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ATLAS OF URBAN SOILS CONTAMINATION IN POLAND

Abstract. The assessment of urban soils enrichment with elements in comparison to the
regional geochemical background was made. The study was based on the analysis of samples
taken from two depth intervals in the urban areas of Poland between 1991 and 1999. The
results indicate that the city/town size (defined by inhabitants number) has an influence on the
degree of examined elements accumulation.

The samples were collected from the depth of 0.0-0.2 and 0.4-0.6 m within
administrative boundaries of 334 cities/towns of differentiated population size. The sampling
density varied from 1 sample per 5-6 km” to 1 sample per 0.25 km?’, whereas the weight of
each sample was about 1000 g. The following elements, i.e. As, Ba, Ca, Cd, Cr, Cu, Mg, Ni,
Pb, S, Sr and Zn were determined with an ICP-AES method. The samples were digested with
HCI (1:4) at temperature 90°C for one hour. Mercury was determined with a CV-AAS
method. The analyses were performed in the laboratory of the Polish Geological Institute in
Warsaw.

Enrichment of urban soils with the particular elements in the selected cities/towns of
Poland is presented on symbol geochemical maps that show diversified values of enrichment
indicators in the form of different size circle symbols. These maps also reveal geochemical
background concentration, as well as the extent and values of natural (geologic) anomalies.
The relationship between the city/town size (corresponding to number of its inhabitants) and
soil reaction or element enrichment coefficients are presented as bar charts. The geochemical
background concentration in surface soils of non-built-up areas from all over Poland was used
as the reference level. In the detailed part of this atlas, isoline or point geochemical maps of
particular elements in the Upper Silesian Conurbation, capital cities of all provinces
(voivodeships) of Poland, as well as Czgstochowa, Legnica and Watbrzych were presented. In
these maps areas or sites which exceed limit values of elements used for soil contamination
assessment are indicated.

The results of the study reveal a significant variability in concentration of the elements
examined in the top (0.0-0.2 m) and bottom (0.4—0.6 m) urban soils dependent on both
factors, i.e. chemical composition of host rocks as well as intensity of urban-industrial and
transportation activities. In general, the concentration of heavy metals and other toxic
elements in urban soils are from two to a dozen or so times higher than those in the
neighboring non-built-up areas. In the Upper Silesian cities and towns located within natural

anomalies (geochemical aureoles) related to Zn-Pb ore deposits, the enrichment with metals is



by a factor of tens. Comparison of elements concentration and distribution patterns in two
depth intervals of urban soils throughout Poland indicates a distinct and widespread
enrichment of surface soils with Cu, Pb, Zn, Hg and S. The 0.4-0.6 m urban soil interval
displays reduction of the elements mentioned above, except for ore mineralization and
industrial plants areas. The urban soils of both mentioned intervals developed on alluvial
sediments are far more polluted than those in the areas distant from river valleys.
Anthropogenic factors (dust deposition of fuel burning origin) influence neutral or alkaline
reaction of most top and bottom urban soils. Accumulation of numerous elements, i.e. Ba, Ca,
Cr, Cu, Hg, Pb, Sr and Zn, increases in soils with the growth of city or town population, and
this relationship is generally more distinct for surface soils. The maps showing concentration
of elements in soils of different cities/towns and multi-element evaluation of soils enrichment
may be used by local authorities for preliminarily soil pollution assessment in a given
administrative district and for taking decisions on further detailed investigations.

Key words: urban soils, geochemical mapping, Poland

SUMMARY
INTRODUCTION

Urban areas belong to anthropogenically impacted ecosystems, in which buildings and
transportation network are prevailing. The sustainable development of urban areas should
include not only development of infrastructure, but also protection of natural resources. This
attitude needs early identification of the condition and mechanisms of functioning of all the
systems in the environment. Diagnosis and monitoring of soils, as flora and fauna habitat, are
of high priorities.

Identification of urban soil transformation processes resulting from anthropogenic
pressure is a new significant approach to soil studies. It results from progressing urbanization
of Poland and concern of urban areas inhabitants health. The urbanization index of Poland
(expressed by percentage of urban areas inhabitants in regard to entire population) increased
by 25.7% between 1975 and 1998. In 1998 the share of urban areas inhabitants was 61.9%,
and the urban areas covered 20 955 km” which makes 6.7% of entire area of Poland (Miasta...,
2000).

