boundaries of the Pond existing until
1993 (Fig. 1). The samples for analysis, weighing
1000 g, were collected from the top soil layers to a
depth of 30 cm below ground level (b.g.l.). After
drying at ambient temperature (16-17°C), the
samples were sieved through a nylon sieve with a
mesh size of 2 mm. The samples were determined
according to the methodology applicable to soil
science i.e. pH in H,O and 0.1 n KCI (pH-meter CP-
103, Elmetron, Poland), the S1 cation exchange
capacity by Kappen’s method, the content of C,,, by
Tiurin’s method, the content of CaCO; by Sheibler’s
method (Ostrowska et al., 1991). The air-dried soil
samples were disaggregated with a Fritsch s blender
to pass a < 0.06 mm sieve and were analysed in
terms of the content of selected heavy metals.
Samples were digested in aqua regia by weighing 1
g of sample in polyethylene tube and adding 6 ml
HCI and 2 ml HNO;. The samples were left for 15
minutes at room temperature before heating in an
aluminum block at 95°C for 60 minutes. After
cooling, the samples were filtered and made up to 50
ml in a polyethylene flask. The soils samples were
analyzed for 5 elements (Cr, Cu, Ni, Pb, Zn) by ICP-
AES, using a J-Y 70 Plus Geoplasma ICP-AES
instrument. The level of heavy metals was compared
with the permissible values specified in the
Ordinance of the Ministry of Environment of 9
September 2002 on soil quality standards and land
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quality standards (Journal of Laws of 2002, No. 165,
item 1359 Environment, 2002) as well as the results
of some archival studies (Swiercz & Prazak, 2014).
The contamination degree of the area for each of the
elements was calculated according to the
geoaccumulation index (Iye,) which is used for both
assessment of bottom sediment contamination and
extent of soil contamination on the basis of the
formula (Faiz et al., 2009):
Leeo=log »(C,/1.5B,,)
where: C, — the concentration of the analysed metal
in the soil, B, — the geochemical background for the
analysed metal, 1.5 — the natural variation of the
content of a particular metal in environment
resulting from some slight differences in a
geological structure. The obtained results were
referred to seven classes of land contamination in
the range of I,., from 0 (uncontaminated area) to <5
(extremely contaminated area). There is also the
contamination factor (CF) which was calculated for
the study area on the basis of the formula:
CF=C,/C,

where: C,— the arithmetic mean of the concentration
of an analysed element on the basis of at least five
measurement points, C, — the concentration of the
analysed element from the pre-industrial period
(geochemical background). The contamination
degree (Cue,) was determined by adding up the
values of CF according to the same categories as for
CF. The accumulation index (Al), as a quotient of
the geometric mean of the content of a particular
metal and its content in parent rocks, was in turn
used to assess the contamination degree
(geochemical background) (Czarnowska, 1996).

Figure 1. Distribution of soil pits in the area of the Biatogonski Pond on the background of Poland and Kielce
Explanations to Figure 1.: I — the outline of the Pond before 1920, II — the outline of the Pond before 1993, III — the
Alexander Metalworks’ buildings.
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The data were analysed statistically, and by
using the Surfer v. 10 program was presented the
spatial variability of distribution of the analysed
determinations. The figures concerning the spatial
variability of the content of heavy metals in the soils
of the former Bialogonski Pond should be
considered illustrative due to limited number of soil
samples.

3. RESULTS AND DISCUSSION

It was claimed that the formations developed
in the area of the Bialogonski Pond belong to
mineral-organic and organic soils. Due to oxygen
deficiency in the drained, but soggy alluvia there
were initially marsh and peat formation processes.
Over time, the progressive aeration stimulated the
moorshing process of the soil material (Swiercz &
Prazak, 2014). The result of this process was
development of the post-marsh peat-moorsh soils
(profiles no. 1+6) and the moorshed soils (profile no.
7) in the medium as well as the loamy and silty
sands. The soils are characterized by the high
content of silt and clay fractions (<0.02 mm) in the
range of 23-54% and the high proportion of organic
matter (Table 1). They create habitats for some
eutrophic communities, mainly meadow and riparian
ones. The basin of the former water reservoir has
become overgrown with pioneer vegetation, such as:
reed, common yarrow, wormwood, common nettle,
thistle, wild carrot, and white nettle.

The study results show that the soils are
characterized by the reaction from slightly acid to
alkaline, where as much as 70% of soils have pHg¢
> 7.02. The obtained values referred to some results
of the archival studies (Swiercz & Prazak, 2014)
indicate that the analysed soils’ pH remains over the
years 1996-2012 at the similar level. The migration
and solubility of heavy metals in a soil profile
depend, inter alia, on a pH value of a soil solution
(Lenartowicz & Bartkowiak, 2012; Saint-Laurent et
al., 2013).

