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INTRODUCTION

The 1:25,000 geochemical mapping in the Ornontowice map sheet M-34-62-B-c is a
continuation of the detailed mapping project that commenced in 1996-1999 with the pilot
map sheet of Stawkow M-34-63-B-b of the Detailed Geochemical Map of Upper Silesia (Lis,
Pasieczna, 1999). By 2016, 17 map sheets had been developed. The work was financed by the
National Fund for Environmental Protection and Water Management.

The map sheet area is located in the central part of the Silesian Voivodeship. Its north-
eastern portion (within the borders of Ruda Slaska city) belongs to the Upper Silesian
Industrial Region, which is the most heavily industrialized and urbanized area of Poland. The
central part of the map sheet is occupied by the town of Mikotdéw, and its western part by the
communities of Gierattowice and Ornontowice.

In the Upper Silesian Industrial Region the main factor affecting the changes in natural
environment of the map sheet area is the present-day and historical mining of hard coal. The
mining activity, developing most intensely since the 1970s, is responsible for the formation of
geological-anthropogenic anomalies of a number of chemical elements in soils, sediments of
inland water reservoirs, and surface water (Lis, Pasieczna, 1995a, b, 1997).

The results of geochemical studies, presented on the maps with a comprehensive
explanatory text and data tables, show the current quality of soils, sediments and surface
water. They were compared with the values of natural regional background and related to the
legal regulations. The results can be useful in assessing local land use plans, making decisions
concerning environmental constraints, giving water-legal permits, assessing groundwater
hazards, and discharging duties imposed upon district governors by the Environmental
Protection Law, i.e. conducting regular soil and land quality tests within the framework of
state monitoring system.

The digital version of the atlas is available at http://www.mapgeochem.pgi.gov.pl
The following specialists participated in the preparation of this report:
* A. Pasieczna —concept and project proposal, supervision and coordination of
research;
* A. Biel, T. Kolecki, P. Kwecko, W. Markowski, A. Piotrowski, R. Sikora, B. Stec
— sample collection,;

* T. Kolecki, W. Markowski, A. Pasieczna — databases;



* 1. Jaron, D. Lech, A. Maksymowicz, E. Wlodarczyk— leadership and coordination
of analytical works;

* M. Cichorski, Z. Prasol — mechanical preparation of samples for analyses;

* M. Bellok, M. Bialecka, M. Gembal, E. Maciolek — chemical preparation of samples
for analyses;

e J. Gasior, M. Janasz, M. Jaskolska, M. Stasiuk — determination of organic carbon
content;

* M. Bellok, M. Bialecka, M. Gembal, E. Kalwa, E. Maciolek — determination of pH;

* E. Gérecka, D. Karmasz, J. Retka — determination of mercury content;

*  W. Bureé¢-Drewniak, I. Jaron, J. Kucharzyk, M. Liszewska — ICP-AES analyses; I.
A. Wysocka — ICP-MS analyses;

* M. Chada, A. Lewandowska, A. Stawicka, W. Wolski, M. Zdonek — grain-size
analyses;

* A. Pasieczna — statistical calculations;

* T. Kolecki, W. Markowski, A. Pasieczna — construction of geochemical maps;

*  W. Ogrodowczyk — geological map compilation.

* A. Pasieczna, H. Tomassi-Morawiec — interpretation of the results.

CHARACTERISTICS OF THE MAP AREA

Geographical and administrative setting. The study area belongs to the Katowice
Upland which is the central area of the Silesian Upland (Kondracki, 2009).

In administrative terms the map sheet area is located in the central part of Silesian
Voivodeship. It spans Halemba which is a south-western quarter of Ruda Slaska (town with
the rights of district), northern part of the town of Mikotow, and eastern areas of the
municipality of Ornontowice (in the Mikotow district) and of the municipality of Gierattowice
in the Gliwice district. A small part of the map sheet near its northern boundary belongs to the
town and district of Zabrze, and near the southern boundary — to the town of Laziska Gorne in
the Mikotéw district.

Relief and geomorphology. Land surface of the study area generally descends north-
westward. The lowest situated areas (230 m a.s.l.) occur in the Klodnica River valley near the

mouth of the Promna and Jasienica streams.



Basement rocks in this area are represented mainly by Carboniferous coal-bearing
deposits and glacial sediments, which is reflected in the land relief. Gentle hills, composed of
Carboniferous sandstones (Pl. 1), extend near the eastern boundary of the map sheet. They
attain an elevation of 300 m a.s.l. In the south-eastern part of the study area the hills are more
impressive and composed of Triassic limestones and marls. They are separated from each
other by tectonic depressions filled with Miocene and Quaternary deposits.

Land relief in the north of the study area is transformed by human impact due to the
activity of hard coal mines, and in the south as a result of extraction of limestones and
sandstones. Drainless depressions, mining excavations and piles and heaps of mine and
industrial waste (ash and slag) occur over large areas. Some of the piles have already been
forested.

The Ornontowice map sheet area is situated within the left-hand side of the Odra River
drainage basin. It is drained by the Klodnica River and its left tributaries: the Jasienica,
Promna and Zabnica streams. The network of watercourses is complemented by a well-
developed system of drainage ditches (Program..., 2013). The Ktodnica River is embanked
along the entire course analysed in this study (Nocon ef al., 2006; Studium..., 2013).

The Promna Stream begins outside the map sheet area. Its valley in the lower reach
along a 1 km long section is 500 m wide, and the channel is deeply incised by 1.0 to 1.5 m,
displaced and engineered (Studium..., 2013).

The bottom of the Jasienica Stream valley (of the Chudowski Stream) is deeply
incised (up to 10 m), and the width of the valley is 250-300 m. The Jasienica Stream is
recharged by many minor tributaries, and the valley is filled with wetlands over much of its
length.

The Zabnica Stream, draining the eastern area of the map sheet, conveys water to the
Klodnica River from the area covered mainly by forests, and from landfills of furnace waste
of the former Halemba thermal power station (Studium..., 2014).

Stagnant water reservoirs are represented by post-mining lakes that developed as a
result of land subsidence above mine excavations, by settling ponds, fire pools, ponds and
many other features. The first ones are filled with surface water or recharged by the water
from the near-surface aquifer (Pozzi et al., 2008). These represent reservoirs that formed in
drainless depressions, as well as flow-through lakes that developed in valleys where they can
be drained naturally (Studium..., 2014). Fishing ponds are known from the Chudéw and

Paniéw region.



Usable groundwater occurs in the Triassic carbonate-dolomitic rocks and Quaternary
sandy sediments (Program..., 2013). The Quaternary aquifer is recharged by the percolation of
atmospheric precipitation. In areas located at lower elevations (in river valleys and around
post-mining lakes) this aquifer occurs at small depths (about 1-2 m). Its characteristics are
variable depending on seasonality and atmospheric phenomena. Groundwater table variations
are particularly significant in areas of post-mining subsidence, where post-mining lakes can
form during wet springtime and snow-melting periods (Studium..., 2013). In the north-eastern
part of the map sheet there is the MGR No 331 Fossil Valley of the Upper Ktodnica River
(Kleczkowski, ed., 1990). It is a Quaternary confined reservoir with neither maximum
protection (ONO) nor high protection (OWO) areas established (Nowicki ed., 2007).

Land use. The study area is dominated by unbuilt land (75%) mostly used for
agricultural purposes or covered by forests (Pl. 2). Built-up urban areas account for 12%,
while rural housing areas — 9%. Industrial facilities (coal mines, settling ponds, waste piles
and mine heaps) occupy 3% of the territory. Other unbuilt areas include roadside green belts,
water reservoirs, wetlands and railway and road facilities.

Single-family detached housing prevails in urban areas and along transportation
routes. Multi-family residential housing dominate in the Halemba quarter of Ruda Slaska city.
Transport bases and service and trade facilities are also located in urbanized areas.

Industrial facilities include mining infrastructure of the Halemba coal mine and the
former power station in Ruda Slaska city, and of the Budryk mine together with the Zaktad
Produkcji Ciepta Zory thermal power station located in the south-western part of the map
sheet.

In the Mokre quarter of Mikotow town there is a reclaimed landfill of non-hazardous
and neutral waste, as well as reclaimed limestone and sand pits.

Economy. The basic natural resource which is essential for the economy of the study
area is hard coal. Its deposits are extracted by the So$nica-Makoszowy, Halemba-Wirek,
Bielszowice and Budryk mines.

The So$nica-Makoszowy coal mine was established in 2005 as a result of merger of
the independent So$nica and Makoszowy mines into a single mining unit. Shaft sinking in the
Makoszowy mine took place in 1900, and the first coal was extracted in 1906. The So$nica
mine started its activity in 1917 (Kompania...).

The Bielszowice mine was built in 1896-1904. Its name and mining areas have

changed many times. Currently, it conducts mining operations in Ruda Slaska city.



Near the north-eastern boundary of the map sheet there are mining fields of the
Halemba-Wirek mine.

The Budryk mine is one of the youngest coal mines in Upper Silesia. Mine
construction and development works were performed in 1978-1994 (Historia..., 2016).

Limestone extraction and lime burning were carried out on a small scale from the 16®
century until the 1960-1980s, but more intensely in the 20" century. In the 1930s, four lime
kilns of the Giesche Company were active near the Mikotéw-Orzesze railway track. Some of
them could become monumental objects, 10 others have been devastated. Unreclaimed
quarries on Gora Fiotkowa mountain (340 m a.s.l.), some of them 20 m deep, have been
overgrown spontaneously by vegetation, and they arouse interest of the Silesian Botanical
Garden.

Apart from the mining and thermal power industries, there are also facilities of the
renovation-construction and transport sectors in the map sheet area. Commercial and service

activities develop widely as well.

GEOLOGY AND MINERAL DEPOSITS

The map sheet area is located within the northern limb of the Main Trough of the
Upper Silesian Coal Basin (USCB). It is part of an extensive Palaeozoic Variscan structure
cut by numerous faults. Locally, it is covered by horizontal strata of Triassic, Neogene and
Quaternary deposits (Wyczotkowski, 1957; Bula, Kotas, ed., 1994). The geological structure
of this region is very well explored owing to numerous boreholes and mining operations.

The top of Carboniferous deposits occurs at various depths. In the south-eastern and
north-eastern parts of the map sheet area they are exposed on the surface or occur
immediately under a thin Quaternary cover. In other areas they occur under the overburden of
Pleistocene glacial tills and glacial and glaciofluvial sands and gravels. In the south-eastern
part of the map sheet the Carboniferous succession is overlain by Triassic limestones, marls
and dolomites. The maximum depth to the top of Carboniferous rocks is some 250-270 m.

