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Abstract The present research aimed to assess the
influence of illegal dumping on changes in the content of
phosphorus and its relationship with selected chemical
properties. Soil was sampled from two horizons: 0-20 and
20-40 cm. Samples from points W1, W2 and W3 (waste 1,
2 and 3) were collected directly from under illegally
deposited landfill sites that differed in the morphological
composition. At a distance of 30 m from landfill W3 there
were agricultural lands where maize was cultivated (arable
soil, AS). The control point (C) was located far from the
waste landfill sites determined and beyond the range of
their effect. In soil the following were determined: total
organic carbon, phosphorus (total, organic, mineral, avail-
able, active), the microbiological activity, the content of
heavy metals and the activity of alkaline and acid phos-
phatase. The study concluded that the composition of
treatments W1 and W2 had a more negative impact on the
soils than landfill site W3. The results show that the
changes depended on the type of the waste deposited. In
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AS and landfills W3 there was observed a high P avail-
ability and count of bacteria. The results have shown that
an addition of organic residues to soil has a variety of
effects on microbial and phosphatase activities. The lowest
resistance (RS) for alkaline and acid phosphatases was
found in soil from the area of dumping sites W1 and W2;
the highest RS was determined in AS. Statistical analyses
of simple correlations showed clearly that microbiological
populations were also particularly implicated in the activity
of phosphomonoesterases.
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Illegal dumping - Microorganisms - Soil resistance (RS)

Introduction

The growing number of the global population and intensive
industrialization in recent years have caused an enormous
increase in solid, toxic wastes and industrial sewage (Islam
et al. 2012). In the case of the waste disposal on illegal
dumping sites, a serious environmental problem appeared,
as opposed to regulated municipal waste landfill sites
(Guan et al. 2014). Illegal dumping sites are usually situ-
ated in lowland areas in the neighbourhood of streams,
forests, rivers, lakes and other ecologically sensitive
regions, causing a serious environmental pollution by dis-
turbing the soil microbiological, biochemical, physical and
chemical properties (Bieliniska and Mocek-Ptdciniak 2009;
Islam et al. 2012; Wided et al. 2014). The type and the
amount of the waste deposited, containing particularly
heavy metals, flame retardants, chlorofluorocarbons, poly-
cyclic aromatic hydrocarbons, polybrominated diphenyl
ethers and dioxin-like compounds, permeate into the soil
and, consequently, have a great influence on the number of
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microorganisms, qualitative selection and the products of
metabolism they secrete (Fraczek and Ropek 2011; Prad-
han and Kumar 2014). Dumping sites are also a source of
phosphorus (P), the basic nutrient for plants besides carbon
(C) and nitrogen (N) (Lemanowicz 2013). Phosphorus
circulation is connected both with the soil origin and land
development (Parent et al. 2014). Phosphorus in soils can
be found in inorganic or organic forms. Organic phos-
phorus is derived from microorganism, plant or animal
residues and can be recycled by the microbial biomass or
stabilized in the mineral phase of the soil (Ohel et al.
2004). Changes of inorganic and organic phosphorus in soil
are interrelated, since plants and soil organisms can take up
this macroelement only in the form of inorganic phos-
phorus (Pi) (HPOL 2 and H,PO,”) (Bucher 2007).
According to Cross and Schlesinger (1995), available P is
only a very small fraction of total P in the terrestrial
ecosystems (less than 6 %). Many researchers have
reported that the fractions and dynamics of P in soil also
depend upon various soil characteristics such as pH (Liang
et al. 2010; Menezes-Blackburn et al. 2014), heavy metals
content (Amirbahman et al. 2010), organic matter con-
centrations (Ohel et al. 2004; Xiao et al. 2012;
Lemanowicz and Bartkowiak 2013). While according to
Cao et al. (2013), the P amendment may immobilize some
metals (Pb, Cu, and Zn) while promoting the mobility of
others. The biochemical hydrolysis of organic phosphate
esters in soils is mainly catalysed by phosphomo-
noesterases and phosphodiesterases, which release
orthophosphate anions, the preferentially assimilated P
form by plants and soil microorganisms. The phosphomo-
noesterase activity is the main mechanism for P acquisition
by plants, although more complex mechanisms of P solu-
bilization by specific plants and phosphatases generally
catalyse P through orthophosphate esters and anhydrides
(Gellatly et al. 1994; Nannipieri et al. 2011).

The problem of preserving the microbiological and
enzymatic balance of soils in the area and around illegal
dumping is difficult and still far from any comprehensive
solution. However, the effects of improper waste disposal
in places not intended for that, mainly in forest and
midfield areas that have been observed for many years,
are particularly alarming. The quantitative and qualitative
changes in microorganisms and consequently, in the
enzymatic activity of soils, are the earliest signal of
changing life processes in the environment (Taylor et al.
2002; Gianfreda and Ruggiero 2006; Rejsek et al. 2012;
Bartkowiak and Lemanowicz 2014). Therefore the mea-
surements of enzymatic activity can be used as bio-
chemical indicators of the soil quality (Piotrowska et al.
2011). However, little information was available on
content of phosphorous forms in the soil under illegal
dumping sites.
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The aim of this study was to evaluate the effect of illegal
dumping sites on changes in the content of phosphorus, and
its relationship with total organic carbon, alkaline and acid
phosphatase and the populations of heterotrophic
microorganisms as well as the content of heavy metals in
soil.

Materials and methods
Study area

The soil was sampled in autumn (October 2013) with the
Egner stick at five points for the research in the southern
part of the city of Bydgoszcz (central Poland) in the area of
Eegnowo commune (53°12'N; 18°01'E; the Kuyavian and
Pomeranian Province). Point landfill sites W1, W2, W3,
the control point (C) and arable soil (AS) were located in
forest soils; all in the same forest soil in Puszcza Bydgoska
(the Bydgoszcz Forest). The area of the Bydgoszcz Forest
is covered by the habitats of fresh forest (BSw) where the
share of coniferous species in the tree stand reaches beyond
95 %. The prevailing forest tree stand species is Scots Pine
(Pinus sylvestris L.), and in the lowest undergrowth—
Vaccinium myrtillus, Convallaria maialis and Entodon
schreberi. Bydgoszcz is located in the temperate climate
zone, on the left bank of the fluvial terrace of erosive-
accumulative glacial valley of the Vistula River which now
runs about 4 km north, with the annual mean temperature
of 8.4 °C and the mean annual precipitation of 512 mm (in
October 2013 the precipitation did not exceed 515 mm,
with an average temperature 10.0 °C and prevailing winds
from the western direction). The area makes up a high
fluvial sandy terrace and outwash plain (the formations
produced as a result of the activity of glacial waters built
from fluvial sediments of glacial origin), transformed the
eolian into dunes.

