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Abstract: Optimal methods used in the analysis of waste material resulting from mining and processing of min-
eral resources that allow to assess the potential impact of waste on the environment, based on binding envi-
ronmental laws regulating potential commercial utilization of waste were investigated. The paper is concerned
mostly with mineral waste, constituting about 80% of all industrial waste generated. According to the principles
of sustainable waste management, waste storage is considered to be the last resort. However, every year over 20%
of the total amount of industrial waste generated is stored. That makes the amount of the already deposited mate-
rials, coming from the time when the commercial utilization was not common in Poland, even more considerable.
When it comes to extensive, i.e. regarding great quantities, and long-term usage of industrial wastes, the identical
composition of waste material coming from different batches is of the essence. Unfortunately, this condition is not
always fulfilled, therefore chemical composition analyses need to be carried out for monitoring purposes. For the
same reason the waste material used should also be tested to check whether the parameters of a given batch are
within the limit values defined by the standards. Described methods are intended to facilitate waste characterisa-
tion with respect to their effect on the environment when used for commercial purposes. An individual method
is never good enough to determine the full extent of environmental impact. It is therefore recommended to apply
several methods in a logical sequence, depending on the type of waste material and its purpose.

Keywords: waste utilization, mineral waste, mineralogical-chemical research, economic use of waste

INTRODUCTION

The search for possible waste utilization methods
with an economic potential is mainly related to the
inconvenience caused by landfill sites and shrink-
ing natural resources. To be able to utilize waste
material economically not only particular technical
requirements, specific for a given industrial process,
determining whether a material can be reused need
to be met, but also specific environmental require-
ments guaranteeing that the commercial utilization
will not pose any threat to the environment.

From a technological point of view, the po-
tential utilization of a given waste material is de-

termined on the basis of a quantitative and quali-
tative analysis. The commercial utilization of the
waste material that meets these requirements can-
not ultimately pose any threat to the environment.
In order to determine a potential impact of waste
material on the environment, methods of anal-
ysis are applied and their results are interpreted
according to environmental laws and regulations.

Pursuant to the definition found in the funda-
mental legal act in Poland on waste — Ustawa z dnia
14 grudnia 2012 r. 0 odpadach, waste materials are
defined as substances or materials that the own-
er of which intends to dispose of or is obliged to
dispose of. In Poland industrial waste constitutes
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about 90% of all the waste material produced, and
in 2013 there were 132 mln Mg out of the total of
143 mln Mg of all the waste generated that year
(GUS 2014). Industrial waste material is primarily
generated by mining, energy and metallurgy sec-
tors, and they are also by-products of industrial
processes (Rosik-Dulewska 2012). Due to the its
considerable amount, industrial waste constitutes
a significant issue from the point of view of en-
vironment protection. At the same time, a great
diversity of the waste materials available requires
verification of technical parameters that make the
waste potentially suitable for commercial utiliza-
tion. It also needs to be determined whether such
action is environmentally safe. According to the
principles of sustainable waste management, waste
storage is considered to be the last resort (Kicinska
etal. 2014). However, every year over 20% of the to-
tal amount of industrial waste generated is stored.
That makes the amount of the already deposited
materials, coming from the time when the com-
mercial utilization was not common in Poland,
even more considerable.

The aim of this article is to review optimal
methods used in the analysis of waste material
resulting from mining and processing of miner-
al resources that allow to assess the potential im-
pact of waste on the environment. This review is
based on binding environmental laws regulating
potential commercial utilization of waste. The
following paper is concerned mostly with miner-
al waste, constituting about 80% of all industrial
waste generated. The definition of mineral waste
material has been amended and it no longer refers
to the mineral waste i.e. waste belonging to group
code 01 - waste from mining and processing, but
it also refers to mineral waste in broader context
i.e. waste from groups with codes 10 01-10 08 and
10 11-10 13 - waste from energy and metallurgy
sector, ceramics industry and mineral resources
retrieved from waste (Galos & Nie¢ 2009).

