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INTRODUCTION

The detailed geochemical map, scale 1:25,000, sheet Wojkowice M-34-51-C-c,
is a continuation of mapping works initiated in 1996—1999 with the development of
the pilot sheet Stawkow M-34-63-B-b of the Detailed Geochemical Map of Upper
Silesia (Lis, Pasieczna, 1999). By 2021, 21 sheets were compiled and published in
the form of geochemical atlases. The works were financed by the National Fund for
Environmental Protection and Water Management after approval of the Ministry
of Climate and Environment.

The map sheet area is situated in the central part of the Silesian Voivodeship.
It covers mostly the bedzinski district (poviat) area. The south-western part belongs
to the cities of Siemianowice Slaskie and Piekary Slaskie. The main factor affecting
the condition of natural environment is the geological structure including occurrence
of hard coal and zinc-lead ore deposits. The area was dominated by the mining of
raw materials for energy (hard coal), metals (zinc-lead ores) and construction in-
dustry (limestone, dolomites, and filling sands). Termination of mining activities
has resulted in the formation of post-industrial areas in the surrounding landscape.
Areas of anthropogenic transformations are located mainly in the southern, western
and north-western parts of the map sheet.

The study area also shows natural values. In Wojkowice is a municipal park that
functions as a large recreational complex. In Bedzin and Siemianowice Slaskie,
protected landscape areas — Wzgdrze Doroty hill, Lasek Grodziecki wood, and
Przetajka — are located. There is also the Brynicka Terasa ecological site in Siemi-
anowice Slaskie. Monuments of animated nature are also located within the map
sheet boundaries; these are mainly numerous trees (source: https:/geoserwis.gdos.
gov.pl/mapy/ [access: 31.12.2024]).

The results of the geochemical studies, presented in cartographic form and ac-
companied by textual commentary and tabular summaries, show the present status
of the quality of soils, aquatic sediments and surface waters relative to the regional
geochemical background and applicable legal norms.

The information gathered may be useful in the preparation of planning docu-
ments, including, in particular, ecophysiographic studies that are normally produced
prior to the drafting of local spatial development plans and/or studies on conditions
and directions of spatial development. Geochemical data may also be used to prepare
strategic and sectoral documents, including environmental protection programmes,
revitalization programmes (in the part presenting the condition of the environment),
as well as forecasts of the environmental impact of draft strategic documents. In
addition, they can be a source of information when drawing up environmental
impact assessments, particularly for the reports on the environmental impact of
projects. The research results on soils, aquatic sediments and waters can also be
used to prepare various reports and assessments presenting the condition of the
environment.

The digital version of the atlas is available at http:/www.mapgeochem.pgi.gov.pl

A number of specialists participated in the preparation of this report:

— A. Pasieczna — project’s concept and design;

— A. Konon — supervision and coordination;

— T. Janczylik, T. Kolecki, A. Konon, W. Markowski, A. Szczypezyk —

sampling;

— T. Kolecki, A. Konon, W. Markowski, A. Szczypczyk — databases;

— D. Karmasz, A. Maksymowicz, M. Janasz, A. Sztuczynska — leadership

and coordination of analytical works;

— L. Andrzejewski, P. Andrzejewski — mechanical preparation of samples
for analyses;

M. Bialecka, R. Czerwinski, E. Kalwa — chemical preparation of samples
for analyses;

— J. Gasior, B. Kaminska, J. Retka, M. Stasiuk — total organic carbon
content determination by high-temperature combustion with IR detection;

— M. Bellok, M. Bialecka, R. Czerwinski, E. Kalwa, A. Maksymowicz —
pH determination;

— J. Duszynski, D. Karmasz, D. Lech, M. Szwejkowska — determination of
mercury content by CV-AA;

— W. Bureé-Drewniak, D. Karmasz A. Krazala, J. Kucharzyk, D. Lech —
determination of major and trace elements by ICP-OES and ICP-MS methods;

— M. Chada, A. Grabowska, K. Jakubczak, A. Lukawska, P. Kucinska,
M. Kutyna, J. Rau, A. Roguski, A Setla, P. Stefanska, K. Szewczuk —
grain size analyses;

— A. Konon, A. Szczypcezyk — statistatical calculations;

— A. Szczypezyk — map construction;

— J. Fajfer, A. Konon, P. Kostrz-Sikora, A. Pasieczna, K. Strzeminska,
A. Szczypcezyk, J. Szyborska-Kaszycka — explanatory text to the Atlas.

CHARACTERISTICS OF THE MAP SHEET AREA

Geographical and administrative location. According to the physico-geo-
graphical division, the entire Wojkowice map sheet area is located in the Silesian
Upland within the lower-order units of Tarnowskie Gory Hummock and Katowice
Upland (Richling et al., 2021). It includes parts of the Dabrowa Coal Basin and
Upper Silesia that both form the Upper Silesian-Dabrowa Metropolitan Area
(Rozporzadzenie..., 2017). A significant part of the study area is located in the
bedzinski district. It includes the cities of Bedzin (Grodziec quarter), Czeladz and
Wojkowice, as well as the municipalities of Bobrowniki and Psary. The south-
western part of the study area is occupied by parts of towns with poviat rights:
Pickary Slaskie (Dabrowka Wielka quarter) and Siemianowice Slaskie (Przetajka
quarter).

Surface relief, geomorphology and hydrography. The surface relief of the
area is varied and in places strongly transformed by human activity. The bedrock
is represented by coal-bearing Carboniferous rocks, whose outcrops occur in the
eastern part of the map sheet. Exposed Triassic formations occupy a large part of
the area (Plate 1). Quaternary sediments occur in terrain depressions (Wilanowski,
Zaba, 2016). The north-eastern part of the map sheet, included in the Tarnowskie
Gory Hummock, is occupied by hills rising to 395 m a.s.l. The highest elevated
point is Gora Siewierska hill. The remaining, predominant part of the study area
belongs to the Katowice Upland. The hilly terrain rises to a maximum elevation of
382 ma.s.l. (Gora Swigtej Doroty Mt. in Bedzin). The lowest elevated regions (about
259 m a.s.l.) are located in the Brynica River valley at the point where the river
leaves the map sheet area. The natural relief has been partly transformed by pits
and dumps left over from many years of raw material extraction. Uplands in the
map sheet are crossed by the Jaworznik, Brynica and Wielonka valleys (Richling
et al., 2021).

The study area belongs to the Vistula River basin. Its predominant part lies
within the 4th order catchment of the Brynica River. The eastern margin of the map
sheet belongs to the 4th order catchment of the Czarna Przemsza River from the
Przeczyce reservoir dam to the Brynica River. The hydrographic network consists
mainly of the Brynica River and its tributaries: Wielonka and Jaworznik streams.
The Wielonka’s headwaters are located within the map sheet area (Uchwata, 2021a)
in the Strzyzowice region (Studium, 2021), and the headwaters of the Jaworznik are
occur beyond its northern boundary near Twardowice and “Srocza Gora” in the
municipality of Psary (Uchwata, 2021a, b). In the Wojkowice municipality (at the
border with the municipality of Psary, near Strzyzowice), the Wielonka is fed by

a small right-bank tributary locally known as the Graniczny stream (Uchwala,
2021b). The hydrographic network consists also of surface water bodies of anthro-
pogenic origin (e.g.: in the Bobrowniki and Wojkowice municipalities, of small
areas, located in the Wielonka valley, in the Zychcice quarry, and near the border
with Psary), as well as smaller watercourses and ditches draining agricultural and
forest areas (Piotrkiewicz, Wojciechowska, 2016; Uchwata, 2021b). Swamps are
locally present as well.

In the northern part of the map sheet, there are water bodies located in the for-
mer workings of the Siemonia sand mine. They were created in several stages. In
1959-1961, the Jaworznik mining field was rehabilitated for forestry, which is now
the Rogoznik III reservoir (1 ha in area) and its surroundings. Between 1961 and
1976, the area of the present-day Rogoznik II reservoir was rehabilitated, and the
waters of the Jaworznik stream were diverted into a newly prepared post-mining
basin. In 1969-1972, the Rogoznik I reservoir was built. Since the 1970s, Rogoznik I
and II (under the name Rogoznik Lake) have performed recreational functions.
During the highest water level, the areas of these reservoirs are 25 ha (Rogoznik IT)
and 13 ha (Rogoznik I), respectively (Woznica et al., 2018).

Land development and land use. The housing type and land use varies between
different parts of the study area. Low-rise single-family housing predominates in
the north. Urban development, which occupies about 20% of the map sheet, occurs
in Wojkowice, Piekary Slaskie, Siemianowice Slaskie and Bedzin. Industrial and
post-industrial facilities are located in the southern part of the study area. Scattered
forests (19% of the map sheet) are owned by State Forests and managed by the
Swierklaniec and Katowice forest districts. Agricultural areas predominate in the
north and south, whereas wasteland in the centre and west. Agricultural areas (ar-
able fields and meadows) cover about 30% and wasteland about 37% of the map
sheet area (Plates 2—-3). The Wojkowice sheet is crossed by the A1 motorway, con-
necting southern Poland with the Tricity, and by the provincial road 913 from Grod-
kow to the Pyrzowice airport.

Economy. The map sheet area is located in the north-eastern part of the Upper
Silesian Coal Basin. Of key importance for the economic development of this region
was industrial activity of the mining sector, including hard coal mining. The region
of Psary, Strzyzowice and Grodkow is considered to be its cradle. It is also referred
to as the Strzyzowicki (or Strzyzowski or Psarski) Basin that continues beyond the
eastern boundary of the map sheet towards Malinowice and Sarnowo (Ciepiela,
2016b).

Over many years, six coal mines operated in Psary. Because of the lack of ar-
chival materials about one of them, the “Hoym” (later “Lubecki” and “Tadeusz”)
mine, which was opened in 1797, is formally considered the oldest. This mine ceased
operations in 1862, when exploitation was halted due to high groundwater inflow
rate (Ciepiela, 2016¢). Hard coal was also mined at the “Barbara” mine, which was
originally named “Maria” (1874—-1882), at “Tadeusz I (1919-1924), “Psary” (1920—
1921) and “Rudokoks” (1928—-1930) (Ciepiela, 2016¢). In Strzyzowice, hard coal was
exploited for almost 100 years in five mines: “Strzyzowic” (1833-1922), “Andrzej
11 (1833-1922), “Teodor” (1878—1884), “Jan II”” (1901-1902) and an unnamed mine
also referred to as “Private” (1885-7?) (Ciepiela, 2016b; Ciepiela, Trzcionka, 2017).
The “Wanda” mine (1910—-1924) operated in Grodkow (Ciepiela, 2016b).

In the south-eastern part of the map sheet, in Grodziec (which is now a quarter
of Bedzin), there were four coal mines. The first one, “Barbara”, was opened in
1823 and operated until 1893. Initially, it extracted hard coal using the open-cast
method, and then the seams were accessed via shallow shafts and adits (Ciepiela,
2016a). It supplied, among others, the zinc smelter built in 1845 in Grodziec near
the road to Lagisza and closed several years later (source: http:/ceko.com.pl/s
bedzin_grodziec.php [access: 07.02.20204]). Another mine was ‘“Maria”, opened
in 1894, often called “Grodziec I”. In 1899, the “Grodziec II” mine was opened and
commonly referred to as “Grodziec Towarzystwo”, and from 1938 (after the
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liquidation of “Grodziec I”’) known as “Grodziec”. The mine operated until 1998
(Ciepiela, 2006). A shallow mine called “Bory” also functioned in this area between
1917 and 1926 (Jaros, 1984).

In Wojkowice, the “Jowisz” mine (called “Jupiter” during the German occupa-
tion) was opened in 1910 and extracted coal until 2000 with short interruptions.
From 1997, it operated under the name Zaktad Gorniczy “Wojkowice”, which was
established as a new organizational and capital structure on the basis of the assets
of the KWK “Jowisz” mine (source: https:/www.wojkowice.pl/miasto/dzieje
przemyslu [access: 22.01.2024]). Depleted mine workings of KWK “Jowisz” were
filled with, i.a., sand from the “Siemonia” mine. The mine was located in Rogoznik
(Bobrowniki municipality) and operated from the mid-1920s to the late 1950s,
supplying aggregates for backfilling purposes. After depletion of the resources,
the mine site was rehabilitated to create, 1.a., a cascade of artificial reservoirs
(Machowski, Rzetata, 2023). In addition to the KWK Jowisz, hard coal was ex-
ploited for four years (1918—1922) in Wojkowice in the “Aleksandra” mine located
on mining fields leased from Towarzystwo Saturn (the Saturn Society) (Jaros,
1984).

In addition to hard coal, the south-western part of the map sheet was also an
area of intensive mining of zinc and lead ores, which was most intense at the
turn of the 19th and 20th centuries. Evidence of this activity includes the Przetajka
shafts in Siemianowice Slaskie (Durka-Kaminska, 2020). The Kacper mine,
located in the western part of Wojkowice, was in operation between 1824 and
1825, but ore was also mined in the area extending to the east of Krzyzowka,
where the sports stadium is now located, and in the area of the so-called
“Drozdzowizna” between the two bridges of the railway from Brzeziny to
Zabkowice and the bridge leading to the “Jowisz” mine, which is currently de-
commissioned, but at that time did not exist yet (source: https:/www.wojkowice.
pl/miasto/dzieje przemyslu [access: 22.01.2024]). In Dabrowka Wielka (part of
Piekary Slaskie), the “Rozalia” zinc mine was opened in 1855. Due to mine
drainage problems preventing mining activities, it was finally decided in 1893
to convert the mine infrastructure into a water intake (sources: https://wodocia-
gi.eu/baza-wiedzy/wodociagi-woj-slaskiego-rewolucja-przemyslowa [access:
30.01.2024]). From 1968 to 1989, zinc and lead ores were extracted in Dabrowka
Wielka in the “Dabréwka” mine, which was part of the “Orzet Bialy” Mining
and Smelting Combine (in Polish: Kombinat Gérniczo--Hutniczy “Orzet Biaty™)
(Majorczyk, 1985).

Another key economic sector of mining activities in the map sheet area was the
cement industry that used Triassic limestones and marls. The “Grodziec” cement
plant (Cementownia Grodziec), which was in operation since 1857, was first sup-
plied with raw material from the quarry in Grodziec, located in its vicinity and
active since the beginning of the plant's existence, and then (from 1949) from the
Rogoznik quarry (Goérecka, 1962). The cement plant ceased its activity in 1979 as
a result of ground subsidence caused by the exploitation of the protective pillar of
the Grodziec coal deposit (Wierzchon, 2015). In 2021, the complex of buildings of
the “Grodziec” cement plant, together with the traditional name “Cementownia
Grodziec”, was entered in the register of monuments (Gminny program...). In turn,
limestone raw material for the “Saturn” cement plant (Cementownia “Saturn’)
located in Wojkowice was derived from open pits in Gawczyce and Zychcice
(Gorecka, 1962; Jochemczyk, 2004). The cement plant was in operation since 1930,
but between 1972 and 1973 it was a single multi-plant enterprise together with the
Grodziec cement plant. Since 1974, the plant was part of the Silesian Cement and
Limestone Combine (Slaski Kombinat Cementowo-Wapienniczy) in Rudniki and
Ogrodzieniec. The plant became independent again in 1982 and ceased producing
cement clinker in 1991. In 2000, the Wojkowice cement plant was sold to the Ger-
man company Dyckerhoff (source: https://www.wojkowice.pl/miasto/dzieje
przemyslu [access: 22.01.2024]).

The engineering industry was also important for the economy of the study area
beginning from 1924, when Wytwornia Wyrobéw Zelaznych Stefana Unierzysk-
iego (Stefan Unierzyski iron factory) was established in Wojkowice. This enterprise,
nationalized in 1948, became part of a Silesian company for mechanization of the
construction industry (Slaskie Zaktady Mechanizacji Budownictwa) as Plant No.
2 (Zaktad nr 2). In 1998, was transformed into the ZREMB Wojkowice company
as a result of privatization. Eventually, the company was purchased by Profil NR,
a manufacturer of steel profiles and pipes and reinforcements for PVC windows and
doors, which is in operation to date (https://www.wojkowice.pl/miasto/dzieje
przemyslu [access: 22.01.2024]; Orzeczenie...).

In the course of economic and environmental changes, the share of entities of
the mining and mineral processing sector in the map sheet area has been signifi-
cantly reduced. Today, the economic structure is dominated by companies from the
trade and services sector.

GEOLOGICAL STRUCTURE
AND MINERAL DEPOSITS

The Wojkowice map sheet area is situated in the northern part of the Upper
Silesian Coal Basin (USCB), mostly within the structural unit called the Bytom
Trough. It is included in the Paleozoic Variscan structure, cut by numerous faults,
with a very well explored geological structure because of numerous boreholes and
mining works. The succession consists of Carboniferous, Permian, Triassic, Paleo-
gene—Neogene and Quaternary formations (Bula, Kotas, 1994).

The oldest deposits in the map sheet area are Lower Carboniferous (Visean)
rocks included in the Malinowice Beds, also referred to as the Culm facies. These
are clastic terrigenous, non-coal deposits accumulated in marine environments,
containing numerous horizons containing marine fossils. They consist mainly of
claystones and mudstones with interbeds of fine-grained sandstones. The Culm
deposits occur throughout the map sheet and are approximately 800 m thick. They
are not exposed on the surface (Biernat, 1955; updated by Wilanowski, Zaba, 2010;
Wilanowski, Zaba, 2016).

The Culm deposits are overlain by Upper Carboniferous coal-bearing rocks
found at depths of approximately 200 to 800 m a.s.l. They comprise a thick complex
of claystones, mudstones and sandstones included in the Paralic Series (Namurian A)
and in the Upper Silesian Sandstone Series (Namurian B and C) (Jureczka et al.,
2005).

The Paralic Series is composed of fine- to medium-grained sandstones and
claystones-mudstones interbedded with coal seams and layers, coal-shales, and
occasional sapropelic shales. These deposits accumulated in terrestrial and nearshore
environments, with periodic marine inundations, which is confirmed by the pres-
ence of faunal fossils of marine species in the section; there are also numerous
intercalations containing freshwater species. A characteristic feature of the series
is its sedimentary cyclicity. Its basal surface coincides with the top of the so-called
Stur marine horizon (XVI), characterized by abundant marine faunal fossils in
clastic rocks, while its top surface — with the base of the coal seam 510 (Wilanow-
ski, Zaba, 2016). Deposits of the Paralic Series form extensive, dismembered out-
crops in the eastern part of the map sheet between Strzyzowice, Grodziec and
Psary. Minor outcrops occur also in the north-western part of the map sheet, near
Rogoznik and Dobieszowice (Biernat, 1955; reambulacja Wilanowski, Zaba, 2010).
Between the outcrops, the Paralic Series is covered by thin (about 5—15 m) Qua-
ternary sediments, in the south-western part by the Upper Silesian Sandstone
Series, and in the southern and north-eastern parts by Triassic rocks. The greatest
thickness of the Paralic Series (about 500 m) is found in the south-western part of

the map sheet; it thins north-eastwards wedging out completely in the Brzgkowice
region (Jureczka et al., 2005).

The Upper Silesian Sandstone Series is composed of sandstones, conglomerates,
mudstones and claystones with coal seams. In the map sheet area, it consists of two
lithostratigraphic units — the Saddle Beds and the Ruda Beds, which overlie uncon-
formably (stratigraphic gap) the Paralic Series (Kotas, Malczyk, 1972). The base of
the Upper Silesian Sandstone Series coincides with the base of the first coal seam
of the Saddle Beds, which is the coal seam 510. They represent limnic and deltaic
environments. The top of the deposits is marked by the last horizon with freshwater
fauna, accompanying coal seams 407 and 408, which is one of the most important
correlative levels in the USCB (Dybova, Jachowicz, 1957). This series, attaining
a thickness of 250-300 m, underlies Triassic deposits in the south-western part of
the map sheet area, filling the Bytom Trough in the Wojkowice region (Jureczka
et al., 2005). It is dominated by grey fine- to medium-grained sandstones, with
a smaller proportion of coarse-grained sandstones and subordinate conglomerates.
Interbeds of claystones and mudstones are usually up to several metres thick. A char-
acteristic feature is the fairly widespread occurrence of relatively thick (about 2—4 m,
in places exceeding 10 m) coal seams, which locally may merge or are separated
by thin beds of carbonaceous shales (Wilanowski, Zaba, 2016).

Permian deposits are represented by sandstones, conglomerates, claystones and
mudstones of the Bolestaw Formation, stratigraphically included in the Zechstein
(Kiersnowski, 1991). They are dominated by red clays with green patches, subor-
dinately by conglomeratic sandstones and conglomerates at the top, and red-green
conglomerates composed of clasts of various rock types, with sparse interbeds of
sandstones, mudstones and claystones. The Permian rocks are covered by Triassic
deposits. In the map sheet area, the Permian is found in the Stawkéw Graben, which
is called here the Podwarpie Trough, trending ESE-WNW in the extreme north-east
of the map sheet. These deposits have been drilled at Podwarpie (ca. 7.5 km north-
east of the map sheet boundary) at a depth of 139—608 m (Wilanowski, Zaba, 2016).

The Triassic deposits overlie the Lower and Upper Carboniferous or Permian
succession over most of the sheet area, forming extensive, highly dismembered
outcrops. Their thickness is variable, constrained by both tectonics and surface
relief of the top of the Carboniferous succession. Their thickness is mostly 70—80 m,
but in the north-eastern and south-western parts of the map sheet it can be up to
about 150 m (Wilanowski, Zaba, 2016).

The Lower Triassic (Scythian, spanning the Induan and Olenekian stages)
Swierklaniec Beds erosionally overlie Upper Carboniferous rocks. These are ter-
restrial deposits showing a characteristic red colour, included in the Lower and
Middle Buntsandstein. They are represented by sands, clays, sandstones and sub-
ordinate conglomerates, passing at the top into mudstones and claystones. Over
most of the study area, the Swierklaniec Beds underlie Middle Triassic carbonates.
Their minor outcrops, locally covered by a thin Quaternary succession, are found
mostly at the foothills in the surroundings of Dobieszowice, Rogoznik, Géra Siew-
ierska and Grodziec (Biernat, 1955; updated by Wilanowski, Zaba, 2010). The
thickness of the Swierklaniec Beds is generally ca. 20 m, but locally, along the axes
of then-existing valleys, it often exceeds 30 m (Wilanowski, Zaba, 2016).