Soils samples

Soil was sampled from two mineral horizons: 0-20 cm
(humus horizons-A) and 20-40 cm (eluvial horizons-E) in
three independent replications. Samples from points W1,
W2 and W3 were collected directly from under illegal
dumping that differed in the morphological composition.
W1, W2 and W3 are located in the natural forest, in the
place not allocated to and not technically prepared for the
waste to be deposited and it is stored without a permit of
the applicable authorities. Treatment W1 contained mixed
wastes (including debris and ceramic waste, glass, plastics,
metals, textiles and used electrotechnical equipment). The
electrotechnical equipment, tyres and textiles were found
in treatment W2. In landfill W3 wastes of organic origin
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from households as well as cut grass and residue from
garden management were identified. These were point
landfills occupying the areas of about 25 m?. At a distance
of 30 m from illegal dumping site W3 there were agri-
cultural lands where maize was cultivated (Clarica cultivar
FAO 220) in monoculture for silage (arable soil AS). NPK
fertilization was applied at the following rates: 80 kg ha™'
N, (NH4NO3), 349 kg ha! P (as (NH,);PO,) and
116.2 kg ha ! K (as KCl, 60 % of K). The control point
(C) was located in the same forest (in forest soils in the
Bydgoszcz Forest), however far from the waste landfill
sites determined and beyond the range of their effect. Bulk
soil samples were collected for each site; W1, W2, W3, AS
and the control. Each soil sample, a mixture of five sub-
samples was randomly taken from the selected area of
5x5m.

Soil analysis
Physiochemical parameters of the soil

In the adequately prepared material, the following were
determined: soil texture—using the laser fraction method
(Mastersizer 2000), soil pH in the distilled water solution
and 1 M CaCl, solution, total organic carbon (TOC) was
determined with the TOC FORMACTS™ analyser Pri-
macs provided by Skalar, the content of available forms of
zinc (Zn), copper (Cu), lead (Pb) and nickel (Ni) extracted
with the DTPA extraction (I M diethylenetriaminepen-
taacetic acid) solution according to Lindsay and Norvell
(1978). The content of forms available to plants was
assayed using the atomic absorption spectroscopy with
spectrometer PU 9100X (Philips). The content of total
phosphorus (TP) was determined as described by Mehta
et al. (1954), by treating soil with concentrated HCl and
then with 0.5 M NaOH. After mixing, the extracts were
mineralized with a respective mixture of concentrated
acids: nitric acid (V), perchloric acid (VII) and sulphuric
acid (VI) at the ratio of 10:1:4. After mineralization, the
optical density was assayed at 660 nm using Spectropho-
tometer Marcel Pro. The phosphorus content was calori-
metrically defined by measuring the intensity of
molybdenum blue and SnCl, reaction. Phosphorus of
organic compounds (OP) was calculated as a difference
between the total phosphorus content determined in min-
eralized samples and the content of mineral phosphorus
(MP) in non-mineralized samples. The content of available
phosphorus (AP) was determined with the Egner—Riehm
method—DL (Egner et al. 1960), which involves the
spectrophotometric measurement of the intensity of the
colour of phosphorus-molybdenum blue created by
orthophosphoric ions with molybdenum ions in the acid
environment (pH 3.5-3.7) in the presence of SnCl,. The

Table 1 The classes of available phosphorus (AP) concentration in
soil according to norm (PN-R-04023)

Class of The estimation of The estimation of
concentration the concentration the concentration (mg kg™")
\% Very low <22

v Low 23-44

I Medium 45-66

I High 67-88

I Very high >89

content of AP for soil is based on the available P (Egner—
Riehm P) status of the soil, which has been classified
depending on the P concentration (Table 1).

The content of active phosphorus (Pac) in soil was
assayed by extraction in 0.01 M CaCl, with the method by
Houba et al. (2000). The availability factor (AF) for
phosphorus, as suggested by Obrador et al. (2007), was
applied for this purpose. It is expressed as follows:
AF = (AP/TP) x 100.

Biochemical and microbial analyses

The analyses of enzyme activities—alkaline phosphatase
[E.C. 3.1.3.1] (AlP) and acid phosphatase [E.C. 3.1.3.2]
(AcP) were performed on 1 g of fresh, moist, sieved soil
samples with the Tabatabai and Bremner method (1969). It
is based on the colorimetric assaying of released substrate:
p-nitrophenylphosphate (pNP) after the incubation of soil
with of MUB (Modified Universal Buffer) at pH 6.5 for
acid phosphatase and pH 11.0 for alkaline phosphatase
samples for 1 h at the temperature of 37 °C.

The soil resistance (RS) index determined according to
the levels of phosphatase activity was calculated using the
formula proposed by Orwin and Wardle (2004):
RS=1 - [2|D()|/C0 + |D0|], where: DO = CO - P(), Co
parameter value in control (uncontaminated) soil over time
to, Py parameter value in disturbed (contaminated) soil over
time #,. The value of the resistance and resilience index is
bounded by —1 and +1.

The % inhibition of the activity of the phosphatase was
calculated with the following formula: Iy =[1 — (A/
AJ] x 100 (Kucharski et al. 2009), where: Iy % activity
inhibition, A enzyme activity in contaminated soil, A.
enzyme activity in control soil.

Microbiological analyses in collected soil samples
involved the determination of the number of heterotrophic
microorganisms participating in C and N transformations
in soil. Determinations included the number of cellulolytic
microorganisms on the agar medium with CMC-Na (0.1 %
sodium carboxymethylcellulose), as well as amylolytic
microorganisms and proteolytic microorganisms (on the
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medium according to Alef and Nannipieri 1995). Addi-
tionally, the total heterotrophic bacteria were isolated on
the standard nutrient agar (NA) and filamentous fungi—on
the Rose-Bengal agar (Atlas 1997). Actinobacteria were
isolated on modified yeast extract—glucose medium
(YGA) with 100 nystatin pg ml~! (Crawford et al. 1996).
The incubation time for bacteria, fungi and actinobacteria
was 4, 5 and 10 days respectively. Analyses were carried
out with the plate method, by adding appropriate soil
solutions prepared in Ringer’s solution to the media. The
number of microorganisms determined was given per 1 g
of soil dry matter and expressed in colony-forming units
(cfu).