The analysed soils are characterized by the
organic matter content in the range of 192.2-630
g'kg' (Table 1). Such high proportion of organic
matter explains the tendency of grounds to increase
the degree of complexation of heavy metals
(Sammel & Niedzwiecki, 2006; Kabata-Pendias &
Pendias, 2010).

The formation of soil humus is positively
influenced by calcium compounds. The content of
CaCOs; in the analysed soils varies in a wide range
and adopts the maximum value in the central part of
the drained Pond. This element stimulates soil
organic matter decomposition and acts as a buffer
with respect to a change of reaction (Sammel &
Niedzwiecki, 2006).

The obtained values of the S1 cation exchange
capacity varied in the range of 7.00-147.5 with the
average mean 46.77 cmol(+)kg™ (Table 1). This is a
typical value for mineral-organic soils (Sammel &
Niedzwiecki, 2006).

The studies reveal that there are considerable
quantities of heavy metals deposited in the soils of
the Biatogonski Pond. The elevated concentrations
of heavy metals in the study area were also pointed
out by other authors (Swiercz & Prazak, 2014).

The production profile of the former
Alexander’s Metalworks (lead sulphide processing —
galena ores) caused a significant enrichment of the
soil in lead 47.00-1617 mgkg' (Fig. 2). The
substantial exceedances for this metal were noticed
in six soil samples (Table 2), whereas the
geochemical background value was exceeded in all
analysed soil samples. Lead, due to the high
bioaccumulation index, belongs to the elements of
high toxicity (Al-Farraj et al., 2013; Du et al., 2013).
It is found in each part of environment and in all
biological systems (Guo et al., 2013). The largest
anthropogenic source of origin for this metal is
industry, including metallurgy (Olafisoye et al.,
2013).

Table 1. Selected properties of the top soil layers (to 30 cm b.g.1.)

Numbe; of soil pH Corg CaCO; S1 Cag:;lazi;hange
pit H,O KCl q q
g'kg % cmol(+H)kg

1 6.55 6.15 252.3 1.50 24.80

2 7.53 7.27 498.0 0.69 7.00

3 7.63 7.13 426.0 1.81 10.00

4 7.34 7.02 192.2 1.91 19.60

5 8.18 7.50 510.0 9.03 49.00

6 7.63 7.35 630.0 14.03 49.50

7 7.40 6.94 267.7 1.51 167.50
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Table 2. Concentration of heavy metals in accumulation layers of the analysed soils

o Cr | Cu | Ni [ Pb | Zn
Number of soil pit (make )
1 39.60 20.20 21.30 1617.00 456.60
2 143.73 177.53 71.84 883.27 911.11
3 186.24 163.91 60.40 903.50 930.39
4 100.30 134.00 31.20 1428.00 639.00
5 395.73 117.38 97.71 459.23 1392.20
6 176.75 119.39 103.1 581.84 1482.00
7 22.40 14.80 28.20 47.00 1646.00
Permissible values according to soil quality
standards (Journal of Laws of 2002, No. 165, 150.00 150.00 100.0 100.0 300.00
item 1359)
Average statistical content in all Polish soils
(Lis & Pasieczna, 1995) 4.00 4.00 4.0 13.00 35.00
Geochemical background (Czarnowska, 1995) 27 7.1 9.8 9.8 30
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Figure 2. Spatial variability of the content of lead (mg-kg™)
in the study area
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Figure 3. Spatial variability of the content of zinc (mg'kg™)

in the study area

By contrast, in sediments of rivers, which are
industrial wastewater receivers, over 90% of lead
derives from contamination, and its concentration is
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inversely proportional to the distance from a place of
wastewater discharge (Szalinska et al., 2010). Lead
deposited in analysed soil samples derives from the
historically anthropogenic accumulation as well as
the modern accumulation related to the Rivers
Bobrza and Silnica which flow into the area of the
former Pond.

The total content of zinc in the analysed soil
samples is significant and remains at the level of
456.60-1646 mg'kg™" (Table 2, Fig. 3). The standard
values were exceeded in all analysed soil samples.
The high values of zinc in these samples indicate
that it is an active migrant and is easily leached,
what is additionally facilitated by the neutral and
alkaline pH of the analysed soils.

The abnormal values were also noticed in
relation to chromium. The results ranged between
22.40-395.73 mg-kg" (Table 2, Fig. 4). Three of all
analysed samples showed standard exceedances,
whereas one of them oscillated on the edge of the
permissible value (Table 2). The content of
chromium is strongly correlated with a type of soil —
formations which contain more silt and clay
fractions indicate the higher concentration of this
element (Kolodziejczyk et al., 2011; Elbagermi et
al., 2013; Salah et al.,, 2013). The analysed soil
samples are rich in silt and clay fractions (23-54%),
what facilitates its higher concentration as well.