DIRECTIONS
IN COMMERCIAL UTILIZATION
OF MINERAL WASTE

One of the most fundamental areas where mineral
waste can be utilized is construction. First of all, it
can be used as a component of concrete, in which

the aggregate constitutes 70-80% of concrete vol-
ume and significantly affects the properties of
the concrete mix, and later of hardened concrete
(Kohutek 2008). The gradation of a concrete mix
should be selected in such a way that it exhibits
maximum water tightness and workability with
the minimal amount of water and cement used.
Grain-size distribution curves are used to choose
these parameters (Szymanski & Kotakowski 1992).
In practice, it means that mineral waste of various
particle-size fractions can be used as an aggregate
in concrete production, from gravel fraction to
dust fraction. Although, the specifications con-
cerning chemical composition of waste materials
that could be used in the place of clinker are even
more strictly defined, many types of waste materi-
als are currently used for this purpose (Matolepszy
etal. 1994, Helios-Rybicka et al. 2013). Using waste
material as a component of concrete is the most
popular solution, not only because of the fact that
concrete is and will be the most commonly used
material in construction. But it also results from
the fact that its structure after the binding process
is well solidified and its strength make it impossi-
ble for various pollutions to be transferred into the
environment, immobilizing them effectively (Li et
al. 2001, Batchelor 2006, Krél 2006). Yet another
area with a great development potential is road
construction because of the fact that many kilome-
tres of roads are planned to be built. Mineral waste
materials could be used to stabilize (after being
transformed into slaked lime Ca(OH),) and drain
land (after being transformed into quicklime CaO)
(PN-S-96011:1998), or to build soil banks for road
construction purposes or to improve their param-
eters (Sybilski & Kraszewski 2004). Waste mate-
rials can be used in road construction, in aggre-
gate production and even instead of sand during
abrasive blasting in repair shipyards (Andziak &
Sobczynski 2001, Gruchot & Zawisza 2007, Galos
2008, Goralczyk et al. 2009). Environmental pro-
tection offers some perspectives for mineral waste
materials to be used on a larger scale. First of all,
they can be used as pollution sorbents, for exam-
ple in desulfurization of flue gases in industry
(Dehghani & Bridjanian 2010, Ozyuguran & Er-
soy-Merigboyu 2012), in CO, capture in CCS proj-
ects (Wdowin & Gruszecka 2012, Wdowin et al.
2012), to capture pollutants from sewage or in the
process of land remediation (Zygadto et al. 2010,
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Franus et al. 2014). Waste material from energy
sector, especially fly ashes because of their poz-
zolanic and thixotropic properties, can be used as
a component of filling in mining activity (Galos
& Uliasz-Bochenczyk 2005, Madaj & Klimas 2010).
Studies have been conducted on the application
of fly ashes and flotation wastes in the process
of solidification of waste material contaminated
with heavy metals (Banaszkiewicz & Marcinkow-
ski 2008).

Mineral waste, especially the carbonate one,
can be considered as a potential mineral fertilizer
when the minimum and maximum content re-
quirements are met. The minimum content of cal-
cium oxide for calcium fertilizers is 20% for type
09, for type 01 the content of CaO reaches 80%.
With the lead and cadmium content being below
200 and 8 mg/kg respectively for all types of fertil-
izers at the same time, calculated per one kilogram
of CaO (PN-C-87007-2:2000). When it comes to
calcium-magnesium fertilizers the minimum con-
tent of CaO + MgO equals from 40% to 75%, with
the minimum content of MgO from 8% to 25%.
With the maximum lead and cadmium content
being 600 mg/kg and 15 mg/kg respectively at the
same time, calculated per one kilogram of the sum
of CaO and MgO (PN-C-87006-2:1996/Az1:2001).

MINERAL WASTE PROPERTIES

Chemical and mineralogical composition is a key
factor when it comes to considering the potential
direction that the commercial utilization of min-
eral waste could take. By being familiar with cur-
rently mined natural resources, the existence of
mineral deposits or the regions where they can be
found, we are able to determine what the composi-
tion of a given waste material is going to be and we
can select appropriate research methodology ac-
cordingly, considering their commercial potential
as well. Technological process requires that partic-
ular components have specific contents and their
mutual proportion is also clearly determined. Spe-
cific technical regulations are specified in industry
standards and industrial practice, and only when
these requirements are met, we can consider the
potential negative influence that using this type of
waste may have in industrial processes.