The cartographic assessment of urban soil condition in cities/towns of Poland can be
useful for:

— determining detailed study areas within discovered geochemical anomalies,

— indication of pollution sources,



— monitoring and establishing relationships between environmental factors and human
health.

This atlas presents enrichment of two urban soil intervals 0.0-0.2 m (top soils) and 0.4—

0.6 m (bottom soils) - with a number of elements versus regional geochemical background (as

a combination of anthropogenic and geogenic factors), as well as influence of city/town size

(expressed as a number of inhabitants) on particular element accumulation. The detailed part

of the atlas contains geochemical maps for both soil intervals in the Upper Silesian

Conurbation, province capitals of Poland, and cities of Czgstochowa, Legnica and Walbrzych.

MATERIAL AND ANALYTICAL METHODS

The assessment of enrichment of urban soils with As, Ba, Ca, Cd, Cr, Cu, Hg, Mg, Ni,
Pb, S, Sr and Zn, along with determination of pH was made on the basis of chemical analyses
of two soil intervals samples in all the cities/towns of Poland conducted for the ,,Geochemical
Atlas of Poland" (Lis, Pasieczna, 1995a). Distribution of sampling points is uneven due to
higher density of cities/towns locations in the southern and western Poland (Fig. 1). In all,
2392 samples were collected from the depth of 0.0-0.2 m (top soils) and 0.4-0.6 m (bottom
soils) within administrative boundaries of 334 cities/towns of different size. The study was
performed for all the cities of Poland with population of more than 50 000 people, 56% of
towns with population between 10 00050 000, and 13% of towns with population lower than
10 000 (Table 1). The sampling density was about 1 sample/5-6 km® (except for Upper
Silesia — 1 sample/4 km?).

Detailed geochemical maps of surface urban soils were prepared. They were based on
the analytical results derived from the database of regional geochemical atlases published by
the Polish Geological Institute between 1992-2000. Sampling density varied from 1 sample/1
km?to 1 sample/0.25 km®.

The same equipment and sampling method was applied for soils from all the examined
towns and cities. Each sample weighed about 1000 g. The samples were collected with a hand
operated sampler 80 mm in diameter. Samples were taken in city parks, squares, street and
housing estate lawns, house and allotment gardens, barren lands, and industrial plants areas.

To determine chemical composition of the soils analysed for assessing their pollution,
different methods of digestion with acids or acid mixtures, or speciation (selective extraction)
are used. Sample digestion with acids is a method commonly used for determining the mobile

parts ("fractions") of elements taking part in migration within Earth's surface environments.



These mobile fractions of elements are easier taken up by plants bringing about a risk of
poisoning of a food chain.

For this study the digestion method with HCI (1:4) at the temperature of 90° within 1
hour was used for several reasons. The issue of interest did not include the total
concentrations of elements, but only a part of them which is of anthropogenic origin, i.e.
poorly bound and easily digested. The accepted method of digestion is good enough for a
sound geochemical interpretation (and also cheaper and more convenient). The sample
digestion applied enabled to compare the data with previous studies of numerous set of non-
polluted soils from all over Poland (Lis, Pasieczna, 1995a) and to determine the degree of
enrichment of urban soils with a number of elements versus geochemical background. In
addition, the concentrations of elements in the 0.4-0.6 m interval of urban soils can be
compared with those in surface soils derived from the previous pollution studies for the
several largest urban-industrial centres of Poland (Lis, 1992; Lenartowicz, 1994, 2001; Lis,
Pasieczna, 1995b, 1998a,b, 1999a; Pasieczna et al., 1996; Tomassi-Morawiec et al., 1998; Lis
et al., 1999). The studies were conducted using the same analytical techniques and methods of
sample digestion. The only exception was soils from Gdansk and Legnica for which an aqua
regia digestion method was used.

The soil samples were sieved at the nylon sieve of 2 mm. As, Ba, Ca, Cd, Cr, Cu, Pb
and Zn were determined using ICP-AES method. Mercury was determined with CV-AAS
method. The reaction of soils in water solution was determined in accordance with the Polish
standard used for soil science.

All the analyses were done in the laboratory of the Polish Geological Institute in
Warsaw, using the same analytical methods. The quality control of the analyses was
guaranteed by replicate analyses of the same samples randomly selected and the use of
reference materials.