Nickel and copper belong to the elements
whose enrichment in the soils of the Bialogonski
Pond is the least in comparison to all analysed heavy
metals. The total content of nickel oscillated at the
level of 21.3-103.1 mgkg' (Table 2. Fig. 5),
whereas its permissible value was exceeded in one
of the analysed samples.

In the case of the content of copper, the results
of analyses ranging between 14.8-177.53 mgkg’
(Table 2. Fig. 6) reveal the abnormal values in two



samples. Copper in soil environment is precipitated
in the form of weakly mobile sulphides, sulphates
and carbonates (Elbagermi et al., 2013). The risk of
activating copper ions, which is generally considered

to be a weak migrant, is thus less probable.
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Figure 4. Spatial variability of the content of chromium
(mg-kg™") in the study area
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Figure 5. Spatial variability of the content of nickel
(mg'kg") in the study area

The results of studies concerning heavy metal
deposition in the Bialogonski Pond in Kielce can be
referred to studies on the soil environment state of
other Polish and world cities (Wei & Yang, 2010;
Xia et al., 2011; Sudip et al., 2011; Chen & Xia,
2010; Chudecka, 2013; Elbagermi et al., 2013; Hu et
al., 2013; Obeidy & Mashhadi, 2013; Salah et al.,
2013). As they show, the obtained values in the
range of Pb, Cr and Zn are much higher than the
values reported not only for urban soils of
Edinburgh, Szczecin, Bagdad, Beijing, and Hong
Kong, but also for those noted by Swiercz et al.
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(2011) for urban soils analysed around twenty petrol
stations in  Kielce. Nowadays, the high

concentrations of some elements in the alluvia of the
Pond do not pose a threat; however, the processes
occurring in natural environment are variable in
character.

Cu(mgkg}
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Figure 6. Spatial variability of the content of cooper
(mg-kg™) in the study area

When the pH value or the content of organic
carbon decreases, the solubility of heavy metal
compounds clearly increases (Bhattacharya et al.,
2013). Such situation may occur in the study area
periodically, especially during retention of snowmelt
water acidified by sulphur compounds deriving from
stack emissions. The high values of pHgc > 6.15
observed in the analysed samples are a factor that
buffers the mobility of metals in the soil. In these
conditions, with substantial content of soil humus
(Table 1), the solubility of elements’ chemical bonds
decreases and the sorption on soil colloids increases
(Elbagermi et al., 2013, Obeidy & Mashhadi, 2013).

The groundwater quality tests conducted over
several years in the holes of the nearby “Natgczow”
Hydrologic Station of the Polish Geological Institute
in Kielce and wells of the Kielce-Biatogon drinking
water intake show that the reaction of water in the
Quaternary sands varies in the range of 6.0-7.0, and
oscillates at the level of 7.0-8.0 in the lower lying
Middle-Upper Devonian limestones (Swiercz &
Prazak, 2014). This fact explains, inter alia, why
heavy metals deposited in soils in the close vicinity
of the former Alexander’s Metalworks did not
contaminate water in the nearby wells of the Kielce-
Bialogon municipal drinking water intake. The
conducted correlation analyses (Table 3) indicated
significant relationships between the content of
heavy metals and the pH value as well as the organic
matter content and carbonates.



Table 3. Significant correlation coefficients for selected pairs of variables

Correlations for particular pairs of variables Correlation coefficient with p=95%

pH KCl - Corg 0.607

pH KCl - CaCO3 0.512

Core - CaCO; 0.676

Cr-Cu 0.505

Cr-Ni 0.802

Cr-pH «qy 0.711

Cr-Coyy 0.591

Ni-CaCO; 0.557

Cu-Ni 0.559

Cll-pH (KCI) 0.674

Ni-Zn 0.506

Ni-pH «cp 0.807

Ni-CaCO; 0.795

Zn-pH xcp 0.608

Zn-Cy,, 0.514

Zn-CaCO; 0.550

Zn-(S1) 0.717
The above-mentioned relationships may determines the soil as ‘“uncontaminated to
indicate the common source of origin for moderately contaminated”, was fulfilled with regard
contamination.  Similar  relationships among to nickel (100%) and partially copper (28.6%),

elements from the group of heavy metals concerning
soils in urban areas were also pointed out in other
studies (Jumbe & Nandini, 2009).

