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ABSTRACT: Defining the physicochemical and biological parametersin soil under illegally dumping sites
provides information on the real threat and the direction of changes in the soil environment. The paper
demonstratestheresult of changesin the propertiesin soil asaresult of the operation of illegal dumping sites.
Soil was sampled from the research points|ocated on the outskirts of the city of Bydgoszcz (Poland) from the
sitenot affected by illegal dumping sites (control C), within the dumping sites, having removed the waste layer
(W), and 10 m away from the dumping sites (W 10). In the soil the content of phosphorus, potassium,
magnesium and sul phur, total content of copper, zinc, lead and nickel aswell asthe activity of enzymeswere
assayed. The content of Pb, Zn, Cu and Ni in the soil samples qualifies the soils as representing the soil
category with natural content. The greatest activity of al the enzymes analysed was identified in the soil
sampled from the control point affected by waste, whereas the highest content of macroelementswas reported
inthe soil from the dumping sites (W 10). A high variation in the enzymes under study in soils confirmsahigh
value of the coefficient of variation (CV >36%). The analysis of correlation confirmed the relationship
between the content of organic carbon compounds and the content of zinc, lead, nickel. The soils show adlight
value of the coefficient of contamination for heavy metals (CF<1). The contamination degree (Cdeg) ranged

from 1.993 to 5.116, which pointsto alow level of soil contamination with Zn, Cu, Pb and Ni.

Key words: Heavy metals, Macronutrient, Enzymes, Dumping sites, Waste

INTRODUCTION

Over thelast decades afast economic devel opment
has contributed to an intensive increase in the content
of waste, accompanied by the problem of disposal
(Ogundiran and Afolabi, 2008; Islam et al., 2012).
Following the policy of the European Union, weaim at
reducing waste origination, however waste management
in Poland is much less developed than in many other
European countries. Despitethe currently binding laws
on Maintaining Cleanliness and Order in Communes
(Dz. U. item 228 of 25 January 2013) and aswell asthe
Waste Law of 14 December 2012 (Dz. U. 2013 No. Oitem
21), alack of waste collection contracts hasresulted in
the emergence of the so-called ‘illegal dumping sites’.
Illegal waste dumping sites most often appear on the
edge of forests and on the outskirts of the cities, in the
vicinity of greenbelts separating the road from
agricultural land, which results in a progressive
contamination of the soil_environment by disturbing
*Corresponding author E-mail: bartkowiak@utp.edu.pl
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themicrobiological and biochemical processes, aswell
as physical and chemical properties (Bielifska and
Mocek-Ptéciniak, 2009; Islam et al., 2012). Illegal
dumping sites have neither hydro insulation sealing
nor a separated protection zone. Neither are they
separated from the soil with the geomembrane layer.

The enzyme assays facilitate a comprehensive
eval uation of the soil environment condition sincethe
compounds take part in the transformations of
nutrients and affect their availability to plants
(Nannipieri etal., 2003; Krzyzaniak and Lemanowicz,
2013). The activity of enzymesisinfluenced by heavy
metals. At low concentrations they have a stimulating
effect, however, at large quantities they inhibit the
activity of soil enzymes (Bartkowiak and Lemanowicz,
2014). The enzymes also show a susceptibility to the
concentration of hydrogen ions: the soil reaction.
Alkaline and acid phosphatases are among especially
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sensitive and pH-dependent. Dehydrogenase is the
most important soil enzyme and a frequently used test
for determining the influence of various pollutants
(heavy metals, pesticide, crude oil, etc.) on the
microbiological quality of soil (Margesin et al., 2000).
Their activity can be inhibited from 10 to 90%,
depending on the soil contamination. Arylsulphatases
play a major role in sulphur cycling in soils by
catalysing the hydrolysis of ester sulphates, and thus
releasing organically-bound sulphate into the soil
solution (Tabatabai and Bremner, 1970).

