i@ Journal of Ecological Engineering

Received: 2023.10.30
Accepted: 2023.11.30
Published: 2024.01.01

Journal of Ecological Engineering 2024, 25(2), 182-189
https://doi.org/10.12911/22998993/176145
ISSN 2299-8993, License CC-BY 4.0

Influence of Physico-Water and Retention Ability of Chosen
Post-Industrial Waste Regarding Natural Use

Edyta Kruk™, Stawomir Klatka', Marek Ryczek'

! Department of Land Reclamation and Environmental Development, Faculty of Environmental Engineering
and Land Surveying, University of Agriculture in Krakow, al. Mickiewicza 24/28, 30-059, Cracow, Poland

* Corresponding author’s e-mail: edyta.kruk@urk.edu.pl

ABSTRACT

In the work there were presented results of investigations of physico-water properties and water retention ability of
chosen post industrial waste in the aspect of natural management. Soil water characteristic curves were determined
in pressure chambers with porous ceramic plate and parametrized to the van Genuchten equation. The obtained
results show, that the less advantageous retention ability has flotation waste and coal mud, the medium one metal-
lurgical and soda waste. The best retention properties have energetic and heat energetic waste. The determined soil
water characteristic curves can be the base for evaluation possibilities of natural management of the investigated
waste. The carried out investigations, supplemented by examination of chemical properties enable to choose opti-

mal methods of biological reclamation of landfills where are deposited.

Keywords: industrial waste, soil water characteristic curve, natural waste management.

INTRODUCTION

Man activity often leads to durable changes in
nature. One of the greatest threats of Earth Surface,
beside water contamination, is soil degradation,
caused by depositing of various kind of industri-
al waste [Klatka et al., 2016], particularly com-
ing from coal mining [Klatka et al., 2015; Mayo
et al., 2023], metallurgy and power engineering
[Bell and Donnelly, 2006; Sas-Nowosielska et al.
2010]. It is difficult to reduce the negative effects
of the both phenomena, but thanks to series activi-
ties concerning recovery of destroyed soil its for-
mer natural value and it enables further land use,
in changed shape. According to data of Statistics
Poland (2023), in Poland there were produced
107.7 tons of industrial waste. The main sources
of waste were like in the previous years: coal min-
ing and industrial processing. Waste collected in
landfills regarding the origin, can be in various de-
gree threat the natural environment [Jurczyk and
Koc-Jurczyk, 2014]. The problems with acquir-
ing of new areas for location of landfills force to
elaboration new methods of waste management
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[Gilewska, 2006]. Stone coal is the base energetic
fuel in Poland, what makes that waste amount pro-
duced by mining industry will be still main and
prevailing source of industrial waste [Boron and
Klatka, 1999]. Among post-mining waste prevail
the one created during searching and mineral min-
ing and from flotation of coal enrichment. Other
industry branches, as for example energetic, chem-
ical or steel metallurgy produce great amount of
post-production waste as well, that are collected
on landfills. In Poland the industrial waste are used
very occasionally, for example energetic or metal-
lurgy, for reclamation of landfills of other waste,
mainly mining [Strzyszcz and Lukasik, 2008]. In
the framework of reclamation of these landfills
however increasingly there are used substrates cre-
ated on the basis of based on mixture of various
kinds of waste [Halecki and Klatka, 2017]. The
important stage in the completely arrangement
of problem of rational waste management in Po-
land was The Waste Act of 14 December 2012 r.,
amended in the year 2022 [Dz.U. 2022 poz. 2151].
Because industrial waste are characterized by dis-
advantageous properties influencing on proper
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growth and development of plants [Vega et al.,
2006], in the stage of natural management, series
of laboratory investigations of physical, water and
chemical should be carried out. Regulation of the
Environment Ministry of 1 September 2016 in
the matter of way of conductance of contamina-
tion evaluation of the Earth surface [Dz.U. 2016
poz. 1395] regards mainly chemical properties, ig-
noring water properties, that full reflection is soil
water characteristic curve (SWCC). Proper water
content in waste and retention properties are the
main agents necessary for proper development and
life of plants in the biological reclamation. The aim
of the work was analysis of physico-water and re-
tention properties of chosen industrial waste in the
aspect of natural management.