The terrigenous Swierklaniec Beds are unconformably overlain by Middle
Triassic (Anisian) rocks, previously referred to as Rot deposits (Wagner, 2008),
represented by marly dolomitic facies with subordinate limestones. These are large-
ly thickly bedded dolomitic limestones, marly dolomites, dolomitic and sandy marls,
and occasional cavernous limestones. Their outcrops compose the slopes and ridg-
es of hills almost throughout the sheet area, except in its south-western part. The
thickness of these rocks is variable and ranges from 40 to 60 m (Wilanowski, Zaba,
2016). The stratigraphic position of the deposits has been under discussion. Accord-
ing to the proposal of Kotlicki (1995), this succession should be given the name
Ledziny Formation and included in the Upper Buntsandstein (R&t).


https://wodociagi.eu/baza-wiedzy/wodociagi-woj-slaskiego-rewolucja-przemyslowa
https://wodociagi.eu/baza-wiedzy/wodociagi-woj-slaskiego-rewolucja-przemyslowa

These rocks are overlain by limestones referred to as the Gogolin Beds. They
compose most of the slopes and hilltops in the surroundings of Golasza Gérna, Gora
Siewierska, Rogoznik and Wojkowice (Biernat, 1955; updated by Wilanowski, Zaba,
2010). In the lower part of the Gogolin Beds, platy limestones clearly predominate,
while the upper part is dominated by wavy limestones, mostly silty and marly, lo-
cally with conglomerates and laminated marly dolomites containing crinoids. The
thickness of the Gogolin Beds ranges from 35 to 60 m (Wilanowski, Zaba, 2016).

The Gogolin Beds are overlain by an approximately 20—40 m thick (even 60 m
in the area of Piekary Slaskie) succession of ore-bearing dolomites. These are epi-
genetic rocks that formed as a result of hydrothermal alteration (metasomatosis) of
limestones, mainly of the Gérazdze Beds, as well as of the Terebratula and Karcho-
wice beds. The succession is represented by dolomites commonly forming nests,
less frequently by limestones. The dolomites are mostly medium-layered, grey and
yellow-grey, and variably crystalline. They are characterized by dense fracturing,
mainly vertical, and the presence of irregular caverns, many filled with lead, zinc
and iron minerals (galena, sphalerite, wurtzite, pyrite, markasite). Zinc and lead
sulphide mineralization is particularly abundant near the base of the complex. On
the outcrops of ore-bearing dolomites, metal sulphides are oxidized and concentrate
in calamines and in nests of iron ore (limonites). The vertical distribution of the
deposits is highly variable. The area of ore-bearing dolomites has been mined since
the early 16th century. Their minor outcrops occur in the south-western part of the
study area (Biernat, 1955; updated by Wilanowski, Zaba, 2010; Wilanowski, Zaba,
2016).

The limestones and marls (Gorazdze Beds, Terebratula Beds and Karchowice
Beds) have been almost completely dolomitized. The ore-bearing dolomite complex
locally contains sporadic undolomitized or not fully dolomitized layers of primary
limestones. These beds may have originally been about 50 m in thickness, but in
the preserved portions they are much thinner, 10.0-30.0 m. These deposits do not
occur on the ground surface in the map sheet area (Wilanowski, Zaba, 2016).

Upper in the section, the Middle Triassic (Anisian) successsion is represented
by Diplopora dolomites of the Jemielnice Beds and dolomites of the Tarnowice
Beds. The Diplopora dolomites occur in the southern part of the map sheet and are
exposed on the surface in the Grodziec and Piekary Slaskie regions (Biernat, 1955;
updated by Wilanowski, Zaba, 2010). Their lower part is represented by yellow and
grey-yellow, medium- to thick-bedded, finely crystalline dolomites containing sparse
fragments of crinoids. These are overlain by thinly bedded marly dolomites with
horizontal and wavy lamination, containing fossils of diverse, indeterminate fauna
and flora. Manganese and limonite dendrites are common, and some fissures and
minor caverns are filled with calcite crystals. The Diplopora Beds reach about 35 m
in thickness (Wilanowski, Zaba, 2016).

The Tarnéw Beds dolomites occur on the surface or under a thin cover of Qua-
ternary sediments only in the vicinity of Grodziec and Dabrowka Wielka, where
they form the slopes and tops of hills rising to an elevation of 300-316 m a.s.l.
(Biernat, 1955; updated by Wilanowski, Zaba, 2010). These are light grey marly
dolomites, almost lacking of fossils, followed upwards by light grey-yellow marly
limestones, locally with interbeds of conglomeratic limestones, attaining a total
thickness of 10 m (Wilanowski, Zaba, 2016).

The Paleogene—Neogene deposits are represented mainly by clays, silts, clays
and sands that occur at the surface or under a thin cover of Quaternary sediments.
Minor outcrops are found in the vicinity of Wojkowice in the central-western part
of the map sheet (Biernat, 1955; updated by Wilanowski, Zaba, 2010). These de-
posits accumulated predominantly in karst funnels and sinkholes that developed
at the top of Triassic carbonates, especially in the outcrop zones of the Gogolin
limestones and ore-bearing dolomites. Locally, there are also silty loams ochre in
colour, and white fine-grained sands, as well as celadon-grey muds with variable
admixtures of quartz gravels (Wilanowski, Zaba, 2016). These deposits were pre-

viously included in the Lower Jurassic. Studies of karst regoliths in the Silesian
Upland indicate their Oligocene—Miocene age. They are usually several metres
thick (Lewandowski, Ciesielczuk, 1997).

Quaternary sediments cover about 35% of the map sheet area, and their thick-
ness is commonly up to several metres, attaining about 30 m in the fossil valleys.
The lithology is dependent on the relief of sub-Quaternary bedrock. Over most of
the study area, the sediments overlie Middle Triassic rocks. In the southern part,
they rest upon Carboniferous deposits of the Paralic Series, Upper Silesian Sandstone
Series, and locally upon Oligocene—Miocene deposits (Wilanowski, Zaba, 2016).

The South Polish Glaciation sediments are represented by glacial tills that occur
in valley depressions, where they partly cover clays and muds of glacial lakes, and
in the lower parts of the slopes, where they lie directly on the older bedrock. These
sediments are predominantly grey, locally brown, silty and slightly clayey, or they
contain clay clasts. On the surface, the tills occur mainly in the south-eastern and
north-western parts of the map sheet area, while in the surroundings of Dabrowka
Wielka, they are covered by a thin layer of eluvial sediments and commonly attain
a thickness of 2—4 m, and only locally in excess of 8 m. Glaciofluvial sands and
gravels occur in the fossil valley of the Czarna Przemsza River in the south-eastern
part of the map sheet, and are covered by fluvial or glaciofluvial sediments of the
Odranian Glaciation. These are medium-grained sands interbedded with fine-grained
gravels, with an estimated thickness not exceeding 10 m (Biernat, 1955; updated by
Wilanowski, Zaba, 2010; Wilanowski, Zaba, 2016).

Fluvial sands and gravels of the Mazovian Interglacial fill the fossil valleys of
the Czarna Przemsza and Brynica rivers and are not exposed on the ground surface.
These are usually variably grained sands, admixed with fine-grained gravels, pre-
dominantly with gravels in the bottom part, about 20 m in thickness (Biernat, 1955;
updated by Wilanowski, Zaba, 2010; Wilanowski, Zaba, 2016).

Sediments of the Middle Polish Glaciations cover about 15% of the map sheet
area. Glacial lake clays and muds (lower) fill a relatively large ice-dammed lake in
the valley of the Czarna Przemsza River and its tributaries in the south-eastern part
of the map sheet. These are light and dark grey clays and sandy clays, with numer-
ous interbeds of muds and sandy muds at the top, mostly a few metres in thickness,
but reaching a maximum of 10 m. They are covered by glaciofluvial (lower) sands
and gravels, ranging in thickness from 2 to 8 m. The deposits are not exposed on
the ground surface. Glaciofluvial sands and gravels (upper), deposited during the
standstill and recession of the Odranian ice sheet, are relatively common in the
north-western and south-eastern parts of the map sheet, where they occur in the
areas located at an elevation of up to ca. 340 m a.s.l. These are light to dark yellow,
medium-grained or variably grained sands with an admixture of fine gravels. Their
thickness is mostly about 5 m and locally increases to about 10 m (Biernat, 1955;
updated by Wilanowski, Zaba, 2010; Wilanowski, Zaba, 2016).

Undivided Quaternary sediments occupy a small portion of the map sheet.
These are mainly muds, sands and gravels of weathering mantles (eluvial sediments),
most often accompanying tills (as products of their weathering) or other surface
deposits, mainly Quaternary. The eluvial sediments are mostly about 2 m thick,
locally up to 3 m. They are found in the vicinity of Dabrowka Wielka, where they
cover a relatively extensive area. Slope wash loams, sands and gravels occur at the
foot and lower parts of hillslopes composed of Triassic and Carboniferous rocks
in the central and southern parts of the map sheet. These are washed loamy-sandy
sediments with sparse gravels and clasts of local rocks, mostly 2—4 m and locally
4—6 m thick. Slope wash-fluvial sands, gravels and muds fill numerous small and
short valleys, mainly on the hillslopes composed of Triassic and Carboniferous
rocks. They are represented by variably grained sands with varying admixtures
of fine-grained gravels and numerous lenses of sandy muds, 2—4 m thick. A small
field of aeolian sands occurs in the northern part of the map sheet. The sands were
deposited towards the end of the Vistulian Glaciation and at the beginning of the

Holocene (Biernat, 1955; updated by Wilanowski, Zaba, 2010; Wilanowski, Zaba,
2016).

Holocene sediments fill the bottoms of the valleys of the Brynica, Wielonka and
Jaworznik and other minor watercourses. These are mainly fluvial sands and grav-
els of floodplain terraces, up to 8 m thick, and fluvial sands, gravels and muds of
floodplain terraces and valley bottoms. The most extensive terraces, over 500 m
wide, occur in the Brynica River valley near Wojkowice and Ozarowice. The de-
posits attain a thickness of 5.0—10.0 m. Alluvial muds of valley bottoms — silty sands
with an admixture of organic matter, 1.5-3.0 m in thickness — occupy a small area
in the north-western part of the map sheet, in the Rogoznik region (Biernat, 1955;
updated by Wilanowski, Zaba, 2010; Wilanowski, Zaba, 2016).

Mineral deposits. The Wojkowice map sheet area has a rich history of geo-
logical exploration owing to the numerous mineral resources: hard coal, zinc and
lead ores, and rock raw materials — limestones and marls, sands, clays, and clay
shales.

The mining of hard coal in the study area dates back to the 19th century, when
the first small mines were established in the south-eastern part of the area (near
Grodziec, Psary and Strzyzowice). Some of them originated from mines previous-
ly extracting zinc ore (calamine). In later years, the number of mines and the coal
production increased rapidly, among others due to the great activity of Towarzyst-
wo Goérniczo-Przemystowe Saturn (Saturn Mining and Industrial Society). The
activity of the mines varied depending, inter alia, on the geopolitical situation
(e.g. two world wars). They operated until the end of the 20th century, when mining
was terminated due to the depletion of resources and the consequent significant
increase in production costs.

The mining and smelting of silver and lead in the areas of ore-bearing dolomites,
which began in the early Middle Ages, experienced periods of both prosperity and
stagnation in this region. On the one hand, the shallow-seated ore deposits were
being successively depleted, while on the other, the situation was heavily affected
by geopolitical events. The development of mining techniques, including ventilation
and mine drainage systems, made it possible to reach deeper ore deposits of zinc,
lead and silver. Initially, galena, calamine and limonite (iron ore) were mined, which
were associated mainly with weathering mantles filling karst funnels. As late as
the late 19th century, technology was developed for the production of concentrates
from zinc blende.

From the early Middle Ages until the turn of the 14th and15th centuries, zinc-
lead ores were mined on outcrops, mainly by surface mining. Due to mine flooding
by ground water, there were longer or shorter periods of decline in ore mining.
Exploitation of deposits located below the groundwater table began in the late 15th
century with the construction of the first drainage adits. However, opencast mining
was also carried out in parallel. In the 16th and 17th centuries, ore mining was
carried out slightly below the water table, to a depth of around 50 m. The next ore
mining boom began after 1780 and was associated with the use of the steam engine
for deposit dewatering and the capability of drilling deep adits. The particularly
rapid development of zinc-lead ore mining took place around 1865—-1870, following
the mastery of zinc blende concentrate production technology. Blende production
increased significantly after the Second World War, and was finally terminated in
1989 with the liquidation of the last mine (“Dabrowka” mine as part of ZGH “Orzet
Bialy”) in 1990.

Currently (as at December 31, 2022), 14 mineral deposits are documented in the
map sheet area: hard coal, zinc and lead ores, limestones, clay raw materials, and
sands (Szuflicki et al., 2023). Information on the parameters of the mineral depos-
its, as well as on the quality parameters of the mineral products, is quoted after
geological documentations of the individual deposits and the System of Management
and Protecting of Polish Mineral Raw Materials (MIDAS — http://geoportal.pgi.gov.
pl/midas-web).



There are nine hard coal deposits in the southern part of the map sheet, although
each of them is partially, but to a different extent, located within the sheet area.
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These are the “Andaluzja”, “Wojkowice”, “Jowisz”, “Saturn”, “Grodziec”, “Siemi-
anowice”, “Rozalia”, “Paryz” and “Brzeziny” mines. Due to the depletion of hard
coal reserves as a result of many years of mining and the development of minor
deposits within the boundaries of those already documented, their number and
boundaries have been subject to very frequent changes in recent years. Hard coal
reserves have been documented to a depth of between 700 m (“Siemianowice”
deposit) and 1,000 m (“Wojkowice”, “Jowisz”, “Grodziec”, “Rozalia”, “Paryz”
deposits) in categories A—C,. The mineral deposit bed is represented by the Saddle
Beds (group 500) and by the Paralic Series (seams of groups 800, 700 and 600 —
Namurian A), and its total thickness varies from 200 to 950 m. The number of
documented seams is highly variable, ranging from three in the “Rozalia” deposit,
five in the “Andalusia” deposit, to 29 in the “Paryz” deposit. The study area hosts
type 31432 power coals. The thicknesses of the individual economic coal seams
vary from 0.7 to 13.4 m. The quality parameters of the power coals are characterized
by high variability. Their calorific value varies from 18,087 kJ/kg to 32,328 kl/kg,
the ash content ranges widely from 4 to 26%, and the sulphur content is 0.2—2.3%.

All hard coal deposits in the Wojkowice sheet were exploited in the past. Hard
coal mining ended in the latest 20th century and the mining plants and industrial
infrastructure were mostly decommissioned. Due to more than 100 years of hard
coal mining in the area, the anticipated economic resources of hard coal are small,
ranging from 4.7 to 61 million tonnes, with no economic resources.

The “Dabrowka Wielka” zinc-lead deposit has been documented within the
outcrops of Middle Triassic ore-bearing dolomites over an area of 2,498 ha and is
partly located on the neighbouring Piekary Slaskie sheet. The deposit bed ranges
from 2.9 to 3.9 m, and the overburden varies considerably from 5 to 72 m in thick-
ness. The Zn content in the ore is up to 4.2% and the lead content up to 1.2%. The
deposit was mined between 1970 and 1989 and currently has only anticipated sub-
economic resources of zinc-lead ore of 363,0 tonnes.

The map sheet area provides mineral deposits of rock raw materials: carbonates
(limestones), clay raw materials for the ceramics industry (loams, clays, clay shales)
and sands. In the western part of the study area, within the limestone outcrops of
the Middle Triassic Gogolin Beds, the “Kamyce” deposit has been documented,
49.9 ha in area. On the ground surface or under a thin overburden (up to 12.0 m),
there are limestones and marls for the cement industry, ranging in thicknesses from
11 to 36.8 m. The average content of CaO in the mineral product is 48.4%, MgO
1.1%, and SiO, 6.8%. The mineral resources of the deposit amount to 27.0 million
tonnes. The “Kamyce” deposit remains undeveloped.

Two mineral deposits of Carboniferous clays and clay shales “Grodkow-tagisza”
and “Grodziec” have been documented within the outcrops of the Paralic Series.
These are bedded deposits of simple geological structure and small areas. The
“Grodkow-Lagisza” deposit of clay raw materials for the ceramics industry, ranging
in thickness from 18.6 to 29.9 m, covers an area of 10.66 ha. The mineral deposit
occurs directly on the ground surface or is covered by an overburden with an aver-
age thickness of approximately 1.9 m. The parameters of the mineral product are
as follows: the Al,O, content varies from 13.5 to 18.9%, the CaO content from 0.74
to 3.7%, and the SiO, content from 55.3 to 69%. The raw material can be used for
the production of solid bricks. The deposit remains undeveloped. The “Grodziec”
deposit of clay raw materials for cement production, with a variable thickness rang-
ing from 8.8 to 27.8 m, has been documented over an area of 5.42 ha. The param-
eters of the mineral product are as follows: Al O, content — from 15.98 to 25.3%,
Fe,O, — from 5.4 to 11.6%, and SiO, — from 52.2 to 68.1%. Exploitation of the de-
posit was carried out in the 1960s and 1970s.

The “Rozkoéwka” filling sands deposit has been documented within Quaternary
glaciofluvial sands. This is a lenticular deposit of fine-grained sands, which oc-

cupies an area of 31 ha. The sands, 2.0—11.6 m thick, occur under an overburden
ranging in thickness from 0.1 to 4 m. The sand point of the aggregate is 94.51%,
and the compressibility is 10.0%. The sands were used for the preparation of hy-
draulic backfill, i.e. a mixture of sand and water, used to fill depleted mine workings
in nearby coal mines. Along with the cessation of hard coal mining and the decom-
missioning of the mines, the demand for backfill sand ceased and the exploitation
of the “Rozkowka” deposit was also terminated.

HUMAN IMPACT (ANTHROPOPRESSION)

Anthropogenic transformations in the southern, western and north-western parts
of the map sheet are related chiefly to the historical activities of the mining and
cement industries. They are evident as continuous and discontinuous deformations,
rehabilitated dumps and mine water settling ponds, as well as areas of decommis-
sioned mining plants. Areas threatened by discontinuous deformation as a result of
mining of shallow-seated coal seams are found in the Strzyzowice region (shallow
goafs of the historical Tadeusz and Strzyzowice mines, currently flooded). Such
areas are also observed in Bedzin (Barlickiego, Wolnos$ci and Mickiewicza streets
and Gora Parcina Mt. — historical mining in the former Maria Mine, and Las
Grodziecki — historical mining in the former Bory Mine) and in the Wojkowice
region (Glowackiego Street — former Aleksandra Mine). Mining has also resulted
in the formation of sinkholes and fractures in Triassic limestones and dolomites,
which developed in the area of the former farming production cooperative Rol-
nicza Spoétdzielnia Produkcyjna Przyjazn (south of Sucharskiego Street) in the
municipality of Wojkowice (Goszcz et al., 2004a, 2008). Dumps and settling ponds
were located on the border between Bedzin (Grodziec quarter) and Wojkowice
(Goszez et al., 2004b, 2008).

In the southern and north-western part of the sheet, there are also depressions
and hollows left after limestone and sand mining. The largest ones are associated
with limestone extraction for the former cement industry, i.e. the Rogoznik post-
mining pits (42.53 ha) in the municipalities of Bobrowniki and Zychcice (50 ha) on
the border of the Wojkowice and Bobrowniki municipalities. Post-excavation pits
of filling sands occur in the Bobrowniki municipality (Rogoznik field) and in the
Wojkowice municipality between Dtugosza and Brzeziny streets (Goszcz ef al.,
2004a, 2008; Gora, 2012; Woznica et al., 2018). The Rogoznik post-mining pit of
limestone extraction (its western and northern faces) hosts abundant fossils of Tri-
assic bivalves, gastropods, brachiopods, and crinoid and vertebrate remains. The
site is characterized by high scenic and educational values, hence it has been proposed
for protection as a documentation site (Uchwata, 2019).

Post-industrial areas are concentrated mainly in the southern part of the map
sheet, where currently inactive mining plants (former KWK Jowisz and KWK
Grodziec mines), former mine shafts (e.g. sand-filling shaft Alfred of the former
KWK Jowisz Mine) and cement works were located. Furthermore, the terrain trans-
formation is also influenced by factors such as urbanization (residential, service
and commercial development) and by the current and former linear infrastructure
that includes, for example, road embankments, levees, railway embankments (in-
cluding after former railway tracks to the mines or cement works) or the remains
of the tramway tracks of line 15 (Zuzanska-Zysko et al., 2017).

Atmospheric air. The map sheet area is located within the range of two zones,
for which assessments of the levels of substances in the air are carried out annu-
ally under the system of state environmental monitoring. The Upper Silesian ag-
glomeration zone (Upper Silesian metropolitan area) includes the cities of Piekary
Slaskie and Siemianowice Slaskie, located in the south-western part of the sheet,
while the bedzinski district is part of the Silesian zone (Ustawa, 2001). Air quality

data provided by measurement stations located outside the map sheet area indicate
that both zones record excessive concentrations of particulate matter (both PM10
and PM2.5) and benzo(a)pyrene contained in PM10. These contaminants are
associated mainly with emissions from the municipal and domestic sector, includ-
ing the operation of individual, low-efficiency and non-environmental heat sourc-
es. Of lesser significance for their distribution are industrial emissions (fuel com-
bustion and technological sources, mining processes, mineral processing) and
linear emissions, the share of which intensifies near roads with heavy traffic and is
the result of abrasion of roadways and car tyres and linings (Roczna ocena, 2023;
Uchwata, 2023). Some particulate contaminants also come from fugitive emission
sources (Uchwata, 2023).

The Upper Silesian agglomeration zone also records exceedances of the permis-
sible level of annual average nitrogen dioxide (Roczna ocena, 2023). The main
anthropogenic source of nitrogen oxides is combustion vehicles, but they can also
be emitted into the environment as a result of secondary emissions of dust con-
taminants from outdoor surfaces (roads, pavements, playing fields).

When characterizing the anthropogenic factors affecting aerosanitary conditions
in the map sheet area, it should be borne in mind that they are also determined by
allochthonous contaminants. Not only are the geographical location and dominant
wind directions (which affect the movement of air masses) important here, but also
the functional and spatial aspect resulting from belonging to the Metropolis GZM,
including the location of other sources of contaminants.