The oldest known deposits in the study area are represented by the Upper
Carboniferous Paralic Series (Namurian A). No outcrops of these rocks have been found on
the surface. They are overlain by continental sediments — the Upper Silesian Sandstone Series
(Namurian B and C), the Mudstone Series (Westphalian A and B), and, in the extreme
southeast, also by the Krakow Sandstone Series (Westphalian B). The total thickness of the

Carboniferous coal-bearing deposits in the map sheet area is 3,200 m (Jureczka et al., 2005).



A characteristic feature of the Paralic Series is its sedimentary cyclicity. The coal
seams are usually overlain by claystones passing into mudstones, overlain in turn by coarse-
clastic sediments: fine- and medium- grained sandstones, occasionally coarse-grained. The
sandstone again grade into mudstones and claystones which are overlain by the next coal
seam. The entire series contains numerous coal secams and sediments with marine, brackish
and freshwater fauna. The thickness of the Paralic Series is estimated at approx. 800 m
(op.cit.) in the map sheet area.

The Upper Silesian Sandstone Series (Saddle Beds and Ruda Beds) is represented by
grey fine- and medium-grained sandstones, locally coarse-grained sandstones and
conglomerates (Wilanowski et al., 2009). The interbeds of claystones and mudstones are
commonly up to several metres in thickness. The characteristic feature is the relatively
frequent occurrence of coal seams with a thickness of 5 m, locally more than 10 m. The
Saddle Beds host the USCB’s thickest coal seam 510 at their base, currently almost
completely mined out. The thickness of the Upper Silesian Sandstone Series varies from
about 400 m in Ruda Slaska to 600 m in Ornontowice in the south-western end of the map
sheet. Deposits of this series form a belt of outcrops in the study area.

The Mudstone Series is represented by the Zaleze Beds corresponding to the
Westphalian A, and in the uppermost part also by the Orzesze Beds of the Lower Westphalian
B. This series is very monotonous in terms of lithology with dominant mudstones and
claystones. Fine- and medium-grained sandstone interbeds within this series locally attain
several metres in thickness. The whole series typically shows the prevalence of aleuritic-
pelitic sediments over coarse-clatic ones. It also includes a significant number of coal
cyclothems, most of them containing a coal seam (Wilanowski et al., 2009). Deposits of this
series are exposed on the surface or occur under a cover of Quaternary sediments, up to a few
metres thick in the south-eastern part of the map sheet, where they form a hill near Kolonia
Huta, and in the extreme northeast in the Ruda Slaska region. The thickness of this series
ranges from about 500 m in the north-eastern part of the map sheet area to around 1,800 m in
the southwest.

Deposits of the Krakow Sandstone Series are represented by coarse- and variously
grained sandstones and conglomerates, grading upward into medium-grained sandstones with
mudstone and claystone interbeds and coal seams. In the map sheet area there is only the
bottom part of this series (Laziska Beds) attaining a thickness of approx. 15 m, which does

not host thick coal seams.



The Lower and Middle Triassic deposits unconformably overlie Upper Carboniferous
rocks in the central and eastern parts of the study area. The thickness of Triassic deposits is
variable, commonly ranging between 40 and 80 m. The lithological section is represented by
sands, sandstones, clays, claystones and mudstones of the Swierklaniec Beds (Lower Triassic
— Buntsandstein), R6t dolomites, marls and limestones (uppermost Buntsandstein), and
Middle Triassic limestones of the Gogolin Beds (Muschelkalk). The Triassic deposits are
locally overlain by eluvial sands and loams, as well as by glacial tills, several metres in
thickness, and, in the Klodnica valley, also by Miocene sediments. Heavily dismembered
outcrops predominantly of the Gogolin Beds compose most of the slopes and summits
attaining about 310-330 m a.s.l. in elevation in the south-eastern part of the map sheet, in the
Mikotéw-Mokre region and near Smitowice. The hill slopes are locally composed of Lower
Triassic sandstones, sands, clays, limestones, dolomites and marls.

Neogene. Much of the sub-Quaternary surface is covered by Miocene deposits. They
occur in a NW-SE-trending belt, mainly in the Klodnica Graben. These are Lower Miocene
claystones, mudstones, marls, limestones and sandstones, and Middle Miocene clays, muds,
claystones, limestones, marls, gypsum, anhydrites and local rock salts. The contact with the
underlying Carboniferous and Triassic deposits is erosional. In the Klodnica Graben the
Miocene series attains a considerable thickness from about 180 m in the east to 210 m in the
western area. Outside this structure the Miocene deposits fill depressions in the Triassic
surface, but their thickness is small, up to several metres. The Miocene deposits do not crop
out on the surface in the map sheet area.

Quaternary deposits cover about 80% of the map sheet area with a layer of highly
variable thickness ranging from a few metres in upland areas to more than 100 m in the
Klodnica fossil valley. Outside the Klodnica valley, in topographic depressions of sub-
Quaternary surface, the thickness is 30—-60 m. In addition to deposits of fossil valleys, the
Quaternary cover is composed predominantly of glacial tills, glaciofluvial sands and gravels,
and deluvial sands and loams (locally resting on Triassic and Carboniferous deposits). The
Holocene is represented by fluvial and swamp deposits of modern river valleys. These are
fine-grained sands grading upward into swamp muds. They attain a thickness of 3 m and fill
depressions, oxbow lake basins and river channels.

Large areas are covered by anthropogenic grounds formed as a result of long-lasting
hard coal mining operations. Clusters of mine heaps and settling tanks occupy considerable

areas (up to 2 km?) in the northern and north-eastern parts of the map sheet.



Mineral deposits. Nine multi-seam hard coal deposits have been documented
throughout the map sheet area (Szuflicki et al., ed., 2014) where there are parts of the Budryk,
Halemba, Halemba II, Bolestaw Smiaiy, Makoszowy, Zabrze-Bielszowice, Laziska, Chudow-
Paniowy I and Smitowice coal deposits. The greatest economic resources of hard coal (835
million tonnes) have been proven in the Budryk deposit. The resources of the Bolestaw
Smiaty, Makoszowy, Zabrze-Bielszowice and Smilowice deposits are 400-520 million
tonnes.

Hard coal resources of the Halemba II, Chudéw-Paniowy I, Budryk and Smitowice
have been documented to a depth of 1,250-1,300 m, and to a depth of 1,000 m in the
remaining deposits. The coal-bearing series is represented by coal seams of the Orzesze Beds
(group 300), Ruda Beds (group 400), Saddle Beds (group 500), in the north by the Porgba
Beds (group 600), and in a small area in the southern part of the map sheet also by the Laziska
Beds (group 200). The coal types in this area include power coal (types 32—33) and coking
coal (types 34-35, sporadically 37). Coking coal occurs generally in the lower portions of
almost all deposits. The quality parameters of the coal are highly variable. Its calorific value
varies from 17,715 to 35,000 kJ/kg, the ash content is in the range of 2-39%, and the sulphur
content is from 0.08 to 3%. The best quality coal comes from the Saddle Beds. It contains the
lowest amounts of ash (up to 10%) and sulphur (up to 1%), and its calorific value is 35,000
kJ/kg. Coal seams of these beds are characterised by a thickness attaining 10 m and a
relatively small number of gangue intergrowths. Coal from the Ruda and Orzesze beds
contains more sulphur and ash (from several to 40%).

In the study area, most of mining areas of coal mines are threatened by natural hazards
by methane, dust, fire and collapse, which are of the highest risk rank and category.

Hard coal mining has a long history dating back to the 18" century in the study area.
The Bolestaw Smialy mine is among the oldest mines in the USCB. It was formed by the
successive merger of a number of small mines that operated using adits and shallow shafts.
The beginnings of well-organized mining are dated to the year 1779. In the 19" century,
several mines operated in this area. Since 1791, hard coal has been mined in the area of the
present-day Zabrze-Bielszowice mine (formerly Krolowa Luiza mine), combined in the 1970s
with the Bielszowice mine that started coal extraction in the 19" century.

Currently, hard coal mining is carried out by the Halemba-Wirek, Bolestaw Smiaty,
Bielszowice, Makoszowy and Budryk mines on eight hard coal deposits. Extraction is carried

out using the high-wall mining system, sporadically with the hydraulic filling. The hard coal



output is variable — from 0.19 million tonnes from the Halemba II deposit to 2.89 million
tonnes from the Budryk deposit.

The Smitowice deposit still remains undeveloped, and the Bolestaw Smialy deposit
has been abandoned.

The hard coal deposits are accompanied by coal bed methane that occurs in a sorbed
form, i.e. it is physicochemically bound to hard coal and dispersed coal particles, and its
content in the coal increases with depth. Coalbed methane is considered the main or
accompanying mineral deposit. As an accompanying mineral deposit, methane is documented
down to a depth of 1,250—1,300 m. It is mined together with hard coal and partly used in the
heating sector. The methane production is variable, ranging from 0.92 million m® from the
Halemba II deposit to 12.75 million m® from the Zabrze-Bielszowice deposit, and 19.93
million m* from the Budryk deposit.

In the Ornontowice map sheet there are two small mineral deposits of limestones and
marls in the area of Triassic carbonate outcrops. They are used for the purpose of lime
industry. The limestones, marly limestones and marls occur at shallow depths (0.3—2.0 m) and
attain a thickness of 20 m. They were quarried in this area already in the early 20th century,
but the extraction was abandoned in the 1970s due to unsatisfied quality parameters of the
limestones (too high contents of silica, and iron and magnesium oxides).

In the northern part of the map sheet there is a part of the Borowa Wie$ sand deposit.
Because of its parameters the aggregate (about 99% of the <2 mm grain-size fraction) was
used for decades as a filling material in the nearby coal mines. Currently, much of the deposit
area is occupied by a reclaimed and active landfill of the Zabrze-Bielszowice mine. This land
use type entails the necessity of deleting the remaining resources of this deposit from the
national registry of mineral deposits.

In the southern part of the map sheet a small sand and gravel deposit of Kreta has been
documented in an area of 0.85 ha. Under a thin overburden the sand-gravel aggregate deposit

attains a thickness of 10 m. Extraction of this mineral deposit has recently been finished.

HUMAN IMPACT
Natural environment in the study area has been undergoing transformation as a result
of hard coal mining, leading to the contamination of the land surface, surface water and
atmospheric air. The transformations affect predominantly the land relief due to continuous
deformation in the form of sinkholes and depressions (water-logged areas). These relief

changes are observed in the northern part of the map sheet, in areas of mining operations,



especially in the Klodnica River valley region. Terrain levelling and river channel
restructuring were necessary in this area (using mine waste materials). In some regions,
modification in the hydrographic network is observed.

Atmospheric air. The quality of atmospheric air is affected in the study area by low
emission from individual household sources, linear emission from transportation sources, as
well as emission from neighbouring areas and industrial sources (PONE, 2011; Program...,
2013). Industrial particulate matter and gas emissions originate predominantly from the
Zaktad Produkcji Ciepta Zory (thermal power station) of the Budryk mine.