From the point of view of environmental pro-
tection, those components of waste materials that

can be transferred into the environment and cause
potential damage, even though they only occur in
small quantities, are of utmost importance. The
information about the chemical composition of
the material that is the source of waste is essential.
Also the geochemical relations between the ele-
ments are important, as they help us determine the
final composition of a waste material and choose
appropriate methods of analysis. What is more, acts
of law specify those elements and chemical com-
pounds that should be regulated because of their
detrimental impact on the environment. Heavy
metals are examples of such pollutants that need
to be treated with particular scrutiny regarding
their content in waste materials. Heavy metals are
those trace elements whose atomic mass is higher
than that of sodium, and density exceeds 5 g/cm?
(Kabata-Pendias & Pendias 1999). In appendix 4
to Polish legal act Ustawa z dnia 14 grudnia 2012 r.
o odpadach, there are enumerated the components
of waste materials that determine whether a spe-
cific type of waste would be considered hazardous.
Among others, the list includes elements that are
toxic and persistent in the environment, such as:
As, Cd, Sb, Hg, T1, Pb, Cr(VI), Ni, Cu, Zn. It is also
crucial to study the elements that in their dissolved
form can cause eutrophication (P, N) or environ-
mental acidity (Cl, S). For example such situation
can be observed as a result of pollutants leaching
from waste materials.

A REVIEW

OF ANALYTICAL METHODS
USED IN THE STUDY

OF WASTE MATERIALS

When it comes to the choice of a method, the
most important criterion is to select the one that
makes it possible to collect the largest amount of
data, simultaneously being time and cost effective.
A short characteristic of featured methods is pre-
sented in Table 1.

A total chemical composition of a given ma-
terial is the most fundamental parameter to be
determined. More and more often a mineralogi-
cal composition is also determined since the phe-
nomenon of polymorphism makes it possible to
affect physical and chemical properties of a tested
material.
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The most popular analyses that do not cause
the destruction of the sample include following
methods. The X-Ray Fluorescence method (XRF)
determines the chemical composition of a tested
material. The X-Ray Diffraction method (XRD),
allows to identify crystalline structure, and also
phase composition of an investigated material. The
method of Scanning Electron Microscopy (SEM)
informs us of the morphology, coarseness, size,
crystal orientation and chemical composition.
The result of XRD examination is a set of X-rays,
their sequence corresponds to a specific crystal-
line structure (Bolewski & Zabinski 1988, Gawel
& Muszynski 1996). The obtained result is then
compared against the catalogue (the database of
the International Centre for Diffraction Data -
ICDD) or with published data in order to recognize
the mineral structure. As a result of SEM method,
microscopic images with the magnification of 10x
to 200,000x are obtained and then used to deter-
mine mineralogical composition (Reed 1993).

In order to determine the total content of ana-
lysed elements or chemical compounds, methods
that involve destruction of the sample and transfer
of the components into a solution are also used.
These methods are connected with the phenom-
enon in which compound content in the deter-
mined extract increases proportionally with the
extraction strength of the reagent used. When it
comes to extraction of trace elements (heavy met-
als) the methods used most often are (arranged ac-
cording to the increasing strength of extraction):
nitric acid, also with hydrogen peroxide (Ciszewski
etal. 2013, 2014), aqua regia (PN-ISO 11466:2002),
hydrofluoric acid (Kicinska 2009, 2011).

In order to find potential ways for waste utiliza-
tion, textural and granulometric analyses are used.
The most important textural features regarding the
utilization of waste material are surface area and
the structure and size of pores, which are crucial for
sorption processes. Typically, the standard method
used in this case is nitrogen adsorption isotherm
analysis at 77 K calculated with the linear form of
the adsorption isotherm BET equation (Brunauer-
Emmett-Teller). Grain-size distribution analysis,
or granulometric analysis, determines the quan-
tity of material in particular grain size fractions.
Sieve analysis is the simplest procedure used there,
it involves sifting the tested sample through a se-
lection of sieves. However, more and more often

the newest optical-electronic digital measurement
methods are used (ISO 13320-2009, Holtzer et al.
2012). For instance, laser particle size analysis is
used for the samples with the finest grain size or
for those materials that during the sieve analy-
sis went through the sieve with the mesh size of
0.5 mm. During a single analysis grain-size distri-
bution is determined and there is no need to use
different analytical methods, and the discrepan-
cies in the measurements are reduced (Loizeau et
al. 1994). This method is not only time-effective,
but also allows for the reduction in the size of the
sample needed. Nevertheless, there are also some
flaws when it comes to the evaluation of the finest
grain fractions (clay particles) (Beuselinck et al.
1998). The result of the analysis is a grain distri-
bution curve and the percentage content of indi-
vidual fractions.