Surface water and groundwater. The hydrographic network in the southern
part of the map sheet area is highly transformed anthropogenically due to former
mining activities in the area and the resulting land subsidence. The Brynica River
flows in a regulated, concreted and embanked channel. Near the former KWK
Jowisz Mine, in the municipality of Wojkowice, the river channel was relocated due
to underground mining activities, and embanked using mining waste from the mine
(Goszcz et al., 2004a). The Jaworznik and Wielonka streams are also engineered
along their sections from the built-up areas to the mouth of the Brynica River
(Jechna, Gallus, 2017).

The quality status of surface waters flowing across the map sheet has been
assessed as poor (Rozporzadzenie..., 2022). This is confirmed by the result of
the environmental assessment carried out for the three Surface Water Bodies
(fluvial) in the study area, where all of them are considered to be at risk of fail-
ing to meet the environmental objectives set out in the Vistula River Basin Man-
agement Plan (Rozporzadzenie..., 2022). The water is of poor quality because of
(1) municipal and industrial wastewater discharges (as the watercourses flow
through highly urbanized and industrialized areas), (2) surface runoff of rain-
water from industrial areas, roads, squares, and roof surfaces, (3) mine water
discharges, (4) leachate from landfills, (5) riverbeds, and (6) atmospheric depo-
sition (Rozporzadzenie..., 2022; http://karty.apgw.gov.pl:4200/jcw-powierzchniowe
[access: 19.02.2024]).

The map sheet area is situated in the central macro-region and the Silesian-
Cracow (XII) hydrogeological region (Paczynski, 1995), within the boundaries of
GWB 111 (western and central part of the sheet) and GWB 112 (eastern area of the
sheet) according to the characterization of Groundwater Bodies (CBDG Database).
Usable groundwater occurs in sandstones of the Upper Silesian Sandstone Series
and the Carboniferous Paralic Series (Nowicki, 2007). The water quality is assessed
as poor due to pressure from urbanized and industrialized areas (including chang-
es and deficiencies in hydraulic connection, drainage of mine workings). In the
eastern region of the map sheet, the overall groundwater status is assessed as good
(Nowicki, 2007; http:/karty.apgw.gov.pl:4200/jcw-podziemne [access: 07.12.2023 r.]).

The map sheet area is located within the range of two Major Groundwater
Reservoirs: MGR No. 329 and MGR No. 454. The former occurs in a belt stretch-
ing from the western through central to the southern part of the sheet, except for
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its south-western and south-eastern extremes. It is composed of Lower and Middle
Triassic (Muschelkalk and Rot) dolomitic and calcareous rocks, and the aquifers
occur in fracture-karst rocks. The reservoir has no established protection zones.
The waters are mostly assigned to quality classes II and III (locally to class I'V)
and their chemical status is assessed as good. The potential threat to water quality
is posed mainly by long-term mining of Zn and Pb ores and by contamination
outbreaks on the ground surface, such as coal mining spoil heaps and settling ponds
(Mikotajkow, Sadurski, 2017).

Major Groundwater Reservoir No. 454 covers a small part at the north-eastern
edge of the map sheet. It is composed of calcareous, dolomitic and marly rocks of
the Lower and Middle Triassic (Muschelkalk), R6t and Middle—Lower Buntsandstein
(these deposits occur locally and are of little economic significance). The reservoir
has no established protection zones. Due to the major impact of Zn and Pb ore min-
ing (including the formation of an extensive cone of depression), disappearance of
springs, and the change in the nature of surface watercourses from drainage to
infiltration, a protection area of 426.3 km? has been proposed for establishment. It
will also include degraded water areas covering approximately 167 km?. The waters
represent mostly quality classes I-III and their chemical status is good. Locally in
urban-industrial and agricultural areas, the reservoir’s waters are categorized into
classes IV-V (Mikotajkow, Sadurski, 2017).

Treatment plants. Located in the southern part of the map sheet, within the
administrative boundaries of Piekary Slaskie, the “Potudnie” Municipal Sewage
Treatment Plant is a mechanical-biological installation with enhanced nutrient re-
moval. The facility receives wastewater from the Dabrowka Wielka quarter and
from other sectors of the city, located outside the sheet boundaries: Brzeziny Slaskie
and Dotkow.

One of the largest plants connected to the collective sewage system supplying
wastewater to the “Poludnie” treatment plant is Orzet Bialy SA. Its average capac-
ity is 1,200 m*/day. Treated wastewater is discharged into the Row Gminny ditch
(km 0+185) (Uchwata, 2020a), which connects to the Row z Dabréwki Wielkiej ditch.

The Wojkowice Wastewater Treatment Plant receives wastewater from the cen-
tral parts of the town of Wojkowice, from the residential neighbourhoods of
Maszynsko, T. Kos$ciuszko, and J. Plak, as well as from Zychcice (part), Kamycice,
Piaski and Krzyzowka. It also receives wastewater from some areas of Psary and
Strzyzowice, as well as from parts of Grodziec (Bg¢dzin). It is a mechanical-biolog-
ical treatment plant with enhanced nutrient removal, with an average throughput of
741 m3/day. After treatment, the wastewater is discharged into the Brynica River
(km 14+069) (Uchwata, 2020c).

Wastewater from parts of the localities of Dobieszowice and Rogoznik, from
Saczow located outside the sheet boundaries (Bobrowniki municipality), and from
the area of Stara Street in Wojkowice is transferred to the mechanical-biological
wastewater treatment plant located in Rogoznik. The average throughput of the
installation is 1,600 m*/day. The Jaworznik Stream is the recipient of the treated
wastewater (km 3+100) (Uchwata, 2020b).

Soils. The soils of the study area developed mainly on Triassic and Carbonifer-
ous deposits, while younger geological formations were less important in their
origin (Jochemczyk et al., 2004). Consequently, the spatial structure of the map
sheet area is dominated by rendzina and brown soils. In some areas there are also
podzolic soils (e.g. in the Dobieszowice sotectwo (an administrative unit in Poland,
an optional subdivision of a municipality, in the Bobrowniki municipality and near
Dabréwka Wielka in Piekary Slaskie). In terrain depressions, in the Jaworznik,
Wielonka and Brynica valleys, alluvial muds and mud-peaty soils have developed
(Studium, 2019; Program, 2021; Uchwata, 2021; Studium, 2022). Most of the soils
are categorized into quality classes III and IV (Uchwata, 2021).

Many centuries of mining and industrial activities have caused mechanical
and qualitative degradation of the soil cover over a large part of the study area,

e.g. through surface deformation, disturbance of water relations, or atmospher-
ic contamination. The negative effects of industrialization also include an increase
in the content of heavy metals in soils above permissible levels, especially of
zinc, cadmium and lead (Jochemczyk et al., 2004).

Waste dumps and landfills. The rehabilitated (partly demolished) area mine
dumps and depression mine dumps located in the southern part of the map sheet on
the border of Bedzin and Wojkowice were created as a result of had coal mining.
These were Zwatowisko Nr 1 and Nr 2 dumps of the former Jowisz coal mine,
Zwatowisko Nr 2 dump of the former Jowisz mine, and Zwatowisko dump of the
former KWK Grodziec mine, within which settling ponds of mine water were also
located. They covered a total area of approximately 38 ha; the largest one was the
depression mine dump of the former KWK Grodziec mine (25 ha). Waste was de-
posited on these dumps in the 1960s, 1970s and 1980s, while their reclamation was
carried out intermittently from the late 1980s to the beginning of the 21st century.
(Goszcz et al., 2004a, 2008; Jechna, Gallus, 2017).

The waste stored in the dumps (mainly of the former KWK Jowisz mine) was
used, among other things, as aggregate for the construction and road building
industries. Gangue waste was also used in the process of filling in post-mining
areas of raw materials extraction located in the study area, e.g. the post-mining
pit of the Zychcice Triassic limestones. In its southern and south-western part
(17 ha), within the boundaries of the town of Wojkowice, mining waste from the
former KWK Jowisz was deposited to form a heap. The heap is thermally active
over an area of 5.2 ha (Stangiel, 2020). The south-eastern part of the pit has also
been filled with waste, including post-extraction one. These are loam and lime-
stone wastes, mixed with slag, ashe, construction rubble and post-mining waste.
The waste forms a mound 10 m thick (Durjasz-Majewska et al., 2017). The re-
maining area of the pit is currently undeveloped and overgrown by a natural plant
succession. On the slopes of the excavation, floristically rich xerothermic grass-
lands of the Festuco-Brometea class have been found there, with sites of protect-
ed species (Inwentaryzacja, 2014). The area of the former pit, due to its natural
values and recreational potential, can perform new functions in the spatial de-
velopment of the town.

Mining and energy industry waste was also disposed of in a limestone and
dolomite excavation pit of the so-called Gora Kijowa Mt. located in Grodziec
(a quarter of Bedzin). Its area was approximately 6 ha. Waste was deposited there
in 1997-1999, while reclamation was carried out at the beginning of the 21st cen-
tury according to a technical project approved by a decision of the B¢dzin Starost.
In 2013, the Goéra Kijowa Mt. nature-park complex was proposed to be established
on the reclaimed area due to the natural values that had developed in the area
(Goszcz et al., 2004b; Luszka et al., 2013).

The area settling ponds of the former KWK Jowisz mine, located to the north
of the former mine property on the Brynica River bank, were also subjected to
reclamation using mining waste. The settling ponds, covering an area of 9.51 ha,
were surrounded by mining waste slopes ranging from about 1 m to about 6 m in
height (Goszcz et al., 2008).

Within the map sheet area there are also reclaimed landfills for non-hazard-
ous and inert waste, where municipal waste has been deposited. In the munici-
pality of Wojkowice (in the Gawczyce pit of limestone extraction for the former
Saturn Cement Works) there is a reclaimed municipal waste landfill active from
1982 to the 1990s. The facility covered an area of 5.8 ha (Goszcz et al., 2004a).
Another reclaimed municipal waste landfill was located in the same region of
the Wojkowice municipality. It was a joint enterprise of four municipalities:
Wojkowice, Ozaréw, Bobrowniki and Psary. It operated from 1998 to 2015 (Plan,
2004; Analiza, 2016). The total capacity was 262,700 m? (Kobiela ez al., 2012),
and the total area was 3.3 ha, including the area of 1.4 ha occupied by waste
(Plan, 2004).

RESEARCH SCOPE AND METHODS

The research carried out between 2021 and 2024 included the study of published
and archival materials, delineation of the soil sampling grid on topographic maps
at a scale of 1:10,000, sampling and determination of geographical coordinates at
their locations, measurements of pH and specific electrolytic conductivity of surface
water in the field, chemical analyses of the samples, creation of field and laborato-
ry databases, statistical calculations of the results of chemical analyses, development
of a topographic base, development of a geological map and geochemical maps, and
interpretation of the results. The workflow sequence is illustrated in the schematic
diagram below (Fig. 1).
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Fig. 1. Scheme of the work performed
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FIELDWORK

Soils were sampled using a 60 mm diameter hand auger in a regular 250 x 250 m
grid (16 samples/km?). The location of sampling sites is documented by maps
showing both the housing type and land use (Plates 2-3). A total of 1,295 samples
were collected from a depth of 0.0—0.3 m, and 1,279 samples from a depth of
0.8-1.0 m (or from a shallower depth in case of shallower-seated bedrock). Each
sample (weighing approximately 500 g) was placed in a linen bag labelled with the
appropriate number, and pre-dried on wooden pallets in a field storage facility.

Samples of surface waters and aquatic sediments (276 and 281 samples,
respectively) were collected at the same locations from rivers, streams, ditches,
canals, lakes, and settling and natural ponds. The differences in the number of
samples collected were dependent on the possibility to sample them (lack of
material resulting, for example, from the periodic drying up of watercourses or
the concreting of their channels). The distance between the sampling sites in the
watercourses and water bodies was approximately 250 m. The locations of the
sampling sites are presented in the plates (starting with Plates 7 and 9, respec-
tively), showing the content of individual elements in surface waters and aquat-
ic sediments.

Surface water samples were taken directly from the water body/watercourse
using a syringe. In cases where there was no safe approach, waters were collected
using a bucket. The electrical conductivity (EC) and pH of the waters were meas-
ured in the field using a pH meter/conductivity meter (Elmetron CPC-105) with
automatic temperature compensation, assuming a reference temperature of 25°C.
After collection, the waters were filtered in the field through Milipore 0.45 um
filters, poured into 30 cm? bottles, and acidified with nitric acid (V) to the
pH < 2. The bottles were labelled with the appropriate numbers.

Aquatic sediment samples of approximately 500 g (grain size as fine as pos-
sible) were collected from the banks of water bodies and watercourses using
a bucket, and then placed in 500 cm?® plastic containers labelled with the appropri-
ate numbers.

All sampling sites were marked on topographic maps at a scale of 1:10,000, and
their locations were determined using GPS technology, with an accuracy of
+ 2-5 m. The device used allows recording additional information (e.g. sample
number, pH and EC values of the waters, data on housing types and land use, and
lithology of the samples), as well as results of geographical coordinate measure-
ments. Prior to the field trips, the sampling grid had been uploaded into the mem-
ory of the GPS device in the form of shapefile spatial data. For added security, all
field data were also recorded on specially prepared field sheets (Fig. 2).

LABORATORY WORK

Sample preparation for testing, determinations of physico-chemical param-
eters, and chemical analyses were carried out at the chemical laboratory of the
Polish Geological Institute — National Research Institute (PGI-NRI).

Sample preparation. After transport to the laboratory, soil samples were dried
at room temperature and sieved through 2 mm mesh nylon sieves. Each soil sam-
ple from a depth of 0.0—0.3 m (topsoil), after sieving and quartering, was divided
into two subsamples: one for chemical analysis and the other for grain size analy-
sis. Each soil sample from a depth of 0.8—1.0 m (subsoil), after sieving and quarter-
ing, was destined for chemical analysis (Fig. 1). Soil samples prepared for chemi-
cal analysis were grinded to a <0.06 mm fraction in agate ball mills. The aquatic
sediment samples were dried at room temperature and then sieved through 0.2 mm
mesh nylon sieves. The <0.2 mm fraction, after quartering, was destined for chem-
ical analysis (Fig. 1).

Chemical analyses. Soil and aquatic sediment samples were dissolved using
aqua regia (1 g sample to a final mineralizate of 50 g) for 1 hour at a temperature
of 95°C in a thermostated heating block.

Determinations 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 aquatic sediments were performed by inductively
coupled plasma optical emission spectrometry (ICP-OES). Analyses of Hg content
in soil and aquatic sediment samples were carried out by cold vapour atomic absorp-
tion spectrometry (CV-AAS) in a flow-injection system. The pH was determined
by a potentiometric method in 1:5 (weight fraction) suspension of soil in water
(pH-H,0), and the total organic carbon (TOC) content of soils was determined by
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high-temperature combustion with IR detection. Determinations of B, Ba, Ca, Cr,
Fe, K, Mg, Mn, Na, P, Si, S, Sr, Ti and Zn in surface waters were carried out by
inductively coupled plasma atomic emission spectrometry (ICP-OES), while the
contents of Ag, Al, As, Be, Cd, Co, Cu, Li, Mo, Ni, Pb, Sb, Se, Tl, U and V by in-
ductively coupled plasma mass spectrometry (ICP-MS). A summary of the ana-
lytical methods and the determination limits of the elements are shown in Table 1.

Quality control of the determinations was performed by analysis of duplicate
samples (5% of the total number of samples), analysis of reference materials with
certified content of the elements tested (2% of the total number of samples), and
analysis of internal control samples confirming correct instrumental measurements
(5% of the total number of samples). The purity of reagents and vessels was controlled
by “reagent blanks” and “procedural blanks”.

The expanded uncertainty of the research results (assuming the probability level
of 95% and the coverage factor k = 2) of water, soil and sediment samples does not
exceed 25%, except for the expanded uncertainty of the results of boron concentration
in water samples in the range of 0.01-0.10 mg/dm?, mercury content in soil and sedi-
ment samples, and total organic carbon content in soil samples, which is 30%.

Grain size analyses of soils sampled from a depth of 0.0—0.3 m were carried
out at the Soil and Rock Laboratory Testing Centre, Department of Engineering
Geology, PGI-NRI, Warsaw. Determination of grain composition was performed
by sieve (granulometric) analysis according to an in-house procedure developed
on the basis of Standard PN-B-04481:1988 p. 4.1. After oxidation of organic mat-
ter (using 30% solution of hydrogen peroxide — perhydrol), the samples were washed
through a 0.02 mm sieve and the residue was sieved dry through a column of sieves
with mesh sizes of 1 mm, 0.1 mm and 0.02 mm, and then the resulting fractions
of 2—-1 mm, 1.0-0.1 mm and <0.02 mm were weighed.

The results of the grain size analyses (after conversion to percentages) are pre-
sented in the grain class maps: 1.0—0.1 mm — sand fraction, 0.1-0.02 mm — silt
fraction, and <0.02 mm — clay fraction (Plates 4—6).

DATABASES AND GEOCHEMICAL MAPS CONSTRUCTION

Databases. Separate datasets (spreadsheets) have been created for:

— soils from a depth of 0.0-0.3 m;

— soils from a depth of 0.8—1.0 m;

— aquatic sediments;

— surface waters.

The datasets for soils, sediments and surface waters include: numbers of samples,
results of measurements of geographic coordinates at sampling sites, field observa-
tions (type of housing, land use, soil types — for sampled soils, type of water body,
type of sediment — for sampled sediments and surface waters), administrative loca-
tion of sampling sites — district, municipality, locality, date of sampling, the name
of sampler, and results of chemical analyses.

The data were placed in separate tables (for soils, sediments and surface waters)
of a special geodatabase in the Central Geological Database (CBDG) running in
the Oracle environment. These tables were used to develop mono-elemental geo-
chemical maps. The geodatabase stores descriptive data (metadata), results of
chemical analyses of samples, and geometrical data comprising the graphical part
of the study.

Statistical calculations. The research results stored in the databases were used
to separate subsets for statistical calculations according to different environmental
criteria, for example in terms of elemental content of industrial soils, forest soils,
urban soils, and sediments and waters of individual watercourses and water bodies,
as well as for the construction of geochemical maps. Calculations of statistical
parameters were performed (using Statistica software) for both entire sets and sub-



Metody analityczne i granice oznaczalno$ci

Analytical methods and determination limits

Tabela 1

Table

Pierwiastek/| Metoda Granica Metoda Granica

zwigzek | analitycznaloznaczalno$ci| Jednostka |analityczna |oznaczalnosei| Jednostka

Element/ Analytical | Determination Unit Analytical | Determination Unit
compound method limit method limit

Gleby, osady wodne Wody powierzchniowe
Soils, aquatic sediments Surface water

Ag ICP-OES 1 [mg/kg] | ICP-MS 0,05 [pg/dm?]
Al ICP-OES 0,01 [%0] ICP-MS 0,5 [ng/dm?]
As ICP-OES 3 [mg/kg] | ICP-MS 2 [peg/dm?]
B nie oznaczono/not indicated ICP-OES 0,01 [mg/dm?]
Ba ICP-OES 1 | [mg/kg] | ICP-OES 0,001 [mg/dm?]
Be nie oznaczono/not indicated ICP-MS 0,05 [png/dm?]
C, (TOC) * 0,02 [%0] nie oznaczono/not indicated
Ca ICP-OES 0,01 [%] ICP-OES 0,1 [mg/dm?]
Cd ICP-OES 0,5 [mg/kg] | ICP-MS 0,05 [pg/dm?]
Co ICP-OES 1 [mg/kg] | ICP-MS 0,05 [ng/dm?]
Cr ICP-OES 1 [mg/kg] | ICP-OES 0,003 [mg/dm?]
Cu ICP-OES 1 [mg/kg] | ICP-MS 0,05 [pg/dm?]
Fe ICP-OES 0,01 [%0] ICP-OES 0,01 [mg/dm?]
Hg CV-AAS 0,02 [mg/kg] nie oznaczono/not indicated
K . ICP-OES 0,5 [mg/dm?]

- nie 0znaczono/not indicated
Li ICP-MS 0,3 [pg/dm?]
Mg ICP-OES 0,01 [%0] ICP-OES 0,1 [mg/dm?]
Mn ICP-OES 2 [mg/kg] | ICP-OES 0,001 [mg/dm?]
Mo . ICP-MS 0,05 [pg/dm?]

nie oznaczono/not indicated
Na ICP-OES 0,5 [mg/dm?]
Ni ICP-OES 1 [mg/kg] | ICP-MS 0,5 [ng/dm?]
P ICP-OES 0,002 [%] ICP-OES 0,05 [mg/dm?]
Pb ICP-OES 2 [mg/kg] | ICP-MS 0,05 [ug/dm?]
S ICP-OES 0,003 [%0] ICP-OES 1 [mg/dm?]
Sb ICP-MS 0,05 [pg/dm’]
Se nie oznaczono/not indicated ICP-MS 2 [pg/dm?]
Si ICP-OES 0,1 [mg/dm?]
Sr ICP-OES 1 [mg/kg] | ICP-OES 0,002 [mg/dm?]
Ti ICP-OES 5 [mg/kg] | ICP-OES 0,002 [mg/dm?]
Tl ) ICP-MS 0,05 [ug/dm?]
nie oznaczono/not indicated
U ICP-MS 0,05 [ng/dm?]
\Y ICP-OES 1 [mg/kg] | ICP-MS 1 [ng/dm?]
Zn ICP-OES 1 [mg/kg] | ICP-OES 0,003 [mg/dm?]
ICP-OES - emisyjna spektrometria atomowa ze wzbudzeniem w plazmie indukcyjnie sprz¢zonej

ICP-MS -

CV-AAS -

*

Inductively Coupled Plasma Optical Emission Spectrometry

spektrometria mas z jonizacja w plazmie indukcyjnie sprzezone;j

Inductively Coupled Plasma-Mass Spectrometry

absorpcyjna spektrometria atomowa z generowaniem zimnych par rteci
Cold Vapour Atomic Absorption Spectrometry

wysokotemperaturowe spalanie z detekcja IR
high temperature combustion with IR detection

sets of soils, sediments, and surface waters provided they numbered 10 or more
samples. If the contents of elements were lower than their limits of quantification
of the analytical method, a value equal to half of this limit was taken for statistical
calculations. The arithmetic mean, geometric mean, and median were calculated
and the minimum and maximum values were presented. In case of elements for
which the percentage of results below the limit of quantification exceeded 50%, the
calculation of selected measures of descriptive statistics was abandoned and only
the minimum and maximum values were presented. Statistical parameters for in-
dividual elements and indices are summarized in Tables 2—5 and shown in the
geochemical maps (Plates 7-62).

