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Abstract

In order to evaluate usefulness of wastes for utilization it is necessary to use modern
chemical testing methods. The proposed analytical system of the XRD-XRF-ICP-GC
methods enables to conduct an examination of carboniferous waste rocks. The offered
system of chemical testing is less time consuming and much more efficient. Within a
reasonably short period of time, it allows to obtain information about mineralogical and
chemical properties of the carboniferous waste rocks. In the paper application of such an
integrated system has been illustrated with the examples drawn from the monitoring of
the carboniferous wastes rocks from the “Bogdanka” coal mine.
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1. INTRODUCTION

Physical and chemical testing of coal mine wastes and carboniferous coal wastes
for their ecological assessment is one of the elements of the environmental
monitoring. The monitoring of the carboniferous coal wastes is one of the
subsystems of the complex environmental monitoring which determines
conditions of the environment and forecasts environmental hazards [4].
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2. MONITORING SYSTEM

Necessity of monitoring of the carboniferous waste rocks arises from the

program of monitoring the activity of mining facilities in the natural

environment. Such programs help to assess the impact of the hard coal deposits

exploitation on the environment. Monitoring of the wastes produced and

transported by the “Bogdanka” coal mine is an element connected to the coal

waste management and utilization, performed by the mine. The following points

are the principal tasks of the coal waste monitoring:

— qualitative and quantitative assessment;

— assessment of waste dumps and their impact on environment;

— verification of waste management efficiency;

— stimulation of development of waste-free technologies (“cleaner
production”).

Implementation of the above tasks may be based on a specific Quality Waste
Monitoring Program (QWMP). Apart from the quantity record, such a program
should contain data for the physical-chemical assessment, as well as data on
mechanical properties of the carboniferous waste rocks. Furthermore, the
sampling procedure should be a part of the program. The norm for sampling of
mineral aggregates can be applied in the case of carboniferous coal wastes.
Monitoring of the carboniferous waste rocks from the “Bogdanka” coal mine has
been incorporated in a sub-program, presented in Fig. 1.

3. ANALYTICAL METHODS IN THE MONITORING OF THE
CARBONIFEROUS WASTE ROCKS

Investigation and assessment of the carboniferous waste rocks need a reliable
integrated testing system. The measuring equipment applied for this task should
limit the time of the test conduction and have a positive economic aspect.
Therefore the proposed system is the XRD-XRF-ICP-GC system.

3.1. X-ray Diffraction Spectrometry (XRD)

Mineralogical investigations of the carboniferous waste rocks from the
“Bogdanka” coal mine are performed using the diffractometer, radiation CuK,
and CoK,. The interpretation of the diffractograms is based on the data acquired
from the ASTM and PDF-4+ files. Quantitative determinations are carried out
by the use of the standardization methods [1, 2, and 8].

Results of the mineral composition monitoring of the carboniferous waste rocks
from the “Bogdanka” coal mine carried out in 2002 - 2010 are presented in [6],
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while the results of the monitoring taking place in 2010 - 2012 are presented in
Fig. 2.

Monitoring of Carboniferous waste rocks from the coal mine “Bogdanka”
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Fig. 1. Diagram of the monitoring system of the carboniferous waste rocks from the
“Bogdanka” coal mine
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Fig. 2. Diffractograms of the mine wastes from the coal mine “Bogdanka”
Description: Ch - chlorite, | - illite, K - kaolinite, Ka - calcite, P - pyrite, S - siderite,
Sk - feldspars, Q - quartz
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3.2.  X-ray Fluorescence Spectrometry (XRF)

The XRF method was applied for the determination of the following compounds
in the carboniferous waste rocks from the “Bogdanka” coal mine: SO,, TiO,,
Al,Os, Fe,0; CaO, MgO, Na,O, K,O and P,Os. Results of the chemical
composition monitoring of the carboniferous wastes from the “Bogdanka” coal
mine are presented in table 1.