Statistical analysis

All the assays were made in three replications. The paper
presents the arithmetic means of the results. The results
were exposed to the analysis of variance and the signifi-
cance of differences between means was verified with the
Tukey test at the significance level of p < 0.05. The cal-
culations involved the use of ANOVA based on Microsoft
Excel. The descriptive statistical analysis, such as Pear-
son’s correlation coefficients, were calculated using STA-
TISTICA 7.0 (StatSoft Inc, Tulsa, USA). In this study, the
content of phosphorus, phosphatase activities, concentra-
tions of heavy metals and microbiological parameters in
the soil were analysed applying the multivariate analyses
(cluster analysis CA) with Ward’s method (1963). The
result of hierarchical cluster analysis has been shown in a
form of the dendrogram.

Results and discussion
Physical and chemical characteristics of soils

Basic physicochemical properties of the soil samples are
presented in Table 1, showing that the pH of the soils
varied. Both the active and exchangeable acidity differed
considerably across the respective samples. The
exchangeable acidity fell within the pH range from 4.01 to
6.48, whereas active acidity—from pH 4.42 to 7.35
(Table 2). The soil reaction and the content of total organic
carbon compounds affected the availability of macro- and
microelements to plants. Under acid soil reaction they
increase the availability and the mobility of most metals. In
soil samples collected directly from under the deposited
wastes (surface horizons) pH was lower than in deeper
horizons (under the surface).

The content of clay fraction (particle size <0.002 mm)
was low and ranged from 0.68 to 2.21 % (Table 2).
According to the literature (Malinowski et al. 2012), the
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Table 2 Selected physiochemical properties in soil under illegal
dumping (W1, W2, W3), arable soil and point control (C)

Sampling location  Horizon (cm) pH Fractions (%)

CaCl, H,0 <0.002 mm
Control 0-20 401 474 1.08
20-40 427 446 0.68
Wi 0-20 443 474 171
20-40 475 483 094
w2 0-20 404 442 221
20-40 449 452 191
w3 0-20 6.17 7.7 1.00
20-40 648 735 197
Arable soil 0-20 549 609 194
20-40 557 618 2.04

majority of uncontrolled landfills are found in Poland in
light soils with the granulometric size of loose sand.

The content of total organic carbon (TOC) in the soil
ranged from 2.15 to 34.5 g kg~' (depending on the treat-
ment and the depth of sampling). Based on the analysis of
variance, a significant effect of the place of soil sample
collection and the depth from which they were collected
was found (Table 3). The largest amounts were identified
in the surface horizons collected from all treatments. The
maximal amount of the parameter in question was noted in
the surface horizon collected directly from under landfill
No. 3 (34.5 g kg™ "), composed of the most organic wastes.
Forest soils demonstrate a high content of soil organic
matter (SOM) gradually accumulating in the surface layer.
The key source of SOM in the control soil was a gradual
accumulation of the matter from fallen tree leaves and dead
undergrowth (Brogowski and Chojnacki 2013), while in
sites W1 and W2, due to the waste deposited, there was no
inflow of fresh soil organic matter. The content of total
organic carbon is one of the most essential soil parameters.
Its deficit affects other soil properties; a lower carbon
content under W1 and W2 as well as a definitely higher
value under W3, due to the waste accumulation, must have
affected other physicochemical and biological soil
parameters.

Distribution of phosphorus in soils

The values of TP, OP, MP, AP, P, at each sample site and
depth are presented in Table 3. The analysis of variance
showed a significant effect of both the place and the depth
the soil samples were collected from on the content of total
phosphorus and its forms. The significantly highest content
of TP (0308 gkg™!), OP (0.126 gkg™"), MP
(0.182 g kg~ ") was found in the soil collected from maize
cultivation (arable soil) from the depth 0-20 cm. Also the
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Table 3 The content of the

total organic carbon (TOC), I factor sampling location

II factor horizon [cm]

total (TP), organic (OP), TOC (g kg™") TP (g kg™") OP (gkg™)
mineral (MP), available (AP)
and activity (Pac) phosphorus in 0-20 2040 Mean 0-20 2040 Mean 0-20 2040 Mean
soil Control 30.3 153 2297 0.170 0.151 0.160 0.061 0.039 0.050
Wl 544 298 421 0236 0201 0218 0.076 0.063 0.069
w2 720 215 468 0200 0.166 0.183 0.070 0.048 0.059
W3 345 996 2224 0289 0218 0253 0.109 0.083 0.096
Arable soil 13.6 11.13 1236 0308 0.262 0285 0.126 0.105 0.115
LSDy 05
I factor 0.577 0.012 0.007
II factor 0.247 0.005 0.003
Interaction
v 0.815 0.017 n.s.
/1 0.552 0.011 n.s.
SD 11.08 0.053 0.028
I factor sampling location II factor horizon [cm]
MP (g kg™ AP (mg kg™") Pac (mg kg™")
020 2040 Mean 0-20 2040 Mean 0-20 2040 Mean
Control 0.109 0.113  0.111 185 17.4 17.9 2.16 1.63 1.91
Wi 0.160 0.138  0.149 5.27 0.99 313 398 348 3.73
w2 0.130 0.118 0.124 4.61 292 377 338 3.02 3.20
w3 0.180 0.135 0.158 504 21.2 35.8 386 334 3.60
Arable soil 0.182 0.158 0.170 71.6 61.3 66.5 327  3.09 3.18
LSDo.0s
I factor 0.015 2213 0.339
1I factor 0.007 0.948 0.145
Interaction
v 0.022 3.130 n.s.
11 0.015 2.119 n.s.
SD 0.026 26.06 0.718