The reference of the obtained values of heavy
metals to the archival studies shows a slight
variation of the analysed parameters. The increase
was observed in the case of maximum values: for Pb
(noticeable increase from 1143 mgkg' to 1428
mg'kg™), Zn (noticeable increase from 1287 mg-kg”
to 1646 mg'kg"') as well as Cr (noticeable increase
from 138 mgkg' to 396 mgkg'). The soil
enrichment in Ni and Cu is permanent in character.
The obtained minimum values for all elements
coincide with the values from the archival studies
(Swiercz & Prazak, 2014).

The assessment of the contamination degree
of the study area was conducted using some
geochemical indices, such as the geoaccumulation
index (Ie), the contamination factor (CF) as well as
the accumulation index (Al) (Table 4). Moreover,
adding up the particular values of CF was used to
determine the contamination degree (Cgeg).

The calculated values of Iy, show slight
variations. The highest class of land contamination
was indicated for lead — 14.4% of the analysed
samples reached the index value of >3
(contamination in the range from moderate to
strong). More than 2/3 of the analysed samples
showed the moderate soil contamination with lead.
The moderate contamination was also observed in
the case of zinc (100% of samples) as well as copper
(71.4%). The condition 0 <Igeo <I, which
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chromium (71.4%), and lead (14.3%). Chromium is
the only one among the analysed heavy metals for
which geoaccumulation index indicates lack of soil
contamination (28.6%).

The values of CF clearly demonstrate the
strong soil contamination in the study area with the
majority of analysed heavy metals (CF range of
15.03 - 86.30). The contamination was determined as
significant only in the case of Cr (5.63). The
distribution tendencies coincide with the obtained
values of Iy, which also prove the domination of Pb
and the least influence of Cr on the contamination
degree of the study area. The sum of all calculated
values of CF determines the contamination degree
(Caeg) Which in the case of the analysed soils of the
Biatogonski Pond adopts the range of <32, what
means that the area is highly contaminated. The
anthropogenic enrichment of the study area in heavy
metals is confirmed by the high values of Al: Cr
(3.98), Cu (10.9), Ni (5.13), Pb (59.6), Zn (32.5).
Similarly with regard to other geochemical indices,
the highest degree of enrichment in relation to the
background was observed in the case of Pb (Table 4).

The high content of heavy metals in the
bottom sediments was also pointed out by other
authors (Barbusinski & Nocon, 2013, Bak at al.,
2013). It was demonstrated that the enrichment of
the area of the former Biatogonski Pond in heavy
metals is a couple or even several times higher than
the enrichment of bottom sediments of reservoirs or
streams which were also previously subjected to
anthropopressure from municipal sources.



Table 4. Classification of the contamination degree of the analysed soils

Cr | Cu | Ni | Pb | Zn
Class Geoaccumulation index I,e, (% of samples)
0 28.6 - - - -
1 71.4 28.6 100 14.3 -
2 - 71.4 - 71.4 100
3 - - - 14.3 -
4 - - - - -
5 - - - - -
6 - - - - -
Contamination factor CF
Category cosrit%:;;fivlrf:tril(t)n Very strong contamination
Accumulation index Al
| (3.98) | (10.9) | (5.13) | (59.6) | (32.5)
Such environmental state of the soils of the the Pond by changing some environmental

Biatogonski Pond shows the accumulated and long-
term deposition of heavy metals, which was also
directly affected by pollutants emitted during the
past activity of the Metalworks.

4. CONCLUSIONS

The results of conducted analyses confirmed
the contamination of the study area with heavy
metals, as indicated in the archival studies, which
still remain at the similarly high level. The origin of
metal deposition dates back to the activity of the
Alexander’s Metalworks and destructive impact of
contaminated waters of the River Bobrza.

The analysis of the scale of soil contamination
using such geochemical indices as Iy, CF, Cye,, and
Al proved the contamination of the analysed soils
with heavy metals, among which Pb and Zn have the
largest contributions. In these cases, the geochemical
background values were exceeded even several
dozen times. The exceedances of the permissible
values specified in the Ordinance of the Ministry of
Environment (Journal of Laws of 2002, No. 165,
item 1359) were observed with regard to all
analysed elements. The exceedances were the largest
and comprised all and six of the analysed samples in
relation to Zn and Pb, respectively.

The analysed mineral-organic and organic
formations developed from the alluvia and bottom
sediments of the former water reservoir are
characterized by the high content of silt and clay
fractions, the pH value in the range from slightly
acid to weakly alkaline as well as the high content of
organic carbon and carbonates, what significantly
reduces the bioavailability of heavy metals to plants.
Heavy metals are characterized by a very long
period of persistence in environment. A potential
disturbance of the existing balance in the basin of
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conditions may result in their inclusion into the
biological circulation as well as their leaching and
further migration to underground waters. With
regard to the direct vicinity of the municipal
drinking water intake, this area requires conducting
continuous monitoring which will provide reliable
information about any changes occurring in the area
of the historical Bialogonski Pond.
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