Data of the National Environmental Monitoring shows that the permissible
concentrations of benzene, carbon monoxide, nitrogen oxide, nitrogen dioxide, sulphur
dioxide, lead, arsenic, cadmium and nickel in the air have not been exceeded. More hazardous
are the concentrations of particulate matter PM10 and PM2.5 as well as benzo(a)pyrene
(Trzynasta roczna ocena..., 2015). Their main sources are low emission from individual
household heating in the winter season, and the transport sector due to all-year heavy road
traffic (PONE, 2011; Program..., 2013).

Surface water and groundwater. The poor quality of water results predominantly
from both unsustainable wastewater management and discharge of mine water rich in
suspended solids, sulphates and chlorides (Studium..., 2013; Ocena..., 2014).

The Klodnica River, as well as Jasienica and Promna streams carry water whose
quality is estimated as poor (Ocena..., 2014) due to the poor quality of both biological and
physico-chemical elements.

Water quality assessment was also made for drainage ditches in the municipality of
Gieraltowice, classifying the water as poor quality due to exceeded permissible limit values of
COD, DOC and phosphate concentration. Unsustainable wastewater management is the main
factor posing a negative effect on the water quality (Program..., 2013).

The groundwater, degraded in both its quantity and quality due to mining operations,
occurs in sandstones of the Carboniferous Mudstone Series. The groundwater polluted by
municipal sewage and leachate from landfills and from levelled and developed land is found
in Triassic carbonate-dolomite rocks and Quaternary sands (op.cit.).

Soils. Soils of the northern and north-eastern part of the map sheet have been altered
by the current and historical hard coal mining. The result of these activities is terrain
subsidence giving rise to water-logged drainless depressions which consequently become
barren lands. Engineering of the substantial part of the Klodnica River channel with the use of

mine waste material can be the cause of soil contamination. The land adjacent to the Ktodnica



River embankments is at risk of contaminants washed out of the embankments (Program...,
2013; Studium..., 2013).

Agricultural soils are generally not contaminated. The contents of heavy metals in
these soils do not exceed the permissible limits, which allow cultivating all food and non-food
plants. Locally, they are acidized and water-logged (Studium..., 2013).

Soils of some regions are too acidic for cultivation. Among the reasons for their
acidity is acid rain (pH <5.6) that accounts for 46% of all rains. Through the rainwater the
soils are contaminated by sulphates (17.82 kg/ha SO.?), total nitrogen (11.75 kg/ha N),
chlorides (8.54 kg/ha CI'), ammonia (5.23 kg/ha N), nitrates and nitrites (3.15 kg/ha N) and
heavy metals, including cadmium (0.00195 kg/ha), total chromium (0.0023 kg/ha), nickel
(0.0049 kg/ha), lead (0.0348 kg/ha), copper (0.0531 kg/ha) and zinc (0.442 kg/ha) (Liana et
al., 2015). Acid-forming sulphur and nitrogen compounds, biogenic compounds and heavy
metals affect negatively the functioning of aqueous and terrestrial ecosystems, changes in
trophic conditions of soils and waters, and plant production.

Heaps. The gangue separated from coal by mechanical processing, as well as
industrial waste and tailings are partly used in coal mines as additives to the hydraulic filling.
The remaining portion is stored on heaps and piles on the land surface.

In the north of the map sheet there are three old mine heaps of the Zabrze-Bielszowice
mine. A heap located in the north-western part of the map sheet is currently under
reclamation, and a smaller one (on the northern bank of the Ktodnica River) has already been
reclaimed. Between the Promna Stream and Klodnica River valleys there is the largest
reclaimed landfill of mine waste of the Bielszowice mine.

In the Zabnica Stream valley (southeast of the inactive Halemba thermal power
station) there are four storage sites/settling ponds of its furnace waste (currently under
reclamation).

In the area of Mikotéw-Mokre there is a municipal waste pile located in a quarry

where carbonates were mined.

MATERIALS AND METHODS

Research conducted in the years 2013-2016 included a study of published and archival
materials, location of soil sampling sites on 1:10,000 topographic maps, sample collection,
and measurements of geographic coordinates at sampling sites, chemical analysis of samples,

development of field and laboratory databases, development of vector topographical base



Sampling

map, statistical calculations, compilation of geological map and construction of geochemical

maps, and interpretation of study results. The sequence of workflow steps is illustrated in the

attached diagram (Fig. 1).
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Fig. 1. The study procedure



FIELD WORKS

Soil samples were collected on a basis of a regular grid of 250x250 m (16 samples per
km?). The total number of soil sampling sites was 1,368. At every site, the samples were
collected from two depths of 0.0-0.3 and 0.8—1.0 m (or from a smaller depth if the parent rock
was found at a shallower depth). Soil samples (ca. 500 g) were collected using a 60-mm hand
probe, put in linen bags labelled with numbers, and pre-dried on wooden pallets at a field
storage site.

Samples of sediments in inland reservoirs and surface water (541 and 488 samples
respectively) were collected from rivers, streams, melioration ditches, canals and ponds. The
distance between sampling sites along watercourses was about 250 m. Sediment samples
weighing about 500 g (as fine-grained as possible) were taken from the water reservoir shores
using a scoop. They were subsequently placed in 500-ml plastic containers, each labelled with
a number.

Surface water samples were collected from the same sites as sediment samples.
Electrolytic conductivity (EC) and acidity (pH) of water were measured on site. Conductivity
was measured using an conductivity meter with automated temperature compensation,
assuming the reference temperature of 25°C. Water samples were filtered in situ using 0.45-
um Millipore filters and acidized with nitric acid in 30-ml bottles. The bottles were also
labelled with numbers.

All the sampling sites were indicated in topographic maps at a scale of 1:10,000 and
numbered.

Locations of the sampling sites were defined with GPS, using a device equipped with
an external antenna and a computer which can record not only coordinates but also additional
information (pH and EC of water samples, data on land development and land use as well as
on lithologies). The geographic coordinates were taken with an accuracy of £2 — 10 m.

The coordinates of soil sampling sites were put into the memory of the GPS equipment,
before going out in the field, and the sites were subsequently found using the satellite
positioning system. For safety reasons, all the field data were also recorded on special

sampling cards (Fig. 2).
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LABORATORY WORKS

Sample preparation. After transferring to the laboratory, the soil samples were air-
dried and sieved through a 2-mm nylon sieve. After sieving and quartering, each topsoil
sample (from a depth of 0.0-0.3 m) was split into three portions: one of them was submitted
for chemical analysis, the second one was analysed for grain-size, and the third one was
archived. Each subsoil sample (from a depth of 0.8—1.0 m) was sieved and quartered and then
split into two portions: one of them was submitted for chemical analysis, and the other one
was archived (Fig. 1). The soil samples for chemical analyses were pulverized in agate
planetary ball mills to a grain size <0.06 mm.

Sediment samples were air-dried and then sieved through a 2-mm nylon sieve to a
grain size <0.2 mm. After quartering, the <0.2 mm fraction was divided into two portions: one
of them was used for chemical analysis, and the other one was archived (Fig. 1).

All the archived samples are stored at the Polish Geological Institute — National
Research Institute (PGI-NRI) in Warsaw.

Chemical analyses. Soil and sediment samples were aqua regia-digested (1 g of
sample to final volume of 50 ml) for 1 hour at the temperature of 95°C in a thermostat
aluminium block.

The contents of Ag, Al, As, Ba, Ca, Cd, Co, Cr, Cu, Fe, Mg, Mn, Ni, P, Pb, S, Sr, Ti,
V and Zn in soils and sediments were determined by the inductively coupled plasma-atomic
emission spectrometry (ICP-AES) method. Determination of Hg in soil and sediment samples
was performed using the cold vapour-atomic absorption (CV-AAS) method with the FIAS-
100 with flow injection system. Soil pH was measured in water extractions using a pH-meter.
Organic carbon content was measured using the coulometric method (with the detection limit
0.16%), high-temperature combustion and detection with thermal conductivity TCD, and
high-temperature combustion with infrared spectrometric detection (with the detection limit
0.01-0.02%).

The contents of B, Ba, Ca, Cr, Fe, K, Mg, Mn, Na, P, SiO,, SO, Sr, Ti and Zn in
surface waters were determined by the ICP-AES method, and the contents of Ag, Al, As, Be,
Cd, Co, Cu, Li, Mo, Ni, Pb, Sb, Se, T1, U and V were analysed using the ICP-MS method.

The applied analytical methods and the detection limits of chemical elements are

shown in Table 1.



The quality control of the determinations was performed through analysis of duplicate
samples (5% of all samples), analysis of reference materials with certified content of elements
studied (2% of all samples), and analysis of laboratory control samples confirming correct
instrument calibration (5% of all samples). Purity of reagents and vessels was controlled with
“reagent blank samples” and “procedural blank samples”. The expanded uncertainty of results
(with the assumed probability level of 95% and coverage factor k = 2) for water, soil and
sediment samples does not exceed 25%.

Grain-size analysis of topsoil samples (0.0-0.3 m) was carried out at the PGI-NRI
Laboratory in Warsaw, combining the sieve analysis with the laser particle size measurement
method. The grain-size analysis was conducted using unconventional methods (not in
accordance with the relevant standards in soil science). Their results cannot therefore be used
to classify the soils according to the soil science criteria. However, they are very helpful when
interpreting the results of geochemical research.

The samples were sieved through a set of 2 mm, 1 mm and 0.5 mm sieves. Samples of
some loamy soils were crumbled in a porcelain mortar before sieving. The obtained fractions
of 2—-1 mm, 1.0-0.5 mm and <0.5 mm were weighted. Measurements of grains from the <0.5-
mm fraction were performed with use of a laser particle size analyser.

The results of grain-size analyses (recalculated to percentage ranges) are presented in
the maps with respect to the following grain size classes: sand fraction 1.0-0.1 mm, silt

fraction 0.1-0.02 mm, and clay fraction <0.02 mm (Pls. 4-6).

DATABASES AND GEOCHEMICAL MAPS CONSTRUCTION

Base topographic map. The 1:25,000 geochemical maps were constructed based on
1:50,000-scale topographic base map in the 7992 coordinate systems, Zabrze M-34-62-B map
sheet (vector map VMap L2). The topographic map contains the following vector information
layers: relief, hydrography (including categorisation into rivers, streams, ditches and stagnant
water reservoirs), road communication network (with road classes indicated), railway
network, land development (including subdivision into rural, urban and industrial
development), forests, industrial areas (industrial facilities, mine excavations, mine heaps, and
tailing ponds).

Geological map. To illustrate the geological structure of the study area, the Zabrze M-
34-62-B map sheet of the 1:50,000-scale Detailed Geological Map of Poland was used

(Wyczotkowski, 1957). Individual elements of the geological map were digitized to create



their vector images that were subsequently combined with the topographic base, producing a
geological map at the scale of 1:25,000 (PL. 1).