(W1, W2, W3) illegal dumping; SD standard deviation; n.s. difference not significant; LSD, o5 least sig-

nificant difference

content of available phosphorus was highest in the soil
collected from that point (71.6 mg kg™") which, according
to PN-R-04023 (1996), classifies it as class II with a high
content of that nutrient (Table 1). This was connected with
the supply of mineral fertilizers in maize cultivation.
Higher contents of phosphorus compounds in soil can
enhance the effect of pollution stabilization, but they can
also result in exceeding the permissible amounts of phos-
phorus. The content of active phosphorus (P5c) determined
with the method by Houba et al. (2000) allows for deter-
mining the current availability of this element in the soil
solution, which however occurs only in very small amounts
there (Lemanowicz and Bartkowiak 2013). Its content
ranged from 1.63 to 3.98 mg Pac kg™, at the mean value

amounting to 3.12 mg Pac kg™', which was about 88 %
lower, as compared with the content of mobile phosphorus
(AP) determined with the Egner—Riehm method.
Phosphorus contained in organic compounds usually
accounts for 15-80 % of its total content (depending on the
content of organic matter), but it undergoes more dynamic
changes than phosphorus in mineral compounds. In the
present study, the percentage of the organic form of
phosphorus in its total content ranged from 26 to 41 %
(Fig. 1). The soils collected from the layer 20—40 cm from
under deposited waste showed the smallest percentage of
organic phosphorus, which was connected with a lower
content of total organic carbon (Table 2). OP becomes a
major source of P to plants through mineralization thereby
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contributing to the availability of P to plants (George et al.
2006). Availability of the phosphorus of organic com-
pounds to plants depends on the degree of their mineral-
ization rather than on the total content. Black and Goring
(1953) have deduced that initial P mineralization will occur
if the SOC (soil organic carbon):OP ratio is below about
200 and initial P immobilization will occur if the ratio is
above about 300. The TOC:OP ratio displayed a decreasing
trend from the top to the depth of 2040 cm. As shown in
Fig. 2, the values of the TOC:OP ratios along the soils
ranged from 44.30 to 496 and they showed the following
order: control (C) > W3 > arable soil > W2 > W1 in the
soil. In the studied soils collected from the control point the
TOC:OP value was 496 (for the depth 0-20 cm) and 392
(for the depth 20-40 cm), which suggests phosphorus
immobilization by soil microorganisms (Fig. 2). The low-
est value of TOC:OP was obtained in the soils collected
from under deposited wastes from sites W1 (47-72) and
W2 (44-102). According to Ohel et al. (2004), low values
of TOC:OP indicate a close relationship between the con-
tent of OP occurring in the soil organic matter and the
content of carbon of organic compounds. In contrast,
Agbenin and Goladi (1997) found that a low value of the
TOC:OP (<50) ratio may result from immobilization of
phosphorus contained in organic compounds by inorganic
soil colloids. In the soil collected from site W3 from the
depth of 0-20 cm the value of TOC:OP was 318 (Fig. 2),
which was connected with the composition of the waste
deposited (organic material).

Based on the results of the total and available phos-
phorus content, the availability factor (AF) was calculated
following Obrador et al. (2007). The AF for all the soils
was above the threshold of phosphorus availability for P
(2 %) (Xiao et al. 2012). In this study, the AF for the soils
was higher than the threshold of available phosphorus load
(2 %) for P effectiveness and bioavailability (only W1 and

AS 20-40 cm

AS 0-20 cm

W3 20-40 cm
W3 0-20 cm

W2 20-40 cm

W2 0-20 cm

I

W1 20-40 cm

W1 0-20 cm

C 20-40 cm

C 0-20 cm

0 20 40 y 60 80 100
0

Organic phosphorus  Jill Mineral phosphorus

Fig. 1 Percentages of organic phosphorus in total phosphorus in soil
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Fig. 2 Changes in the TOC:OP (total organic carbon, organic
phosphorus) ratios in the soil in the five sampling zones (C, control;
W1, W2 and W3 were from under illegal dumping sites; AS, arable
soils; SD, standard deviation)

W2 for 2040 cm were below the threshold of P), indi-
cating that soil P was sufficient for plant growth (Fig. 3).
The highest availability of phosphorus was found in the
soil collected from the arable soil (AS), both from the
depth of 0-20 cm (AF 23.24) and 20-40 cm (AF 23.39)
(Fig. 2). The lowest value, in turn, was observed in the soil
collected from under treatment W1 (AFy 59 ¢m 2.23 and
AF>0_49 «m 0.49). This may be connected with both the soil
content of TOC and pH. W1 consisted of the soils that
exhibited pH < 5.5 and had a relatively low total organic
carbon content (Table 2). According to Muralidhar et al.
(2005), soil organic matter increases the solubility of cal-
cium orthophosphates, binds Al and Fe cations, at the same
time releasing phosphorus to the soil solution. Cations
present in soil are bound in the process and chelated by
organic compounds, which leads to an increase in the
concentration of phosphate anions in the soil solution.
Phosphorus is the nutrient most directly affected by soil
pH. At acidic pH values, phosphate ions react with alu-
minium (Al) and iron (Fe) to form less soluble compounds.

Phosphomonoesterases activities

The activity of alkaline phosphatase in soils fluctuated
between 0.236 and 2.650 mmol pNP kg~' h™" with the
mean value of 1.135 mmol pNP kg~' h™" (Table 4). The
activity of acid phosphatase was about 32 % higher;
0.433-2.462 mmol pNP kg™' h™'  (the mean value
1.674 mmol pNP kg~' h™"), mainly because soil pH fell
within the range of: pHc,(, 4.01-6.48 and pHy, 4.42-7.35
(Table 2). Soil enzyme activity also responds to changes in
major soil properties and management. Acid phosphatase
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Fig. 3 Changes in the availability factor (AF) in the soil in the five
sampling zones (C, control; W1, W2 and W3 were from under illegal
dumping sites; AS, arable soils; SD, standard deviation)

activity was found predominantly in acid soils and alkaline
phosphatase activity—in alkaline soils (Dick and Tabatabai
1984; Dick et al. 2000). The results of the ANOVA test
(Table 4) showed a significant effect of both sites (treat-
ments) and depth on the changes in activity of alkaline and
acid phosphatases in soil. The highest activity of AIP
2.007 mmol pNP kg™' h™" and AcP 2.244 mmol pNP
kg~' h™' (mean values for horizon) was reported in the soil
collected from the control site (C). A high phosphatase
activity on control soil is due to the rich macrovegetation,
mainly forest vegetation. Also a high activity of both