METHODS

The investigations covered eight materials:
two kinds of post-mining waste, industrial waste:
power station waste, thermal power plant waste,
metallurgical waste and soda waste, as well as two
substrates created with mixing of various waste.
The first post-mining waste was the material from
flotation coal enrichment. In its composition oc-
curs great amount of clay separate below 1 mm
[Halecki and Klatka, 2017]. The second material
were post-mining muds, washed, processed in easy
transportable granule. The second material were
coal muds, washed, processed in easy transportable

granule. The waste underwent recycling and par-
tially were used for reclamation of degraded areas
by coal mining exploitation. The samples for lab-
oratory investigations were taken on the areas of
processing plant in Zabrze. The remaining materi-
als constitutes: power plant waste, taken from the
waste landfill in Przezchlebie near Gliwice, heat
plant waste from the Power and Heat Plant “Leg”
in Cracow taken in landfill “Mogita” in Cracow,
metallurgical waste from the landfill of the Sendzi-
mir Steelworks in Pleszoéw near Cracow and post-
sodium waste from landfill of the former Cracow
Soda Plant “Solvay” [Boron et al., 2010]. Location
of sampling points is presented on Figure 1.

The first substrate was mixture of sewage
sludge, post-mining quarry stone and ash from
heat power station in percentage respectively. The
second substrate was mixture of coal muds (30%),
sewage sludge (35%), post-mining quarry stone
(20%) and ash from heat power station (15%).
The substrates were produced in laboratory by
mixing the proper components in the above pro-
portions. The materials have codes assigned by
the Waste Act [Dz.U.2023.1587] and did not clas-
sified as waste dangerous for environment. The
recycling by creating of substrates, is the proper
process and important component of circularity
management [Labetowicz et al., 2019]. The used
sewage sludge meets requirements that are put to
sewage sludge used for reclamation of areas for
non- agricultural purposes [Halecki and Klatka,
2018]. As part of the laboratory investigations
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there were determined: chosen physical proper-
ties, saturated hydraulic conductivity and water
characteristic curve. The investigations were de-
termined according to procedures used in evalu-
ation of ground suitability for in reclamation and
the methods used conventionally in soil science
[Namiernik et al., 1995; Mocek et al., 1997]. Spe-
cific density (SD) was determined by picnomet-
ric method in distilled water. Bulk density (BD)
was determined by means of rings, of volume 100
cm?. Total porosity (n) was calculated as:
BD

n=1-2() (1)

Among the total porosity (n), coarse porosity
(CP) (@ >2.5 pm), medium porosity (MP) (8.5—
0.2 um) and fine porosity (FP) (©<0.2 um). Cal-
culations were performed based on the equations:

of water table and electric record of water vol-
ume. Water characteristic curve was determined
in pressure chambers (the Richards apparatus)
[Kowalik, 1972] (Figure 2). Evaluation of reten-
tion ability of the chosen waste was carried out
based on the parametrized van Genuchten equa-
tion [Wosten and van Genuchten, 1988; Boron
and Ryczek, 1999]:

6, = 6, + (6, — 6, [+ la - hM5 ] em*em?) (5)

where: ¢ — volumetric water content [cm*cm™],
h—matrix potential [cm], € —residual vol-
umetrwater content [cm*cm™], 6 — stau-
rated volumetric water content [cm*cm],
a [cm™] and n [-] — parameters.

Based on the water characteristic curves the
following characteristic points were determined:
e field water capacity (pF = 2.5);

9 _92‘5 .« . .
CP =—=—=2-100 (%) (2) e critical point (pF = 3.2);
S . . .
e permanent wilting point (pF = 4.2).
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Figure 2. Scheme for the van Genuchten soil water characteristic
curve (SWCC) model for the investigated materials
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where: FAWC — easy available water content,
DAWC — difficult available water content,
TAWC — totally available water content,
0, — volumetric water content at field
water capacity, 6,, — volumetric water
content at critical point, ¢, , — volumetric

water content at permanent wilting point.