Open dumping sites present a number of risks to
soils dueto the capacity for generating toxic chemicals,
pathogens and due to altering the natural environment
of soil Amuno (2011). Municipal solid waste includes
complex organic substances, ammonia, xenobiotics,
heavy metals (Longe and Enekwechi, 2007; Tengruit et
al., 2007; Ogundiran and Afolabi, 2008). A high
concentration of heavy metals in soil as a result of
illegal waste deposition pointsto alack of responsibility
for the natural environment in the society and the
natural environment protection institutions (Meller et
al., 2012). Moreover, illegal dumping sites may not be
located in protected areas (national parks, scenic parks)
(Diatta, 2012). Bearing that in mind, one must recognise
the level of natural environment contamination and
thus launch land rehabilitation treatments, recovering
theinitial natural environment functions of the areas.

The aim of the paper has been to determine the
effect of illegal dumping siteslocated in the Bydgoszcz
commune on selected physical, chemical and
biochemical properties of soils, including the
accumulation of heavy metals in the soils of their
occurrence.

MATERIAL & METHODS

Soil was sampled in spring (April 2013) from 7
research points located on the outskirts of the city of
Bydgoszcz (53°12!N; 18°011E; the Kujawy and Pomorze
Province, Poland, Europe) from three horizons (0-15,
15-30, 30-50 cm) from the site not affected by illegal
dumping sites (control C), within the dumping sites,
having removed the waste layer (W), and 10 m away
from the dumping sites (W 10). In total the analysis
involved 63 soil material samples.

The city of Bydgoszcz islocated in the temperate
climate zone, on the left-bank of the fluvial terrace of
erosive- accumulativeglacial valley of the VistulaRiver
which now runs about 4 km north. The area makes up
a high fluvial sandy terrace and outwash plain (the
formations produced asaresult of the activity of glacial
waters built from fluvial sediments of glacial origin),
transformed the eolian into dunes.
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In the adequately prepared soil samples the
following were assayed:
pH in H,O and pH in 1 M KCI measured
potentiometrically (1SO 10390), electroconductivity
(EC) with the conductometric method in the water-soil
suspension at 1:2.5 (soil-to-water ratio); that property
has been assumed as the measure of salinity (EC).
Total organic carbon (TOC) was determined with the
TOC analyser Primacs provided by Scalar, the content
of available phosphorus (P) with the Egner-Riehm
method — DL (PN-R-04023, 1996), potassium (K) with
the Egner-Riehm method (DL) (PN-R-04022, 1996),
sulphate sulphur (S-SO,*) in soil according to the
Bardsley—Lancaster method modified by COMN-IUNG
(Bardsley and Lancaster 1960), as well as the content
of magnesium available to plants (Mg) following the
Schachtschabel method (PN-R-04020, 1994). Thetotal
Zn, Cu, Ni and Pb concentrations were assayed after
the mineralization of the samplesin the mixture of HF
and HCIO, as described by Crock and Severson (1980).
The total content of heavy metals was assayed with
the use of atom absorption spectroscopy with Philips
PU 9100X spectrometer.

The activity of selected redox and hydrolytic
enzymes: the activity of dehydrogenases (DEH) [E.C.
1.1.1] in soil was determined with the Thalmann method
(1968), the activity of catalase (CAT) [E.C. 1.11.1.6] in
soil — with the Johnson and Temple method (1964), the
activity of alkaline (AIP) [E.C. 3.1.3.1] and acid (AcP)
[E.C. 3.1.3.2] phosphatase — with the Tabatabai and
Bremner method (1969) and arylsulphatase (ARS) (EC
3.1.6.1) (Tabatabai and Bremner, 1970).

The values of the contents of heavy metals
recorded in the soil were used to calculate the
geochemical parameterseval uating the anthropogenic
effect on the soil environment (Table 1).
Contamination Factor (CF):

CF=C,,/C,
where: C_, - the mean content of metals from at least
five sampling sites,

C,— geochemical background.

Table 1. Categoriesof contamination factor on the
basisof CF valueand thecontamination degree
(C,ep) Of theecosystem (H akanson 1980)

CF Category Coey
<1 Low <8
1=CF<3 contamination 8= Cue<16
3=CF<6 Moderate 16= Cyeg<32
6= contamination 32=
Considerable
contamination
Very high
contamination
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The sum of CF for all the metals studied yields the so-

called contamination degree (C deg) of the ecosystem.