Table 1. Main components of the coal wastes from the “Bogdanka” coal mine by the
XRF method [5]

Monitoring in 1996-2012; n = 12
Component range | average | variability
%

Sio, 40.96-57.92 47.78 8.8
TiO, 0.87-1.17 1.04 10.6
Al,O, 18.41-25.42 22.10 8.5
Fe,0;3 3.14-7.66 5.00 26.6
CaO 0.12-1.84 0.71 87.3
MgO 0.76-1.92 1.22 28.7
Na,O 0.17-0.43 0.30 30.0
K,0 1.90-2.80 2.28 12.7
SO; 0.03-0.94 0.35 74.3
P,Os 0.07-0.34 0.21 47.6
Roasting loses 13.28-22.80 18.48 15.5

3.3. Inductively Coupled Plasma (ICP)

Inductively coupled plasma atomic emission spectrometry (ICP-AES) is applied
for chemical investigations of leaching tests from the carboniferous wastes
[3,4,7]. The ICP method, apart from the mentioned determination of trace
elements, serves to determine many constituents in leaching tests and to
investigate the speciation of metals.

Results of the heavy metals in leaching tests monitoring of the carboniferous
wastes from the “Bogdanka” coal mine are presented in table 2.

3.4. Gas chromatography (GC)

Investigations concerning organic substances in the carboniferous waste rocks
are conducted by the GC method. The monitoring is reduced to PAH and other
compounds that may be dangerous for the environment (e.g. PCBs). Moreover,
the frequency of the monitoring has been also reduced due to the economic
aspect.
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Table 2. Heavy metals in leaching tests of the coal wastes from the “Bogdanka” coal
mine by the ICP method

cd | ¢ | cu | N [ P | zn

Year pH mafdn?

1996 78 [ <0.005| <0.05 [ <0.05 | <0.05 <0.05 0.03
1998 76 | <0.005| <001 | <001 | <0.01 <0.01 0.02
2000 6.9 | <0.005| <001 | <001 | <0.01 <0.01 0.02
2002 6.9 | <0.005| <001 | 0.3 0.06 0.03 0.07
2004 76 | <0005| <001 | <0.01 0.02 <0.03 0.02
2006 7.25| <0.005] <001 | 002 0.03 <0.03 0.03
2007 8.38] <0.005| <0.02 | <0.02 | <0.02 <0.03 <0.02
2008 7.43] <0.005| <0.02 [ <0.02 | <0.02 <0.03 <0.02
2009 7.97] <0.005| <0.02 [ <0.02 | <0.02 <0.02 <0.02
2010 8.40] <0.005]| <0.02 | <002 | <0.02 <0.02 <0.02
2011 8.48] <0.005| <0.02 | <002 | <0.02 <0.02 <0.02
2012 8.33] <0.005] <0.02 | <0.02 | <0.02 <0.02 <0.02

4. SUMMARY

The measurement system based on the XRD-XRF-ICP-GC/MS methods is used
for the ecological assessment of the carboniferous wastes from the “Bogdanka”
coal mine.

The described investigation methods serve to determine contents of such
substances in the carboniferous wastes that are of particular importance in the
evaluation of their risks to environment. Exemplary results of the monitoring
system were presented and analyzed in the paper.

Due to the application of the presented monitoring system, the management of
large amounts of wastes from the “Bogdanka” coal mine is possible. The
monitoring is particularly important for the utilization of the wastes for
reclamation and leveling of subsiding troughs [6]. On the other hand novel
utilization methods of the carboniferous wastes may require a modification of
the analytical system of the monitoring in the future.
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ZINTEGROWANY ANALITYCZNY SYSTEM W MONITORINGU KARBONSKICH
ODPADOW WYDOBYWCZYCH Z KOPALNI WEGLA KAMIENNEGO
»BOGDANKA” (LUBELSKIE ZAGLEBIE WEGLOWE)

Streszczenie

Proponowany system badan w zintegrowanym uktadzie analitycznym XRD-XRF-ICP-
GC jest prostym i proekonomicznym elementem dziatalnosci w prowadzeniu
monitoringu odpadéw wydobywczych. Jego wykorzystanie pozwala uzyska¢ w krotkim
czasie informacje o mineralogicznych i chemicznych wiasciwosciach monitorowanych
odpadow wydobywczych. Dotyczy to zakresu informacji obejmujacych sktad mineralny
(XRD) i chemiczny (XRF/ICP) oraz obecnosci zanieczyszczen organicznych (GC).
Wykorzystanie takiego zintegrowanego systemu badan przedstawiono na przyktadzie
monitoringu odpadéw wydobywczych z kopalin wegla kamiennego ,,Bogdanka”.

Stowa kluczowe: ~ monitoring, zintegrowany uktad analityczny, odpady wydobywcze
z kopalni wegla kamiennego
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