When interpreting the results, the median values were used as a measure of the
geochemical background for the individual elements. The median is a statistical
parameter that better characterizes the content, compared to the arithmetic mean,
as it is less affected by extreme values. Other statistical parameters (variance, stand-
ard deviation) are not suitable for characterizing a population with an undefined
distribution.

Topographic base. VMap L2 data (vector format) at a scale of 1:50,000 in the
PL-1992 rectangular coordinate system and other supporting materials were used
to develop the topographic base of the 1:25,000 geochemical maps. The topograph-
ic map includes the following vector information layers:

— relief;

— hydrography (rivers, streams, ditches, and bodies of stagnant water);

— road network (with breakdown by class);

— railway network;

— built-up area type (rural, urban and industrial);

— forests;

— industrial areas (industrial facilities, mine workings, spoil heaps, and set-

tling ponds).
Geological map. The Detailed Geological Map of Poland 1:50,000 sheet Wo-
jkowice M-34-51-C (Biernat, 1955; updated by Wilanowski, Zaba, 2010) was used
to present the geological structure of the study area. The vector images of the map
sheet, created as a result of digitization, were combined with the topographic base
to construct the geological map at the scale of 1:25,000 (Plate 1).
Map construction. The following maps were produced for the Wojkowice sheet
(Plates 2—-63):
— land development;
— land use;
— content of organic carbon, and of the sand, silt and clay fractions in soils at
a depth 0of 0.0-0.3 m;

— pH in soils at depths of 0.0—0.3 and 0.8—1.0 m;

— 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 soils at depths of 0.0—0.3 and 0.8—1.0 m, and in aquatic
sediments;

— pH and EC and the contents of Ag, Al, As, B, Ba, Be, Ca, Cd, Co, Cr, Cu,

Fe, K, Li, Mg, Mn, Mo, Na, Ni, P, Pb, SO 42*, Sb, Se, SiO,, Sr, Ti, T1, U, V and
Zn in surface waters;

— assessment of topsoil (0.0-0.3 m) contamination according to the permissi-

ble cadmium content.

The maps were developed in ArcGIS 10.8, which is a software package from
ESRI for working with maps and spatial data. The software enables to create new
or modify existing maps, and to analyse, visualize and manage spatial data in geo-
databases. The housing type and land use, as well as the distribution of elements in
sediments and surface waters, are presented as point maps.

An isoline (areal) method of mapping was chosen to represent the distribution of
grain size classes in soils, their pH and the content of chemical elements, due to its
clarity and legibility. The geochemical isoline maps were constructed using the
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deterministic Inverse Distance Weighted method (IDW). This method produces a re-
sult for a given grid by averaging the values from the nearest points, with closer
points having a greater influence on the interpolated value. This influence is the
inverse of the distance of a given point raised to a power set by the mapper. The
advantage of the method is the possibility to determine the distance and location of
the points used in the interpolation process.

Maps of distribution of grain size classes, soil pH, and elemental contents in soils
were constructed for a set of results of chemical analyses for the Pyrzowice, Siewi-
erz, Wojkowice and Siemianowice Slaskie sheets at a scale of 1:25,000. One spatial
analysis of the above-mentioned map sheets was made for each map to prevent
discrepancies at their boundaries. The resulting monoelemental maps were combined
with the topographic base within the boundaries of the respective sheet.

Soil’s pH is presented according to the scale adopted in soil science, with a sub-
division into very acidic (pH < 5.0), acidic (pH 5.0—6.0), slightly acidic (pH 6.1-6.7),
neutral (pH 6.8-7.4) and alkaline (pH > 7.4) soils (Bednarek ef al., 2004). The spatial
distribution of selected elements in soils is presented using a geometric progression
to determine distribution classes.

Geochemical maps of sediments and surface waters in the Wojkowice sheet were
compiled separately. They were constructed as circular cartodiagrams, assigning
their respective diameters to individual content classes, arranged mostly in geomet-
ric progression.

In drawing up an example map of topsoil contamination assessment (Plate 63),
according to the permissible content of cadmium, the results of geochemical tests
are related to permissible contents of risk-causing substances, with regard to soil
groups specified in the Regulation of the Minister of Environment (Rozporzadzenie...,
2016).

For the purpose of publishing, the geochemical maps are combined in pairs,

i.e. the geochemical map of soils from 0.0—0.3 m depth and the geochemical map
of sediments are presented on the same plate, and the adjacent plate presents the
geochemical map of soils from 0.8—1.0 m depth and the geochemical map of surface
waters. This method of presentation allows direct comparison of geochemical im-
ages of different environments. For the convenience of use, the maps (annotated with
a linear scale) are printed in a reduced format (A3) and the scale of the print is 1:35,000.
This procedure did not result in omission of any detail of the content of the maps.

RESEARCH RESULTS
SOILS

Important factors in determining the extent and intensity of contamination are
the geological structure of the area and the associated occurrence of mineral de-
posits. The quality status of soils in the map sheet area, including the content of
heavy metals, is influenced by the presence of Triassic zinc and lead ore deposits.
The Carboniferous coal deposits, which have been extensively mined in the region,
and the resultant heaps and dumps, which were the storage sites for mining and
processing wastes, do not directly contribute to substantial environmental con-
tamination by heavy metals. In the area of coal mining and processing, a range of
processes may occur, e.g. increased soil salinization and sulphidation. In addition,
the oxidation process of pyrite contained within the waste may contribute to the
acidification of the environment and, consequently, to the mobilization of metals
and their migration to the soil environment (Lis, Pasieczna 1997; Pasieczna 2008;
Fajfer et al., 2010).

Grain size composition is defined as the fineness of the mineral part of the soil’s
solid phase. This is expressed in terms of the particle size and the percentage of



Parametry statystyczne zawarto$ci pierwiastkow chemicznych i odczynu gleb (0,0-0,3 m)

Statistical parameters of chemical elements contents and acidity of topsoils (0.0-0.3 m)

Tabela
Table

Parametry Ag Al As Ba | C., | Ca cd | Co | Cr | Cu Fe He | Mg | Mn | Ni P Pb S St | Ti | v | Zn pH
Gleby Parameters | [mg/kg] | [%] [mg/kg] [%] [mg/kg] [%] | [mg/kg]| [%] [mg/kg] [%] |[mg/kg]| [%] [mg/kg] -]
Soils Granica
oznaczalnosci 1| 001 3 1| 002] o001 0,5 1 1 1| 001 | 002 001 2 1| 0002 2| 0,003 1 5 1 1| 2,00
Determination limit

a <1 | 006 <3 13 o010 o001 ]| <05 <1 1 2| 010 ] <002 <001 8 <1 | 0,004 14 | 0,004 1 15 <1 35| 3,50

Gleby ogotem b 16| 239 355 978 | 31,99 | 19,11 | 1350 67 129 415 | 2097 | 25| 10,78 | 16228 73 | 2,360 | 6300 | 0,752 335 567 147 | 24820 | 9,51
Total soils c - 05 17 120 316 | 1L11| 101 5 13 200 131 008| 034 582 12 | 0,044 | 235 | 0,037 21 77 17| 979 | 7,28
n=1295 d | 051 12 102 | 248 | 045 6,9 4 10 16| 107 006| 015]| 420 10 | 0,036 173 | 0,028 14 66 15 599 | 7,23
e -1 053 11 99 | 236 | 04l 6,6 4 11 16| 1,14| 006]| 014 487 10 | 0,038 167 | 0,027 13 62 16| 58| 750

a <1 | 006 <3 15 032 00| <05 <1 1 2| 010 [ <002 <001 8 <1 | 0,004 21 | 0,004 1 15 2 35 3,50

Tereny bez zabudowy b 8| 239 355 978 | 31,99 | 19,11 | 1350 21 90 415 | 728 | 215 | 10,78 | 4963 73| 2,360 | 4002 | 0752 | 304 411 80 | 24820 | 9,51
Non-built-up areas c 0,59 17 15| 3,09| 100 | 104 5 12 19 127 008| 032]| 584 12| 0043 | 229 | 0,036 18 69 17 993 | 714
n=962 d - | 050 12 98 | 239 | 037 7,0 4 10 15| 1,02] 006| 013 410 9| 0,034 173 | 0,027 12 61 15 578 | 7,08
e | 0,53 11 95 | 221 | 032 6.8 4 10 14| 110] 006| 013 503 10 | 0,036 169 | 0,025 12 59 16| 560 | 732

a <1 o017 <3 37 08| 006 1,1 <1 3 41 032 ] <002 002 87 2| 0013 42| 0,010 4 25 5 141 | 577

Tereny z zabudowa wiejska b <1 | 1,27| 244 430 | 1005 | 509 | 351 46 30 183 | 2097 | 023 | 136 |16228 62 | 0,181 | 6300 | 0,089 64 195 40 | 6638 | 847
Village areas c - 056 18 127 | 294 | 090 93 6 12 23| 1,67] 007| 023 872 13 | 0,050 355 | 0,034 18 71 171 92| 1739
n=44 d - 050 12 106 | 2,59 | 049 7.1 4 11 18| 114| 006| 014| 465 10 | 0,044 189 | 0,030 15 65 15| 62| 737
e ~| 049 11 93 | 2,67 | 042 72 5 10 16| 116 | 006| 013]| 495 12| 0,045 198 | 0,030 15 62 16| 58| 756

a <t | 009 <3 13 05 [ 005 0,6 <1 1 41 010 <002 o001 10 <1 | 0,007 18 [ 0,007 3 15 <1 61 | 552

Tereny z zabudowa miejska b 16| 145 146 | 636 | 1586 | 937 | 539 67 129 298| 88 | 092| 547 2279 73| 0257 | 1503 | 0,197 | 240 | 567 570 8772 | 8,82
Urban areas c —| 058 16 132 | 319 138 9,0 5 15 27| 137 ] 008 | 042 526 13| 0046 | 220 | 0,039 29 98 17 94| 7173
n=257 d -1 053 12 13| 275| 086 6,5 4 12 21 LIS | 006| 025 446 11| 0,042 169 | 0,033 21 83 15| 667 | 772
e - 053 11 13| 287 | 098 6,1 4 13 20 127 | 006]| 025 456 12| 0,043 155 | 0,034 23 81 16 631 | 783

a <t | 020 <3 23 010] 009 <05 <1 3 6| 023 <0,02| 003 76 2| 0,006 14 | 0,008 6 29 3 6l | 647

Tereny przemystowe b 50 155 52 521 | 2135 | 14,15 | 443 16 47 261 | 492 | 024 | 147 2157 46 | 0,153 | 5018 | 0,195 335 | 420 147 | 4007 | 9,07
Industrial areas c 0,63 15 185 | 533 | 235| 110 6 16 411 164 010]| 038 561 15| 0,044 | 387 | 0,059 52 148 24| 1095 | 7,82
n=32 d - 055 11 144 | 324 | 113 6,6 5 13 27 133 ] 008| 025 449 12 | 0,036 184 | 0,041 31 105 17| 681 | 780
e | 065 11 166 | 293 | 1,20 54 6 15 310 148 007 ] 030 502 14| 0,039 171 | 0,037 30 87 20 570 | 778

a <1 | o017 <3 28 | 046 | 002 0.8 <1 3 41 028 ] <002 0,02 59 2| oon 31 | 0,005 2 17 4 82 | 594

Pola uprawne b 41 196 160 | 720 | 10,05 | 13,11 | 91,2 13 54 15| 382 | 036 447 | 3145 35| 0276 | 2077 | 0,105 68 | 281 51| 5570 | 8,29
Cultivated fields c —| 065 16 1| 214] 068 9,4 5 12 18 130 009| 029 662 12| 0,051 235 | 0,025 15 74 18 887 | 7,32
n=276 d - 05 12| 100 | 19| 035 73 4 11 16| 16| 007] 015 563 10 | 0,047 179 | 0,022 12 69 16| 660 | 730
e - 062 12 101 | 1,92 030 7,0 5 11 16| 121 007| 013] 600 11| 0,047 170 | 0,022 12 66 17 652 741

a <1 | 006 <3 15 032 001] <05 <1 1 2] 010 ] <002 <001 8 <1 | 0004 26 | 0,004 1 17 2 35| 3,50

Lasy b 2| 16l 94 | 407 | 31,99 | 12,57 | 85,1 20 40 193 | 728 | 044 | 527| 3100 53 0,149 | 1455 | 0311 177 | 439 80 | 8772 | 836
Forests c — | 047 13 13| 426 | 077 8,7 3 9 16| 100 | 008| 020 382 9| 0,027 216 | 0,038 16 64 14 711 | 6,58
n=251 d - 037 9 92| 299 | 022 5,5 2 7 13| 071 005| 006| 204 6| 0022 164 | 0,027 10 56 11 377 | 6,49
e -1 036 9 89 | 289 | 021 59 2 7 13| 066| 006| 005 211 51 0022 163 | 0,026 10 53 10 374 | 6,68

a <t | o010 <3 33 049 0,03 17 <1 2 4 o021 ] <002 o001 46 1| 0013 39 | 0,006 2 20 30 107 | 586

Laki b 1,45 115 612 | 12,85 | 6,02 | 1266 21 57| 245 | 882 | 028 3,57| 2163 73| 0098 | 1379 | 0,142 64 | 294 41 (10160 | 8,22
Meadows c ~| o6l 17 108 | 257 076 115 5 13 17 137| 007| 024 625 13 | 0,040 211 | 0,029 15 60 18| 976 | 7,22
n=119 d - 052 12 92| 223| 036 7,1 4 11 14| 110 005| o012]| 48 10 | 0,037 162 | 0,025 11 55 15 578 | 7,20
e -1 053 11 94 | 225 0,28 56 5 11 14| 1L13| 005| o012 550 10 | 0,038 143 | 0,025 11 53 16 | 456 | 7,29

a <1 | 009 <3 13 o010 002] <05 <1 1 30 010 <0,02| o001 10 <1 | 0,006 14 [ 0,006 3 15 <1 61 | 4,64

Nieuzytki, ugory b 8| 239 355 978 | 29,67 | 19,11 | 1350 67 129 415 | 2097 | 2,15 | 10,78 | 16228 73 | 2,360 | 6300 | 0752 335 | 420 147 | 24820 | 9,51
Wasteland, fallows c 0,62 20 127 | 331 148 | 116 6 14 24| 145] 009 | 043 652 14 | 0,049 | 262 | 0,044 25 79 19| 195 | 743
n=473 d —| 055 13 107 | 2,55 | 06l 7.8 4 11 18 1L19| 006| 020 489 11| 0,039 179 | 0,032 16 67 16| 699 | 740
e - 058 12 100 | 245| 0,56 73 5 12 16| 128 | 006]| 017 529 12 | 0,038 170 | 0,028 15 62 17| 660 | 7,59

a <1 | 023 <3 4] 057 005 1,6 1 3 6| 027 <0,02| 003 111 2| 0,007 46 | 0,007 4 30 4 108 | 5,81

Parki b 41 096 173 161 | 530 | 229 412 7 17 133 2,12 013| 075 888 20 | 0,108 520 | 0,079 31 120 26 | 3200 | 845
Parks c - 046 20 100 | 3,07 | 071 8,9 4 10 210 1,00 | 007 | 020 450 9| 0,032 212 | 0,031 15 64 13 699 | 7,28
n=16 d — | 042 10 93 | 273 | 046 59 3 8 14| 084 | 006]| 0,12 358 8| 0,025 169 | 0,027 13 59 11 443 | 7,24
e —| 045 9 101 | 303 052 5,0 4 10 14 101 | 007] o012 431 9| 0,024 160 | 0,027 14 53 15 433 | 747
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Tabela 2 cd.

Table  cont.
Parametry Ag Al As Ba Corg Ca Cd | Co | Cr | Cu Fe Hg Mg Mn Ni P Pb S Sr | Ti | \% | Zn pH
Gleby Parameters | mg/kg] | [%] [mg/kg] [%] [mg/kg] [%] |[mg/kg] | [%] [mg/kg] [%] | [mg/kg] | [%] [mg/kg] -]
Soils Granica
oznaczalnosci 1 0,01 3 1 0,02 0,01 0,5 1 1 1 0,01 0,02 0,01 2 1 0,002 2 0,003 1 5 1 1 2,00
Determination limit
a <1 0,22 <3 23 0,59 0,09 1,1 1 4 4 0,39 | <0,02 0,03 147 3 0,010 42 | 0,007 3 32 5 152 6,43
Trawniki b 16 1,43 210 483 12,29 7,69 35,6 13 98 298 4,60 0,92 4,14 2279 33 0,257 1402 0,197 240 567 43 6200 8,84
Lawns c - 0,57 17 138 3,21 1,57 8,3 5 16 30 1,38 0,08 0,46 528 13 0,047 209 | 0,042 32 108 17 955 791
n=156 d - 0,53 13 118 2,81 1,08 6,3 4 13 24 1,24 0,06 0,30 459 12 0,041 166 | 0,036 25 94 16 698 7,90
e - 0,52 12 115 2,82 1,14 6,1 5 13 23 1,29 0,06 0,30 454 13 0,043 159 | 0,036 27 90 16 651 7,95
a <1 0,06 <3 13 0,40 0,01 <0,5 <l 1 2 0,10 <0,2 | <0,01 8 <1 0,004 18 | 0,004 1 15 <l 35 4,28
Gleby piaszczyste b 6 1,76 244 978 16,13 15,79 135,0 46 64 261 20,97 1,11 5,27 | 16 228 73 | 0,590 6300 | 0,277 149 380 80 | 24 820 8,55
Sandy soils c - 0,55 15 111 2,63 0,82 9,7 4 11 17 1,17 0,07 0,27 560 11 0,041 220 | 0,029 15 65 16 881 7,15
n=971 d 0,47 11 95 2,22 0,33 6,7 3 9 14 0,95 0,06 0,12 396 8 0,035 165 | 0,024 11 59 14 544 7,10
e — 0,49 10 93 2,18 0,30 6,7 4 9 14 1,00 0,06 0,11 455 9 0,037 159 | 0,024 11 58 14 515 7,33
a <1 0,16 5 37 0,93 0,12 34 <l 3 5 0,20 | <0,02 0,02 42 2 0,013 71 0,010 5 15 5 269 6,11
Gleby gliniaste b 1,96 118 527 11,79 8,55 126,6 14 30 66 3,63 0,33 3,96 3145 35 0,128 2077 0,161 78 180 51 | 10 160 8,24
Clay soils c - 0,90 24 153 3,00 1,56 13,6 7 17 22 1,87 0,09 0,65 962 18 0,051 312 0,037 21 67 26 1280 7,49
n=57 d - 0,84 19 134 2,56 0,77 10,1 6 15 20 1,71 0,08 0,29 789 16 | 0,045 241 0,032 17 61 24 954 747
e - 0,91 18 121 2,48 0,54 8,2 7 17 20 1,87 0,08 0,22 872 18 | 0,049 210 | 0,029 17 61 27 847 7,55
a <1 0,14 <3 15 0,10 0,04 <0,5 <1 3 3 0,23 <0,2 0,01 13 2| 0,006 14 | 0,007 2 21 3 61 3,50
Gleby antropogeniczne b 16 2,39 355 612 31,99 19,11 89,7 67 129 415 8,82 2,15 10,78 3857 73 | 2,360 5018 0,519 335 567 147 | 10 241 9,51
Anthropogenic soils c - 0,67 21 147 4,96 2,12 10,6 6 18 38 1,72 0,10 0,56 590 17 | 0,054 271 0,062 42 124 21 1219 7,77
n=259 d - 0,60 15 124 3,56 1,31 6,9 5 15 28 1,47 0,07 0,35 473 14 | 0,039 187 | 0,047 31 103 18 778 7,72
e - 0,61 14 127 3,57 1,35 6,1 6 16 27 1,51 0,07 0,35 520 15 0,041 177 | 0,042 31 100 19 691 7,94
Tto geochemiczne/ Geochemical background
Gleby Europy" o 0,27 5,82 6,00 65,0 1,73 0,659 0,145 7,00 22,00 12,0 1,96 0,037 0,46 382 14,0 0,056 15,0 0,023 89,0 3426 33,0 48,0 5,51
Soils of Europe” n=_840 | n=2845 [n=837*n=837* n=819 | n=845 | n =840 |n=837*|n=837*|n=837*|n=837*| n=833 | n=2845 |n=837*|n=837*| n= 845 |n=837*n=837*| n=845 | n=845 [n=837*|n=837*| n=_8I8
Gleby Polski?
Soils of Poland” e <1 nd. <5 32 nd. 0,18 <0,5 2 4 5 0,51 <0,05 0,06 217 4 0,034 13 0,012 8 26 7 35 6,1
n=10 840**
Gleby regionu $lasko-krakowskiego®
Soils of Cracow-Silesia Region” e <1 nd. <5 54 nd. 0,22 1,3 3 5 7 0,63 0,08 0,07 257 5 0,030 44 0,015 10 28 9 104 6,7
n = 1564**
Dopuszczalne zawarto$ci substancji powodujgcych ryzyko z podziatem na grupy gruntdw®/ Permissible contents of risk-causing substances by land groups®
I grupa
Group I nd. nd. 25 400 nd. nd. 2 50 200 200 nd. 5 nd. nd. 150 nd. 200 nd. nd. nd. nd. 500 nd.
gﬁ‘;‘}*]‘ nd. | nd. | 10-50 {200-600| nd. | nd. | 2-5 | 20-50 [150-500{100-300| nd. | 2-5 | nd. | nd. |100-300| nd. |[100-500| nd. | nd. | nd. | nd. [300-1000| nd.
I grupa
nd. nd. 50 1000 nd. nd. 10 100 500 300 nd. 10 nd. nd. 300 nd. 500 nd. nd. nd. nd. 1000 nd.
Group 111
1V grupa
Group 1V nd. nd. 100 1500 nd. nd. 15 200 1000 600 nd. 30 nd. nd. 500 nd. 600 nd. nd. nd. nd. 2000 nd.
a— minimum b — maksimum ¢ — $rednia arytmetyczna d — $rednia geometryczna e —mediana n — liczba probek Y Salminen, 2005 ? Lis, Pasieczna, 1995a 9 Lis, Pasieczna, 1995b 4 Rozporzadzenie Ministra Srodowiska..., 2016
minimum maximum arithmetic mean geometric mean median number of samples

e

not calculated in the case when the percentage of the results below determination limit exceeded 50%