The coefficient of variation of the parameters analysed
was calculated as follows:

CV=(SDIX)*100

where: CV- coefficient of variation (%), SD- standard
deviation, X- arithmetic mean.

Vaueswhere 0-15%, 16-35%, and > 36% indicate |ow,
moderate, or high variability, respectively.

All the assays were made in three reps; the paper
demonstrates the arithmetic means of the results. The
results were exposed to the analysis of variance and
the significance of differences across the means was
verified with the Tukey test at the confidence level of
p=0.05. For the purpose of the calculations, there was
applied Microsoft Excel-based ANOVA software.
Besides the results of the analysis of the features
investigated were exposed to the analysis of simple
correlation which determined the degree of the
dependence between respectivefeatures. The analysis
of correlation was made with “Statistica for Windows
PI’ software.

RESULTS& DISCUSSION

The content of clay fractions in the soil material
analysed ranged from 0.8 to 2.0% (Table 2), which has
classified the soils according to the agronomic
categories as sandy soils. All the soil samples showed
acid reaction. The soils beyond the effect of illegal
dumping sites demonstrated a very acid reaction (pH
hoo 4:01-4.49; pH | 3.90-4.30 depending on the soil
sampling depth) (Table 2). The soils sampled under
deposited waste and 10 m away showed higher pH
values(pH ., 5.01-6.44; pH , , 4.56-6.07 aswell aspH
voo 4 74-5.32; pH 4.41-5.01), which corresponds to
the reaction from acid to slightly acid. Similar results
were earlier reported by Bielinska and Mocek—Pldciniak
2009. Literature shows (Malinowski et al., 2012) that

illegal waste dumping sites, quite common on sandy
soils, change their properties, especially the chemical
ones. Ingeneral, rubble waste with lime mortar enhance
the soil reaction they are deposited on.

Electrolytic conductivity (EC) of the soil sampled
from the control point was 0.201 —0.249 mS/cm, beyond
the area of the dumping sites 10m away (0.177 — 0.213
mS/cm) aswell asat the site of illegal waste deposition
(0.182-0.330 mS/cm) did not show any variation (Table
2). The soils demonstrated natural salinity not
exceeding thelimit value <2.0 mS/cm (K otuby-Amacher
etal., 1997). The highest EC value (0.330 mS/cm) was
noted in the soil sampled under the dumping site from
horizon 0-15cm (Table 2), which must have been dueto
the anthropogenic pollution of the soil with single
elements(Islamet al., 2012).

The human activity is a source of inhomogeneous
waste with a considerable share of organic matter. The
share of organic matter in the waste mass mostly
improves the content of total organic carbon and
doping agent of industrial and chemical waste result
in the accumulation of heavy metals. The content of
organic matter in the soil samplesvaried depending on
the object and the soil sampling depth. Its greatest
amountswererecorded inthe surface horizonsfromall
the objects and the calcul ated coefficient of variation
(CV 76.83%) pointed to ahigh variation of the results
(Table 3).

The content of available phosphorus of the soil
ranged from 10.01 to 29.17 mg/kg P, with an average
content of 17.32 mg/kg P, which according to PN-R-
04023 (in Polish) (1996), classifiesit asclassV witha
very low content of that nutrient. The potassium
accumulation fell within the rangefrom 39.72 to 86.43
mg/kgK (on average 58.81 mg/kg K). The contents of
those macroelements point to a high variation of the
results, which was confirmed with a high value of the