phosphatases was recorded in the soils collected from under
treatment W3 (AIP 1.259 mmol pNP kg™' h™' and AcP
1.899 mmol pNP kg~' h™') and arable soil (AIP
1.478 mmol pNP kg~' h™', AcP 2.018 mmol pNP kg~ -
h_l), whereas the lowest—in the soil from treatment W1
(AIP 0.399 mmol pNP kg ™' h™' and AcP 0.766 mmol
pNP kg~' h™!), which was connected with a varied chem-
ical composition of the waste deposited and with a degree of
their microbiological decomposition (Bielinska and Mocek-
Ptéciniak 2009). The increase in phosphatase activity in
soils from the area of landfill site W3 and arable soil was
connected with the abundance in organic compounds con-
tained in deposited waste, as well as the fertilizers applied
under maize cultivation, which thus released additional
sources of energy stimulating the growth or microorganisms
and the biosynthesis of enzymes (Fierer et al. 2003).
According to Wang et al. (2012), soil organic matter is
an organic carrier of soil enzymes. It is difficult to deter-
mine whether the modifications in the phosphatase activi-
ties are due to the soil organic matter or due to real
differences in phosphatase activity (Trasar-Cepeda et al.
2008; Wang et al. 2012). One of the methods for solving
this problem is to use the values of enzyme activity per unit
of organic carbon (Barriuso et al. 1988). In the soils under
illegal dumping sites W1 and W2 there was found a sig-
nificant decrease in the total organic carbon content
(Table 2). However, those changes led to a relatively
higher activity of alkaline phosphatase (W1 92.19 mmol
pNP kg™ TOCh™' and W2 114.2 mmol pNP kg™'
TOC h™") and acid phosphatase (W1 173.0 mmol pNP
kg~' TOC h™! and W2 282.1 mmol pNP kg~' TOC h™ )

Table 4 The alkaline (AIP) and acid phosphatase (AcP) activities per unit soil and of TOC

I factor sampling II factor horizon [cm]

location
AlP AcP AlP AcP
(mmol pNP kg™ soil h™") (mmol pNP kg~ 'soil h™") (mmol pNP kg~' TOC h™") (mmol pNP kg~' TOC h™")
0-20 2040 Mean 0-20 2040 Mean 0-20 2040 Mean 0-20 2040 Mean
Control 2.651 1.364 2.007 2462 2.026 2.244  86.40 87.03 86.72 73.34 113.9 93.63
Wi 0.543  0.255 0.399 1.098 0433 0.766  101.6 82.72 92.19 205.5 140.5 173.0
w2 0.831  0.236 0.536 2413 0477 1.445 1158 112.6 114.2 336.2 2279 282.1
W3 1.479 1.039 1.259 2255 1.543 1.899 42.84 104.3 73.61 65.35 155.0 110.1
Arable soil 1.810  1.145 1478 2250 1.785 2.018 1328 104.2 118.5 108.8 184.4 182.1
LSDo.0s
I factor 0.110 0.150 8.82 25.363
II factor 0.047 0.064 n.s. n.s.
Interaction
il 0.156 0.213 12.47 35.86
11 0.105 0.144 8.82 24.28
SD 0.742 0.767 24.42 79.63

For symbols, see Table 2
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Table 5 Resistance (RS) of soil phosphatase and inhibition index (/y) to contamination with illegal dumping

Sampling location Horizon [cm]

RS In (%)

AlP AcP AlIP AcP

0-20 20-40 Mean 0-20 20-40 Mean 0-20 20-40 Mean 0-20 20-40 Mean
Wil 0.114 0.103 0.109 0.287 0.120 0.204 79.5 81.3 80.4 554 78.6 67.0
w2 0.186 0.095 0.141 0.961 0.133 0.547 68.6 82.6 75.6 1.90 76.4 39.2
W3 0.387 0.615 0.501 0.845 0.615 0.730 44.2 23.8 34.0 8.40 23.8 16.1
Arable soil 0.518 0.764 0.641 0.841 0.870 0.856 31.7 16.1 27.8 8.60 11.8 10.2

per unit of organic carbon, thanks to which higher losses of
organic matter in the soil stimulate the enzymatic activity
in the TOC unit (Table 4). This may be induced by the
stress of soil microflora which increases its activity or by
retaining soil metabolic activity (Trasar-Cepeda et al.
2008).

Changes in the phosphatase activity of soil induced by
waste were confirmed by the values of soil resistance index
(RS) (Table 5). Soil resistance indices are effective mea-
sures of enzymatic responses to environmental stress (Or-
win and Wardle 2004; Borowiak et al. 2014). The data
shown in Table 4 demonstrates that the soil resistance (RS)
index is highly useful for evaluations of soil quality as
affected by uncontrolled waste. The higher RS values were
obtained for the enzymes in the soils of W3 (AIP 0.501;
AcP 0.615 mean values for horizon) and arable soil (AIP
0.641; AcP 0.870 mean values for horizon) (Table 5).
According to Orwin and Wardle (2004), higher values of
RS index show that disturbances had a small influence
(maximal resistance), whereas in the case of the treatments
W1 and W2, lower RS values showed stronger effects (less
resistance). In the landfill W3 waste (organic waste; mostly
grass, leaves and other green waste from home gardens)
there was reported a slight increase in the content of C org
in the surface layer, as compared with the control, which
activated soil phosphatase. The calculated values of Iy
allowed showing the least percentage inhibition of phos-
phatases, which was observed in the soil collected from
treatments W3 (AIP 34.0 % and AcP 16.1 %) and arable
soil (AS) (AIP 27.8 % and AcP 10.2 %) (Table 5). In the
soil from those treatments it was found that both acid and
alkaline phosphatases are most resistant to disturbances
caused by the effect of uncontrolled waste. In respect of
decreasing resistance, the phosphatases could be ordered as
follows: acid phosphatase (RS 0.584 mean for treatments
and depth) > alkaline phosphatase (RS 0.348 mean for
treatments and depth). Similar results were obtained by
Borowiak et al. (2014).