" nie obliczono w przypadku, gdy odsetek wynikow ponizej granicy oznaczalnosci przekraczat 50%

nd. — nie dotyczy
not applicable

* ekstrakcja woda krolewska

aqua regia digestion
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** ekstrakcja kwasem solnym

hydrochloric acid digestion



Tabela 3
Table

Parametry statystyczne zawartoS$ci pierwiastkéw chemicznych i odczynu gleb (0,8—-1,0 m)

Statistical parameters of chemical elements contents and acidity of topsoils (0.8—1.0 m)

Parametry Ag Al As Ba Ca Cd | Co | Cr | Cu Fe Hg Mg Mn Ni P Pb S Sr | Ti | v | Zn pH
Gleby Parameters | fmg/kg] | [%] [mg/kg] [%] [mg/kg] [%] |[mg/kel| [%] [mg/kg] (%] |[mgkel| [%] [mg/kg] ]
Soils Granica
oznaczalno$ci 1 0,01 3 1 0,01 0,5 1 1 1 0,01 0,02 0,01 2 1 0,002 2 0,003 1 5 1 1 2,00
Determination limit

a <1 0,03 <3 4 <0,01 <0,5 <1 <1 <1 <0,01 <0,02 <0,01 <2 <1 | <0,002 <2 | <0,003 <1 8 <1 3 4,62

Gleby ogotem b 3,73 531 4774 21,41 266,2 62 227 | 18426 12,30 3,45 11,87 | 21157 123 2,022 8870 1,261 2692 1351 259 | 29 800 9,66
Total soils c 0,68 14 85 1,64 77 5 14 29 1,44 0,06 0,60 612 15 0,025 145 0,021 21 82 19 863 7,73
n=1279 d - 0,50 6 52 0,26 1,7 3 9 9 0,85 0,03 0,14 250 8 0,016 48 0,008 9 63 13 228 7,70
e - 0,55 6 57 0,18 1,5 4 11 9 1,14 0,04 0,14 365 11 0,018 48 0,007 8 60 16 197 7,81

a <1 0,03 <3 4| <0,01 <0,5 <1 <1 <l | <0,01 | <0,02 | <0,01 <2 <1 | <0,002 <2 | <0,003 <1 8 <1 3 4,72

Tereny bez zabudowy b 3,73 531 4774 21,41 266,2 62 79 | 18 426 12,30 3,45 11,87 | 21 157 123 2,022 8870 1,261 305 1351 165 | 29 800 9,66
Non-built-up areas c 0,69 15 78 1,66 78 5 13 33 1,44 0,06 0,63 644 15 0,024 146 0,018 17 78 19 874 7,64
n=952 d - 0,50 6 47 0,21 1,6 3 9 8 0,81 0,03 0,13 232 8 0,015 44 0,007 8 60 12 210 7,61
e - 0,56 6 50 0,15 1,1 4 10 8 1,07 0,03 0,13 342 10 | 0,016 38 | 0,006 7 58 16 156 775

a <1 0,06 <3 9 0,01 <0,5 <1 <1 2 0,03 <0,02 <0,01 9 <1 | <0,002 3 | <0,003 1 14 1 10 4,62

Tereny z zabudowa wiejska b 2,16 134 324 12,25 161,2 19 52 38 6,12 0,20 2,63 3104 77 0,165 1060 0,172 161 337 66 10345 8,72
Village areas c - 0,76 13 82 0,97 10,2 6 16 13 1,54 0,04 0,25 571 17 0,030 152 0,017 16 74 20 787 7,62
n=45 d - 0,56 7 57 0,24 2,0 4 10 10 1,00 0,03 0,12 312 10 0,021 63 0,008 9 62 14 265 7,57
e - 0,66 9 64 0,21 2,1 5 14 11 1,28 0,03 0,15 442 12 0,026 55 0,008 11 62 20 244 7,78

a <1 0,06 <3 8 0,01 <0,5 <1 <1 <1 0,02 <0,02 <0,01 7 <1 | <0,002 3 | <0,003 1 14 1 7 6,03

Tereny z zabudowa miejska b 2,24 175 637 17,24 143,1 60 227 159 5,04 1,54 8,08 3993 90 0,142 2650 0,360 281 797 91 | 24 080 9,08
Urban areas c - 0,63 12 105 1,51 7,0 6 15 18 1,41 0,06 0,55 502 14 0,027 139 0,022 25 97 18 868 8,02
n=251 d - 0,51 7 69 0,45 2,2 4 10 11 0,98 0,04 0,19 311 9 0,021 62 0,011 13 77 13 296 8,01
e - 0,54 7 75 0,44 2.5 5 11 11 1,25 0,04 0,20 392 12 0,024 66 0,012 12 74 16 288 8,05

a <1 0,09 <3 10 0,03 <0,5 <1 <1 2 0,06 <0,02 <0,01 12 <1 | <0,002 4 | <0,003 2 22 1 15 5,41

Tereny przemystowe b 1 0,96 45 895 17,31 31,7 18 26 89 491 0,41 6,21 2860 60 0,052 505 0,995 2692 403 259 3121 9,14
Industrial areas c - 0,55 11 139 2,83 4.6 5 12 21 1,39 0,08 0,52 549 14 0,023 120 0,084 122 108 26 593 8,03
n=31 d - 0,49 7 87 0,68 2.3 4 9 14 0,96 0,05 0,18 317 9 0,018 70 0,022 20 87 15 295 8,00
e - 0,53 7 93 0,65 2,8 4 10 15 1,11 0,04 0,23 412 12 0,019 77 0,018 14 86 17 371 8,07

a <1 0,06 <3 8 <0,01 <0,5 <1 <1 <1 0,02 <0,02 <0,01 5 <l | <0,002 3 | <0,003 1 12 <1 7 4,62

Pola uprawne b 3,73 141 1278 20,15 179,7 59 59 99 12,30 0,51 11,87 | 21 097 123 0,252 8870 0,179 107 1150 165 | 21350 9,13
Cultivated fields c - 0,82 15 76 1,41 8,3 6 15 13 1,73 0,06 0,71 835 17 0,025 173 0,011 15 88 22 1051 7,67
n=275 d - 0,64 7 51 0,25 1,7 4 11 9 1,12 0,04 0,17 363 10 | 0,018 56 | 0,006 8 71 16 272 7,65
e - 0,70 8 54 0,16 1.4 5 12 10 1,30 0,04 0,15 472 12 0,018 56 0,005 8 68 19 230 7,71

a <1 0,03 <3 4 <0,01 <0,5 <1 <1 <1 <0,01 <0,02 <0,01 <2 <1 | <0,002 <2 | <0,003 <1 9 <1 3 4,99

Lasy b 2,58 531 365 17,55 90,7 22 71 94 9,37 1,54 6,29 3876 85 0,105 1838 0,629 225 589 67 10416 9,07
Forests c 0,48 10 51 1,05 4,0 3 9 10 0,93 0,04 0,33 346 9 0,015 82 0,018 12 66 13 479 7,40
n=249 d - 0,34 4 33 0,09 0,9 2 5 6 0,45 0,02 0,06 98 4 0,010 25 0,006 4 52 7 101 7,37
e - 0,30 2 28 0,05 0,6 2 4 5 0,45 0,01 0,04 99 4 0,010 19 0,005 3 49 7 82 7,53

a <1 0,04 <3 8 <0,01 <0,5 <1 <1 <1 0,03 <0,02 <0,01 3 <1 | <0,002 <2 | <0,003 1 10 <1 7 4,80

Laki b 2,25 220 672 15,53 200,0 30 65 57 8,83 0,20 8,50 6918 98 0,074 1657 0,103 187 1351 91 9883 8,96
Meadows c - 0,75 19 79 1,71 10,8 6 16 14 1,73 0,05 0,52 658 17 0,023 145 0,011 16 86 22 973 7,68
n=119 d - 0,54 7 48 0,24 1,7 4 10 9 0,97 0,03 0,13 265 9 0,016 45 0,006 8 57 14 249 7,65
e - 0,57 8 50 0,16 1,2 5 14 11 1,33 0,04 0,15 436 13 0,019 42 0,006 8 57 20 177 7,81

a <1 0,04 <3 6 | <0,01 <0,5 <1 <1 <1 0,02 | <0,02 | <0,01 3 <l | <0,002 <2 | <0,003 <1 8 <1 6 472

Nieuzytki, ugory b 3,52 475 4774 21,41 266,2 62 227 | 18 426 9,13 3,45 10,01 21157 96 2,022 6722 1,261 2692 696 259 | 29 800 9,66
Wasteland, fallows c - 0,72 17 102 2,11 8,8 6 15 56 1,51 0,07 0,72 641 16 0,029 162 0,029 29 81 20 950 7,80
n=463 d - 0,55 7 61 0,37 2,1 4 10 10 0,96 0,04 0,19 297 10 0,018 55 0,010 11 63 14 278 7,78
e - 0,62 8 69 0,25 2,0 5 11 11 1,30 0,04 0,19 437 12 | 0,020 56 | 0,009 10 60 18 282 7,88
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Tabela 3 cd.

Table

cont.

Parametry Ag Al As Ba Ca Cd | Co | Cr | Cu Fe Hg Mg Mn Ni P Pb S Sr | Ti | \% | Zn pH
Gleby Parameters—V imgikg] | (%] [mg/kg] [%] [mg/kg] (%] |[mg/kel | [%] [mg/kg] [%] | [mg/kel| [%] [mg/kg] [-]
Soils Granica
oznaczalnosci 1 0,01 3 1 0,01 0,5 1 1 1 0,01 0,02 0,01 2 1 0,002 2 0,003 1 5 1 1 2,00
Determination limit

a <1 0,16 <3 12 0,02 <0,5 <1 2 2 0,18 <0,02 0,01 30 1 0,004 5 | <0,003 2 26 2 25 6,83

Parki b 1 0,98 36 310 9,13 131,3 11 17 21 2,24 0,14 5,40 5262 21 0,087 2174 0,059 47 81 30 7701 8,77
Parks c - 0,39 9 77 1,91 12,2 4 9 8 0,96 0,03 0,80 809 9| 0,023 272 | 0,013 13 50 13 807 7,73
n=16 d - 0,34 4 49 0,26 2.4 2 7 6 0,67 0,02 0,12 292 6 0,016 70 0,007 7 47 10 214 7,71
e - 0,36 4 37 0,08 2,0 3 9 6 0,59 0,03 0,07 185 9 0,018 61 0,007 4 51 8 140 7,64

a <1 0,08 <3 10 0,01 <0,5 <1 1 <1 0,06 <0,02 0,01 8 1 | <0,002 3 | <0,003 1 18 1 15 7,30

Trawniki b 2,20 110 615 13,78 143,1 17 175 159 4,68 1,01 8,08 3993 90 0,142 2160 0,360 281 797 48 | 24 080 8,86
Lawns c - 0,59 12 106 1,49 6,2 5 15 19 1,34 0,06 0,52 492 14 0,028 127 0,025 26 102 17 812 8,13
n=153 d - 0,49 7 74 0,55 2,6 4 10 12 0,99 0,04 0,20 323 9 0,022 67 0,013 14 81 13 323 8,12
e - 0,52 7 82 0,69 2.8 4 11 12 1,18 0,04 0,20 391 11 0,024 73 0,014 15 77 15 313 8,13

a <1 0,03 <3 4 <0,01 <0,5 <1 <1 <1 <0,01 <0,02 <0,01 <2 <1 | <0,002 <2 | <0,003 <1 9 <1 3 476

Gleby piaszczyste b 2,04 475 527 20,58 131,3 62 35 229 4,65 3,45 11,87 5262 76 0,110 2659 0,685 186 797 51 | 13360 9,13
Sandy soils c 0,34 6 39 0,69 29 2 6 6 0,57 0,03 0,28 251 6 0,013 58 0,008 7 55 8 288 7,65
n=581 d - 0,27 3 27 0,07 0,7 1 4 4 0,35 0,02 0,05 93 3 0,009 20 0,004 4 47 6 83 7,63
e - 0,27 2 23 0,05 0,3 1 4 4 0,35 0,01 0,04 101 3 0,010 17 0,003 3 45 5 65 7,71

a <1 0,14 <3 11 0,01 <0,5 <1 2 1 0,19 <0,02 0,02 15 1 0,003 4 | <0,003 2 8 3 24 4,62

Gleby gliniaste b 3,73 531 4774 21,41 266,2 59 175 99 12,30 0,51 8,60 | 21157 123 0,252 8870 0,174 219 1351 165 | 29 800 8,89
Clay soils c 1,03 21 116 2,31 11,5 8 21 17 2,26 0,07 0,90 990 23 0,030 191 0,015 22 95 29 1334 7,72
n=7520 d - 0,92 12 82 0,58 3,0 7 18 14 1,86 0,05 0,34 589 18 | 0,025 83 | 0,010 14 75 26 480 7,69
e - 0,92 13 81 0,35 34 7 17 15 1,89 0,06 0,24 664 19 0,026 87 0,010 12 69 27 544 7,84

a <1 0,12 <3 7 <0,01 <0,5 <1 2 1 0,06 <0,02 0,01 6 <1 0,003 4 | <0,003 1 23 2 6 4,72

Gleby antropogeniczne b 9 2,58 443 895 20,09 143,1 60 227 | 18 426 5,04 2,38 10,01 3993 70 2,022 6722 1,261 2692 696 259 | 17110 9,66
Anthropogenic soils c - 0,73 22 143 2,81 11,8 7 19 137 1,86 0,12 0,77 686 19 0,044 281 0,077 62 133 24 1326 8,03
n=176 d - 0,64 13 113 1,54 5,7 6 14 24 1,55 0,07 0,40 509 16 0,029 150 0,039 34 106 20 695 8,00
e - 0,65 13 112 1,71 5,3 6 15 24 1,63 0,07 0,36 510 17 0,029 144 0,036 36 99 21 671 8,15

a— minimum

minimum

b — maksimum

maximum

¢ — $rednia arytmetyczna

arithmetic mean

d — $rednia geometryczna

geometric mean

median

e — mediana

n — liczba probek ,,—

"

number of samples

15

nie obliczono w przypadku, gdy odsetek wynikow ponizej granicy oznaczalnosci przekraczat 50%

not calculated in the case when the percentage of the results below determination limit exceeded 50%



Parametry statystyczne zawarto$ci pierwiastkéw chemicznych w osadach wodnych

Statistical parameters of chemical elements contents in aquatic sediments

Tabela
Table

Parametry Ag Al As | Ba Ca Cd | Co | Cr | Cu Fe Hg Mg Mn | Ni P Pb S Sr Ti | Zn
Osady wodne P “’“’"fm [mg/kg] | [%] [mg/kg] [%] [mg/kg] [%] | [mg/kg] | [%] [mg/kg] [%] | [mg/kg] | [%] [mg/kg]
Aquatic sediments Granica
oznaczalnosci 1 0,01 3 1 0,01 0,5 1 1 1 0,01 0,02 0,01 2 1 0,002 2| 0,003 1 5 1 1
Determination limit

a <1 0,06 <3 8 0,02 <0,5 <1 2 <1 0,11 <0,02 0,01 13 1 0,003 9 | <0,003 <1 21 2 33

Osady wodne (wszystkie probki) b 4 1,83 142 3069 19,54 109,9 362 290 2078 13,85 0,97 775 | 44978 260 3,081 3927 | 2,900 252 591 59 | 31946
Aquatic sediments (all samples) c - 0,53 17 143 1,57 11,5 9 16 42 1,70 0,10 0,36 1683 17 0,105 249 | 0,230 30 80 15 2001
n=281 d 0,41 10 95 0,73 5,6 4 12 16 1,21 0,05 0,20 487 11 0,052 137 0,107 18 69 12 598
e - 0,46 11 117 0,71 59 5 13 17 1,44 0,05 0,21 505 13 0,059 133 0,108 21 63 14 530

a <1 0,06 <3 8 0,03 <0,5 <1 2 1 0,16 | <0,02 0,02 13 1 0,004 9 | <0,003 1 21 2 35

Strumienie i rowy (bez nazwy) b 4 1,55 142 3069 18,39 109,9 362 47 109 13,85 0,33 775 | 44978 260 3,081 2321 | 2,900 231 591 59 9036
Streams and ditches (no name) c - 0,52 18 182 1,44 9,9 13 14 22 1,92 0,08 0,35 2488 18 0,091 217 0,177 27 75 15 810
n=139 d 0,41 10 111 0,66 53 5 11 14 1,32 0,04 0,17 569 11 0,047 132 | 0,087 17 66 12 467
e - 0,47 12 126 0,65 6,2 5 12 16 1,45 0,06 0,17 530 13 0,053 147 0,106 20 64 14 513

Jlewnia zb. Koglowa Géra a <1 0,12 <3 23 0,04 1,0 <1 2 3 033 | <0,02 0,02 13 2| 0,006 31 0,028 3 21 3 61
o hmemoﬁhe o b 2 1,55 142 879 6,68 109,9 186 28 96 5,65 0,33 2,29 | 25208 165 0,134 2321 1,337 57 97 59 9036
roservor c - 0,72 31 241 1,15 22,2 17 13 33 2,11 0,14 0,37 2527 24 | 0,064 477 | 0,267 25 56 21 1748
n—27 d 0,60 18 143 0,52 11,4 5 11 25 1,51 0,10 0,13 259 13 0,051 310 0,196 19 51 17 753
e - 0,77 18 171 0,41 9.9 4 12 29 1,57 0,13 0,12 205 14| 0,058 309 | 0,220 18 50 18 671

a <1 0,06 <3 8 0,02 <0,5 <1 2 <1 0,11 | <0,02 0,01 13 1 0,003 9 | <0,003 <1 25 2 33

Zlewnia Jaworznika b 1,06 82 645 19,54 58,3 33 37 86 13,85 0,53 775 | 14932 35 3,081 1478 1,009 252 433 32 3156
Catchment of the Jaworznik Stream c - 0,30 10 107 1,50 5,6 4 9 15 1,03 - 0,29 779 8 0,074 141 0,129 20 82 9 527
n=106 d - 0,23 5 65 0,54 27 2 7 8 0,67 - 0,12 242 5| 0,028 76 | 0,062 10 67 7 284
e - 0,21 5 77 0,60 3,3 2 7 9 0,68 - 0,13 206 5| 0,028 76 | 0,086 11 61 7 328

a <1 0,08 <3 8 0,04 <0,5 <1 2 <1 0,14 | <0,02 0,02 58 1 0,003 17 | 0,004 <1 36 2 56

Jaworznik b <1 0,94 25 181 5,26 14,4 11 33 60 2,37 0,53 0,69 1501 35 0,170 463 | 0,546 42 433 32 3110
Jaworznik Stream c - 0,24 6 73 1,03 3.8 2 10 17 0,76 - 0,20 288 71 0,049 102 0,146 14 113 8 545
n=28 d - 0,19 4 54 0,50 2,7 2 7 9 0,61 - 0,12 197 5 0,029 73 0,067 8 84 7 362
e - 0,18 4 74 0,63 3,0 2 8 12 0,66 - 0,16 148 5 0,043 75 | 0,000 11 61 6 386

a <1 0,06 <3 8 0,02 <0,5 <1 2 1 0,11 | <0,02 0,01 13 1 0,004 9| 0,004 <1 25 2 33

Jezioro Rogoznickie b <1 0,21 8 123 10,38 17,9 25 5 18 1,21 0,07 0,22 538 20 0,076 95 1,009 51 82 24 376
Lake Rogoznickie c - 0,13 - 37 1,91 2,1 3 3 5 0,35 - 0,07 116 4 0,015 35 0,176 11 50 5 101
n=19 d - 0,12 - 27 0,43 1,0 1 3 4 0,30 - 0,05 62 3 0,011 28 0,075 5 48 4 82
e - 0,13 - 20 0,44 1,0 1 3 4 0,31 - 0,04 49 3 0,012 34 | 0,084 5 52 3 80

a <1 0,06 <3 8 0,06 <0,5 <1 3 1 0,20 | <0,02 0,02 29 2| 0,007 24 | 0,005 1 37 3 63

Zlewnia Wielonki b 1,56 42 394 6,92 33,2 362 233 101 7.40 0,97 1,07 | 24222 260 | 0,506 545 | 2,900 107 228 41 3477
Catchment of the Wielonka Stream c - 0,54 12 124 1,15 6,3 14 20 21 1,86 0,06 0,33 2001 21 0,079 125 0,163 24 85 16 615
n=064 d - 0,41 9 98 0,72 46 6 14 14 1,43 0,03 0,24 928 14 0,052 105 0,074 17 79 13 457
e - 0,46 10 106 0,72 47 7 16 17 1,42 0,03 0,29 933 14 0,055 107 0,071 22 74 14 494

a <1 0,20 4 53 0,27 22 3 6 7 0,65 | <0,02 0,12 350 6| 0,023 50 | 0,028 8 37 6 246

Wielonka b <1 1,56 25 267 3,61 18,5 24 37 69 3,74 0,14 0,89 4691 41 0,239 259 | 0,682 79 150 36 1708
Wielonka Stream c - 0,53 11 123 1,03 5,1 8 17 21 1,74 0,04 0,36 1554 18 0,072 113 0,104 23 82 15 566
n=26 d - 0,45 9 112 0,85 4.4 7 15 19 1,58 0,03 0,32 1319 16 0,059 106 | 0,080 20 77 13 502
e - 0,44 10 108 0,82 4,0 7 17 19 1,54 0,03 0,30 1288 14 0,057 100 0,075 22 71 13 494

Zlewnia Czarnej Przemszy od a <1 0,12 3 26 0,15 0,9 2 4 3 0,47 | <0,02 0,08 166 3 0,026 23 0,026 6 23 5 81
zapory zb. Przeczyce do Brynicy b 4 1,39 129 3069 18,39 29,9 73 47 109 10,25 0,30 1,91 | 44978 72 | 0,440 393 0,930 212 591 42 1539
gf"c”’”e”’ of the Czarna Przemsza c - 0,63 17 228 1,96 8,1 15 16 22 2,63 0,08 0,29 3976 24 0,083 148 0,179 35 73 17 614

iver from the Przeczyce reservoir

dam to the Brynica River d 0,59 12 153 0,88 6,5 11 15 17 2,27 0,06 0,23 1192 21 0,070 125 0,124 25 60 16 529
n=43 e - 0,62 11 142 0,66 6,6 10 16 16 2,13 0,06 0,21 871 18| 0,066 123 0,113 23 54 16 513
Zlewnia Brynicy od Szarlejki a <1 0,26 8 46 0,17 52 2 7 10 0,80 | <0,02 0,07 74 71 0026 229 0,051 10 36 7 416
do Rawy b 2 1,83 85 281 11,53 79,8 12 290 2078 3,08 0,78 3,53 2239 63 0,820 3927 1,680 241 233 31 | 31946
Catchment of the Brynica River from c 1 0,89 33 129 2,15 30,6 7 29 155 1,94 0,28 0,63 776 26 | 0,250 657 | 0,588 56 86 20 8741
the Szarlejka Stream to the Rawa Stream d 1 0,83 29 120 1,49 243 6 23 68 1,84 0,21 0,50 580 23 0,171 555 | 0,409 45 78 19 4829
n=46 e 1 0,90 33 126 1,50 26,2 7 26 65 1,91 0,21 0,59 544 25 0,149 524 | 0,402 47 67 20 3592
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Tabela 4 cd.