Table2. Selected physicochemical properties

Fractions %

- Horizon pH pH Hh EC

Objects cm H20 KCl  cmol(+)/lkg mS/icm 2'?]1%]05 0 go%?nm < r(?ﬂ.%OZ

(o4 0-15 401 390 7.95 0.201 79.80 19.2 0.80

15-30 416 4.04 4.05 0.249 85.50 12.8 1.70

30-50 449 430 2.33 0.239 90.6 7.63 1.77

W 0-15 6.44  6.07 1.05 0.330 80.69 17.45 1.43

15-30 529 5.09 1.65 0.208 78.94 19.10 1.96

30-50 501 456 0.83 0.182 89.97 8.03 2.00

W 10" 0-15 532 5.05 2.03 0.213 89.37 8.93 1.70

15-30 474 441 2.10 0.183 83.10 15.20 1.70

30-50 511 501 0.83 0.177 93.07 5.16 1.77

C’ - Control, W™ - Waste dumping site, W 10" — 10m away from the waste dumping site
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coefficient of variation (CV 60.50% for phosphorusand
CV 49.99% for potassium) (Table 3). Theresultsof the
magnesi um content showed an average variation, which
was confirmed by the value of the coefficient of
variation (CV =35.45%).

The significantly lowest content of available
phosphorus (10.01 mg/kg), potassium (42.24 mg/kg)
and magnesium (32.21 mg/kg) wasfound in the control
soil (Table3). Inthe soil samples 100 m away fromthe
dumping sites the content of the macroelements was
highest (29.17 mg/kg P, 86.43 mg/kg K, 44.73 mg/kg
Mg, respectively) (Table 3), which can be related to
the content of the elements in washing agents,
bleaches, food residue (ISsam et al., 2012). Theresults
of the study by Islam et al. (2012) revealed that the
highest available phosphorus content in soils was
recorded in solid waste dumping site and not the
organic one, which was connected with alow activity
of phosphomonoesterases in those soils. 30 mgP/kg
of soil is considered to be the critical content of
phosphorus for plants. Considering that value, it was
found that the content of available phosphorus was
lower than the critical value in all the soil sampling
points. Inthe soil sampled just under illegally deposited
waste, the phosphorus content was very low (12.79
mg/kg), which, according to PN-R-04023 (in Polish)
(1996), classifiesit as class V. The potassium content,
according to PN-R-04022 (1996), waslow (47.77 mg/kg)
(IV soil richness class), while the magnesium content
(34.16 mg/kg) was high, which classifiesit, according
to PN-R-04020 (1994), asclass || of soil richnesswith
that element.

Based on the analysis of variance, there was
reported asignificant effect of the soil sampling depth.
The highest contents of phosphorus (22.56 mg/kg),
potassium (72.78 mg/kg) and magnesium (47.87 mg/kg)
were noted in the soil sampled from horizon 0-15 cm.
The greater the depth, the lower the contents of those
elements (Table 3). A high content of sulphates was
recorded in the soil samples. The content of sulphate
sulphur was highest (41.757 mg/kg) in the soil sampled
inthe control point (Table 3). According to the sulphur
content scale developed by IUNG Putawy, the content
of SO, in sandy soil above 35 g/kgcorrespondsto the
content elevated due to the anthropogenic impact on
the environment (Motowicka-Terelak and Terelak,
2000). Most probably the control point is located at
the place of sulphur oxides emissions and, most
probably, in that control location a dry and wet
deposition of sulphur oxides occurred. Sulphur is a
controversial chemical element. On the one hand,
sulphur has a negative effect on the natural
environment and causes its acidification, however, on
the other hand, sulphur as an elemental and necessary
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component of amino acids e.g. methionineand cysteine
is a requisite for protein synthesis necessary for
biomass growth (Ostowskaet al ., 2008). While organic
sulphur compounds are largely immobile, inorganic
sulphur is more mobile and sulphate (SO,*) is most
mobile (Scherer, 2009). Sulphate transport is delayed
by adsorption, whereby adsorption and desorption
are predominantly controlled by SO,* concentration
in soil solution, soil pH, the character of colloidal
surfaces, and other anions in solution.