Databases. Separate databases were prepared for: topsoil (0.0-0.3 m), subsoil (0.8-1.0
m), sediments and surface waters.

Soil databases contain the following information: sample number, results of
measurements of geographic coordinates at sampling sites, site description (land
development, land use, soil type, sampling site location — district, commune and locality),
date of collection, name of sample collector, and analytical data.

Sediment and surface water databases contain the following information: sample
number, results of measurements of geographic coordinates at sampling sites, site description
(land development, land use, water body type, sediment type, sampling site location — district,
commune and locality), date of collection, name of sample collector, and analytical data.

Statistical calculations. The results gathered in databases were used to create subsets
for statistical calculations according to different environmental criteria, e.g. concentrations of
elements in soils of industrial areas, forest soils and urban soils, in sediments, and in the
waters of individual water bodies, as well as for geochemical map construction. Statistical
calculations were made for both whole datasets and subsets created for soils, sediments and
surface waters. In the case of some elements with the content lower than the detection limit
value for the given analytical method, half of the detection limit value was taken. The
arithmetic and geometric means, median, and minimum and maximum values were
calculated. These data specified for individual elements and indices are shown in Tables 2—-5
and presented in the geochemical maps.

Median values were the most commonly used parameter to interpret the results, as a
measure of the average contents of each element. The median is a statistical parameter that
better characterises the average contents than the arithmetic mean, because it is less affected
by extreme values. Other statistical parameters (variance, standard deviation) are not suitable
for the characteristics of the population with unspecified distribution.

Maps construction. The following maps were produced for the Ornontowice Sheet
(Pls. 2—63): land development, land use, contents of organic carbon, and sand, silt and clay
fractions in topsoil (0.0-0.3 m depth), pH of topsoil and subsoil (0.0-0.3 and 0.8-1.0 m
depth), contents of Ag, Al, As, Ba, Ca, Cd, Co, Cr, Cu, Fe, Hg, Mg, Mn, Ni, P, Pb, S, Sr, Ti,
V and Zn in topsoil and subsoil and in sediments, pH, electrolytic conductivity and contents
of Ag, Al, As, B, Ba, Be, Ca, Cd, Co, Cr, Cu, Fe, K, Li, Mg, Mn, Mo, Na, Ni, P, Pb, SO,, Sb,
Se, Si0O,, Sr, Ti, Tl, U, V and Zn in surface water, classification of topsoil (0.0-0.3 m),



indicating its appropriate use (including subdivision into soil use groups based on the
Regulation of the Ministry of the Environment (Rozporzadzenie..., 2002).

Land development, land use and classification indicating appropriate topsoil use are
presented as dot maps (Pls. 2, 3 and 63).

To show the distribution of grain-size classes (Pls. 4—6) and the contents of elements
in soils, contour maps were constructed because of their clarity and legibility. The
geochemical contour maps were produced using the Surfer software and the Inverse Distance
to a Power method. The classes of contents of elements were created using geometric
progression.

Soil pH (Pls. 7 and 8) is presented according to the soil science classification (acidic,
neutral and alkaline soils).

The geochemical maps of soils were constructed using the analytical dataset created
for the Ornontowice Sheet and the adjoining 1:25,000-scale sheets to avoid any discrepancies
at the sheet boundaries. The Ornontowice Sheet was then extracted from mono-element maps
and combined with the topographic base map.

The geochemical maps of sediments and surface water were compiled separately for
the Ornontowice Sheet. They were constructed as dot maps with the circle diameters
corresponding to individual classes, most often according to geometric progression.

While constructing the map of soil classification (Pl. 63), indicating appropriate soil
use, the results of geochemical analyses were referred to the permissible concentrations of
metals, defined in the Regulation of the Ministry of the Environment. According to the
recommendation: “soil or land is considered polluted if the concentration of at least one
substance exceeds the permissible limit value” (Rozporzadzenie..., 2002).

Based on the concentrations of individual elements analysed (specified in
Rozporzadzenie..., 2002), each soil sample was categorized into class A, B or C. In the case of
equal permissible limit values for classes A and B (based on guideline values for arsenic,
barium and cobalt in Rozporzadzenie..., 2002), the soil was categorized into class A, which is
more beneficial for the soil user and enables multifunctional land use.

For publication purposes, the geochemical maps were constructed by combining the
maps into pairs: i.e. the topsoil map is presented on the same Plate together with the
sediments map, and the subsoil map is shown together with the surface water map on another
Plate. This method of presentation provides the possibility of direct comparison of

geochemical images of various environments.



To facilitate easy use of the atlas, the maps (with a bar scale shown) have been printed
out in a slightly smaller format (A3). This operation does not result in missing any important

details of the maps.

RESULTS
SOILS

In the Ornontowice map sheet the parent rocks of soils differ in both lithology and age
(P1. 1). The dominant soil types are podzols and pseudopodzols (Lokalny Program..., 2010).

Grain size. Grain size composition of the soil largely determines its resistance to
degradation and has an essential effect on the content of chemical elements. Soils with a high
content of clay fraction (<0.02 mm) and silt fraction (0.1-0.02 mm) commonly show elevated
concentration of chemical elements other that silicon, and their lower mobility in hypergenic
conditions. The standards and recommendations on permissible concentrations of metals in
soils usually involve the grain-size composition, allowing higher levels of concentration limits
for soils with a considerable proportion of the clay fraction, and lower limits for soils with a
considerable amount of the sand fraction (Kabata-Pendias ef al., 1995).

For the purpose of this report, the classification of particles into grain-size groups
follows the standard BN-78/9180-11, which has been valid since 2008, because this is a
continuation of a serial publication performed over a long period in accordance with the
instruction to the 1:25,000-scale geochemical map. The results of grain-size analysis are
presented for the following grain-size groups: 1.0-0.1 mm sand fraction, 0.1-0.02 mm silt
fraction, <0.02 mm clay fraction (Pls. 4-6). The change in the grain-size ranges in accordance
with the guidelines of the Polish Society of Soil Science (PTG) (Klasyfikacja..., 2008) would
make it impossible to compare the grain-size composition with data from previously compiled
map sheets.

The study results show that soil’s particle size is related predominantly to the bedrock
lithology. On the maps of distributions of the contents of individual grain size fractions (PIs.
4-6) a subdivision into two main areas is visible, which differ in the grain size characteristics.
In the north-eastern part of the map sheet there are soils enriched in the sand fraction (>40%)),
which are developed on Quaternary glaciofluvial sands. Most of these soils are overgrown
with forests. In the remaining area, where soils are developed on glacial tills and on outcrops
of older basement (sand-clay and carbonate rocks), the silt fraction is dominant (P1. 5). These

are predominantly agricultural soils, wasteland areas, or urban soils. The clay fraction in these



soils accounts for the smallest percentage. In most of the soils the proportion of this grain size
fraction is below 20% (PL. 6).

Acidity. Soil pH is dependent on the bedrock lithology, land use, and on
anthropogenic factors.

Acidic topsoils (pH <6.3) are found in forest areas. Soils of arable land show neutral
pH. Small areas with alkaline topsoils occur in the outcrops of Triassic carbonates in the
south-eastern part of the map sheet or in urban and industrial areas (Ruda Slaska, Halemba
and Budryk mines).

At a depth of 0.8—-1.0 m acidic soils are observed locally in small forest areas. Neutral
and slightly alkaline soils are predominant in the study area. In the south-eastern part of the
map sheet, soil alkalinisation is the result of the occurrence of Triassic carbonates in the
basement, whereas in the remaining areas — the result of anthropogenic factors. Soil
alkalinisation in urban-industrial areas is caused mainly by the fallout of particulate matter
emitted by power stations and other industrial plants, while in the rest area — probably by the
fallout of calcareous dust from home furnaces. The much greater extent of alkaline subsoils 1
as compared to the topsoils is a result of migration of calcium and magnesium compounds
down into the soil profiles. The compounds are constituents of industrial dusts and local waste
piles of mines and power stations.

At both depth intervals the most alkaline soils (pH 9.6 in the topsoil and 10.1 in the
subsoil) are found in the village of Stara KuzZnica near settling ponds of the Halemba power
station.

Geochemistry. The spatial distribution of the chemical elements in soils of the map
sheet area results from the bedrock chemical composition and anthropogenic factors.

Soils of the Ornontowice map sheet show a low contamination level by the analysed
elements. This confirms the conclusion that human impact in the study area is low due to
prevalent non-built and rural areas. Industrial and urban areas are located only in the margin
of the map sheet: in the northeast — outskirts of Ruda Slaska city, in the southeast — outskirts
of Mikotéw town, and in the southwest — in Ornontowice community. The median values of
silver, mercury, magnesium, nickel and strontium at both depth intervals are equal to the
values of the geochemical background for Poland (Lis, Pasieczna, 1995a), which are usually
lower than the corresponding regional background values (Lis, Pasieczna, 1995b). In the
topsoil, the median of calcium content (0.12%) equals the median value of this element in
soils of non-built areas (Pasieczna, 2003). In the subsoil the median values of barium,

cadmium, copper, cobalt and iron are close to the geochemical background value for Poland,



while the median values of calcium, manganese, lead, phosphorus, sulphur and zinc are lower.
The median values of chromium, titanium and vanadium in soils of the map sheet area from
both depth intervals are greater than both the regional and whole-country geochemical
background values. The several-fold enrichments in the topsoil relative to the subsoil (due to
human impact) are observed in the case of the following elements: barium (two times greater
concentration), calcium (two times), copper (two times), manganese (four times), lead (five
times), phosphorus (three times), sulphur (four times) and zinc (three times).

Distribution of most elements in soils shows two major areas where the bedrock
chemistry clearly affects the contents of them. Soils of the southern part of the map sheet,
developed on Carboniferous sandy-clayey sediments, Triassic carbonates and Quaternary tills,
are characterised by high content of aluminium, calcium, cobalt, chromium, copper, iron,
magnesium, manganese, nickel, strontium and vanadium in relation to the soils from the
northern area of the map sheet, which developed mainly on Pleistocene glaciofluvial sandy
sediments, and in relation to peaty soils. Anthropogenic factors have a crucial effect on the
distribution of barium, cadmium, copper, mercury, lead, phosphorus, sulphur, titanium and
zinc in the soils, but they are also often responsible for anomalies of the above-mentioned
lithogenic elements (appearing against the background of their natural contents).

The lowest contents of the analysed elements are found in sandy or peaty soils of non-
built and rural areas, which are usually overgrown by forests. The most enriched in these
components are soils of urban and industrial areas (usually parks and lawns), often
anthropogenic in nature.