Based on the analysis of correlation, significant positive
correlations between Pac and the activity of AIP

@ Springer

(r =0.748; p < 0.05) and AcP (r = 0.803; p < 0.05) were
reported (Table 9). Due to the shortage of phosphorus in
soil, plant roots and microorganisms increase production of
extracellular phosphatases. Usually the activity of soil
phosphatases is inversely proportional to the content of
mineral phosphorus in it, since an increased level of inor-
ganic phosphorus in soil decreases the activity of phos-
phatases (Olander and Vitousek 2000). Then the
phosphatase activity is inhibited by mineral phosphate
which acts as a competitive inhibitor. Gianfreda et al.
(2005), in turn, pointed to a close relationship between the
activity of phosphatases and phosphorus content—the high
activity of the phosphatases was connected with a much
higher P content than in the soils of the control treatments.
An interpretation of this phenomenon is complex due to a
possibility of long-term occurrence of extracellular
enzymes in soil in connection with soil colloids. It is
known that for phosphomonoesterases, one of which is
phosphatase, the substrate is phosphoorganic compounds
occurring in soil.

Content of the selected heavy metals in soil

The amount of contaminants taken out of landfill sites
depends on the type of waste deposited. The research has
showed that the highest amounts of zinc, copper, lead and
nickel extracted with DTPA were found directly under waste
in the surface soil levels; on average Zn 22.91 mg kg~ ', Cu
2.522 mg kg~', Pb 2.863 mg kg~ ' and Ni 0.284 mg kg~ ".
The highest amounts of those metals were recorded in the
surface level collected directly from under W3 (Table 6).
Those amounts were considerably higher than the concen-
tration of those metals in the samples collected from other
sampling sites. A higher content of heavy metals in the soil
under illegal dumping site W3 (waste of organic origin from
households as well as cut grass from garden management), as
compared with other sites (W1 and W2), must have been the
effect of transforming fresh organic matter from waste to
more humic substances, which contributed to the accumu-
lation of soil organic matter (SOM). Land rich in SOM
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Table 6 The content of selected of available (extracted with DTPA) heavy metals in soil

I factor sampling location  II factor horizon [cm]

Zn (mg kg™ ") Cu (mg kg™ Pb (mg kg ™) Ni (mg kg™")
0-20 2040 Mean 0-20 2040 Mean 0-20 2040 Mean 0-20 2040 Mean
Control 2.130  2.069 0.396 0.355 0.375 0.776 1961 1.369 0.257 0.137  0.197
2.099
Wi 2.660 1.145 0.652 0.353 0.502 1.995 1.311 1.653 0.229 0.206 0.217
1.902
w2 2.058 1.084 0.680 0.393 0.536 2839 1.762 2300 0.299 0.137 0218
1.571
W3 101.6 6.787 10.71 2.028 6368 7.50 2.637 5.068 0387 0.194 0.291
54.21
Arable soil 6.068 4.412 0.175 0.148 0.161 1207 0.739 0973 0.249 0.135 0.192
5.240
LSDo 05
I factor 0.099 0.015 0.011
0.023
II factor 0.042 0.006 0.005
0.010
Interaction
/11 0.140 0.021 0.016
0.032
11 0.095 0.014 0.011
0.022
SD 31.17 1.972 0.080
3.251

actively retains metallic elements. The concentration of
metals depends on the possibility of forming, together with
organic soil components, complex or chelate compounds.
The stability of chelates depends on, e.g. the soil reaction and
the kind of the metal ion (Khan et al. 2010). In the soil under
landfill site W3, with a neutral reaction and a considerable
content of humus, no migration of the metals under study
occurred. The analysis of variance confirmed both a signif-
icant effect of the collection depth and the sampling place.
The general trend of metal accumulation in soil was
Zn > Pb > Cu > Ni. Therefore, this indiscriminate dump-
ing of waste into the soil and leaching from the illegal
dumping is obviously detrimental for human beings as they
are not biodegradable and enter into the food chain (Islam
et al. 2012).

The mobility of heavy metals depends largely on their
solubility, which is affected by many factors, such as pH,
oxidation—reduction potential, the content of clay fraction
and humus. In polluted soil, in favourable physicochemical
conditions, the content of potentially available forms of
heavy metals increases (Ibragimow et al. 2010). There was
a significant relationship between the content of available
forms of zinc (r=0.677, p <0.05) and copper
(r = 0.648, p < 0.05) and the content of organic carbon
(Table 9). Organic substance that affects the quality of the

soil environment plays an important role in nutrient cir-
culation. The solubility of the metals depends mainly on
the metal loading over soil sorbents, the concentration of
inorganic ligands and dissolved organic matter (DOM) in
the soil solution (Fatoki 2000; Ashworth and Alloway
2008). In the paper there was no relation between phos-
phorus content and heavy metals. However, according to
Alkorta et al. (2004), the presence of phosphorus in the soil
is an important factor limiting the collection of metallic
elements by plants as a higher content (P) of readily soluble
forms may precipitate sparingly soluble phosphates of zinc,
cadmium, lead and copper. There was no inhibition of
phosphatases under the influence of heavy metals.
According to Karaca et al. (2006), the organic additions
(with municipal waste, compost, biosolid compost, leo-
nardite, gyttja, and litter) reduce the toxicities of heavy
metals to soil enzymes.

Microbiological parameters

The results from microbiological analyses showed signifi-
cant differences in the number of microorganisms between
the sites compared (Tables 7, 8). The highest mean values
for amylolytic (44.6 cfu 10° g~' d.m. soil), proteolytic
microorganisms (75.9 cfu 10°) and the total number of
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Table 7 The occurrence of microorganisms in the soil under illegal dumping (W1, W2, W3), arable soil and point control

I factor sampling location II factor horizon [cm]

Total bacteria (10° cfu d.m. soil)

Actinobacteria (10* cfu d.m. soil)

Fungi (10* cfu d.m. soil)

0-20 20-40 Mean 0-20 20-40 Mean 0-20 20-40 Mean

Control 123.2 9.4 66.3 1.8 0.9 1.4 12.0 6.5 9.2
\4! 355 6.0 20.7 6.7 7.0 6.9 8.9 0.5 4.7
w2 68.0 184 43.2 20.7 14.2 174 31.6 7.7 19.6
w3 85.7 28.3 57.0 235.5 40.1 137.8 134 1.7 7.6
Arable soil 87.7 30.9 59.3 107.6 27.6 67.6 15.8 7.0 114
LSDo 05