A significant effect of the soil sampling depth on
the content of sulphates in soil was identified (Table
3). The highest concentration of sulphur ions (36.76
mg/kg) was assayed in the surface horizon. The
adsorption of sulphates by iron and aluminium oxides
is the main mechanism of sulphur retention in soil.
The size of the sorption phenomenon depends mostly
on the properties, the content of clay minerals, iron
and aluminium oxide-hydroxides, the soil level, the
presence of other ions and the soil reaction (Scherer,
2009). The sorption of sulphates is intensive when
exposed to low soil pH, being non-significant at pH
6.0. In the soil sampled from the control point the
highest values of hydrolytic acidity were determined
(Table 2). The dependence of the content of sulphates
in soil on hydrolytic acidity is confirmed by a high
value of the coefficient of correlation for those
parameters (r=0.916; P<0.05) (Table 7). The positive
value of the coefficient of correlation between the
activity of dehydrogenases being an indicator of the
biological activity of soilsand the content of sulphates
suggests also a possibility of binding ions SO,* by
organic matter. Accordingto Blair et al. (1994), organic
matter in specific conditions, thanks to atmospheric
nature, identifies positive charges and thus initiates
the process of sorption of sulphate ions. A higher
content of sulphates (V1) inthelayer 30-50 cmthanin
horizon 15-30 cm suggests the process of sulphates
|eaching deep down the soil profile. The phenomenon
takes place when water moves following the
gravitational forces stronger than it is uptaken by
plants or gets evaporated (Blair et al., 1994). That
phenomenon is enhanced by e.g. a high soil pollution
with sulphur. A high variation in the content of
sulphates in the soils confirms a high value of the
coefficient of variation CV 85.60% (Table 3).

The total amount of pollution introduced from
waste dumping sites depends on the type of waste
deposited there. The research has demonstrated that
the highest concentration of heavy metals was noted
right under the waste dumping sites. The analysis of
variance al so confirmed a significant effect of the soil
sampling depth (Table 4). The highest amounts of zinc,
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copper, lead and nickel were reported right under the
waste in the surface soil horizon. Of al the metals
studied, thefollowing got accumulated in soil: Zn (35.80
mg/kg ), Pb (15.54 mg/kg) aswell asCu (14.07 mg/kg),
respectively. The contents exceeded the concentration
of those metals in the soil sampled from the control
point considerably. A low homogeneity of the results
for zinc, lead and copper was found, which was
confirmed by high values of the coefficientsof variation
CV: 72.56%, 88.72% and 222.7%, respectively.
Evaluating the contamination degree of the soilswith
selected heavy metals, under Regulation of Minister
of Environment of September 2, 2002 pertaining to the
soil and land quality standards (Dz. U. No 165, item
1359), onefindsthat the values of maximum permitted
contents are not exceeded, which pointsto their natural
content in soil, which can be due to a short time of the
existence of illegal dumping sites in that area. An
important factor determining not only the content but
also the mobility of heavy metalsin soils isthe grain
size composition affecting its sorption potential. Sandy
soils, with an inconsiderable content of the clay
fraction, contain, on average, less trace elements than
loamy soils (K abata-Pendias and Pendias, 2001). Such
relationships were not confirmed by the analysis of
correlation. Elevated contents of metalsin the surface
layer of sandy soilsare aresult of an increased amount
of organic matter and its capacity for point-likeretention
of nutrients (Malinowski et al., 2012). The analysis of
correlation confirmed the relationship between the
content of total organic carbon compounds and the
content of zinc (r=0.815, P<0.05), lead (r=0.762, P<0.05)
aswell asnickel (r=0.751, P<0.05) (Table 7).

The Contamination Factor (CF) facilitates
qualifying the soils into respective groups depending
on how many times the geochemical background has
been exceeded (Diatta, 2012). According tothecriterion
developed by Hakanson (1980), the soils analysed
show an inconsiderable value of the Contamination
Factor for heavy metals (CF<1) (Table5). Only inthe
soil sampled from the surface horizon, right under the
dumping sites, there was noted an average
contamination with those elements, and in the case of
copper — a very heavy contamination. Similarly Ideriah
et al. (2010) reported that the waste dumps contribute
to high copper levelsin the soils. The comprehensive
evaluation of the state of contamination of the soil
under study was made based on the value of the level
of contamination (C deg) The level of contamination
ranged from 1.993 to 5.116, which, according to the
Hé&kansona classification (1980), pointsto alow level
of soil contamination with heavy metal's, except for the
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soil sampled from horizon 0-20 cm right under the
deposited waste (C o 19.458) with aconsiderablelevel
of contamination. The findings by Amuno (2011)
indicate that soil from two dump sitescan be classified
as moderate to extremely contaminated with heavy
metals, such aslead and cadmium. It is also observed
that the soil contamination ranges from low to high
with zinc, molybdenum, copper and arsenic.