The parameters described are primarily used to
determine whether a given material complies with
technical requirements. Information about the to-
tal content of specific components is also neces-
sary to evaluate the potential impact of waste on
the environment. It needs to be pointed out that
the total pollutant content does not indicate a real
threat to the environment, as some pollutants may
be present in the material in crystalline structure
or hardly mobile forms. Consequently, the like-
lihood of these pollutants being transferred into
the environment is relatively small (Siepak 1998,
Niedzielski 2007). Therefore, when it comes to the
impact on the environment, it is much more im-
portant to know what percentage of the total pol-
lutant content is mobile or bioavailable. To learn
this, different extraction methods are used and,
depending on the strength of the extraction agent
used, they cause leaching of elements from a par-
ticular bind form. In laboratory practice, the most
commonly used tests are (arranged according to
the increasing strength of extraction): Toxicity
Characteristic Leaching Procedure (TCLP), Syn-
thetic Precipitation Leaching Procedure (SPLP)
and multistage extractions, most often a six-step
extraction procedure and a three-step one (BCR).

In the Toxicity Characteristic Leaching Pro-
cedure distilled water is used as an extraction
liquid. This test is specified in the Polish Stan-
dard and depending on the liquid to solid phase
ratio (L/S), as well as, the grain size of the test-
ed sample. Four parts of the aforementioned

Geology, Geophysics and Environment, 2015, 41 (3): 263-274
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standard are distinguished (PN-EN 12457-1:2006,
PN-EN 12457-2:2006, PN-EN 12457-3:2000,
PN-EN 12457-4:2006).

The TCLP test is a testing procedure designed
by US EPA in order to determine the mobility of
organic and inorganic compounds present in lig-
uid, solid and mixed waste materials. To transfer
the pollutants into the solution acetic acid or the
mixture of acetic acid and sodium hydroxide is
used, depending on the pH of the tested waste
material (US EPA 1992). The waste material that
exceeds the expected value of a certain compo-
nent is classified by means of TCLP procedure
as hazardous waste. The test imitates the pro-
cess of water filtration through deposited waste
material, allowing us to determine the impact of
the deposited waste on the environment by com-
paring the results with pollutant limit values for
eluates. Waste material poses risk to the environ-
ment when the content of particular pollutants
in eluates exceeds the limit values for TCLP test
(Tab. 2).

Table 2
Permissible levels of selected elements in TCLP test eluates
Permissible levels in TCLP test eluates*
metal limit value [mg/L]
Ag 5.0
As 5.0
Ba 100.0
Cd 1.0
Cr 5.0
Hg 0.2
Pb 5.0
Se 1.0

* US GPO 40 CFR § 261.24.

The SPLP method (US EPA 1994) was designed
to evaluate the mobility of waste material compo-
nents with solution of which the chemical compo-
sition resembles that of precipitation. This time,
the mixture of sulphuric and nitric acid is used to
transfer the pollutants into the solution. The test
simulates the release components from waste in
a very short time after the application of the ex-
traction liquid. This test is recommended when

we want to evaluate the effects of immediate or
short-term leaching on a waste material exposed
to atmospheric conditions.

The six-step sequential extraction procedure
developed by Forstner & Calmano (1982) is a mod-
ified version of Tessier’s method from 1972 (Calm-
ano 1989). It is used to determine the quantity of
heavy metals bounded in particular forms. Six steps
of metal binding are distinguished: step 1 — metals
in exchangeable positions, step 2 — metals bound
with carbonates, step 3 — metals bound with and
Mn oxides, step 4 — metals bound with amorphous
Fe oxides, step 5 — metals bound with amorphous
sulphides and organic matter, and step 6 — metals
associated with crystalline structure of minerals,
i.e. residuals.