I factor 24.92 43.08 4.87

II factor 10.99 18.99 2.15
Interaction

/I 35.25 60.92 6.88

/1 24.57 42.47 4.80
SD 39.45 73.61 8.81

Table 8 Number of amylolytic, cellulolytic, proteolytic microorganisms in the soil

I factor sampling location II factor horizon [cm]

Amylolytic (10° cfu d.m. soil)

Cellulolytic (10° cfu d.m. soil)

Proteolytic (105 cfu d.m. soil)

0-20 2040 Mean 0-20 20-40 Mean 0-20 20-40 Mean

Control 87.0 2.2 44.6 46.4 2.9 24.6 148.6 33 75.9
Wl 8.2 1.6 4.9 9.2 1.2 5.2 74 1.2 43
w2 4.9 4.4 4.6 13.5 53 9.4 12.4 52 8.8
W3 48.7 15.4 32.1 36.5 7.0 21.8 914 18.0 54.7
Arable soil 52.4 31.3 41.8 422 17.3 29.8 101.5 33.1 67.3
LSDy .05

I factor 12.67 9.78 9.761

II factor 5.587 4311 4.303
Interaction

/i 17.92 13.83 13.81

11 12.49 9.641 9.623
SD 28.79 17.08 52.25

bacteria (66.3 cfu 105) were obtained in the soil from the
control site (C). The least of those groups of microorgan-
isms were isolated from the soil in the area of sites W1 and
W2, and the result was several times less than in the other
sites. In the case of proteolytic microorganisms, even
15-fold less were determined in the soil under landfill site
W1 (the mean of 4.3 cfu 10°), as compared with forest soil
beyond the area of landfill effect. This may indicate dis-
turbing the biological balance in the soil environment and
unfavourable changes in the microbiocenotic composition.
Disturbances in groups of soil environment microorgan-
isms in the area of illegal dumping were observed by

@ Springer

Fraczek and Ropek (2011) and Halasz et al. (2008).
According to the authors, the kind of waste deposited and
toxic substances they contain have the highest effect on the
number of microorganisms. The comparison of the count of
microorganisms shows that all the groups were most
unfavourably affected by the waste deposited at landfill
sites W1 and W2. Different relationships were reported
only in the case of the occurrence of Actinobacteria. Sig-
nificantly more occurred in soil in the area of landfill site
W3 (the mean 137.8 cfu 104), whereas the least—at the
control site (the mean 1.4 cfu 10%) (Table 7). This phe-
nomenon can be explained with favourable conditions for
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the growth of Actinobacteria affected by the waste
deposited at this site. In comparison with fungi and other
groups of microorganisms, Actinobacteria have adapted
best to changed conditions which followed the accumula-
tion of waste, mostly of organic origin, at landfill site W3.

Also the depth from which isolation was performed was
a significant factor affecting the number of microorgan-
isms. At all sites in the surface soil layer (0-20 cm) there
were significantly more microorganisms than at the depth
of 2040 cm (except from Actinobacteria at site W1). This
relationship is also confirmed by other authors (Taylor
et al. 2002; Halasz et al. 2008) who indicated that the
number of microorganisms decrease along with the depth
of the soil profile.

The complex character of the soil environment reflects
the relations between the number of microorganisms and
their activity and the soil components. Among the forms of
phosphorus in the soils, a significant correlation coefficient
between the number of Actinobacteria and the content of
TP (r = 0.719, p < 0.05), OP (r = 0.681, p < 0.05) and
MP (r =0.723, p < 0.05) was reported (Table 9). Also
the total occurrence of bacteria was significantly posi-
tively correlated with active phosphorus concentration
(r = 0.639, p <0.05) (Table 9). Microorganisms play a
crucial role in a series of cyclic phosphorus conversions.
On the one hand, heterotrophic microorganisms mineralize
organic phosphorus compounds and thus renew the
reserves of orthophosphates and, on the other hand, they
cause the immobilization of mineral phosphorus in their
biomass, which depletes phosphorus resources (Richardson
and Simpson 2011).

The correlation analysis showed a high relationship
between the activity of alkaline phosphatase and the
number of amylolytic (r = 0.892, p < 0.05), proteolytic
(r=0.889, p<0.05 and cellulolytic (r= 0.842,
p < 0.05) microorganisms and the total number of bacteria
(r =0.803, p <0.05). Also in the study conducted by
Sundara et al. (2002) a positive correlation was obtained
between alkaline phosphatase and the population of het-
erotrophic soil bacteria was recorded. Enzymes partici-
pating in soil phosphorus conversions are synthesized
mostly by microorganisms forming the group of PSM
(Phosphate Solubilizing Microorganisms). This group
consists of bacteria, Actinobacteria and fungi (Mohammadi
2012; Sundara et al. 2002). In a soil with pH which is close
to acid, fungi begin to predominate among microorgan-
isms, and at the same time, these are favourable conditions
for the synthesis of acid phosphatase. The analysis of
correlation confirmed a significant relationship between the
number of fungi and the action of acid phosphatase
(r = 0.633, p < 0.05) (Table 9). Such a phenomenon is
commonly known, as shown by many literature reports
(Richardson and Simpson 2011; Mohammadi 2012).

Table 9 Relationship between selected soil properties (n = 20;

p < 0.05)

Variables r P
Dependent Independent

Total organic carbon Alkaline phosphatase 0.810 0.656
Total organic carbon Acid phosphatase 0.697 0.486
Total organic carbon Amylolytic 0.793 0.629
Total organic carbon Cellulolytic 0.767 0.588
Total organic carbon Proteolytic 0.808 0.653
Total organic carbon Total bacteria 0.729 0.525
Alkaline phosphatase Amylolytic 0.892 0.796
Alkaline phosphatase Cellulolytic 0.842 0.709
Alkaline phosphatase Proteolytic 0.889 0.790
Alkaline phosphatase Total bacteria 0.803 0.645
Acid phosphatase Fungi 0.633 0.400
Active phosphorus Acid phosphatase 0.803 0.646
Active phosphorus Alkaline phosphatase 0.748 0.560
Total organic carbon Zinc 0.677 0.458
Total organic carbon Copper 0.648 0.420
Actinobacteria Zinc 0.922 0.580
Actinobacteria Copper 0.891 0.794
Actinobacteria Lead 0.829 0.687
Actinobacteria Nickel 0.708 0.501
Actinobacteria Total phosphorus 0.719 0.518
Actinobacteria Organic phosphorus 0.681 0.464
Actinobacteria Mineral phosphorus 0.723 0.522
Nickel Total bacteria 0.683 0.467
Active phosphorus Total bacteria 0.639 0.408

Moreover, the statistical analysis showed a significant
positive correlation between this enzyme and the popula-
tion of cellulolytic microorganisms and the total number of
bacteria, which is not often indicated in studies. The results
presented by Halasz et al. (2008) include the analysis of
correlation showing practically no relations between the
phosphatase activity and the total number of microbes
(r =0.02, p <0.05).