The enzymatic activity of soil reflects the level
and the size of the natural environment contamination
(Lemanowicz and Bartkowiak, 2013). The activity of
enzymesisdefinitely affected by heavy metals. At low
concentrations they act as stimulants, while at high
concentrations they inhibit the soil enzymes activity.
Theactivity of the soil enzymes depended significantly
on the soil sampling site and depth and demonstrated
ahigh value of the coefficient of variation (CV >36%)
(Table 6). The greatest activity of all the enzymes
analysed: dehydrogenases (4.498 mgTPG/g/d),
catalase (0.106 mgH.,O, /g/h), alkaline phosphatase
(2.300 mM pNP/kg/h), acid phosphatase (2.033 mM
pNP/kg/h) arylsulphatase (0.051 mM pNP/kg/h) was
recorded in the soil sampled from the control point not
exposed to the effect of waste (Table 6). However, in
the soil sampled right under the deposited waste, a
significant process of inhibition of the activity of those
enzymes was reported; (DEH-2.573 mgTPG/g/d, KAT-
0.053 mgH,O,/g/h, AIP-0.689 mM pNP/kg/h, AcP-0.872
mM pNP/kg/h). Different results were recorded by
Bielinska and Mocek-Ptdciniak (2009) who noted the
activity of the enzymes (dehydrogenases, acid alkaline
phosphatase urease, protease) about 1.5-2.0-fold
higher in the soils at the waste dumping sites than in
the forest soils beyond their reach. The authors claim
that the greater intensity of the enzymatic activity of
soils from the area of the waste dumping sites was
connected with the richness of organic compounds
contained in the deposited waste, which, by activating
additional sources of energy, triggers the development
of microorganisms and stimul ates the biosynthesis of
enzymes. The waste of different origin left shows, in
general, negative biological soil properties. The
enzymatic activity could have been lowered due to a
greater concentration of heavy metalswhich, together
with complex substrate-enzyme, inhibited active groups
of enzymes (Renella et al., 2003; Liu et al., 2008). A
high content of heavy metals can cause oxidative stress
(Dong et al., 2006), which usually lowers the activity
of dehydrogenases and soil catalase. The activity of
alkaline (1.038 mM pNP/kg/h) and acid phosphatase
(1.334 mM pNP/kg/h) inthe soil 100m away from the
deposited waste showed that the range of the effect of
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Table 3. Content of total organic carbon (TOC), available phosphor us(P), potassium (K ), magnesium (M g),
sulphur (S) in soil

TOC P K Mg S

o/kg mg/kg mg/kg mg/kg mg/kg
Objects C 2.622 bc 10.01e 4224 ¢ 32.21 bc 41.76 a
| factor w* 4,173 ab 12.79d 4777 c 34.13b 29.24c
w 10 5.236 ab 29.17 a 86.43a 4473 a 23.34d
Horizon 0-15 7.047 a 2256b 72.78 b 47.87 a 36.76 b
cm 15-30 3.783 bc 17.40c 63.94 b 35.03b 26.45d
Il factor 30-50 1.201c 12.01d 39.72¢c 28.16¢c 31.09¢c

Standard Deviation 3.081 10.48 29.21 13.13 9.485

CV % 76.83 60.50 49.66 35.46 30.16

C’ - Control, W™ - Waste dumping site, W 10" — 10m away from the waste dumping site
a, b, ¢, d, e —values followed by the same letter are not significantly different at p<0.05