The BCR three-step sequential extraction pro-
cedure is a very popular simplification of multi-
step extraction methods (Tessier et al. 1979,
Quevauviller et al. 1997). This method makes it
possible to determine metal bindings in the fol-
lowing fractions: step 1 — exchangeable and car-
bonate fraction, step 2 — reducible fraction, metals
bound with iron and manganese oxides, step 3 -
oxidizable fraction, metals bound with organic
matter and sulfides. Additionally, this method
also distinguishes the fourth step, so-called res-
idue, where aqua regia (PN-ISO 11466:2002) or
concentrated nitric acid (might be with hydrogen
peroxide) is used on the residual material in or-
der to extract metals associated with crystalline
structure of minerals (Larner et. al 2006, Rao et
al. 2008). The results obtained from sequential
extraction analyses translate into information on
bioavailability, mobility and metal transport in
the environment (Szumska & Gworek 2009, Jeske
& Gworek 2011)

THE INTERPRETATION

OF WASTE ANALYSIS RESULTS
IN THE CONTEXT

OF COMMERCIAL UTILIZATION
BASED ON POLISH
ENVIRONMENTAL

LEGAL STANDARDS

Mentioned before fundamental legal act on waste
(Ustawa z dnia 14 grudnia 2012 r. 0 odpadach) regu-
lates the problem of waste management in Poland.
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Annexes 3 and 4 to the act respectively delineate
the properties and components that qualify cer-
tain waste materials as hazardous. Moreover, the
major implementing act on waste catalogue (Roz-
porzgdzenie Ministra Srodowiska z dnia 9 grudnia
2014 . w sprawie katalogu odpadéow) divides waste
materials into 20 groups, specifying their sub-
groups and types. Waste catalogue also contains
the so-called list of hazardous waste materials that
are marked with the symbol of * after a six-digit
code. The waste materials marked as hazardous
should be (to enable their utilization) reclassified
as non-hazardous by proving that they do not ex-
hibit any hazardous properties.

Table 3
Permissible levels of selected elements in leachates from waste
Permissible levels in leachates’
cations limit value anions limit value
[mg/L] [mg/L]
As 0.1 Cl- 1000.0
Ba 2.0 F- 25.0
cd 0.05 NO,” 1.0
Co 0.1 NO;- 30.0
Cré* 0.1 N 0.2
Cr, 0.5 SO 500.0
Cu 0.1
Fe,, 10.0
Hg 0.06
K 80.0
Na 800.0
Ni 0.1
P 2.0
Pb 0.1
Sb 0.3
Sn 0.1
Tl 1.0
Zn 2.0

* Rozporzgdzenie Ministra Srodowiska z dnia 18 listopada 2014 r.
w sprawie warunkow, jakie nalezy spetni¢ przy wprowadzaniu
Sciekow do wod lub do ziemi, oraz w sprawie substancji szczegélnie
szkodliwych dla srodowiska wodnego (Dz. U. 2014 poz. 1800).

When it comes to mineral waste, special con-
sideration should be given to the content of tox-
ic elements in them, especially to heavy metals.
Wastes come into contact with precipitation,
which is why pollutants may be leached and trans-
ferred into surface waters and soil. It should be
noted that in leachates there are also present an-
ions that can cause acidification of the environ-
ment, as they are transferred in large quantities
into the environment.

The limit values for particular pollutants in
leachates from waste (Tab. 3) can be interpreted
according to the regulation on the conditions to be
met as regards the release of sewage into the water
or onto the land and on the substances that are
particularly harmful to the aquatic environment
(Rozporzgdzenie Ministra Srodowiska z dnia 18
listopada 2014 r. w sprawie warunkow, jakie nalezy
spetnic przy wprowadzaniu sciekéw do wod lub do
ziemi, oraz w sprawie substancji szczegolnie szkod-
liwych dla srodowiska wodnego).

When it comes to using waste material as soil
fertilizers or to neutralize land, the guidelines de-
termining the limit values for pollution levels in
soils used for agricultural purposes may be used
(Tab. 4). They were prepared by the Institute of Soil
Science and Plant Cultivation in Putawy (Insty-
tut Uprawy Nawozenia i Gleboznawstwa w Pula-
wach - IUNG) (Kabata-Pendias et al. 1995). On
the basis of these classification, six levels of soil
contamination with heavy metals were distin-
guished: 0 - not contaminated soils, I - soils with
an increased level of heavy metal content, IT -
slightly contaminated soils, III - moderately con-
taminated soils, IV - heavily contaminated soils,
V - most heavily contaminated soils. According
to sulphur four levels of contamination in soils
were developed: I - low, IT — moderate, III - high,
IV - anthropogenic intensified. In accordance to
PAHs six levels of soil contamination were dis-
tinguished: 0 - PAH content neutral, I - content
above normal, II - slightly contaminated soils,
IIT - contaminated soils, IV - heavily contami-
nated soils, V — most heavily contaminated soils.
Using wastes to improve soil properties would in-
volve focusing on maintaining the total level of
contamination introduced with a given waste ma-
terial below the limit values. It is also important to
remember that apart from not exceeding the total
limit value, other guidelines should be introduced.