Among anomalies of natural origin are those of calcium, magnesium and strontium,
occurring in the south-eastern part of the map sheet in soils developed on Triassic carbonates.
This area belongs to the Mikotéw-Mokre quarter. The calcium content attains 14.02% in the
topsoil and 18.40% in the subsoil (at a maximum), and the magnesium contents are 5.75%
and 4.20% (at a maximum), respectively. The strontium content in the area of quarries is up to
69 mg/kg in the topsoil and 250 mg/kg in the subsoil.

Of natural origin are probably the enrichments in iron and manganese found in
meadow soils of the Promna Stream and Jasienica Stream valleys. The iron content in the
topsoil in the Promna Stream valley is up to 4.88%, and the manganese content — up to 1,261
mg/kg near the confluence of the Promna Stream to Ktodnica River, and up to 1,246 mg/kg in

the Jasienica Stream valley at Chudow.



The enrichment in titanium at a depth of 0.8—1.0 m in Mikoléw-Mokre is probably of
lithogenic origin due to the occurrence of sandstones and claystones of the Laziska Beds in
the bedrock.

Elevated organic carbon contents, although of natural origin, are typical in soils of
forest and meadow areas, which often occur in wetlands where peat is frequently found. In a
forest area between Stara Kuznica and Mikotdéw, peaty soils contain up to 44.4% of organic
carbon.

The major anthropogenic anomalies of the analysed elements occur in areas of active
hard coal mines (Halemba Mine in Ruda Slaska and Budryk mine in Ornontowice), in areas
of mine heaps (mostly reclaimed), around settling ponds of the inactive Halemba thermal
power plant, near transportation routes and in urban areas. The contamination is related
mainly to the fallout of particulate matter from coal combustion, and to the material stored on
old mine heaps and in settling ponds. The mine heaps typically show increased contents of
aluminium, barium, organic carbon, calcium, chromium, cobalt, copper, mercury, iron, nickel,
sulphur, strontium and vanadium. The topsoils covering mine heap of the Zabrze-Bielszowice
mine, located in the area of former Lach pond (northern part of the map sheet), shows the
greatest aluminium (2.99%) and sulphur (1.595%) contents. In the reclaimed heap in a forest
area of Borowa Wies, the highest concentration of mercury (0.90 mg/kg) was found at a depth
of 0.8-1.0 m. Mine areas are polluted by aluminium, barium, organic carbon, cobalt,
chromium, copper, iron, manganese, nickel, lead, sulphur, titanium, vanadium and zinc. In the
immediate neighbourhood of the Halemba Mine, anthropogenic soil reveals the maximum
chromium concentrations of 139 mg/kg in the topsoil and 260 mg/kg in the subsoil. At the
same site, the subsoil shows the maximum iron content (10.3%) and elevated concentrations
of nickel (87 mg/kg), lead (392 mg/kg), zinc (1,163 mg/kg), cadmium (6.5 mg/kg) and
manganese (8,763 mg/kg). In areas of railway sidings the greatest zinc concentration (1,451
mg/kg) was found in the topsoil. A high percentage of organic carbon (38.1-44.6%) is
observed near a waste heap and a settling pond. The lead concentration in the Halemba Mine
is up to 3,764 mg/kg in the topsoil and 636 mg/kg at a depth of 0.8-1.0 m. Probably of
anthropogenic origin is the strong enrichment in strontium of the topsoil at Paniowki,
however no closer determination of its provenance is available.

Furnace waste of the Halemba thermal power station, deposited in four settling ponds
in a forest arca at Stara Kuznica, is rich in aluminium, barium, calcium, cobalt, chromium,
copper, iron, mercury, nickel, strontium, titanium, vanadium and organic carbon. The waste is

characterised by the maximum titanium concentration: 604 mg/kg in the topsoil and 617



mg/kg at a depth of 0.8-1.0 m. The topsoil also shows the highest phosphorus content
(0.461%), while the maximum vanadium concentration (97 mg/kg) is recorded in the subsoil.

Soils of urban areas in Ruda Slaska, Mikotéw, Bujakéw and Ornontowice and those
located along transportation routes are locally polluted by copper, lead, zinc, manganese,
barium and cobalt. The pollutants come from dust emitted by industrial plants, power stations
and transport systems. The maximum lead concentration (4,638 mg/kg) was recorded in the
topsoil of anthropogenic origin at Bujakow near the Mikotow — Ornontowice road. Soils
heavily polluted by manganese are found in Paniowy near a road crossing: 9,010 mg/kg in the
topsoil and 107,800 mg/kg in the subsoil. This soil, being a made ground by nature, has
probably been brought from a highly polluted industrial area. At a depth of 0.8—1.0 m there
are the maximum concentrations of silver (5 mg/kg), barium (2,156 mg/kg) and cobalt (51
mg/kg) and elevated contents of calcium (6.53%) and strontium (172 mg/kg). The greatest
concentration of cobalt (49 mg/kg) was recorded in loamy topsoil in Ornontowice, and the
greatest barium concentration (1,215 mg/kg) in anthropogenic soil in the Mikotéw-Mokre
quarter.

In soils of the Ornontowice map sheet the silver concentration does not exceed the
detection limit for the analytical method (1 mg/kg).

In most of the soils (at both depth intervals) the arsenic content does not exceed 10
mg/kg. In the topsoil the highest arsenic concentration is typically found in soils of parks
(median value 6 mg/kg). The maximum concentrations of this element are recorded in
agricultural soils: in the topsoil in Smitowice upon Zabnica (60 mg/kg), and in the subsoil in
Chudow (86 mg/kg).

The phosphorus content in the soils is dependent on both the chemical composition of
parent rocks and the mode of soil use. Soils of arable land and meadows contain the greatest
amount of phosphorus (median values 0.044% and 0.043%, respectively); the lowest contents
are found in forest soils (median 0.020%). In the topsoil the greatest amounts of phosphorus
were recorded in anthropogenic soils of industrial areas. At a depth of 0.8-1.0 m the
maximum phosphorus content (0.400%) is found in meadow soils near the Promna Stream at
Borowa Wies. The topsoil layer from this site contains 0.073% of this element.

Topsoil classification indicating appropriate soil use. The proportion of soils
contaminated to various degrees by cadmium, lead and zinc is presented in Table 6. Over
much of the map sheet area (98.55%) the topsoil contains <4 mg/kg of cadmium. At a depth
of 0.8-1.0 m, 94.84% of the soils contain less than 1 mg/kg of this element. The lead



concentration <100 mg/kg in the topsoil was found in 91.52% of soils, and the zinc
concentration <500 mg/kg in 97.59%.

The topsoil was analysed for the degree of pollution by metals, classifying it into the
soil use groups A, B and C, based on permissible limit values (Rozporzadzenie...., 2002).
While using the summary classification, we used the principle that the soil is categorised into
a given group if the concentration of at least one element exceeds the permissible lower limit
value. With respect to the concentration of metals the topsoils look relatively favourably.
40.57% of the soils are included into group A, 45.1% into group B, and 14.33% into group C
(Tab. 7). The criteria required for soil’s multifunctional use are met by the soils assigned to
groups A and B (total 85.67%) and, in the study area, they are mostly used in accordance with
the recommendations (Rozporzadzenie..., 2002). Soils classified into group C (mainly due to
the content of lead, zinc and barium) occur predominantly in urban and industrial areas, in
areas of old mine heaps and settling ponds of furnace waste, as well as in the Ktodnica River
valley (within the borders of Ruda Slaska city), where anthropogenic material was used for
river channel engineering (Pl. 63). Locally, the current land use is inappropriate. The
concentrations of metals in some soils of arable land, meadows, forests and parks are so high

that these areas should be reclaimed or used only for industrial purposes.

SEDIMENTS

The chemical composition of sediments in inland water reservoirs is constrained by
many natural and anthropogenic factors. It depends primarily on the geological structure of
the drainage basin, geomorphology, and climatic conditions, which determine the processes of
weathering of rocks, and the mobilization, migration and accumulation of elements
(Bojakowska, Gliwicz, 2003).

In the study area, anthropogenic contamination that originates from the discharge of
industrial and household sewage affects the composition of sediments more strongly than
natural factors do. A special feature of most of sediments of watercourses and water reservoirs
in the map sheet area is the high content of very fine coal particles. They are characterised by
sorption capacities leading to binding of metals and their easy precipitation (Nocon, Kostecki,
2005).

The feature in common for these sediments is the high content of elements from the
iron group: Co, Cr, Fe, Mn and Ni, which are used for steel processing of and for plating, but

are poorly represented in the bedrock, suggesting contamination by unidentified electroplating



plants and/or scrap metal collection points. It should be emphasized that the sorption
properties of colloidal suspensions of Fe, Mn and peat cause the capture of cations from the
solution.

Klodnica River. The river's headwaters originate in the Brynow quarter of Katowice,
beyond the eastern boundary of the map sheet. In its upper reach the river flows through both
forests and industrial areas of Katowice and Ruda Slaska. Along nearly the entire course
within the map sheet area the river channel is engineered (Nocon et al., 2006). Through
sewage discharges and the tributaries the Klodnica River carries contaminants from the
western part of the Upper Silesian Industrial Region (Czaja, 1999).

In the east of the Ornontowice map sheet the Klodnica River receives sewage from the
Halemba coal mine and from a sewage treatment plant, as well as leachate from power
station’s ash storage sites.

Sediments in this section of the Ktodnica River are only slightly contaminated. The
medians values of both major elements (aluminium, calcium, iron, magnesium, manganese
and phosphorus) and trace elements (arsenic, barium, cadmium, cobalt, copper, mercury,
chromium, lead, strontium, vanadium and zinc) are lower than the regional geochemical
background values (Tab. 4).

The silver content in sediments of the Ktodnica River in the map sheet area is lower
than the detection limit of the analytical method (1 mg/kg).

In most of sediments the arsenic content is lower than the regional geochemical
background value (6 mg/kg), and in many cases also lower than the detection limit: 3 mg/kg.
It is the value below which no negative effects of this element on aquatic organisms are
observed. Negative effects of arsenic on aquatic organisms may occur at the concentration
above 33 mg/kg (MacDonald et al., 2000).

The arsenic content of >33 mg/kg was detected in sediments of no-name watercourses
flowing near waste storage sites of the Halemba thermal power station (including the
surrounding ditch), in sediments of watercourses recharging the Klodnica River along the
section downstream of the sewage treatment plant, and in sediments of a ditch draining the
area of former mine heap at Paniowki.

The barium concentration is 18-252 mg/kg in sediments of the Ktodnica, whereas the
sediments of its minor tributary streams contain 500-650 mg/kg of this element. The greatest
barium concentrations typically occur in sediments of surrounding ditches around furnace
waste storage sites of the Halemba thermal power station near Stara Kuznica, and in a settling

pond of the Halemba Mine.