Table4. Content of total heavy metalsin soil

Pb Zn Cu Ni

mg/kg ma/kg ma/kg mg/kg
Objects c 9.167 ¢ 12.93¢ 1.947 ¢ 3.007a
| factor w* 1554 b 35.80a 14.17 a 4557 a
W 10" 9.270c 23.65b 1317¢c 3.930a
Horizon 0-15 20.31a 37.16a 15.39a 4557 a
[cm] 15-30 9.217c 22.05b 1.208c¢c 5.057 a
Il factor 30-50 4543d 13.17¢c 0.934c 2.880a

Standard Deviation 10.07 1751 13.02 1.04

CV % 88.72 72.56 222.79 27.15

C* - Control, W** - Waste dumping site, W 10*** — 10m away from the waste dumping site
a, b, ¢, d, e — values followed by the same letter are not significantly different at p<0.05

Table5. Coefficientsand degrees of soil contamination

Variable Horizon CF! (%) CFin Cueg?
cm C W W10 C W W 10
Pb 0-15 1.166 4.362 1.536 31.94 22.42 30.02
15-30 1.214 0.844 1.532 38.80 23.73 33.81
30-30 0.740 0.487 0.542 33.45 18.57 27.20
Zn 0-15 0.774 3.683 1.737 21.20 18.93 33.95
15-30 0.714 1.380 1.581 22.82 38.81 34.89
30-50 0.667 0.904 0.625 30.15 34.48 31.36
Cu 0-15 0.793 10.125 0.630 21.72 52.04 12.31
15-30 0.363 0.219 0.325 11.60 6.16 7.17
30-50 0.350 0.213 0.183 13.79 8.12 9.18
Ni 0-15 0.918 1.288 1.213 25.12 6.62 23.71
15-30 0.838 1.113 1.093 26.78 31.30 24.12
30-30 0.500 1.018 0.643 22.60 38.83 32.26
Ceeg 0-15 3.651 19.458 5.116
15-30 3.129 3.556 4531
30-30 2212 2.622 1.993

*(Contamination Factor, CF), 2(Degree of Contamination, C, ) C,. ="(CF Pb,Zn,Cu,Ni)]
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Table6. Activity of dehydrogenases(DEH), catalase (CAT), alkaline phosphatases (AlP) and acid (AcP),
arylsulphatase (ARS) in sail

DEH CAT AlP AcP ARS
mg TPF/kg/d mgH20./g/h mM pNP/kg/ h

Character of c 4.489 a 0.106 a 1.300b 2.033b 0.051a
objects w™ 2573b 0.053c 0.689 e 0.872e 0.033b
| factor w 10™" 2.793 b 0.098 b 1.038d 1334c 0.030b
Horizon 0-15 4.360 a 0.166 a 1435a 2373 a 0.028 ¢
[cm] 15-30 2.933b 0.065c 1.132c 1.275d 0.051a
Il factor 30-50 2572b 0.027d 0.460 f 0.591 f 0.036 b

Standard Deviation 1.189 0.068 0.549 0.952 0.015

CV % 36.20 79.06 54.41 67.42 39.50

C’ - Control, W™ - Waste dumping site, W 10" — 10m away from the waste dumping site
a, b, c, d, e, f—values followed by the same letter are not significantly different at p<0.05
Table7. Correlation coefficientsamongtheinvestigated par ameter s (n=63)
Variables Equation r r?
Dependent Independent

Lead Total organic carbon y=1.3678+2.4922x 0.763 0.581

zZinc Total organic carbon y=5.5485+4.6352x 0.816 0.665

Nickel Total organic carbon y=2.8106+0.2546x 0.752 0.565
Available phosphorus Total organic carbon y=8.0042+2.3254x 0.683 0.467
Catalase Total organic carbon y=0.0237+0.0156x 0.699 0.488