RESULTS AND DISCUSSION

Among the investigated materials, flotation
waste, coal mud, heat power and metallurgical
waste as well as substrates had values of bulk den-
sity similar to the ones occurring in mineral loamy,
clay and silt soil in Poland, regarding the structure,
fluctuating between 0.90 and 1.60 Mg-m-[Mocek,
2015]. The similar results for coal muds obtained
Doniecki and Siedlecka [2006], which show, that
this material is characterized by good physical
properties. Power and soda waste have much more
lower values of bulk density (mean 0.54 Mg-m-.
The highest values of bulk density have substra-
tum 1, substratum 2, metallurgical and heat power
waste. In turn the lowest value has power waste
(Table 1). Total porosity conditions air-water ra-
tios, that to a high degree decide of possibility
of natural management of a given waste. As the
most optimal system it is regarded the one hav-
ing value of total porosity about 50% [Mocek,
2015]. In a case of the investigated materials one
can state, that almost all are characterized by op-
timal level of total porosity. The exception are
soda and power waste. In a case of substrates, the
lower values of total porosity had substratum 2. It
can be connected with supplement of coal mud.
It is confirmed by the investigations carried out
by Balaweider and Marciniak-Kowalska [2007],
which analyzing possibilities of use of waste for
production of bricks, showed decreased values of
total porosity with supplement of flotation waste.
Air-water properties depends however not only
on total porosity, but above all on participation of
particular kinds of pores. In macropores air and
water mover around freely. In medium and micro-
pores movement of air is hindered, while water
movement takes place under influence of capillary
forces. Coarse grain systems, where macropores
prevail, are characterized by high permeability,
are breezy, but too dry. Fine grain systems, of me-
dium and micro pores, with advantage of medium
and macro pores, can store great amount of wa-
ter, show low permeability and are not too breezy.

The most advantageous air-water properties show
grain systems, in which prevail medium pores,
with moderate participation of micro and macro-
pores [Mocek, 2015]. In the investigated samples,
medium pores dominated in energetic and heat
energetic waste (about 47%). Participation of
macro pores was prevailing in metallurgical waste
(64%), in soda waste and in substrate (by 40%),
while micro pores dominated in flotation waste
(about 47%), coal muds and in substratum 1 (by
about 58%). The determined filtration coefficient
showed, that the highest permeable is coal mud,
that value amount about 4.3 m-d-, what allows
to classified it according to Soil Survey Division
Staft [1993] to high class of filtration. This fact re-
sults from production technology of this material,
that is transformed in easy transportable granule.
The lowest value of filtration coefficient attained
soda and energetic waste, what allows to classify
the waste to medium filtration class (Table 1). Val-
ues depends, similarly as physical properties on
texture of the investigated materials, what was
discussed by Ryczek et al. [2007] and Boron et al.
[2010]. In a case of the investigated substrates the
value of filtration coefficient is determined mainly
by content of coal quarry stone.

The lowest value of volumetric water content
in the field water capacity point (pF,,) was stat-
ed for metallurgical waste and amounted 0.159
cm?-cm>. The highest value in turn was noticed
for soda waste: 0.465 cm*-cm . Volumetric water
content in critical point (beginning of water uptake
braking) (pF,,) was between 0.061 cm®-cm™ for
metallurgical waste and 0.380 cm*-cm™ for soda
waste. In the permanent wilting point (pF,,) the
lowest value had metallurgical waste, while the
highest one soda waste and attained respectively
0.034 and 0.284 cm’-cm™. Water capacities cor-
responding total available water (TAWC) for the
investigated waste amounted between 5.2 cm for
coal mud and 19.8 cm for energetic waste. Wa-
ter capacities corresponding easy available water
capacity (EAWC) amounted between 9.4 cm for
coal mud and 26.9 cm for energetic waste. Water
capacities corresponding difficulty available wa-
ter capacity (DAWC) amounted between 2.7 cm
for metallurgical waste and 9.6 cm for soda waste.
Such values are lower than the ones stated for post-
mining areas undergo reclamation [Szafranski et
al., 2011]. The lowest advantage retention prop-
erties have flotation waste and coal mud (Figure
3). According to Strzyczcz and Lukasik [2008],
the waste can be however used in reclamation of
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Table 1. Physical properties and saturated hydraulic conductivity coefficient

Figure 3. Soil water characteristic courves for coal waste: (a) flotation waste, (b) coal mud
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Figure 4. Soil water characteric curves for energetic
(a), metallurgical (b) and heat energetic waste (¢)

post-mining waste, in which prevail fraction of
granulation 30-250 mm. In this case they should
be mixed with upper layers of dumped material.