Most of sediments of the Klodnica River contain below 5 mg/kg of cadmium. The
concentration of 53 mg/kg was recorded in sediments of an unnamed watercourse in a
wetland terrain of the Halemba residential area. These sediments also contain 660 mg/kg of
barium, 90 mg/kg cobalt, 35 mg/kg copper, 8.50% iron, 2,900 mg/kg manganese, 34 mg/kg
nickel, 0.545% phosphorus, 125 mg/kg lead, and 4,040 mg/kg zinc. Contamination by
cadmium (42 mg/kg) was observed also in sediments of a stagnant water reservoir near Mita
Street in Ruda Slaska and near settling ponds of the Halemba thermal power station. The
contents of other metals in these water bodies are also significant. The concentration of
copper is 112 mg/kg, iron 1.78%, mercury 0.46 mg/kg, lead 363 mg/kg, zinc 1,630 mg/kg.
The sediments also contain above 2% of sulphur.

Contamination by metals is observed in sediments of a ditch draining the area
adjoining allotments in Ruda Slaska (near a former sewage treatment plant located west of
Energetykéw Street). They contain up to 53 mg/kg of arsenic, 73 mg/kg chromium, 875
mg/kg copper, 0.26 mg/kg mercury, 570 mg/kg lead, and 2,440 mg/kg zinc. The metals can
originate from leachate of a waste heap located south of this area, from contaminants left by
the former sewage treatment plant, and from sewage of the allotment gardens.

In the Klodnica River drainage basin the most contaminated sediments are found in
the upper reach of a left tributary of the river. They contain 2.50-3.27% of aluminium, and
some samples reveal contamination by cadmium (up to 79.6 mg/kg), cobalt (up to 136
mg/kg), lead (up to 152 mg/kg) and zinc (up to 4,673 mg/kg). The same sediments abound in
manganese (12,020 mg/kg) and iron (2-5%).

Worth noting is the elemental composition of sediments in the watercourses around
the waste heap near the Halemba thermal power station. Most of the samples abound in
aluminium (0.80-2.20%). Moreover, some sediments contain 19—49 mg/kg of arsenic, 500—
670 mg/kg barium, 100-200 mg/kg strontium, 50-80 mg/kg copper, and up to a few percent
of iron and 300-740 mg/kg of vanadium. This contamination is likely related to leachate from
the waste storage site.

Jasienica Stream and its catchment. The Jasienica Stream valley hosts a dense
network of streams which are surrounded by belts of near-water vegetation. In its lower reach
the Jasienica Stream drains areas of agricultural areas of the Gieralttowice community,
crosscut by a dense network of small creeks. The streams are accompanied by wetland
meadows and rushes. The main sources of contaminants in the surface water and sediments
are municipal and household sewage from residential areas, water washed out from arable

fields, and runoff from atmospheric precipitation.



The median values of the major and trace elements in sediments of the Jasienica
Stream and in sediments of the watercourses and reservoirs in its catchment are lower than
their geochemical background values in the Silesian-Cracow region (Tab. 4). The exception is
an elevated content of titanium. Sediments in the upper reach of the stream are contaminated
by zinc (1,100-1,200 mg/kg), cadmium (13-28 mg/kg), nickel (30-59 mg/kg), cobalt (20-35
mg/kg) and manganese (1,200-2,800 mg/kg).

The zinc concentration of 700-2,383 mg/kg was also recorded in sediments of the
Ornontowicki Potok stream in the southwest of the study area.

Sediments of the Paniowka Sream, connecting the Promna Stream valley with the
Jasienica Stream valley, are characterised by clearly increased contents of many elements
compared to the remaining sediments in the drainage basin. They contain up to 2.69% of
aluminium, up to 299 mg/kg barium, up to 2.96% calcium, up to 26 mg/kg cadmium, up to 34
mg/kg chromium, up to 52 mg/kg copper, up to 5.73% iron, up to 42 mg/kg nickel, up to
0.707% phosphorus, up to 173 mg/kg lead, up to 2.83% sulphur, up to 95 mg/kg strontium,
and up to 1,090 mg/kg zinc. This stream probably receives municipal sewage from the village
of Paniowki.

Sediments severely polluted by mercury (up to 22.23 mg/kg) have been found in a
minor stream flowing north of Bujakéw. The mercury may origin from plant protection
products, once used in excess.

Promna Stream and its catchment. The valley of the stream runs in northern
Mikotéw. In the upper part of its drainage basin, Carboniferous sandstones and claystones and
Triassic clastics and carbonates crop out on the surface. In the lower reach of the stream the
valley bottom is composed of Quaternary glaciofluvial sands and gravels.

The catchment area comprises mainly arable land, meadows and forests. In the
Mikotéw-Mokre region there are old lime kilns and an inactive landfill of municipal waste.

The median values of major and trace elements in sediments of the Promna Stream
and in sediments of watercourses in its drainage basin are lower than the regional
geochemical background values in the Silesian-Cracow region, except for sulphur and
titanium (Tab. 4).

The distribution of elements in sediments remarkably varies between the upper,
middle and lower parts of the drainage basin, indicating their origin from erosion of rocks of
different chemical compositions. Low contents of aluminium, barium, cobalt, iron,
manganese, nickel, phosphorus and vanadium are characteristic of sediments in the upper

reach of the stream, which is associated with their lower contents in carbonates than in



alluvial muds of the lower part of the drainage basin. In turn, the contents of calcium, sulphur
and strontium are highest in sediments of the upper reach of the stream, because limestones
and evaporates are the carriers of these elements.

Contamination of sediments by elements harmful to living organisms is observed in
the lower reach of the stream. Concern is raised especially with respect to the zinc
concentration which exceeds the level of 1,000 mg/kg, and the maximum value is 2,263
mg/kg. The sediments in which zinc is accumulated also contain elevated amounts of barium
(250-350 mg/kg), cadmium (4-9 mg/kg), cobalt (20-30 mg/kg), iron (5-8%), copper (2040
mg/kg), nickel (do 179 mg/kg), phosphorus (0.200-0.630%), lead (150-200 mg/kg) and
sulphur (0.500-1.130%). The accumulation of these elements is associated with the
environment favourable for their sorption in sediments resembling alluvial muds, which
contain abundant organic matter, clay minerals, and iron and aluminium oxides and
hydroxides. They are sourced from both weathered Triassic rocks occurring in the upstream
area, and anthropogenic pollution outbreaks distributed throughout the drainage basin. A
specific source is probably leachate from a waste heap located to the east of the lower section
of the Promna Stream valley. Worth noting are the very high manganese concentrations
(6,510-25,542 mg/kg) in sediments of the ditch surrounding the Borowa I heap, on its western
side.

Zabnica Stream and its catchment. Along its entire course the stream drains the area
covered with glaciofluvial sands, used as farmland and forests, but also waste storage sites of
the former Halemba thermal power station.

The median values of lithogenic and anthropogenic elements (excluding titanium and
vanadium) in sediments of the Zabnica Stream are lower than the regional geochemical
background values (Tab. 4), and show a slight variation along the entire course of the stream.
Contaminated sediments are found in the surrounding ditch of the former Halemba thermal
power station. They are distinguishable by high concentrations of aluminium (up to 1.81%),
arsenic (up to 49 mg/kg), barium (up to 672 mg/kg), cobalt (up to 68 mg/kg), iron (up to 4%),
manganese (up to 2,846 mg/kg), strontium (up to 136 mg/kg), titanium (up to 240 mg/kg),
vanadium (up to 740 mg/kg) and zinc (up to 1,321 mg/kg).

SURFACE WATER

Klodnica River. The surface water quality in the Klodnica drainage basin is strongly

affected by mine water discharged from coal mines, both active and closed down due to



restructuring (Lach et al., 2004). In the study area the river also receives municipal and
industrial wastewater from Katowice, Ruda Slaska and Mikolow.

As the main index characterising the chemical composition of the water in the
Klodnica River, worth noting is the electrolytic conductivity value (6.30—11.40 mS/cm), due
to high salinity of mine water discharged into the river. EC values above 1 mS/cm are
indicative of strong water pollution (Witczak, Adamczyk, 1994). Low mineralization is
observed only in the water of some stagnant water bodies (EC 0.20-0.40 mS/cm), which
likely come from atmospheric precipitation.

The measured pH values are poorly variable along the entire river course, ranging
from 9.0 to 9.6. High alkalinity of the water is probably due to a significant load of calcium
and magnesium bicarbonates. The median values of calcium and magnesium in the water of
the Klodnica River (the highest among all rivers) are 149.2 and 105.2 mg/dm®, respectively,
and are uniform along the entire river course. The source of the elements is mine water,
sewage and surface runoff.

Drainage of the rock mass and removal of mine water have caused strong pollution of
the water by elements coming from mine water: boron, potassium, lithium, magnesium,
sodium, sulphates and strontium. The concentrations of these elements in the water of the
Klodnica River are uniform, and lower values are observed only in some stagnant water
bodies in the river valley. The average concentration of boron is 0.93 mg/dm?, potassium 38.6
mg/dm?, and lithium 229.2 pg/dm’.

The concentrations of sodium (942.7-1670.8 mg/dm®), strontium (2-3 mg/dm?) and
sulphates (3,700-6,500 mg/dm®) remain at a very high level along the entire river course in
the map sheet area.

The concentrations of metals do not exceed the boundary limits for surface water
quality class I. In the upper reach of the river the barium concentration is almost twice as high
(0.120 mg/dm?®) as downstream in the river (0.070 mg/dm?).

The positive fact is the occurrence of low amounts of metals toxic to organism in the
water. The chromium concentration does not exceed 0.003 mg/dm’. The concentration of
copper is 1-6.76 pug/dm’, of cadmium <0.05-0.34 pg/dm’. The average concentration of lead
is 0.10 pg/dm?, and of zinc 0.037 mg/dm’, which allows classifying the water into quality
class I with respect to the content of the elements.

In the water of the Kltodnica River the iron concentration varies from 0.02 to 0.11
mg/dm’, attaining a level of 2-3 mg/dm’ in stagnant water bodies near the river channel. The

distribution of manganese concentration is poorly variable. The water of the upper reach of



the river contain more manganese (0.500-0.700 mg/dm®) than those of the lower reach (about
0.300-400 mg/dm?).

The average concentrations of antimony (1.44 pg/dm’), selenium (5 pg/dm?),
molybdenum (2.58 ug/dm?) and thallium (0.05 pg/dm?) are typical of water quality class I.
The probable source of antimony is mine water of the Halemba Mine. Upstream of the site of
mine water discharge to the Klodnica River the antimony concentration is 0.30-0.80 ug/dm’,
but downstream of this site the values are 1.4-2.66 pg/dm’. The thallium concentration shows
a different distribution, being 0.10-0.12 ug/dm?® in the upper reach of the river and about 0.05
ng/dm’ downstream of the mine facilities. Such a thallium concentration distribution (like that
of selenium) indicates that the source of these elements is located in the upper part of the
drainage basin.