Table  cont.
Parametry Ag Al As | Ba Ca cd | Co | o | cu Fe Hg Mg Mn | Ni P Pb S ss | 1 | v | zn
Parameters () () o ) o, )
Osady wodne . [mg/ke] | [%] [mg/kg] [%] [mg/ke] [%] | [mg/ke] | [%] [mg/kg] [%] | [mg/ke] |  [%] [mg/ke]
Aquatic sediments Granica .
oznaczalnosci 1 0,01 3 1 0,01 0,5 1 1 1 0,01 0,02 0,01 2 1 0,002 2 0,003 1 5 1 1
Determination limit
a <1 0,33 11 46 0,35 9,1 2 7 10 0,80 0,04 0,15 134 8 0,068 229 0,142 12 40 7 3222
Brynica b 2 1,83 46 281 343 79,8 12 37 615 3,08 0,78 0,85 2239 53 0,817 1341 1,679 94 159 31 31 946
Brynica River c 2 1,04 30 135 1,84 44,7 8 28 96 2,24 0,41 0,62 922 33 0,402 592 0,872 60 73 21 15 497
n=23 d 1 0,98 27 122 1,59 39,1 7 26 69 2,14 0,34 0,58 689 30 0,341 541 0,714 54 67 20 13 309
S 2 1,08 33 123 1,77 40,9 8 30 78 2,27 0,40 0,63 625 33 0,363 581 0,795 59 60 20 14 798
Tto geochemiczne/ Geochemical background
Osady strumieniowe Europy" R nd 5,50 6,00 87,5 1,74 0,29 8,00 22,0 15,0 1,97 0,038 0,72 453 17,0 0,057 14,0 0,0502 124 3798 29,0 59,5
Stream sediments of Europe" ’ n=799 |n=794* In=794* | n=801 | n=797 | n=794* | n=794* In=794* I n=794*% | n=797 | n=801 |n=794* |In=794* | n=801 [ n=794* | n=794 | n=801 | n=801 |n=794*% | n="794%
Osady Polski?
Sediments of Poland? e <1 nd. <5 54 0,86 <0,5 3 5 7 0,80 0,05 0,11 274 6 0,059 13 0,040 20 30 7 62
n=12 778**
Osady regionu
$lasko-krakowskiego®
Sediments of the Cracow-Silesia e 1 nd. 6 98 0,71 2,5 4 9 15 1,07 0,06 0,13 292 11 0,066 59 0,052 24 42 12 259
region®
n = 1459%%*
a—minimum b — maksimum ¢ — §rednia arytmetyczna d — $rednia geometryczna e —mediana n — liczba probek ) Salminen, 2005 ? Lis, Pasieczna, 1995a 3 Lis, Pasieczna, 1995b
minimum maximum arithmetic mean geometric mean median number of samples
,— nie obliczono w przypadku, gdy odsetek wynikow ponizej granicy oznaczalno$ci przekraczat 50% nd. —nie dotyczy * ekstrakcja woda krolewska ** ekstrakcja kwasem solnym
not calculated in the case when the percentage of the results below determination limit exceeded 50% not applicable aqua regia digestion hydrochloric acid digestion
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Tabela
Table

Parametry statystyczne przewodnosci elektrolitycznej wlasciwej, odczynu oraz zawartosci pierwiastkow chemicznych w wodach powierzchniowych

Statistical parameters of electrolytic conductivity, acidity and chemical elements contents in surface water

P EC | pH | Ag Al As B Ba Be Ca Cd | Co Cr Cu Fe K Li Mg | Mn | Mo | Na Ni P Pb | SO? Sb Se | SiO Sr Ti Tl U v Zn
arametry 4

Paramters ms/em)| [] [ug/dm’] [mg/dm’] |[ug/dm’][[mg/dm]|  [pg/dm’] |[mgm] [ughdm?]|  [mg/dm’]  ([pgdm]|  [mg/dm’] |[ngldm’]mg/dm’][ug/dm’mgdm][ngdm |imgdm’]|  [ng/dm’] [mg/dm’] [ng/dm’] [mg/dm’]

Wody powierzchniowe :
Surface water Granica

oznaczalnosei | brak | brak |, ;5 0,5 20 001] 0,001 005 01| 005 005 0003 005 00| 05 03| 01| o000 005 05/ 05/ 005 005 1| 005 20 01 0002| 0,002 005 005

—_

0,003

Determination | none none

limit

Wody powierzchniowe a 008 517[ <005 09 <2 001] 0020 <005 82| <0,05[ <0,05] <0,003| 0.27] <001| <05 <03] 16[<0001[<0.05] 10| 05[] <005] <0,05 51 <005[  <2[ 07] 0.037[<0,002] <0,05| <0,05]  <1] <0,003
(wszystkie probki) b 895| 970| <0,05| 33469| 17| 1,02| 0279| 055| 270,8| 808| 21.51| 0005 6,97| 16,62 1204| 279,1| 109.1| 6,232| 12,97 | 1872.2| 259| 6,69| 2439| 587| 383 4| 257| 0775| 0,008 2,34 10,25 8| 2216
Surface water (all samples) c 087 745| | 653  —| 014 0,094 ~|on1| 027 090 ~| st o047| 78| 102| 281] 0327 067| 360| 36 ~| o082 136 027] | 108] 0221 ~| 015 00| | oln
d 076 742 - 122/ | 011] 0,086 -| 796] 008 017 ~| 128 005| 52| 47| 223]0095| 041| 185 25 -] 022 96| oas|  —| 99| 0178  —| 006 066 —| 0018
n =276 e 074 749] | 92[ | 012 0,092 ~| 909] 006 0.6 ~| 134] 004] 58| 51| 248] 0148 045| 207 22 -| 018 81| o021 -| 109] 0188] | 005 090 | oo1
a 008 517[ <005 09 <2 o001] 0022] <005 82| <0,05[ <0,05| <0,003| 043]<0001| 10| <03] L6[<0001|<005] 10| 0.6] <005] <0,05 51 <005]  <2[ 53] 0.037]<0,002] <0,05| <0,05]  <1] <0,003
Strumienie i rowy bez nazwy b 2,05| 8,86| <0,05| 33469| 17| 070( 0279| 055| 270,8| 8,08| 21,51| 0005| 513| 1662| 256| 618| 1055| 6,232 384| 1483| 259| 669| 2439 587| 219| <2| 257| 0775 0,007| 0,62] 1025 7| 1983
Streams and ditches no name c 0.83| 731 - uss| | 015] 0,099 ~| 889| o041 118 -| 42| 077| 62| 89| 253]0402| 062| 238 35 - 2| ous| o027 | 122{ 0209 | 007 L12| | 0073
n=137 d 073 727]  —| 13|  —| 01| 0,089 - 722| on| 023 ~| 123 009 46| 45| 186] 0125 034| 146 25 ~| 026 79| od6| | 17| 0163  —| 005 058 —| 0018
e 078 740 | 92| | 011] 0098 ~| 90| 008] 0.20 ~| 121] 006] 49| 54| 223]0207| 033| 164 23 -] 020 72| o2 - nalonrs| | 005 090 | 0012
Zlewnia zb. Kozlowa Géra a 0.08] 517[ <005| 123 <2 005] 0.051] <0.05] 82| 006] 013]<0003] 043 003] 1o] 20| 16] 0039]<005] 1o 07] <0.05] o014 o o[ <2 53] 0039]<0002] <005] <0,05] <1| 0,009
Catchment of the Kozlowa Géra b 159 728( <0,05| 33469| 16| 0,14| 0180 055 1152| 808| 743| 0004| 513 444| 93| 177| 262| 0706| 044| 1483| 100| 022] 2439 278| 116| <2| 257| 0324| 0007| 062| 044 7| 1983
roservoir c 070 627  —| 6800  —| 009] 0,108] 019 321| 200| 2.50 -] nes| 134 35| 79 73] 0296| o014 170| 5. ~| 534 55| 036  —| 148] 001 ~| o014 o014 | 0386
d 049 625 | 2507  —| 008 ol01| 012 235 090| 145 ~| 130 069 32| 68 52[0230] 009 53| 38 - e8| 37| 031 ~| 139 0085] | 009 009 | 0176
n=19 e 047| 624 | 2187 | 008] 0108 020| 179] 1.84| 2,28 ~| 127] 098] 27| 72| 46]0267| 013| 35| 55 -] 326 40| 027] | 1145|0083 | 012| 008 —| 0300
a oa1] 596 <005 18] <2| 001] 0.063[ <005 9.1] <0,05] <0,05| <0,003| 045 <001 10[ <03[ 17][<0001|<005] 17| 05[] <005] <0,05 51 <005[  <2[ 07] 0.037]<0,002] <0,05| <0,05]  <1] <0,003
Zlewnia Jaworznika b 895 970| <0,05| 5186| 17| 069 0279| 022| 1729| 194| 676| <0,003| 6.90| 16,62 1204| 279.1| 40,5| 6232| 12.97| 1872.2| 254| 669| 852| 267| 219| 3| 22,5| 0471| 0004| 046| 3,67 8§ 0252
Catchment of the Jaworznik Stream c 078 746  —| 236 | 008] 011 ) -| Lo o052 57| 64| 233] 0241 076| 362| 19 ~| os0l 82| o024 | 82| 0m5[ | | 092 | 0018
n=105 d 068 745| | 98|  —| 006| 0,107 X ~| 094 002 33| 26| 212] 0035 042| 147| 14 - 023 70| o12| | 72| 0124 | | 07| | 0008
e 0.69| 745| | 83| | 006] 0103 X e ~| 082] 002] 24| 22| 246]0030| 031] 16| 12 -] 019] 74| on -] 86/0109] | | 094] | 0009
a 051 725 <005 33| <2] 002] 0063] <005| 582]<0.05] <005] <0,003] 02| <001] 13| 1| 224]<0001] 015] 75[ 07| <005| 007] 57| <005 <2 28] 0.076[<0,002] <0,05| 055 <1| <0,003
Jaworznik b 07| 804]<005| 309 2| 012]0202] <0.05| 1084| 029| 022 <0003| 169 016| 120| 1.8 405| 0223 125 651| 51| L8| 252 258 050 <2| 101| 0357| 0,004| 046 120 <I| 0117
Jaworznik Stream c 067 758 | 95|  —| 006] 0099 - B2 - - ~| 090 004 42| 25| 2550076 046 190| 14 ~| 033 8o om| | 63| ous| | | 091 -| o012
n=28 d 066 757| | 85 | 005] 0,097 - Bs| o - ~| 087 002 34| 21| 254]0030| 042| 161| 12 ~| 020 76| ol0| | 59| 0109 | | 089 —| 0006
e 068 757| | 91 ~| 0,06 0,097 - esal | - ~| 083 002] 26| 22| 248]0032| 045 127| 12 - 01s| 80| 017] | 61| 0105| | [ 095| | 0,005
a 038 7.28[ <005[ 18] <2 004 0076] <0.05| 423 <0.05] <0,05] <0,003[ 046| <0.01| 14| 11| 143[ 0001 018 57] 05| <005|<005] 36| 007] <2[ 07 0064[<0,002] <005 038] <I| <0003
Jezioro Rogoznickie b 0.68| 814] <005 160 <2| 010| 0111| <005 900| 007]<0,05| <0,003| Ll4| 019 24| 24| 290]0077| 030| 123| LI1| <005| 041 100 013 <2| 69| 0131]<0,002| <005 109 <I| 0009
Lake Rogoznickie c 0.57| 767 | 59|  ~| 006/ 0,100 - 64| | - -| 075 - 19| 20| 249| 0015] 026 109 09 -| o014 77| om - arfor2| | | 09 - -
n=19 d 0.57| 767|  ~| 49|  —| 005 0,100 I ) B - om - 19| 20| 246| 0009 026 107 08 - om| 75| om -| 35/ o101 - | oss| - -
e 059 765 | 51 ~|0,05] 0,104 - 60| | - ~| 065 - 19| 22| 256]0008] 027 114 09 -] 009 78] ol -1 43| o.lo1 o I -
a 036 656]<005]  1o[ <2 005] 0026] <0.05| 449 <0,05] <0,05] <0,003[ 02| <0.01| 18] <03| 73[0003[ o010 30[ 10| <005|<005] 41| <005] <2[ 70] 0.052]<0,002] <0,05| <0,05]  <I| <0,003
Zlewnia Wielonki b 120 882 <005| 1327| 4| 055] 0187 008| 162,8| 20| 21,51| 0005| 488 225 180| 220| 381|3823| 337 607 190 072| 831| 196 077| <2| 201| 0528| 0,003 0,10| 3,55 2| 0271
Catchment of the Wielonka Stream c 074 766  —| 139  —| 019] 0,085 ~| 880| 016| 072 ~| 40| 022 70| 73| 235]0307| 061| 234| 27 007| 04| 94| 022 | 120[0208] | 005 02| | 0020
n=69 d 071 764  —| 82| | 018] 0078 ~| 856| 007| 0.6 ~| 13| 006 64| 50| 220] 0134 047| 189| 24| 005 013] 89| 018 | IL8[ 0195 | 004| 084 | 0009
e 073 7700 | 71 -1 019] 0,077 ~| 929] 006] 0.5 -] 137] 005 73| 58| 268] 0135] 057| 268| 23| 006] 00| 94| 021 -] 126] 0199 | 005 095] | 0008
a 036 7.13] <005[ 48] <2 012] 0054] <0.05| 449 <0,05] <0,05] <0.003[ L14| o001| 20] <03| 101] 0027[ o010 75] 18] <005|<005] 46| o12[ <2[ 97| 0120[<0,002] <0,05| 04| <1] <0003
Wielonka b 0.84] 832] <005 17| <2| 023| 0085 <005 954| 082| 081|<0003| 488 050 91| 154 287| 0727| 086| 344| 42| 015 032| 15| 029| <2| 142]0246[<0,002| 008 140| <1| 0,023
Wielonka Stream c 073| 7740 —| 74| —| 019] 0070 -| 861 -| 016 ~| 1e0| 006 71| 82| 241| 0135 058 27.8| 23| 007| o0lo| 97| 020| | 1250209 | 005 094  —| 0007
n=27 d 072 774 —| 72| —| 019 0,069 - ss2| | 009 ~| 153 003 69 57| 236] 0094 052 271| 23| 006 009 95| 020 | 124[0207| | 005 089 | 0006
e 074 777 | 76| | 019] 0,071 - 935 | 007 ~| 146] 003| 73| 104| 272] 0015 063| 281| 22| 007| 009 106] 020{ | 127[0212] | 006] 093] | 0006

Zlewnia Czarnej Przemszy od

' a 029 645 <0,05 09| <2| 004] 0,020] <0,05| 254| <0,05| <0,05| <0,003| 059| <0,01| 1,3] <03| 40| 0007| 008 40| 06| <0,05| <0,05 40| <0,05| <2| 37 0,088]<0,002| <0,05| <0,05| <1| 0,004
ch;‘tcf;;zliztzz;;lS"Czrr}”lg‘gzemsza b 2.05| 8.86| <005 787 4| 070| 0223| 046| 2708 096| 1942| <0,003| 3,50 7,04| 166| 61,8| 1055| 2,839 3,77| 1300| 259| 022| 082| 587| 066 <2| 198] 0.775| 0,002| 0,19| 10,25 1| o121
River from the Pravesyce reservoir ¢ 1,03 7,62 A | 021 0,072 ~| 1190 o21] 2,23 | 180 o068 69| 161| 380| 0521 056 289| 66 | o020] 226| o021 | 13,5] 0312 - | 1,65 | 0,028
dam to the Brynica River d 0,87| 7,60 - 9.4 | 0417] 0,063 - 998| o,12| 033 | nes| 013 58| 60| 266| 0215 037] 201| 41 | o12| 156| 0,15 | 13,0 0254 - ~| 06 ~| 0,016
=40 e 092| 7,64 - 109 ~| 0,14] 0,070 ~| 1053| o012] 030 | 174l o11| s8] 107] 224 0212 045 192] 3,0 ~| o10] 18| 021 ~| 140] 0224 . | 118 ~| 0014
dZIGW“‘aBrymCy od Szarlejki a 036| 6,80| <0,05 19  <2| 009 0022| <0,05| 57.1| <0,05| <0,05| <0,003| 027 001| <0,5| 05| 69| 0005 0,12 16| 09| <005 0,08 8| 022 <2| 2,1 0,126[<0,002| <0,05| <0,05| <1| <0,003
C‘;tljha:l‘g’mﬂhe Brynica River b 1,90| 8,53 | <0,05| 1774 15 1,02] 0,220] <0,05| 198,1] 146| 2,39| <0,003| 697| 1,93| 585| 2317| 109,1| 5055| 649 1378 12,0| 085 905| 558| 3.83 4] 232 0,700| 0,008| 234| 3,41 4| 2,216
Jvom the Szarlejka Stream 1o the c 1,27 742 - 232 | 048] 0,082 —| 1274 —| 057 | 236| o1s| 170 197| 475| 0400 090] 70,8 58| 029 085 287 047 | 11,0] 0396 - | 096 | 0439
Rawa Stream d 121 742 13,0 ~| 0,16 0,073 ~| 1232 | 03 | 1,94] 004] 124] 12,8 415] 0,199 066] 505 50| 020 034 221 039 | 104] 0371 - I ~| 0,129

¢ 125| 745 - ~| 0,14] 0,068 ~| 1199 | 033 | o198] 002] 122] 13.6| 444 0245 065 66,1| 56| 022 023 276| 036 | 11,3] 0375 - | 086 ~| 0,120

n=43
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Tabela 5 cd.

Table  cont.
Parametry EC | pH | Ag Al As B Ba Be Ca Cd | Co Cr Cu Fe K Li Mg | Mn | Mo | Na Ni P Pb | SO | Sb Se | SiO, | Sr Ti Tl U \Y Zn
Paramters pngiem)  [-] [ng/dm’] [mg/dm’]  |[pgldm’]mgdm’]|  [ng/dm’] |[mgdm](ngdm’] [mgdm’] |[ugdm’] [mg/dm’] |[ugdm’]mgdmug/dm)img/dm’|[ng/dm)mgdm’]  [wg/dm’] [mg/dm’] [ng/dm’] [mg/dm’]
Wody powierzchniowe :
Surface water Granica
oznaczalnosei| brak | brak | o5 0.5 2| 001] 0,001 005 0L| 005 005 0003 005 00| 05 03[ 01| o000 005/ 05/ 05 005 005 1| 005 21 01] 0002| 0,002 005 005 1| 0,003
Determination none none
limit
a 1,09 7,19 | <0,05 7,6 <2 0,11| 0,047| <0,05| 110,8| <0,05| 0,06 <0,003 1,38 0,01 10,0 12,3 40,4| 0,096| 0,45 57,0 5,2 0,12 0,08 270 0,24 <2 8,81 0,340 [<0,002| 0,51 0,50 <1 0,087
Brynica b 1,90 7,65| <0,05 141,3 5 0,18 0,073 | <0,05| 198,1 1,00 0,54| <0,003 | 3,69 0,42 18,5 22,6 80,8 0,333| 0,85| 1178 12,0 0,56 5,55 558 0,56 4 13,2 0,700 | 0,002 | 2,34 1,01 <1 2,216
Brynica River c 1,40 742 - 17,8 —| 0,14| 0,061 —| 1404 - 0,30 - 2,13 0,03 127 159 54,2| 0,208| 0,65 76,6 7,2 0,30 0,40 355| 0,35 - 11,0 0,453 - 091 0,79 - 0,703
n=26 d 1,37 742 - 13,5 —| 0,14 0,061 - 1379 - 0,27 - 2,07 0,02 12,4 156 529 0,197 0,63 74,4 7,0 0,26 0,21 3441 0,35 - 11,0| 0,440 -1 080 0,77 - 0,480
e 1,37 7,45 - 11,4 —| 0,14| 0,068 -1 121,6 -1 0,33 -1 1,97 0,01 12,1 13,8 46,7| 0,242| 0,65 65,7 6,1 0,22 0,20 294 0,35 - 10,5 0,402 - 0,75 0,78 - 0,695
Wartosci graniczne wskaznikow jakosci wod powierzchniowych z grupy specyficznych substancji zanieczyszczajacych?
Limit values for surface water quality indicators from the group of specific pollutants®
X D
Ii T klasa nd. | nd. | <5 | <400 | <50 | <2 | <05 | <08 | nd | nd | <50 | <005 | <50 | nd. | nd. | nd. | nd. | nd | <40 | nd. | nd. | nd. | nd | nd | <2 | <20 | nd | nd [<005| <2 | nd | <50 | <
Classes I and 11V
Srodowiskowe normy jakosci dla wskaznikow stanu chemicznego jednolitych czeéci wod powierzchniowych?
Environmental quality standards for chemical status indicators of uniform part of surface water?
0,45
(klasy
1i2)
(classes
1 and 2)
0,6
) klasa 3
Maksymalne dopuszczalne st¢zenie nd. | nd | na | nd | nd | nd | nd | na | ona [P q | na | na | nd | nd | nd | ond | nd | nd | nd | 34 | nd | 14 | nd | nd | nd | nd | nd | nd | nd | nd | nd | nd.
Maximum allowable concentration? (class 3)
0,9
(klasa 4)
(class 4)
1,5
(klasa 5)
(class 5)

b — maksimum
maximum

a— minimum
minimum

¢ —srednia arytmetyczna
arithmetic mean

d —$rednia geometryczna
geometric mean

D Zgodnie z zatacznikiem nr 26 do rozporzadzenia Ministra Infrastruktury (Rozporzadzenie..., 2021)
In accordance with Annex 26 of the Regulation of the Minister of Infrastructure (Rozporzqdzenie..., 2021)

e —mediana
median

n — liczba probek

number of samples

,—  nie obliczono w przypadku, gdy odsetek wynikéw ponizej granicy oznaczalnosci przekraczat 50%

not calculated in the case when the percentage of the results below determination limit exceeded 50%

2 Zgodnie z zatacznikiem nr 14 do rozporzadzenia Ministra Infrastruktury (Rozporzadzenie..., 2021)
In accordance with Annex 14 of the Regulation of the Minister of Infrastructure (Rozporzgdzenie..., 2021)
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nd. — nie dotyczy
not applicable




each fraction (Bednarek ef al., 2004). Grain size composition remains constant in
the presence of soil processes. Moreover, it is regarded as one of the fundamental
physical characteristics of soils, with numerous soil properties being associated
with it (Mocek et al., 2000; Ryzak et al., 2009).