Acid phosphatase Dehydrogenases y=-1.153+624.263x 0.953 0.907
Alkaline phosphatase Dehydrogenases y=-0.249+306.059x 0.810 0.656
Hydrolytic acidity Acid phosphatase y=-0.1405+1.894x 0.798 0.636
Hydrolytic acidity Sulphate y=0.1172+0.5769x 0.916 0.840
Hydrolytic acidity Dehydrogenases y=-3.1251+1376.91x 0.885 0.783

contamination around the waste dumping sites was
limited (Bieliriska and Mocek-Ptéciniak, 2009). Catalase
is active over a wide pH range, and its activity does
not drop until its pH is below 3.5. In the present research
pH fell within the ranges pH, ,, 4.01-6.44 as well as
pH, ., 3.90-6.07. The greater the soil sampling depth,
the lower the activity of the enzymes (Table 4), which
is connected with the spatial distribution of humus, a
decreasing amount of carbon substrates available to
microorganisms and enzymes (Fierer et al., 2003;
Kizilkayaand Dengiz, 2010). Theresultsof the activity
of alkaline and acid phosphatase showed a high
variation, which was confirmed by the values of the
coefficient of variation (CV=54.41% as well as
CV=67.42%).

A positive high dependence was also observed
between the activity of acid phosphatase in soil and
hydrolytic acidity (r=0.797; P < 0.05) sincein acid soils
the growth of the activity of acid
phosphomonoesterase usually occurs. Similar results

were recorded by Wyszkowska and Kucharski (2004).
A high positive dependence was reported between
the activity of dehydrogenases and acid phosphatase
(r=0.952; P<0.05) and dehydrogenases and alkaline
phosphatase (r=0.809; P<0.05) suggesting the
microbiological origin of phosphatases as active
dehydrogenases occur in soil as an integral part of
undisturbed cells.

There was reported a high dependence between
the content of total organic carbon compoundsin soil
and the activity of catalase (r=0.698, P<0.05). The
relationships between catalase activity and soil
organic matter have been described by Kizilkayaet al.
(2004); Uzun and Uyan6z (2011). However, no
dependence between the content of TOC and the
activity of the other soil enzymes (dehydrogenase,
alkaline and acid phosphatase, aryl sulphatase) can be
connected with a low share of humus substances in
thetotal content of organic matter of the soils exposed
to anthropogenic pressure.
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A significant negative correlation was observed
between the activities of catalase with clay contents
in all the soils.

CONCLUSIONS

The research has demonstrated that the surface
soil horizon which is found directly in the area of the
effect of illegal waste dumping sites showed a greater
concentration of heave metals. The waste deposited
in the area of the waste dumping site did not have a
considerable effect on the contamination of soilswith
heavy metals. The content of Pb, Zn, Cu and Ni inthe
soil samples qualifiesthe soilsinto the natural content
category. The above contents of metalsin the surface
layer of sandy soilsare aresult of an increased amount
of organic matter and its capacity for point-likeretention
of nutrients. The analysis of correlation confirmed the
relationship between the content of carbon of organic
compounds and the content of zinc, lead and nickel.

Neither was there noted an increased
electrolytic conductivity which could point to agreater
salinity of the soil environment.

A lack of a negative effect of the illegal waste
dumping sites on the content of available forms of
phosphorus, potassium and magnesium in the soils
located about 10 m away from their edge shows that
the effect of contamination in the vicinity of waste
dumping sitesis limited.

However, there was identified a high content of
sulphates in the soil samples analysed. The highest
content of sulphate sulphur assayed in the soil
sampled in the control point corresponds to the
content increased due to the human impact on the
environment.

The highest activity of all the enzymes analysed:
dehydrogenases, catalase, alkaline phosphatase, acid
phosphatase and arylsulphatase was reported in the
soil sampled from the control point not exposed to
the effect of the waste. There was found no direct
effect of illegal waste dumping sites on the activity
of the enzymes analysed. However, such research
should be continued as it facilitates an ecology-
minded evaluation of the effects of a gradual
accumulation of contamination in the soils
surrounding illegal municipal waste dumping sites.
The lower intensity of biochemical processesin soils
due to deposited waste must have been due to alack
of the inflow of waste of organic origin to the soil
environment.
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