The Ktodnica River water contain an average of 4.9 ug/dm® of nickel, and the
contamination by this element (up to 15.3 pg/dm?) and by cadmium (2.0 pg/dm’) is recorded
only in stagnant water bodies near industrial facilities of the Halemba Mine.

As regards the phosphorus concentration (median 0.10 mg/dm®) the water in the
Klodnica can be classified into quality class I.

The silica concentration is 8.6—11.3 mg/dm’.

Jasienica Stream and its catchment. The water in the Jasienica Stream and its
drainage basin within the map sheet area is not strongly contaminated. It is evidenced by
relatively low electrolytic conductivity values that are commonly below 1.5 mS/cm. The
greatest salinity is observed in the water of unnamed watercourses. The highest conductivity
values (EC 4.11 and 2.89 mS/cm), and drainage basin’s highest concentrations of sodium,
lithium, magnesium, selenium and strontium have been recorded in the water of a ditch in
Ornontowice.

The water of the Jasienica Stream and its catchment are slightly alkaline (pH 7.0-9.0).
Alkaline water (pH >9.0) are also found in fish ponds at Katy and So$nia Gora.

As regards the magnesium concentration, the water can be classified into quality class
I, but with respect to the concentrations of silver, arsenic, boron, barium, cobalt, chromium,
copper, molybdenum, lead, antimony, selenium, titanium, thallium, vanadium and zinc — into
quality class I/II. 44% of the water meet the calcium content criteria for water quality class I,
and 56% — for water quality class II. Elevated concentrations of calcium (>100 mg/dm?) and
uranium (>0.8 ug/dm?) are typical of watercourses draining the areas of glacial tills.

Clearly increased concentrations of a number of elements are observed in the

Paniowka Stream, especially in the water of its forest course, which is characterised by low



pH values (pH 4.4-5.0). The concentration of aluminium is up to 6,863 pg/dm?, cadmium up
to 5.1 pg/dm’, beryllium up to 1.43 pug/dm?, cobalt up to 16.84 ug/dm?, iron up to 8.6 mg/dm’,
manganese up to 1.095 mg/dm’, nickel up to 17.4 pg/dm?, and zinc up to 0.974 mg/dm°. The
water of the Panidéwka Stream and its minor left tributary in the village of Paniéwki is
characterised by high sodium (up to 164 mg/dm’) and sulphate (up to 3,000 mg/dm?)
concentrations, too. Along nearly the entire length of the stream there are also anomalous
silica concentrations (16.4-57.4 mg/dm®).

Elevated concentrations of sodium (up to 162.8 mg/dm?), lithium (up to 19.1 ug/dm?),
potassium (up to 22.7 mg/dm?®) and boron (up to 0.15 pg/dm?) are found in the water of the
Ornontowicki Stream, while increased contents of sodium and lithium are also observed in the
lower reach of the Jasienica Stream, downstream of the site where the Ornontowicki Stream
joins the Jasienica Stream. This contamination may be associated with the discharge of mine
water from the Budryk Mine, discharge of sewage from the Ornontowice sewage treatment
plant, and surface runoff.

Anomalous concentrations of potassium (up to 416.5 mg/dm®) and manganese (up to
1.018 mg/dm?) and elevated amounts of sodium, lithium, iron and cobalt have been recorded
in the water of a stream flowing across the Katy residential area. The enrichment in
manganese, iron and cobalt may be related to the drainage of basement rocks.

Anomalous concentrations of cadmium (6.79 pg/dm?), cobalt (11.73 ung/dm?),
manganese (3.124 mg/dm?), nickel (24.1 pg/dm’) and zinc (0.700 mg/dm?) have been
recorded in the water of the upper reach of the Jasienica Stream. Contamination by these
elements is also observed in its sediments.

With respect to the phosphorus content the water of the Jasienica Stream can be
classified into quality classes I or II (<0.4 mg/dm®). The greatest concentrations of this
element are found in its tributaries flowing through Ornontowice, Paniowki, Chudéw and the
Katy residential area. The maximum phosphorus concentration (10.10 mg/dm?) is recorded in
the water of a ditch in Chudow.

Promna Stream and its catchment. The water of the Promna Stream, its tributaries
and water bodies in its drainage basin are characterised by relatively low electrolytic
conductivity values. In terms of EC, most of them (84%) meet the criteria required for water
quality class 1. 14% of the water is included into water quality class II. Markedly elevated EC
values are observed in the southern course of the Promna Stream, which drains the area
composed of glacial tills and older basement rocks (Carboniferous sandstones and claystones

and Triassic clastics and carbonates). The increased conductivity is also related likely to the



influx of contaminants from the area of Mikotéw (surface runoff and sewage), as evidenced
by elevated concentrations of sodium (up to 128.5 mg/dm?), lithium (up to 16.7 pg/dm?),
manganese (up to 1.332 mg/dm?) and phosphorus (up to 7.42 mg/dm?).

The water of the Promna Stream is predominantly poorly alkline. The middle and
lower reach of the stream is made distinctive by higher pH values. Highly alkaline water (pH
9.0-9.8) occur in Bocianie Gniazdo pond and in a ditch that drains this pond and surrounds
the Borowa I heap.

As regards the contents of elements such as silver, aluminium, arsenic, boron, cobalt,
chromium, copper, molybdenum, lead, antimony, selenium, thallium, titanium, vanadium and
zinc, all of the water in the drainage basin can be classified into quality class I
(Rozporzadzenie..., 2014).

In terms of calcium and magnesium concentrations, most of the water meet the criteria
required for quality class I, and only few of samples are included into class II. Elevated
concentrations of both these elements are found in the water of Promna Stream near the old
lime kilns. Distinctly anomalous magnesium concentrations (56-89 mg/dm?) are found in
Piaski pond and in a ditch draining the area adjoining the Borowa I heap to the north. The
water show increased EC values and the maximum concentrations of manganese (2.100
mg/dm?*) and sulphates (3,900-6,100 mg/dm?).

The water of watercourses and reservoirs in the village of Borowa Wie$ are locally
contaminated by barium (0.12-0.13 mg/dm?), sodium (89.1-99.8 mg/dm?), potassium (22.3
mg/dm3), antimony (1.75 pg/dm?®), molybdenum (2.51 pg/dm?), cobalt (2.62—4.08 ug/dm?),
iron (0.55-0.60 mg/dm’), manganese (0.415 mg/dm?), zinc (0.419 pg/dm*) and cadmium
(0.89 pg/dm?). These contaminants can originate from leachate from the Borowa I heap. A
similar origin is suggested for iron (up to 0.80 mg/dm?*), manganese (up to 0.758 mg/dm?*) and
cobalt (up to 1.55 ug/dm?) in the water of the lower reach of the Promna Stream, but they also
possibly come partly from the drainage of meadow soils naturally enriched in these elements.

Clearly elevated concentrations of a number of elements are found in the water of
unnamed watercourses in Stracona Wioska, where the maximum concentrations of zinc
(0.442 mg/dm?), beryllium (0.92 pg/dm?), cobalt (39.86 pug/dm?), and cadmium (2.67 pg/dm?)
and nickel (66.8 pg/dm?), and elevated amounts of iron (0.84 mg/dm?), manganese (1.466
mg/dm?), antimony (1.51 pg/dm®) and sodium (82.7 mg/dm?®) have been recorded. Illegal
discharges of sewage are probably responsible for the increased contamination.

The boron, uranium and vanadium enrichment of the water in the southern course of

the Promna Stream is likely of lithogenic origin.



Along the entire length of the Promna Stream the concentrations of strontium and
silica are relatively uniform.

Zabnica Stream and its catchment. The Zabnica flows predominantly through non-
urbanized areas. The quality of its water is affected largely by the drainage of furnace waste
piles of the former Halemba thermal power station by the plant-powering watercourses.

In the stream course adjoining the waste piles and downstream, its water is enriched in
boron, cobalt, iron, lithium, molybdenum, sodium and strontium. However, the most
contaminated water is found in the surrounding ditches and small ponds in their immediate
neighbourhood. They show very high concentrations of aluminium (6,310.9 pg/dm’), boron
(up to 1.83 mg/dm?), beryllium (2.47 pg/dm?), cadmium (14.70 pg/dm?), cobalt (up to 33.54
ng/dm?), iron (16.9 mg/dm?), lithium (663 pug/dm?), manganese (2.039 mg/dm?), molybdenum
(181.75 pg/dm®), sodium (149.4 mg/dm?), nickel (54.6 ng/dm?), lead (44.78 ug/dm®) and
strontium (up to 1.742 mg/dm’*), and elevated concentrations of selenium (6 pg/dm?), thallium
(1.02 pg/dm?), titanium (0.003 mg/dm?) and zinc (2.086 mg/dm?).

Elevated concentrations of a number of elements are found in the water of a minor left
tributary of the Zabnica, flowing from Stracona Wioska, e.g. 3.89 pg/dm® of cadmium, 1.204
mg/dm’ of manganese, and 0.86 mg/dm’ of iron.

In the upper reach of the Zabnica (upstream of the piles) the water is categorised into
quality class 1 with respect to most elements. Locally, it shows elevated concentrations of
phosphorus (0.863 mg/dm?), antimony (1.44 pg/dm?), uranium (2.03 pg/dm?) and vanadium
(3 pg/dm’). The water is also characterised by low EC and is less alkaline compared with the
water of the lower reach.

The concentrations of potassium and sulphates are relatively uniform in the analysed
water. Higher concentrations are observed in the lower reach of the Zabnica, downstream of

the piles: sulphates 1,000-8,000 mg/dm?, potassium 33—160 mg/dm’.

CONCLUSIONS

1. Grain size and chemical composition of the soils are strictly dependent on the
lithology of basement rocks. Soils of the northern part of the map sheet have developed on
glacial and glaciofluvial sandy deposits and are characterised by a considerable proportion of
the sand fraction and low contents of most of chemical elements. Soils of the southern area,

developed on glacial tills or older basement rocks (sandy-clay and carbonate deposits), are



enriched in the silt fraction and the following elements: aluminium, calcium, cobalt,
chromium, copper, iron, magnesium, manganese, nickel, strontium and vanadium.

2. Acidity of the soils is dependent on the lithology, land use and anthropogenic
factors. Acidic topsoils are observed in areas of forests and peaty meadows, whereas soils of
arable land are neutral. Alkaline topsoils occur in areas of outcrops of Triassic carbonates in
the south-eastern part of the map sheet, as well as in urban and industrial areas. Subsoils are
predominantly neutral or slightly alkaline.

3. The contamination of the soils is low, because the map sheet area hosts not as many
industrial plants, which are the main source of anthropogenic pollution, as the adjacent areas
of the Upper Silesian Industrial Region. The main anomalies of aluminium, barium, cobalt,
chromium, copper, iron, manganese, nickel, lead, sulphur, titanium, vanadium and zinc are
found in mining areas and former mine waste and furnace waste piles.