The study adopted the division of particles into grain size fractions according
to the standard BN-78/9180-11, which was in force until 2008, as it is a continuation
of the serial project carried out permanently for several years in accordance with
the instructions for the geochemical map at a scale of 1:25,000. The results of grain
size analyses are presented for the following grain size groups: 1.0-0.1 mm — sand
fraction, 0.1-0.02 mm — silt fraction, and <0.02 mm — clay fraction (Plates 4—6).
Changing the ranges of grain size groups in accordance with the guidelines of the
Polish Soil Association (Klasyfikacja..., 2008) would make it difficult to compare
the grain size composition with data from map sheets developed earlier.

The grain size composition of the investigated soils is dominated by the sand
fraction (1.0—0.1 mm). Its highest content (>90%) was found mainly in areas of
Quaternary glaciofluvial sands and gravels, slope wash loams, sands and gravels,
as well as slope wash-fluvial sands, gravels and muds (Plate 4). The soils that are
most sandy and contain the least amount of the silt and clay fractions (often <10%)
are found in the north-western part of the study area, which is covered by forests.
In contrast, those developed mainly on the outcrops of Triassic carbonates and on
Carboniferous deposits show a higher proportion of the silt (0.1-0.02 mm) and clay
fraction (<0.02 mm). The silt fraction content varies mostly between 10% and 25%,
and the clay fraction is 10%—-50%. Within the clay fraction, colloidal clay plays the
most significant role and comprises mainly clay minerals and secondary oxide
minerals. The presence of this fraction is a factor determining many significant soil
properties, with the sorption capacity being predominantly affected (Bednarek
et al., 2004).

The pH. Both the topsoil (0.0—0.3 m) and subsoil (0.8—1.0 m) layers are char-
acterized predominantly by neutral (pH 6.8—7.4) and alkaline (pH > 7.4) pH. In the
topsoil layer, the proportion of pH >7.4 soils is 54%, while in the subsoil layer it is
78%. The greater proportion of alkaline soils in the 0.8—1.0 m depth layer suggests
that the alkalinization may be attributable to their development on Triassic carbon-
ates. Very acidic (pH < 5.0) to acidic (pH 5.0—6.0) soils (Plates 7 and 8) are found
in small areas where sandy formations are present in the bedrock and the terrain is
covered predominantly by forests, particularly in the north-western part of the study
area.

Geochemistry. The spatial distributions of the chemical elements analysed in
the soils are indicative of both the lithology of the parent rocks (i.e. the source of
the elements) and the influence of factors related to the diverse industrial activities.

In the topsoil layer, the distribution of elements whose primary sources are the
parent rocks has been distorted as a result of anthropogenic processes. The median
concentrations of the elements studied in the topsoil layer exceed the values defined
as the geochemical background of the Silesian-Cracow region to varying degrees
(with the exception of mercury) (Tab. 2). The median contents of cobalt, phosphorus
and strontium are only slightly higher than the geochemical background level. The
median concentrations of arsenic, barium, calcium, chromium, copper, iron, mag-
nesium, manganese, nickel, sulphur, titanium and vanadium are markedly (about
twice) higher. The content of lead is almost four times higher, and of cadmium and
zinc — about five times higher.

The content of aluminum in the soils is mostly in the range of 0.40—0.80%
(maximum 2.39%) in topsoil and 0.40—-1.60% (maximum 3.73%) in subsoil (Plates
11 and 12). In regions characterized predominantly by glaciofluvial sands and grav-
els, the soils exhibit reduced concentrations of this element (<0.40%). The mobility
of aluminium in soils is contingent on its combinations with organic matter and the
extent of soil acidity (e.g. Kabata-Pendias, Mukherjee, 2007). The prevailing acid-

ic pH is hypothesized to be the predominant factor promoting aluminium leaching
from soils and facilitating its transfer into the aquatic environment.

The organic carbon content in the 0.0—0.3 m soil layer varies within a wide range
of 0.10-31.99% (median 2.36%). The soil types, which are most abundant in this
component (>6%), are natural peat soils and anthropogenic soils, including those
occurring around post-mining heaps and dumps created as a result of coal mining
(Plate 19). Its maximum content (31.99%)) is recorded in a forest soil in the north-
western part of the study area. The concentration of organic carbon in soils is de-
pendent on the nature of land use. The median content of Corg in arable field soils
is 1.92%, whilst in forest soils the median content is 2.89%. (Tab. 2).

The median sulphur contents calculated for topsoil of Poland and the Silesian-
Cracow region are 0.012 and 0.015%, respectively (Lis, Pasieczna, 1995a, b). In the
map sheet area, the sulphur content in the majority of soils from both analysed
depths does not exceed 0.080%. Concentrations of this element in excess of 0.160%
(Plates 48 and 49) were found in anthropogenic soils and in wetland areas (mainly
in the Brynica River valley). The subsoil layer shows a higher proportion of soils
containing up to 0.010% of sulphur.

The median content of phosphorus in the topsoil layer (0.038%) is twice that in
subsoil (0.018%). The smallest amounts of this element (at both depths) are found
in forest soils (the medians are 0.022 and 0.010%). Elevated phosphorus levels
compared to the geochemical background of the Silesian-Cracow region are meas-
ured in the topsoil layer of cultivated fields (median 0.047%) and in rural areas
(median 0.045%), which may be a consequence of application of phosphorus ferti-
lizers and discharge of domestic sewage effluents. The highest phosphorus concen-
tration in both sampling levels is found in anthropogenic soils in the central part of
the map sheet area. There was a pit in that area in the past, which was reclaimed
using most probably waste material. At the location, 2.360% of phosphorus was
recorded in a sample from a depth of 0.0—0.3 m, and 2.022% in the subsoil layer.
High contents of silver, copper, mercury, strontium and zinc are also observed there.
Significant contents of phosphorus (0.590%), copper (158 mg/kg) and mercury
(1.11 mg/kg) are recorded in wasteland soils near Zychcice at an abandoned limestone
quarry (Plates 44 and 45). This geochemical anomaly is likely to be anthropogenic
in nature, as evidenced by the fact that it does not occur in the underlying soil
layer at the site.

The soils of the two depth intervals, which were developed on carbonate depos-
its, show a high concentration of calcium (>1.00%; Plates 20 and 21), magnesium
(>0.50%; Plates 36 and 37), manganese (>400 mg/kg; Plates 38 and 39) and strontium
(>40 mg/kg; Plates 53 and 54). These soils are also locally rich in cadmium, iron,
cobalt, nickel, lead, vanadium and zinc. The distribution of the contents of these
elements is more clearly marked in the deeper soil layers. This is also consistent
with the occurrence of outcrops of Triassic limestones and dolomites, which may
indicate that the bedrock was the primary source.

The average barium concentrations in soils of the Polish Lowlands do not exceed
55 mg/kg. In Upper Silesia, particularly in the area of outcrops of Carboniferous
clay-sandy coal-bearing formations, the soils contain more than 100 mg/kg of this
element (Lis, Pasieczna 1995a). The barium content of the soils in the study area
(120—480 mg/kg) exceeds the geochemical background level of the region. Coal
burning may increase the barium concentration in the soils due to dust fallout.
Research conducted by Rozkowska and Ptak (1995) has demonstrated that the geo-
metric mean concentration of this element in Upper Silesian coal is 176 mg/kg,
while in ashes, it reaches 1,274 mg/kg. The maximum concentrations of barium
(978 mg/kg in topsoil and 4,774 mg/kg in subsoil) are found in a sample taken from
wasteland near the village of Rogoznik (Plates 16 and 17). The site also demonstrates
elevated manganese concentrations in both depth levels (4,963 and 21,157 mg/kg,
respectively).
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In the topsoil layer of European soils, the median concentrations of cadmium,
lead and zinc do not exceed 0.145 mg/kg, 15 mg/kg and 48 mg/kg, respectively
(Salminen, 2005). The median concentrations of these metals in soils of Poland and
the Silesian-Cracow region are <0.5 and 1.3 mg/kg of cadmium, 13 and 44 mg/kg
of lead, and 35 and 104 mg/kg of zinc, respectively (Lis, Pasieczna 1995a). In com-
parison with the above-presented data, the soils sampled from the map sheet area
can be characterized as highly contaminated with the aforementioned metals (Tab. 2).

The map sheet area has a long tradition of mining. In the areas of historical
mining of Zn-Pb and Fe ores, high levels of cadmium, lead and zinc were found in
soils. These elements are associated mainly with the presence of zinc and lead ores
of the carbonate formation and with mining and metallurgical activities. Their
geochemical anomalies are found to extend over more extensive areas in topsoil
(Plates 22, 46 and 61) than in subsoil (Plates 23, 47 and 62), indicating the anthro-
pogenic factor as a significant contributing element to the contamination. However,
these anomalies appear stronger in subsoil.

The spatial distributions of cadmium, lead and zinc exhibit a similarity that is
more clearly marked in the subsoil layer. This may be due to the land surface trans-
formation. In both soil layers, high concentrations of cadmium (>8.0 mg/kg; Plates
22 and 23), lead (>250 mg/kg; Plates 46 and 47) and zinc (>1,000 mg/kg; Plates 61
and 62) occur in the Golgsza Gorna — Gora Siewierska region (north-eastern part
of the sheet) and in the Krzyzowka — Wojkowice — Dabrowka Wielka region (south-
western part of the sheet). In the topsoil layer, the highest concentrations of cad-
mium (135 mg/kg) and zinc (24,820 mg/kg) were recorded in a sample taken from
wasteland on the southern outskirts of Wojkowice. In turn, the maximum concen-
tration of these metals (cadmium 266.2 mg/kg, and zinc 29,800 mg/kg) in the sub-
soil layer (in wasteland and fallow land) is found in the area of Goéra Siewierska,
where ore mining was active in the past. [ron ores were mined there, as evidenced,
among others, by the presence of funnels ranging to various depths (sources: https://
www.kg.net.pl/tekst/7496/historia-powstania-gory-siewierskiej [access: 4.11.2024]).
Refractory clay deposits and limonite iron ores occurred in the cavities of Triassic
limestones (Piwowar, Ciuk, 1936). These ores also contained small amounts of zinc,
lead and manganese (Wdjcik, Siembab, 2020). The occurrence of the mineral de-
posit was also documented, i.a., in the vicinity of Siemonia, Rogoznik and Sgczow.
In Zychcice, calamine was mined in the “Barbara” mine from 1818 onwards. Later
on, the “Kasper” mine and the “Herkules” calamine washing plant were established
(Piwowar, Ciuk, 1936; Wojcik, 2008 and references therein).

The highest concentration of lead (8,870 mg/kg) is observed in the subsoil lay-
er from agricultural fields at Dgbrowka Wielka (Pickary Slaskie). The soil is also
enriched in cadmium (52.8 mg/kg), zinc (21,350) mg/kg, arsenic (109 mg/kg), iron
(6.19%) and manganese (2,554 mg/kg), which may be due to geological conditions.
A well-marked lead anomaly (with a maximum of 6,300 mg/kg) is also observed
in a topsoil sample taken from wasteland at the village of Brzekowice Gorne. High
concentrations of arsenic (244 mg/kg), cobalt (46 mg/kg), iron (20.97%), manganese
(16,228 mg/kg) and zinc (6,638 mg/kg) are also recorded here.

In the area of anomalous contents of cadmium, zinc and lead, the soils also lo-
cally show pronounced concentrations of arsenic. High amount of this element
(>10 mg/kg) in the topsoil layer may be related to a high proportion of the silt and
clay fractions in the soils. It is supposed that the greatest concentrations of,
i.a., arsenic and metals are found in soils containing higher amounts of the clay
fraction, as well as in organic soils (Kabata-Pendias, Pendias, 1999; Lombi ef al.,
2000; Karczewska et al., 2010). The maximum arsenic concentration (355 mg/kg)
in the topsoil layer was measured in anthropogenic soil south of the Osiedle Robot-
nicze residential area (Rogoznik). The highest concentration of arsenic (531 mg/kg)
in subsoil was found in the village of Siewierska Gora (Plates 13 and 14). At that
location, the following concentrations were measured: cadmium 74.1 mg/kg, zinc


https://www.kg.net.pl/tekst/7496/historia-powstania-gory-siewierskiej
https://www.kg.net.pl/tekst/7496/historia-powstania-gory-siewierskiej

6,686 mg/kg, iron 9.37%, manganese 3,512 mg/kg, nickel 85 mg/kg, and lead
533 mg/kg, which may indicate a relationship between these elements and the bed-
rock geology. Moreover, elevated concentrations of arsenic were identified in this
depth level at Dabrowka Wielka (Piekary Slaskie) in soil of a railway embankment
(443 mg/kg) and at Wojkowice in the Brynica River valley (475 mg/kg).

Silver concentrations of >4 mg/kg were found locally within both depth inter-
vals (Plates 9 and 10). The maximum concentration of this metal (16 mg/kg) was
recorded in the topsoil layer of anthropogenic soil in the urban area of Dabrowka
Wielka. In most of the investigated soils from both layers analysed, the concentra-
tion of copper does not exceed 20 mg/kg. High concentrations of this element (>160
mg/kg) were recorded mainly in anthropogenic soils. The highest concentration
(18,426 mg/kg) is found in a topsoil sample from a reclaimed area of a spoil heap
of the former KWK “Jowisz” mine at Wojkowice (Plates 28 and 29).

In the topsoil layer of Europe, the median concentration of mercury is
0.037 mg/kg (Salminen, 2005). In Poland, the concentration of the element in
soils varies from <0.05 to 7.55 mg/kg, and the median is <0.05 mg/kg (Lis,
Pasieczna, 1995a). In the map sheet area, the mercury concentration in most of
the studied soils is below 0.20 mg/kg (Plates 32 and 33). An anomalous occur-
rence of this element, manifested in both sampling levels (2.15 mg/kg in topsoil
and 2.38 mg/kg in subsoil), was identified in anthropogenic soil from the central
part of the map sheet area. High contents of silver, copper, phosphorus, strontium
and zinc also are recorded at the site. Examining the mercury concentration in
the subsoil layer exclusively, the maximum level (3.45 mg/kg) was recorded at
Wojkowice in the Brynica River valley in a sample taken from a levee. This soil
is also enriched in silver (5 mg/kg), arsenic (475 mg/kg), cadmium (92.2 mg/kg),
lead (2,659 mg/kg), sulphur (0.685%) and zinc (13,360 mg/kg).

Because of the ease of accumulation in soils and the harmful effects of excess
arsenic, cadmium, lead and zinc on plants and soil microorganisms, the amounts
of the map sheet area occupied by soils contaminated by each of these elements
were estimated (Tab. 6). A high arsenic concentration (>100 mg/kg) was identified
in 1.16% of the topsoil layer and 1.41% of the subsoil layer. The proportion of area
occupied by soils contaminated by cadmium in the topsoil layer (>15 mg/kg) is
16.99%, by lead (>600 mg/kg) 4.71%, and by zinc (>2,000 mg/kg) 10.35%. At a depth
of 0.8—1.0 m, the proportion of soils contaminated with these metals is 12.59% for
cadmium, 3.67% for lead, and 10.56% for zinc. In the study area, the percentage of
soils contaminated with the examined elements is significantly higher than in the
Pyrzowice sheet adjoining to the north.

In order to assess the degree of contamination of soils from the 0.0-0.3 m depth
layer with potentially toxic elements, reference was made to the limit values pro-
vided in the Regulation of the Minister of the Environment on the manner of con-
ducting the assessment of contamination of the Earth surface (Rozporzadzenie...,
2016). According to the contents of arsenic, barium, chromium, cobalt, copper,
nickel and mercury, the requirements for group I (residential areas, other built-up
areas, urbanized undeveloped areas, built-up agricultural land, recreational and
leisure areas) were met by 98.84—100% of the analysed soil samples.

Cadmium is notable by the fact that only 6.18% of soil samples met its require-
ments for group I. According to the contents of most elements, the requirements
for group II (arable land, orchards, meadows and permanent pastures, land under
ponds and ditches, allotment gardens) were met by 88.65—-100% of soil samples.
The exceptions were arsenic, zinc, cadmium and lead, for which the percentage of
samples meeting the requirements for group II was much lower (6.18—-45.95%).
Between 68.42 and 100% of the soil samples were found to meet the requirements
for group I1I (forests, wooded and shrubby land including agricultural land, waste-
land, recreational and leisure areas, ecological sites, miscellaneous land), with the
lowest percentage of samples referencing cadmium and zinc (Tab. 7). This is sig-
nificant because the land use in the map sheet area is largely agriculture (culti-

Tabela
Table
Udzial obszaréw zajmowanych przez gleby o réznych zawartosciach
arsenu, kadmu, cynku i olowiu na glebokosci 0,0-0,3 i 0,8—1,0 m

The percentage of areas occupied by soils with different arsenic, cadmium,
lead and zinc content in topsoil (0.0—0.3 m) and subsoil (0.8—1.0 m)

Gleba
Pierwiastek | Zawarto$é Soil
Element Content 0,0-0,3 m 0,8-1,0 m

me/kel 1™ ey %" [km?] %"
<10 3791 45,95 52,38 63,49
10-25 32,94 39,92 18,96 22,98
As 25-50 8,15 9,88 7.87 9,54
50-100 2,54 3,0 2,13 2,58
>100 0,96 1,16 1,16 1,41
<2 5,10 6,18 4535 54,97
2-5 25,36 30,74 12,71 15,40
cd 5-10 25,99 31,50 9,55 11,57
10-15 12,04 14,59 4,52 5,48
>15 14,01 16,99 10,39 12,59
<100 18,86 22.86 54,95 66,61
100-200 31,28 37,91 12,13 14,70
Pb 200-500 26,81 32,51 10,84 13,14
500-600 1,66 2,01 1,55 1,88
>600 3,89 471 3,03 3,67
<300 18,73 22.70 46,70 56,61
300500 17,38 21,08 6,51 7,89
Zn 5001000 23,64 28,65 1142 13,84
1000-2000 14,21 17,22 9,16 11,10
>2000 8,54 10,35 8,71 10,56

* 82,5 km? =100%

vated fields and grasslands) and wasteland. An example of the assessment of soil
contamination (in cartographic form) according to the permissible cadmium con-
tent (Rozporzadzenie..., 2016) is presented in the map of the distribution of the
content of this element (Tab. 63). The analysis carried out does not take into account
the stages and method of soil and land contamination testing set out in Rozpo-
rzadzenie (2016).

AQUATIC SEDIMENTS

Within the map sheet boundaries, sediments of watercourses and standing
water bodies (named as sediments on the maps) were studied within the following
catchments: Kozlowa Goéra reservoir, Jaworznik Stream, Wielonka Stream, Czar-
na Przemsza River from the Przeczyce reservoir dam to the Brynica River, and
Brynica River from the Szarlejka Stream to the Rawa Stream (Fig. 3). The ranges
and statistical parameters of the elemental contents in the individual catchments
are presented in Tab. 4. In characterizing the study results, reference was made to
the geochemical background values for the Silesian-Cracow region (according to
Lis, Pasieczna, 1995b), and to the values of ecotoxicological risk indicator PEC
(Probable Effect Concentration; MacDonald et al., 2000), above which harmful
effects of a given element on aquatic organisms is observed. The PEC index takes
on the following values: arsenic — 33 mg/kg, cadmium — 4.98 mg/kg, chromium
— 111 mg/kg, copper — 149 mg/kg, lead — 128 mg/kg, mercury — 1.06 mg/kg,
nickel — 48.6 mg/kg, and zinc — 459 mg/kg.
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Tabet
Ocena zanieczyszczenia gleb z glebokosci 0,0-0,3 m ze wzgledu
na zawarto$ci wybranych pierwiastkéw potencjalnie toksycznych
Assessment of topsoil (0.0—0.3 m) contamination according to the content
of selected potentially toxic elements
Pierwiastek Grupa | Grupa IT* | Grupalll | GrupalV | Pozostate**
Element Group I Group I1 Group II1 Group IV Other

1 <25 <10 <50 <100 >100
As 2 1112 595 1240 1280 15

3 85,87% 45,95% 95,75% 98,84% 1,16%

1 <400 <200 <1000 <1500 >1500
Ba 2 1280 1148 1295 1295 0

3 98,84% 88,65% 100,00% 100,00% 0,00%

1 <200 <150 <500 <1000 >1000
Cr 2 1295 1295 1295 1295 0

3 100,00% 100,00% 100,00% 100,00% 0,00%

1 <500 <300 <1000 <2000 >2000
Zn 2 567 294 938 1161 134

3 43.,78% 22.,70% 72,43% 89,65% 10,35%

1 <2 <2 <10 <15 >15
Cd 2 80 80 886 1075 220

3 6,18% 6,18% 68,42% 83,01% 16,99%

1 <50 <20 <100 <200 >200
Co 2 1294 1291 1295 1295 0

3 99,92% 99,69% 100,00% 100,00% 0,00%

1 <200 <100 <300 <600 >600
Cu 2 1288 1275 1294 1295 0

3 99,46% 98,46% 99,92% 100,00% 0,00%

1 <150 <100 <300 <500 >500
Ni 2 1295 1295 1295 1295 0

3 100,00% 100,00% 100,00% 100,00% 0,00%

1 <200 <100 <500 <600 >600
Pb 2 787 296 1208 1234 61

3 60,77% 22,86% 93,28% 95,29% 4,71%

1 <5 <2 <10 <30 >30
Hg 2 1295 1294 1295 1295 0

3 100,00% 99,92% 100,00% 100,00% 0,00%

k3k

dopuszczalne zawartosci substancji powodujacych ryzyko z podziatem na grupy
gruntéw przyjete za Rozporzadzeniem Ministra Srodowiska z dnia 1 wrze$nia 2016 1.
permissible contents of substances causing risk, divided into soil groups, adopted according

to the Regulation of the Minister of Environment of September 1, 2016

liczba probek spetniajacych kryteria dla poszczegélnych grup gruntow
number of samples meeting the criteria for individual soil groups

udzial procentowy probek (w stosunku do catkowitej liczby n) spetniajacych

kryteria dla poszczegolnych grup gruntow
percentage of samples (in relation to the total number n) meeting the criteria for individual

soil groups

wartosci przyjete dla grupy 11-1 (wartosci najnizsze)
values adopted for group 11-1 (lowest values)

niespetniajace wymogow dla zadnej z grup
not meeting the requirements for any of the groups
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Fig. 3. Location of watercourses, standing water bodies and the catchments
(https://wody.isok.gov.pl/imap_kzgw/ [access 12.09.2024])

Catchment of the Kozlowa Géra reservoir. This is a small area located in
the north-western part of the map sheet, which is covered by forests. All sediment
samples were taken from unnamed ditches and streams. The median concentra-
tions of calcium, cobalt, magnesium, manganese, phosphorus and strontium in
the sampled sediments are lower or close to the regional geochemical background
level. Slightly higher median values are observed for chromium, nickel, titanium
and vanadium. There are clear exceedances above the regional background lev-
el in the case of arsenic, barium, cadmium, copper, mercury, lead, sulphur and
zinc (Tab. 4).