Geology, Geophysics and Environment, 2015, 41 (3): 263-274
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Table 4
Permissible levels of selected elements in soils used for agricultural purposes
Classes of soil contamination”
Compound
0 I 11 111 v \%
[mg/kg d. m.]
Cd 0.3-1 1-3 2-5 3-10 5-20 >5->20
Cu 10-25 30-70 50-100 80-150 300-750 >300 - >750
Cr 20-50 40-80 80-200 150-500 300-1000 >300 - >1000
Ni 10-50 30-75 50-100 100-300 400-1000 >400 - >1000
Pb 20-60 70-150 100-500 500-2000 2500-7000 >2500 - >7000
Zn 50-100 100-250 200-500 700-2000 1500-5000 >1500 - >5000
<15 16-25 26-35 >35
<20 21-30 31-40 >40
S-SO, <25 26-35 36-50 >50
<30 31-50 51-100 >100
<50 51-100 100-150 >150
<150 160-500 510-1000 >1000
<200 210-750 760-1500 >1500
Sog <250 260-1000 1010-2000 >2000
<500 510-1000 1010-2500 >2500
<1000 1010-2500 2510-4500 >4500

* depending on the type of soil (Kabata-Pendias et al. 1995).

Table 5
Permissible levels of selected elements in soils and ground (mg/kg dry mass)
Permissible levels in soils and ground
group B group C
depth [m BGL] Limit values in soils™
Metal 0-0.3 |  03-15 >15 0-2 2-15 . where, t}l‘e o of sewage
group A or agricultur purposes is
water permeability [m/s] allowed
up to | below | up to | below up to | below
0-0.3 0-2
1.107 1-.107 1-107

As 20 20 20 25 25 55 60 25 100 -

Ba 200 200 250 320 300 650 1000 300 3000 -

Cd 1 4 5 6 4 10 15 6 20 0.5-3.0

Co 20 20 30 60 50 120 200 50 300 -

Cr 50 150 150 190 150 380 500 150 800 30-100

Cu 30 150 100 100 100 200 600 200 1000 20-75
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Table 5 cont.
Hg 0.5 2 3 5 4 10 30 4 50 0.7-1.5
Ni 35 100 50 100 70 210 300 70 500 10-50
Pb 50 100 100 200 100 200 600 200 1000 20-80
Sn 20 20 30 50 40 300 350 40 300 -
Zn 100 300 350 300 300 720 1000 300 3000 60-180

* Rozporzgdzenie Ministra Srodowiska z dnia 9 wrzesnia 2002 r. w sprawie standardéw jakosci gleby oraz standardéw jakosci ziemi

(Dz. U. 2002 nr 165, poz. 1359).
** depending on the type of soil.

** Rozporzgdzenie Ministra Srodowiska z dnia 18 listopada 2014 r. w sprawie warunkdw, jakie nalezy spetnic przy wprowadzaniu sciekéw do
wod lub do ziemi, oraz w sprawie substancji szczegélnie szkodliwych dla srodowiska wodnego (Dz. U. 2014, poz. 1800).

>

“~” - not applicable.

Primarily regarding the potential leaching of
contaminations from solid wastes must be met
and measures preventing waste materials from
being blown around by wind or moved by oth-
er agents or living organisms from the surface
of the ground. When there is soil other than
that used for agricultural purposes, the regula-
tion on the standards for soil and ground qual-
ity (Rozporzgdzenie Ministra Srodowiska z dnia
9 wrzesnia 2002 r. w sprawie standardow jakosci
gleby oraz standardoéw jakosci ziemi) may be ap-
plied. For each of the three types of soils distin-
guished in the regulation, with reference made
to the depth (below ground level) and their wa-
ter permeability, there are limit values given for
specific contaminations (Tab. 5). Group A covers
grounds in protected areas defined within the
meaning of water law act (Ustawa z dnia 18 lipca
2001 r. Prawo wodne) and the act on environmen-
tal protection (Ustawa z dnia 16 kwietnia 2004 r.
o0 ochronie przyrody). Group B covers agricultural
areas (with some exceptions). Group C refers to
industrial areas, surface mining land in use and
transportation areas.