PRESENTATION OF RESULTS

To assess the pollution degree of soils (and other media), the knowledge of natural
concentrations of elements in these environments, i.e. geochemical background (also called a
reference level, natural concentration, or pre-industrial concentration) is required. In general,
geochemical background is given as a single value (median, arithmetic mean, geometric
mean). To determine this value by using statistical methods, sound data set and knowledge of
distribution pattern is needed (Matschullat et al., 2000). The use of arithmetic mean is
possible only for sets with normal distribution. In geologic materials distribution patterns of

elements are usually lognormal and multimodal, and a more adequate measure for a



background values is median or geometric mean (Salminen, Gregorauskiene, 2000; Lis,
Pasieczna, 2001).

Both geochemical background and anomaly notions refer to natural (geogenic)
concentrations of elements in soils. The geochemical background should be calculated for
sample population that was not anthropogenically influenced. It is impossible nowadays to
possess such a set of soil samples. The geochemical background is determined on the basis of
soil studies from non-built-up areas throughout Poland, i.e. derived from 6522 samples (Lis,
Pasieczna, 1995a). The data set was split into subsets referring to different geochemical
provinces of Poland (Lis, Pasieczna, 1998c¢), and for each of them geochemical background
was calculated. Median values were regarded as a background level for different regions, i.e.
geochemical provinces of Poland. Three provinces were taken into account. In the North
Polish Lowlands. In the South the Carpathians and the Sudetes with their foredeeps, and the
Upper Silesia which was treated separately due to its specific lithologic-mineral deposit
structure. Geometric mean and median values were calculated for each of them (Table 1). For
comparison purposes this table also contains values of geochemical background determined
for arable soils (Kabata-Pendias 1 in., 1995) and soil parent rocks (Czarnowska, 1996).

The examined urban soil samples were assigned to the distinguished geochemical
provinces of Poland, and the element enrichment coefficients were calculated for different

cities/towns based on the following formulas:

W, = ml/mr,

Wz = mglmr,

where (W;) and (W) refer to element enrichment coefficients from the soil intervals
0.0-0.2 and 0.4—0.6 m, respectively; m; — median value for an element from the soil interval
0.0-0.2 m of a given city/town, m, — median value for a given element from the soil interval
0.4-0.6 m of a given city/town, m, — geochemical background value of a given element in
unpolluted surface soils of the region (province) computed as a median value.

As for the elements that occur below detection limits for a given analytical method, for
example, 5 mg/kg (As), 0.5 mg/kg (Cd) and 0.05 mg/kg (Hg), 50% of the detection limit
detection values were accepted as median values.

Variability of enrichment coefficients was presented on topographic base maps as circle
symbol geochemical maps for 139 cities/towns of Poland, in which samples were collected

from at least three sites (Plates 2—15). These plates present values of geochemical background



concentrations, as well as an extent and values of geologic anomalies related to chemical
composition of parent rocks in soils from a non-built-up area around the cities/towns.

The relationships between the city/town size (expressed by a number of inhabitants) and
the soil acidity or soil enrichment coefficients for As, Ba, Ca, Cd, Cr, Cu, Hg, Mg, Ni, Pb, S,
Sr and Zn are presented as bar charts (Plates 16, 17), based on the results of analyses derived
from all the examined cities/towns. The value of geochemical background for surface soils of
non-built-up areas of Poland is used as a reference level. The bar charts were supplemented
by enrichment coefficients calculated for surface soil intervals in rural areas of Poland (3,258
samples), based on the "Geochemical Atlas of Poland" (Lis, Pasieczna, 1995a).

The detailed part of this atlas contains single element geochemical maps (Plates 18—
103). They present the results of the study according to the amount of information available
(number of investigation points per area unit). Isoline maps were prepared for the examined
cities/towns with the following surface soil sampling densities: 1 sample/4 km® (both soil
intervals in the Upper Silesian Conurbation), 1 sample/l km® (Czestochowa, Gdansk,
Legnica, £.6dz, Krakow, Szczecin, Warszawa, Wroctaw) and 1 sample/0.25 km?® (Walbrzych).
In the cities/towns with a scarce sampling system (1 sample/4—6 km?) and for the 0.4-0.6 m
soil intervals, the results of the study were presented as symbol maps. Due to considerably
long time period between samples taking for symbol and isoline maps, the results of sparse
sampling (1 sample/4—6 km?”) and dense sampling (1 sample/0.25—4 km?) were presented on
separate maps. Hence, the maximum value points of sparse sampling do not always coincide
with anomaly centres from dense sampling.