In the streams near the northern boundary of the catchment area, the sediments,
which are locally rich in organic matter, are characterized by significant concentra-
tions of most of the elements studied. The reported levels were as follows: 57—
142 mg/kg arsenic, 18.3—109.9 mg/kg cadmium, 12-23 mg/kg chromium, 13—
96 mg/kg copper, 3.13-5.65% iron, 32—-165 mg/kg nickel, 229-2,321 mg/kg lead,
and 1,344-9,036 mg/kg zinc. The sediments are also rich in aluminium (0.31—
1.32%), barium (45—-879 mg/kg) and manganese (301-25,208 mg/kg).

The PEC threshold was exceeded in some samples for arsenic, cadmium, nick-
el, lead and zinc. The greatest number of samples in which this indicator was ex-

ceeded were reported for cadmium and lead (80%) and zinc (59%), which points to
a high risk of harmful effects on aquatic organisms.

The Jaworznik Stream catchment is located in the north-western and northern
part of the map sheet. Land use in the catchment area is diverse, including culti-
vated fields, wasteland and forestry. The catchment extends over part of the massive
area of Triassic deposits that form extensive outcrops. The Jaworznik Stream valley
is lined by Quaternary sediments of floodplain terraces and slope wash and flu-
vial sands, gravels and silts (Plate 1).

The median contents of most of the chemical elements analysed in aquatic
sediments of the catchment area are lower or close to the geochemical background
level of the Silesian-Cracow region. Only cadmium, magnesium, lead, sulphur,
titanium and zinc are slightly above their background levels (Tab. 4).

Relatively high concentrations of metals and arsenic were measured mainly
in the western part of the catchment, in some sediment samples taken from un-
named watercourses draining mainly wasteland. A maximum of 82 mg/kg arse-
nic, 58.3 mg/kg cadmium, 86 mg/kg copper, 37 mg/kg chromium, 772 mg/kg
lead, and 3,156 mg/kg zinc were found there. The sediments also show high
levels of barium (up to 645 mg/kg), manganese (14,932 mg/kg) and cobalt (33
mg/kg). One of the likely sources of the elements is surface runoff. Sediments
from an unnamed ditch draining gardens in the Osiedle Robotnicze (Rogoznik)
residential area are characterized by high concentrations of iron (13.85%), man-
ganese (12,210 mg/kg), phosphorus (3.081%) and strontium (231 mg/kg). This is
presumably due to municipal contamination or surface runoff of rainwater from
agricultural land.

In the middle reach of the Jaworznik Stream is Lake Rogoznickie. During the
growing season, the bottom of the eastern, shallower part of the lake (Rogoznik II
reservoir) is covered by underwater vegetation, while its western part is devoid of
it. Following the growing season, the vegetation dies and its remains settle to the
bottom of the lake to undergo decomposition processes. This also leads to a grad-
ual accumulation of bottom sediments (Machowski, Rzetata, 2023). Fine-grained
organic sediments in the eastern part of the reservoir contain higher levels of some
elements. Maximum levels have been reported there as follows [mg/kg]: 17.9 cad-
mium, 18 copper, 12 nickel, 95 lead, 52 titanium, 24 vanadium, and 376 zinc. The
sediments also contain relatively high concentrations of strontium (51 mg/kg),
calcium (up to 10.38%) and manganese (up to 538 mg/kg).

Analysis of the results shows that approximately 36—40% of aquatic sediments
sampled within the catchment area, mostly from unnamed streams and ditches,
contained higher levels of cadmium, lead and zinc relative to the PEC values. For
arsenic, exceedances were recorded in eight samples.

The Wielonka Stream catchment extends over the central part of the map sheet.
The land use in this catchment area is diverse, being mainly wasteland and to a less-
er extent agricultural land (arable fields and grassland) and woodland. The Wielon-
ka Stream valley is lined by Quaternary deposits of floodplain terraces and valley
bottoms, as well as by slope wash and fluvial sands, gravels and muds (Plate 1).

Sediments from the Wielonka Stream, as well as from the entire catchment area,
are characterized by similar or higher median contents of most elements compared
to the regional geochemical background level. They show a very clear enrichment
in manganese. In contrast, the median values of mercury, phosphorus and strontium
are lower than the geochemical background level (Tab. 4).

The aluminium content in sediments of the Wielonka Stream is generally in the
range of 0.20—0.79%, with only two samples exceeding 1%. Arsenic (4—11 mg/kg)
and mercury (<0.02—0.05 mg/kg) remain mostly within the geochemical background
range of the Silesian-Cracow region. The concentrations of calcium and magnesium
are characterized by slight variability, fluctuating mostly within the limits of 0.27—
1.64% and 0.12—-0.50%, respectively. In the lower reach of the Wielonka Stream,
upstream of the confluence with the Brynica River, the sediment is characterized
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by high concentrations of arsenic (25 mg/kg), mercury (0.14 mg/kg), manganese
(2,397 mg/kg), sulphur (0.682%), strontium (79 mg/kg) and zinc (1,708 mg/kg). The
sample was collected from an urban area, close to buildings, so the likely source of
the elements is urban contamination.

High levels of metals, arsenic, phosphorus and sulphur are recorded in the
sediments of an unnamed stream draining meadows are recorded near Cielu-
chowce. The concentrations are as follows: 394 mg/kg barium, 19.6 mg/kg cad-
mium, 362 mg/kg cobalt, 6.79% iron, 24,222 mg/kg manganese, and 260 mg/kg
nickel. The sediments are also rich in arsenic (29 mg/kg), lead (148 mg/kg) and
zine (1,789 mg/kg). In the same area, the sediments of an unnamed ditch being
a left-hand tributary of the Wielonka Stream contain copper (101 mg/kg), phos-
phorus (0.506%) and sulphur (2,900%). In turn, in the Krzyzoéwka region, near
the western boundary of the catchment, aquatic sediments from a pond (prob-
ably of post-mining origin) show the catchment’s highest concentrations of cal-
cium (6.92%), cadmium (33.2 mg/kg), chromium (233 mg/kg), mercury
(0.97 mg/kg), lead (545 mg/kg), strontium (107 mg/kg) and zinc (3,477 mg/kg).

The levels of arsenic, chromium and nickel exceed their PEC thresholds only in
a few aquatic sediment samples collected in the catchment. In contrast, the percent-
ages of samples in which the measured contents of cadmium, lead and zinc ex-
ceeded the levels are considerably higher: 42%, 21% and 56%, respectively.

Catchment of the Czarna Przemsza River from the Przeczyce reservoir
dam to the Brynica River. The part of the catchment area that is located with-
in the study area occupies the territory extending along the eastern edge of the
map sheet. Its area includes short sections of the Pagor and Psarka streams, which
are direct tributaries of the Przemsza River (outside the map sheet boundaries).
Both these watercourses have their headwaters in the study area; the Pagor Stream
takes its origin in the Golgsza Dolna region, while the Psarka Stream at the vil-
lage of Psary at the junction of Laczna Street and Boczna Street (Prognoza...,
2020).

Sediments sampled within the catchment contain the analysed elements,
expressed as their median values, in the ranges close to or above the regional
geochemical background level. The median concentrations of arsenic, cadmium,
cobalt, iron, lead, sulphur and zinc are approximately twice the background
values, while the median concentration of manganese is three times higher. The
median values of calcium and strontium in the samples are lower than the back-
ground level (Tab. 4).

Sediments from an unnamed stream flowing through a wooded area near the
south-eastern boundary of the map sheet show significant concentrations of some
elements, including 1.80-18.39% calcium, 3.6—13.9 mg/kg cadmium, 625 mg/kg
cobalt, 871-24,563 mg/kg manganese, and 30-212 mg/kg strontium. The sedi-
ments are also rich in phosphorus (up to 0.440%) and sulphur (up to 0.932%). In
the Nowy Grodkdéw region, on the other hand, a sample of aquatic sediment
collected from a ditch that drains farmland (near the provincial road 913) shows
the catchment’s highest concentrations of barium (3,069 mg/kg), cobalt (73 mg/kg),
iron (10.25%) and manganese (44,978 mg/kg). Moreover, the sediment also ex-
hibits high concentrations of lead (332 mg/kg) and zinc (1,254 mg/kg). A nearby
transport route and the leaching of elements from the catchment area may also
be additional sources of the contamination. This is facilitated by the slight slop-
ie of the land.

Concentrations of arsenic, chromium and nickel are above their PEC thresh-
olds in only a few aquatic sediment samples collected within the catchment area.
As for cadmium, lead and zinc, the percentage of samples for which this thresh-
old is exceeded is significantly higher: 70%, 46% and 60%, respectively.

The south-western and southern parts of the map sheet area lie within the
catchment of the Brynica River from the Szarlejka Stream to the Rawa
Stream. Within the sheet boundaries, the Brynica River flows in a regulated,



concreted and embanked channel. The median contents of the analysed chemical
elements in aquatic sediments of the catchment area above the geochemical
background level of the Silesian-Cracow region. Relatively high levels of arsenic,
cadmium, copper, lead and zinc are clearly evident in the sediments (Tab. 4).
Downstream of the mouth of the Row z Orta Biatego ditch (beyond the western
boundary of the map sheet), high concentrations of cadmium, copper, lead and
zinc are particularly evident in sediments of the Brynica River. The levels are as
follows in that area [mg/kg]: 2—8 silver, 60—130 cadmium, 570-750 lead, and
17,720-33,190 zinc. According to Pasieczna and Konon (2021), the sediment con-
tamination originates from dewatering of post-mining spoil heaps, from zinc and
lead ore processing and long-term zinc metallurgy, as well as from surface runoff
in the area of soils contaminated with these elements. The present study of the
Brynica River sediments shows varying concentrations of metals, ranging as fol-
lows [mg/kg]: <1-2 silver, 9.1-79.8 cadmium, 229-1,341 lead, and 3,222-31,946
zinc. In addition, the alluvial deposits of the Brynica River are also distinguished
from the aquatic sediments of the map sheet area by their high concentrations of
mercury (often >0.20 mg/kg), phosphorus (>0.320%) and sulphur (>0.600%).
Analysis of the results shows that approximately 98-100% of aquatic sediments
sampled in the catchment area are characterized by higher concentrations of cad-
mium, lead and zinc relative to the PEC values. For arsenic, exceedances were
found in about 46% of the samples. In contrast, concentrations of chromium, cop-
per and nickel exceeded their PEC thresholds in only a few sediment samples.

SURFACE WATERS

The studies of surface waters were preformed to assess the contents of selected
chemical components, specific electrolytic conductivity, and pH. In order to compare
and facilitate the assessment of the quality of the waters, the content ranges for
individual components in the study area and the results of calculations of statistical
parameters are presented in Table 5. It also includes the limit values of water qual-
ity indicators from the group of specific synthetic and non-synthetic contaminants,
and environmental quality standards for chemical condition indicators of surface
water bodies (Rozporzadzenie..., 2021).

Catchment of the Kozlowa Géra reservoir. The pH of the water in the catch-
ment area is 5.17-7.28 and their specific electrolytic conductivity is 0.08—1.59 mS/
cm. A high EC value (1.59 mS/cm) was recorded in an unnamed stream flowing
through a forest area near the motorway. The catchment’s highest concentrations
[mg/dm?] of calcium — 115.2, magnesium — 26.2, sodium — 148.3, sulphate — 278,
and strontium — 0.324 are also observed at this location.

Water samples from the catchment area are characterized by lower levels of
silver, arsenic, boron, barium, beryllium, cobalt, chromium, copper, molybdenum,
antimony, selenium, titanium, thallium and vanadium than the limits set for surface
water quality classes I and II. Zinc also remains within these limits in most of the
waters investigated. Its higher concentration (1.128 mg/dm? and 1.983 mg/dm?®) was
found only in two samples. Taking into account the environmental quality standards
for chemical status indicators in the samples studied, the concentrations of nickel in
the samples did not exceed the permitted levels. The lead content of most of the
waters analysed is also below the values specified in Rozporzadzenie... (2021; Tab. 5).

The water collected from the catchment area is distinguished in a few samples
by relatively high concentrations of aluminium and iron, ranging from 1,016.1 to
3,346.9 pg/dm? and from 2.05 to 4.44 mg/dm?, respectively. In addition, a signifi-
cant proportion of the waters sampled are classified as substandard due to high
concentration of cadmium (1.84—8.08 pg/dm?). Some of the samples with elevated
concentrations of cadmium are also characterized by high levels of lead (10.75—
24.49 pg/dm?) and zinc (0.910-1.983 mg/dm?). This is probably related to the low

pH of the waters and soils in this area, which may have caused remobilization of
the elements from the solid phase into solution.

Catchment of the Jaworznik Stream. The pH value of the waters in the catch-
ment area varies between 5.96 and 9.70, and the specific electrolytic conductivity is
between 0.11 and 8.95 mS/cm. Of note is the maximum EC value (8.59 mS/cm)
measured for a water sample taken from a pond in the area of a disused limestone
quarry, where construction and municipal waste (e.g. tyres, plastics, oils, efc.) was
found. Relatively high levels of molybdenum (12.97 pg/dm?), sodium (1,872.2 mg/dm?3),
nickel (25.4 pg/dm?) and sulphate (265 mg/dm?) were also determined at this site.

The levels of silver, arsenic, boron, barium, beryllium, cobalt, chromium, cop-
per, molybdenum, selenium, titanium, thallium, vanadium and zinc in the water of
the catchment area and the Jaworznik Stream are below the limits defined for
surface water quality classes I and II. For antimony and aluminium, only a few
water samples from unnamed ditches show higher concentrations (2.19 pg/dm?® and
518.6 pg/dm?, respectively). Concentrations of nickel and lead also do not exceed
the permitted levels set out in Rozporzadzenie... (2021). Cadmium concentrations
exceed the normative values in only a few samples, reaching a maximum value of
1.94 pg/dm?® in an unnamed stream draining wasteland in the northern part of the
catchment. At the same site, the water is also characterized by higher concentrations
of iron (16.62 mg/dm3), aluminium (226.8 pg/dm?), cobalt (6.76 pg/dm?) and zinc
(0.252 mg/dm’) than elsewhere in the catchment area.

The concentrations of phosphorus in the waters of the catchment area are
often below the limit of quantification (0.05 mg/dm?). The highest concentration
(6.69 mg/dm? at EC=1.47 mS/cm) was found in a ditch draining the treatment
plant area. The recipient of the treated effluent is the Jaworznik Stream, whose
waters downstream of the treatment plant show a significant increase in phos-
phorus concentrations (0.73—1.18 mg/dm?).

The pH value of the water in Lake RogoZnickie ranges from 7.28 to 8.14, and
the specific electrolytic conductivity is from 0.38 to 0.68 mS/cm. The water contains
relatively low concentrations of the elements analysed, including metals that are
potentially toxic to living organisms. The concentrations of the elements do not
exceed the normative values (Rozporzadzenie..., 2021; Tab. 5)

Catchment of the Wielonka Stream. The catchment waters are characterized
by EC values in the range of 0.36—1.20 mS/cm and pH values in the range of 6.56—
8.82. They contain low levels of the analysed constituents compared to the limit
values defined for surface water quality classes I and II (Rozporzadzenie..., 2021,
Tab. 5). They also typically show low concentrations of metals. In the waters, the
concentrations of nickel and lead do not exceed 19.0 pg/dm® (median 2.3 pg/dm?)
and 8.31ug/dm? (median 0.10 pg/dm?), respectively. Cadmium concentrations (me-
dian 0.06 pg/dm?®) in the majority of samples are also within the limit of the permis-
sible values set out in Rozporzadzenie...(2021). Only in four cases were higher
concentrations of this metal determined, ranging between 0.82 and 2.10 pg/dm?.
The concentration of iron in the catchment waters is usually in the range of <0.01—
0.10 mg/dm? (median 0.05 mg/dm?). Its maximum content (2.25 mg/dm?) was found
near Cieluchowce, in a sample taken from an unnamed stream. The catchment’s
highest concentration of manganese (3.823 mg/dm’) is also recorded at that location.

Catchment of the Czarna Przemsza River from the Przeczyce reservoir
dam to the Brynica River. The pH value of the catchment waters varies between
6.45 and 8.86, and the specific electrolytic conductivity is between 0.29 and
2.05 mS/em. Concentrations of the elements analysed do not exceed the normative
levels (Rozporzadzenie..., 2021; Tab. 5).

Water with an EC value of more than 1 mS/cm is found in streams of forested
areas near the eastern boundary of the map sheet. The elevated EC in these water-
courses is due mainly to the concentrations of boron (0.13—0.70 mg/dm?), calcium
(114.0-270.8 mg/dm?), magnesium (20.0-105.5 mg/dm?), sodium (21.1-130.0 mg/dm?)
and sulphate (97-587 mg/dm?®). Also of note is the concentration of some elements
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in the water over a short, concreted section of the Psarka Stream and in a nearby
ditch, near the eastern boundary of the map sheet. It contains 2.074-2.839 mg/dm?
of manganese, 13.48-19.42 pg/dm? of cobalt, 0.87-7.04 mg/dm? of iron, and 20.6—
24.9 pg/dm? of nickel.

Catchment of the Brynica River from the Szarlejka Stream to the Rawa
Stream. In the catchment area, the pH values vary between 6.80 and 8.53, and the
specific electrolytic conductivity is between 0.36 and 1.90 mS/cm. The Brynica
River is characterized by a slight variation in EC, ranging from 1.09 mS/cm to
1.90 mS/cm. The elevated EC (>1 mS/cm) in the catchment area is mainly due to
the concentrations of sodium (57.7-137.8 mg/dm?), lithium (12.3-231.7 pg/dm?),
calcium (76.2-198.1 mg/dm?) and magnesium (37.2-109.1 mg/dm?).

The levels of some constituents in the Brynica River waters are clearly influenced
by its tributaries in the section of the watercourse in the adjacent area beyond the
western boundary of the map sheet. The source of sodium is the waters of the
Szarlejka Stream, as concentrations of this element were found downstream of its
mouth at a level of 120-240 mg/dm?*. Downstream of the mouth of the Row z Orla
Bialego ditch, 380—990 mg/dm?® of sulphate and 1.55—6.41 pg/dm? of thallium were
measusred in the Brynica River (Pasieczna, Konon, 2021). The present study of the
Brynica River waters upstream of the confluence of the Jaworznik Stream with the
Brynica River shows similar concentrations of sodium (114—118 mg/dm?), sulphate
(515558 mg/dm?) and thallium (1.84-2.34 pg/dm?3).

Water samples from the catchment area are characterized by lower levels of
most of the elements analysed compared to the limits set for surface water quality
classes [ and II. As for thallium, zinc and antimony, higher levels are observed only
in a few cases (Rozporzadzenie..., 2021; Tab. 5). Cadmium is below the limit of
quantification in most of the waters studied, lead does not exceed 9.05 pg/dm?
(median 0.23 pg/dm?®) and nickel 12.0 pg/dm? (median 5.6 pg/dm?).

SUMMARY AND CONCLUSIONS

1. In the study area, the anthropogenic sources of contamination of the
natural environment are the historical exploitation of zinc-lead ores, the
mining of coal and construction raw materials, and urbanization (resi-
dential, service and commercial housing). Contaminants coming from
neighbouring heavily industrialized and urbanized areas also have a sig-
nificant impact.

2. The lithology of the parent rock of the soils is reflected in their grain size
composition. Soils that developed mainly on Quaternary glaciofluvial sands
and gravels are rich in the sand fraction, while those formed mainly on out-
crops of Triassic carbonates and on Carboniferous deposits are rich in the silt
and clay fractions.

3. The median contents of the elements studied in the topsoil layer are higher
than the geochemical background values for the Silesian-Cracow region. The
only exception is mercury. The highest exceedances of the background levels
(about five times) were found for cadmium and zinc

4. Soils that are clearly enriched in cadmium and zinc are observed in areas of
Triassic carbonates.

5. Exceedances of the PEC thresholds for arsenic, cadmium, lead and zinc were
found in aquatic sediments from all catchments within the map sheet boundaries.

6. The surface waters are characterized by variability in chemical element con-
tent, pH, and specific electrolytic conductivity. They are mainly neutral and
alkaline in pH. High EC (>1 mS/cm) is observed in the waters of the Brynica
River and its tributaries and of some watercourses, in wooded areas, in the
north-western and south-eastern parts of the map sheet.
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