It should be emphasized that they have to meet
standards determined in Regulation of Environ-
ment Ministry of 1 September 2016 in the matter
of way of performing evaluation of Earth Surface
contamination [Dz.U. 2016 poz. 1395] for grounds
used in reclamation. The mean retention proper-
ties have metallurgical and soda waste. The first
one had most often advantageous composition
and chemical properties for plants [Strzyszcz and
Lukasik, 2008]. In turn, soda waste taking into ac-
count alkaline reaction and high level of salinity,
that measure is electrical conductivity, are charac-
terized by disadvantageous properties and consti-
tutes high challenge in the stage of natural man-
agement [Boron et al., 2016]. The best retention
properties had energetic and heat energetic waste.
Regarding high content of silt separate, the waste
are however exposed to wind erosion. In the stage
of their reclamation, the post-coal waste can be
used, mixing it with the ground, what safeguards
against silting and improves initial conditions of
biological reclamation [Strzyszcz and Lukasik,
2008]. The determined SWCCs for coal mud and
flotation waste are similar, likewise the SWCCs
determined for metallurgical, energetic and heat
energetic waste (Figure 4). It was connected with
low differentiation of grain size of these waste.

The determined SWCCs for the investi-
gated substrates have similar shape to the ones
presented for mineral soils in Poland of high
content of clay separate [Mocek, 2015]. The
comparable shape was obtained as well as for
soda waste (Figure 5). This fact should be con-
nected with high content of clay separate, in
the case of soda waste — clayey silt [Boron et
al., 2016], while for substrates — content of ash
from heat energetic power.

In the natural conditions, soil is character-
ized by high differentiation of water storage oc-
curring in the profile and various possibilities
of supplementation or removement of surplus.
Plants growing on such soils can have sufficient
amount of water for proper growth, or suffer
because of scarcity as a result of other factors,
for example texture. That is why evaluation of
influence of full availability of water on plant
growth conditions should regard not only depth
of its occurrence, but mobility and chemical
composition as well as. High values of spe-
cific electrical conductivity recorded for soda
waste and the investigated substrates [Boron
et al., 2016; Halecki and Klatka, 2017] show
high concentration of soluble salts manifesting
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Figure 5. Soil water characteristic curves for soda
waste (a), (b) substrate I and (c) substrate I1

increase osmotic pressure in soil solution. In
the case of the investigated materials it causes
decrease availability of water for plants.
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CONCLUSIONS

The determined physical properties of the in-
vestigated waste are similar to the ones occurred the
most often in loamy, clayey and silty soils in Po-
land. The exceptions are power station waste and
soda waste. Also, almost all of the investigated ma-
terials are characterized by optimal values of total
porosity. The determined filtration coefficients al-
low coal mud to be classified in the high filtration
class, which is related to the production technology
of this waste. The lowest value of the filtration co-
efficient was obtained for soda waste and power
station waste, which were classified in the medium
filtration class. The values of the filtration coeffi-
cient of the tested materials depend, like the physi-
cal properties, on their granulometric composition.
The lowest values of volumetric water content at the
point of field water capacity (pF,,) was observed
for metallurgical waste, while the highest was re-
corded for soda waste. The volumetric water con-
tent at the critical point (pF,,) was the lowest for
metallurgical waste, and the highest for soda waste.
At the point of permanent wilting point (pF, ,), the
value was lowest for the metallurgical waste while
the value was highest for the soda waste. The coal
mud was characterized by the lowest reserve of wa-
ter corresponding to totally available water content
and easy available water content, while the highest
values were recorder for power station waste. In
turn, water storage corresponding to difficult avail-
able water content was the lowest for metallurgi-
cal waste and the highest for soda waste. Based on
the carried out investigations, it was stated, that the
lowest advantageous retention properties are char-
acterized by flotation waste and coal mud. The me-
dium retention properties had metallurgical waste
and soda waste. The best retention ability showed
power station waste and thermal power plant waste.
The determined physico-water properties and reten-
tion abilities of the chosen industrial waste can be
the base for evaluation of possibility of their natural
management. Complemented by studies of chemi-
cal properties, they will fully enable the selection of
optimal methods of biological reclamation of land-
fills on which they are deposited.
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