CONCLUSIONS

When it comes to extensive, i.e. regarding great
quantities, and long-term usage of industrial
wastes, the identical composition of waste ma-
terial coming from different batches is of the es-
sence. Unfortunately, this condition is not always
fulfilled, therefore chemical composition analyses
need to be carried out for monitoring purposes.
For the same reason the waste material used should
also be tested to check whether the parameters of

a given batch are within the limit values defined
by the standards.

In order to save time spent on preparing sam-
ples for testing, and to avoid the destruction of the
material, the methods that preserve the samples
will be favoured. However, they can only be used
to determine the total content of particular com-
ponents. XRF method determines the element
content in the sample in the form of oxides. XRF
method is relatively cost-effective and the samples
can be easily prepared (Ene et al. 2010).

Out of the methods that involve the destruction
of the sample and provide information on the to-
tal content of the components tested, extractions
with concentrated acids may be employed. The
extraction in concentrated nitric acid is a meth-
od that allows to evaluate the total content of the
analysed element in an environmental sample.
Nevertheless, drastic pH conditions present in
this method can never be observed in the envi-
ronment. Therefore, this procedure can be used to
determine a content of elements in tested sample
that is potentially subject to leaching. Decompo-
sition in nitric acid is used as the 6™ step of se-
quential extraction, at this step metals and sulfides
bound to crystalline structure of minerals are ex-
tracted (Calmano 1989). Decomposition in aqua
regia is supposed to, just like the decomposition
in HNO,, determine the “total” content of metals
in the sample. This method is used as a 4™ step
in BCR extraction, where in the residue from the
3t step metals bound with the residual phase are
additionally extracted. Potentially, the highest to-
tal content can be obtained during the extraction
with HF or HCIO,. Concentrations are going to
be higher than in the case of extraction by means
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of aqua regia and HNO; because HF can dissolve
almost all types of silicates. However, due to ex-
tremely high toxicity of HF, and explosive prop-
erties of HCIO, they are rarely used (Szumska
& Gworek 2009, Jeske & Gworek 2011).

Leaching tests can provide us information on
the mobility of the analysed components and the
quantity of elements bound to particular phases.
Depending on the needs, tests with various com-
plexity levels can be used, from the simplest — the
leaching test, which is unfortunately the least
informative one, to the most complicated and
time-consuming four- and six-step methodol-
ogies, which can also provide most data on the
types of binding and mobility of particular com-
ponents. The TCLP test seems to be most appro-
priate to simulate the conditions of a long-term
leaching that waste materials in a landfill are ex-
posed to (Shieh 2001, Hageman et al. 2015) and
best for organic contaminations. The SPLP test is
preferred when the content of metals in a sample
is analysed because of a lower pH and lack of com-
plexing agents in the extraction liquid (Lackovic et
al. 1997). This test is much more suitable for leach-
ing simulations where the leaching agent is applied
directly before the leaching process, as it is the case
with precipitation (Hageman et al. 2015).

The above mentioned analysis methods are in-
tended to facilitate waste characterisation with re-
spect to their effect on the environment when used
for commercial purposes. An individual method is
never good enough to determine the full extent of
environmental impact. It is therefore recommend-
ed to apply several methods in a logical sequence,
depending on the type of waste material and its
purpose. Broadly speaking, we can suggest the fol-
lowing succession of tests: XRF (qualitative compo-
sition and the percentage of elements), TCLP/SPLP
test (leaching of contaminants in the conditions
corresponding to the natural ones, depending on
the purpose of the waste), BCR extraction (bind-
ing forms of particular contaminants), extraction
with aqua regia (total content of contaminants in
the waste material), BET (specific surface area, the
distribution and size of pores, depending on the
purpose), laser particle size analysis (gradation
and its distribution, depending on the purpose).

Sustainable waste management implies waste
disposal only when all other measures have been
exhausted. When it comes to mineral waste, there

are many potential applications, but before any of
them are employed, an appropriate environmen-
tal characteristics is required. Familiarity with the
range of analysis methods available and the choice
of the right one is crucial in the process of search-
ing for and utilizing mineral waste commercially.

This research has been funded by AGH University
of Science and Technology Statutory Research No.
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