An increase in the occurrence of microorganisms in soil
depended on its abundance in nutrients, particularly on the
content of available organic compounds; the source of C
and energy. The analysis of correlation demonstrates a
significant relationship between the content of total organic
carbon and the total number of bacteria (r = 0.729,
p < 0.05), microorganisms participating in starch decom-
position (r = 0.793, p < 0.05), cellulose (r = 0.767,
p < 0.05) and protein (r = 0.808, p < 0.05) (Table 9).
These relationships are confirmed by the study by Bie-
linska and Mocek-Ptociniak (2009), where the activity of
proteolytic microorganisms correlated with the content of
TOC and total nitrogen.
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The heavy metal contents determined did not contribute
to the reduction in the growth of the groups of microor-
ganisms studied. In the case of Actinobacteria, the statis-
tical analysis revealed a significant positive correlation
coefficient between their number and the heavy metals, of
which the highest one was in zinc, Zn (r = 0.922
p <0.05), and then in Cu (r = 0.891, p < 0.05), Pb
(r =0.829, p < 0.05), Ni (r = 0.708, p < 0.05) (Table 9).
Moreover, a significant positive correlation was obtained
between the total occurrence of bacteria and the content of
available nickel (r = 0.683, p < 0.05). Also in the results
presented by Wyszkowska et al. (2007), increased numbers
of oligotrophic bacteria, Actinobacteria and fungi were
recorded in the soil contaminated by nickel. The authors
showed that high doses of nickel resulted in a more than
twofold increase in the number of Actinobacteria and fungi
and, at the same time, that element strongly inhibited the
growth of bacteria of the genus Azotobacter. Heavy metals
present in soil may have a negative effect on microorgan-
isms, limiting their diversity, but not necessarily reducing
the total number of microbes (Perez-de-Mora et al. 2006).
Such a situation probably occurred also in the soils studied,
which was indicated by an increased number of individual
groups of microorganisms. This phenomenon, however,
was most visible in the case of Actinobacteria. In the soil in
the area of landfill site W3, the significantly highest
number of Actinobacteria was isolated, as compared with
the other sites, and also the highest concentration of the
heavy metals: Zn, Cu, Pb and Ni, were determined at this
site. Studies by other authors show an important role in
both stimulating (Wyszkowska et al. 2007) and inhibiting
(Perez-de-Mora et al. 20006) the effect of heavy metals on
microorganisms.

Cluster analysis (CA) is an statistical technique for
classifying different soil samples by the relationships
among measured variables representing soil properties. A
small distance between the variables is an indication of
similarity and vice versa. Cluster analysis was used to
identify the similarity of the groups between the samples
from points and depth grouping all 10 sampling sites into
three significant clusters. Three main clusters can be dis-
tinguished in the dendrogram shown in Fig. 4. Based on the
data clustering with Ward’s method (1963), it was stated
that cluster 1 includes three soil samples (cases C 0-20 cm,
C 20-40 cm and W3 2040 cm), while four soil samples
(cases W1 0-20 cm, W2 0-20 cm, W1 2040 cm and W2
20-40 cm) contained debris and ceramic waste, glass,
plastics, metals, textiles, used electrotechnical equipment
and tyres) were included in cluster 2 due to its lower
microbiological and alkaline and acid phosphatase activity
and phosphorus content. It is seen from the dendrogram
that cluster 2 is characterized by the biggest Euclidean
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Fig. 4 Dendrogram analysis of some physicochemical and microbi-
ological parameters in soil (C, control; W1, W2 and W3 were from
under illegal dumping; AS, arable soils; depth 0-20, 2040 cm)

distance to the other clusters (high significance of cluster-
ing). For this group, it would be desirable to monitor these
levels to avoid a continued inhibition in biological activity
as a consequence of human activities (Avdullahi et al.
2013). Three soil samples (cases W3 0-20 cm, A 0-20 cm
and A 20-40 cm) belonged to clusters 3.

Conclusions

This study has sought to explain the consequences of
illegal dumping on the soil. The study concluded that the
composition of treatments W1 and W2 had a more negative
impact on the soils than illegal dumping W3 (accumulated
waste of organic origin). The results showed that phos-
phorus and P forms availability changes depending on the
type of the waste deposited. In the soil from landfill W3
and arable soil there was observed a high P availability and
the count of microorganisms, suggesting high mineraliza-
tion rates despite immobilization. The composition of the
waste accumulated showed to be essential for the devel-
opment of heterotrophic microorganisms. The results have
shown that an addition of organic residue to soil has a
variety of effects on microbial and phosphatase activities.
The wide variety of substances, such as heavy metals
and other potential pollutants, in illegal dumping inhibits
the activity of alkaline and acid phosphatases. The lowest
resistance (RS) for alkaline and acid phosphatases was
found in the soil from the area of illegal dumping W1 and
W2; the highest RS was determined in arable soils. The
statistical analyses of simple correlations showed clearly
that microbiological populations were also particularly
implicated in the activity of phosphomonoesterases.
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The results of the study also revealed that the surface
soils contained a higher phosphorus content, heavy metal
concentrations and biological activity than subsurface soils.

Long illegal dumping significantly influence soil prop-
erties, which may lead to changes in the biological activity
of soil and the macronutrient content. Unfavourable
changes in the microbiocenotic composition got mostly
revealed in soil at landfill site W1.

The results of the study show that it is necessary to
continue research on the chemical, microbiological and
enzymatic properties of the soil affected by illegal dump-
ing. It remains a challenge for future studies of phosphorus
dynamics in soil to get a better understanding of the
transfer processes of environmental phosphorus.
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