4. Natural anomalies include those of calcium, magnesium and strontium, occur in
soils developed on Triassic carbonates in the south-eastern part of the map sheet. Of natural
origin are also the enrichments in iron and manganese of meadow soils in the Promna Stream
and Jasienica Stream valleys.

5. The main sources contamination of sediments and surface water are discharges of
mine water and industrial and municipal sewage, drainage of mine waste and furnace waste
heaps, as well as surface runoff.

6. Sediments of inland water reservoirs are moderately contaminated. Strong pollution
by metals is found only locally in sediments of minor watercourses. Clearly elevated
concentrations of some elements (aluminium, arsenic, barium, cobalt, copper, iron,
manganese, sulphur, strontium, titanium, vanadium and zinc) are found in sediments of
ditches surrounding mine waste heaps and storage sites of power plant waste.

7. Most of surface water show a low contamination level. The water is slightly alkaline
or alkaline. The water of the Klodnica River is characterised by high electrolytic conductivity
and elevated concentrations of boron, potassium, lithium, magnesium, sodium, sulphates and
strontium due to influx of mine water. The water of surrounding ditches around furnace waste
storage sites of the former Halemba thermal power station is contaminated by aluminium,
boron, beryllium, cadmium, cobalt, iron, lithium, manganese, molybdenum, nickel, lead and
strontium.

8. The water and sediments of the Panidéwka Stream are contaminated by, among

others, aluminium, cadmium, iron, nickel and zinc.



REFERENCES

BOJAKOWSKA 1., GLIWICZ T., 2003 — Wyniki geochemicznych badan osadéw wodnych
Polski w latach 2000-2002. Bibl. Monitoringu Srodowiska: 46-81. Warszawa.

BULA Z., KOTAS A. (red.), 1994 — Atlas geologiczny GZW w skali 1:100 000 cz. I1I. Mapa
geologiczno-strukturalna utwordéw karbonu produktywnego. Panstw. Inst. Geol.,
Warszawa.

CZAJA S., 1999 — Zmiany stosunkow wodnych w warunkach silnej antropopresji (na
przyktadzie konurbacji katowickiej). Pr. Nauk. USI., 1782, 188 s.

HISTORIA kopalni Budryk, 2016. Internet: http://www.jsw.pl/o-nas/zaklady/budryk/historia/

JURECZKA J., DOPITA M., GALKA M., KRIEGER W., KWARCINSKI J., MARTINEC
P., 2005 — Atlas geologiczno-ztozowy polskiej 1 czeskiej czgsci Gornoslaskiego
Zagtebia Weglowego. Panstw. Inst. Geol., Warszawa.

KABATA-PENDIAS A., PIOTROWSKA M., MOTOWICKA-TERELAK T.,
MALISZEWSKA-KORDYBACH B., FILIPIAK K., KRAKOWIAK A., PIETRUCH
C., 1995 — Podstawy oceny chemicznego zanieczyszczenia gleb. Metale cigzkie, siarka i
WWA. Bibl. Monitoringu Srodowiska, Warszawa.

KOMPANIA Weglowa S.A. Oddziat KWK Sos$nica. Oddziat KWK Makoszowy. Internet:
www.kwsa.pl

KONDRACKI J., 2009 — Geografia regionalna Polski. Wyd. Nauk. PWN, Warszawa.

LACH R., MAGDZIORZ A., MAKSYMIAK-LACH H., 2004 — Zmiany jakosci wod
powierzchniowych zlewni gornej Odry w wyniku restrukturyzacji goérnictwa wegla
kamiennego. Pr. Nauk. GIG, Gérnictwo i Srodowisko, 3: 53—64.

LIANA E., POBUDEJSKI M., BOKSZANSKA J., TERLECKA E., RAWA W., 2015 — Wy-
niki badan monitoringowych w wojewodztwie §laskim w 2014 r. WIOS Katowice, In-
ternet. http://www .katowice.pios.gov.pl/monitoring/informacje/stan2014/mon_op.pdf

LIS J., PASIECZNA A., 1995a — Atlas geochemiczny Polski 1:2 500 000. Panstw. Inst.
Geol., Warszawa.

LIS J., PASIECZNA A., 1995b — Atlas geochemiczny Goérnego Slaska 1:200 000. Panstw.
Inst. Geol., Warszawa.

LIS J., PASIECZNA A., 1997 — Anomalie geochemiczne Pb-Zn-Cd w glebach na Gérnym
Slasku. Prz. Geol., 45, 2: 182—189.

LIS J., PASIECZNA A., 1999 — Szczegotowa mapa geochemiczna Gérnego Slaska 1:25 000.
Promocyjny arkusz Stawkow. Panstw. Inst. Geol., Warszawa.

LOKALNY Program Rewitalizacji Miasta Mikolow na lata 2010-2015. Zalacznik do uchwa-
ly Rady Miejskiej Nr XLIX/998/2010.Internet. http://bip-
arch.mikolow.eu/zalaczniki/uchwala 20100831 xlix 998 zal.pdf

MACDONALD D., INGERSOLL C., BERGER T., 2000 — Development and evaluation of

consensus-based sediment quality guidelines for freshwater ecosystems. Arch.
Environ. Contam. Toxicol., 39: 20-31.

NOCON W., KOSTECKI M., 2005 — Hydro-chemical characteristic of the Bytomka River.
Arch. Environ. Protect., 31, 1: 31-42.

NOCON W., KOSTECKI M., KOZEOWSKI J., 2006 — Charakterystyka hydrochemiczna
rzeki Ktodnica. Ochr. Srod., 28, 3: 39-44.

NOWICKI Z. (red.), 2007 — Wody podziemne miast wojewodzkich Polski — Katowice. Infor-
mator PSH. Panstw. Inst. Geol., Warszawa.

OCENA stanu wod powierzchniowych w 2014 r. Zestawienie tabelaryczne danych do klasyfi-
kacji stanu ekologicznego i chemicznego rzek — ocena za 2014 r. WIOS. Katowice. In-


http://www.kwsa.pl/

ternet. http://www .katowice.pios.gov.pl/index.php?tekst=monitoring/informacje/sta-
n2014/i (Tytut: Wody powierzchniowe: zaktadka STAN ocena jcw 2014).
PASIECZNA A., 2003 — Atlas zanieczyszczen gleb miejskich w Polsce. Panstw. Inst. Geol.,
Warszawa.

PONE — Program Ograniczania Niskiej Emisji na terenie gminy Mikolow w latach 2012—
2016 z perspektywa do roku 2020. Internet:
http://bip.mikolow.eu/upload/projekt programu 63d528.pdf

POZZ1 M., CEMPIEL E., CZAJKOWSKA A., 2008 — Koncepcja regulacji stosunkéw wod-
nych na terenie gorniczym gminy Gierattowice. Gosp. Sur. Mineral., 24, 2/3.

PROGRAM Ochrony Srodowiska Gminy Gierattowice do roku 2015 z perspektywa do roku
2019. Zatacznik do Uchwaty Nr XXVIII/214/13 Rady Gminy Gierattowice z dnia
26.02.2013 r. Internet. http://bip.gieraltowice.pl/2273/1524/program-ochrony-srodowi-
ska-gminy-gieraltowice-do-roku-2015-z-perspektywa-do-roku-2019.html

PRUSINKIEWICZ Z., KONYS L., KWIATKOWSKA A., 1994 — Klasyfikacja uziarnienia
gleb i problemy z nig zwigzane. Rocz. Glebozn., 45, 3/4: 5-20.

ROZPORZADZENIE Ministra Srodowiska z dnia 9 wrzesnia 2002 r. w sprawie standardow
jakosci gleby oraz standardow jakosci ziemi. DzU Nr 165, poz. 1359.

ROZPORZADZENIE Ministra Srodowiska z dnia 22 pazdziernika 2014 r. w sprawie sposobu

klasyfikacji stanu jednolitych czg¢sci wod powierzchniowych oraz srodowiskowych
norm jakos$ci dla substancji priorytetowych. DzU poz.1482.

SALMINEN R. (red.), 2005 — Geochemical Atlas of Europe. Part 1. Geological Survey of

Finland. Espoo.

STUDIUM uwarunkowan i kierunkéw zagospodarowania przestrzennego miasta Mikotowa —
Studium 2013. Tom I Uwarunkowania zagospodarowania przestrzennego. Zatgcznik
tekstowy Nr 1 do Uchwaly Rady Miejskiej Mikotowa nr XXXIII/766/2013 z dnia 27
sierpnia 2013 r. w sprawie zmiany studium uwarunkowan 1 kierunkow zagospodarowa-
nia przestrzennego miasta Mikolowa. Internet:
http://bip.mikolow.eu//upload/TOM 1 3b92c3.pdf

STUDIUM uwarunkowan i kierunkéw zagospodarowania przestrzennego miasta Ruda Sla-
ska. Edycja 2014. Tom I/Il —Uwarunkowania zagospodarowania przestrzennego (pro-
jekt).Internet: http://www.rudaslaska.bip.info.pl/dokument.php?iddok=42385&str=39.

SZUFLICKI M., MALON A., TYMINSKI M. (red.), 2014 — Bilans zasobow z16z kopalin w
Polsce wg stanu na 31 XII 2013 r. Panstw. Inst. Geol., Warszawa.

TRZYNASTA ROCZNA OCENA jakosci powietrza w wojewoddztwie §lagskim obejmujaca
2014 r. WIOS, Katowice, 2015. Internet:
http://www.katowice.pios.gov.pl/monitoring/informacje/stan2014/13ocena.pdf

WILANOWSKI S., KRIEGER W., ZABA M., 2009 — Objasnienia do Szczegdtowej Mapy
Geologicznej Polski w skali 1:50 000, ark. Zabrze (942). Panstw. Inst. Geol., Warszawa.

WITCZAK S., ADAMCZYK A., 1994 — Katalog wybranych fizycznych i chemicznych
wskaznikow zanieczyszczen wod podziemnych i1 metod ich oznaczania. T. 1. Bibl.
Monitoringu Srodowiska, Warszawa.

WYCZOLKOWSKI J., 1957 — Szczegdétowa Mapa Geologiczna Polski 1:50 000, ark. Zabrze.
Wyd. Geol., Warszawa.



http://www.katowice.pios.gov.pl/monitoring/informacje/stan2014/13ocena.pdf
http://www.rudaslaska.bip.info.pl/dokument.php?iddok=42385&str=39
http://bip.gieraltowice.pl/2273/1524/program-ochrony-srodowiska-gminy-gieraltowice-do-roku-2015-z-perspektywa-do-roku-2019.html
http://bip.gieraltowice.pl/2273/1524/program-ochrony-srodowiska-gminy-gieraltowice-do-roku-2015-z-perspektywa-do-roku-2019.html

	GEOLOGY AND MINERAL DEPOSITS