All the maps encompass areas and sites where assumed limit values were exceeded.

The selected classes were defined on the basis of element statistical distribution
analysis. The ranges of these classes coincide with percentile values, i.e. 25, 50, 75, 90, 95,
97%, representing a share of samples with a given concentration of element.

While preparing single element isoline maps for both soil intervals of the Upper Silesian
Conurbation (Plates 18-31), the results derived from regional analyses (Lis, Pasieczna,
1995b), supplementary investigations of Zn-Pb-Cd anomaly extent in soils (Lis, Pasieczna,
1997), and additional studies for this atlas were used.

Geochemical maps were prepared on topographic base maps with a scale adjusted to the
area of a given city/town (Plates 18—103).

Multielemental (As, Cd, Cr, Cu, Hg, Ni, Pb, S, Zn) enrichment (expressed by total
enrichment coefficients > W; and }W,), calculated separately for both soil intervals in

different cities/towns, is presented on symbol maps (Plate 104), whereas the difference



between total enrichment coefficients (3 W;—> W,), determining an approximate share of
anthropogenic pollution of urban soils, is presented in Plate 105. The share of natural and
anthropogenic factors in pollution of urban soils was calculated by subtracting the total metal
and sulphur enrichment coefficient for deep soils from the similar coefficient for surface soils.
The positive difference is presented in seven classes, whereas the negative difference (higher
enrichment of lower layer) is presented by a circle symbol of the same size, but differently

coloured (Plate 105).

MULTIELEMENTAL ANALYSIS OF URBAN SOIL POLLUTION

Elements accumulated in soils, which are toxic to plants and animals, can originate from
both anthropogenic (mining, metallurgical industry, transportation, sewage discharges) and
natural (outcrops of mineralised rock formations, ore mineral deposits) sources. Natural toxic
elements enrichment happens to exceed the enrichment of anthropogenic origin . Some of the
elements, i.e. As, Cd, Cr, Cu, Hg, Ni and Pb that occur in the environment are toxic to living
organisms even in relatively small amounts. Such organisms are exposed to toxicants through
uptake of polluted nutrients, and absorption of dust particles through digestive and respiratory
tracts for a long time. An attempt was made to assess the total enrichment of urban soils both
in these elements and zinc or sulphur commonly released from anthropogenic sources. The
objective was to draw an attention to some cities/towns or their neighbouring areas, in which
soils contain high concentrations of hazardous substances. Such contaminated soils require
more detailed study.

Multielemental analysis of pollutants coming from two different depth intervals enabled
also to assess the share of their natural (geologic) or anthropogenic sources in urban soils
situated in different areas of Poland.

The comparison of concentrations of particular elements and reactions in two urban
soil intervals distinctly indicates high enrichment of each of the soils horizons with different
elements (Figs. 1-20; Plates 2—-17, 104). The 0.0-0.2 m soil interval shows the highest
accumulation of Cu, Pb and Zn (Figs. 2—14). The spread of points on Cu-, Pb- and Zn-
scattered diagrams (Figs. 15—17) indicates a low correlation between values of these elements
in top and bottom soils. This phenomenon seems to be connected with various anthropogenic
factors bringing about accumulation of these elements in surface soils. The diagram of pH
(Fig. 18) shows a very high correlation of this parameter for the 0.0-0.2 and 0.4-0.6 m soil

intervals, and domination of alkaline soils in the bottom soil interval.



The comparison of the results derived from determinations of chromium and nickel
(Figs. 19, 20) is a good example of high correlation of these elements within the examined
depth intervals as well as a domination of deep soil intervals enriched with these elements,
which indicates geogenic origin of chromium and nickel in urban soils of Poland.

The urban soils showing the total enrichment coefficients <10 (summed up
coefficients for As, Cd, Cr, Cu, Hg, Ni, Pb, S and Zn) can be recognized as unpolluted, i.e.
those containing analysed elements marked by concentrations characteristic for geochemical
background (Plate 104). The contents of the elements mentioned, which are similar to those
typical for the geochemical background, occur in both soil intervals of small towns near
Warsaw (Marki and Jozefow), and in Lomza, Putawy, Czarna Biatostocka, Swinoujscie, as
well as in some of the cities of the Upper Silesia, i.e. in Rybnik, Zory and Gliwice. The toxic
elements enrichment of surface soils in these cities disappears practically at a depth of 0.4-0.6
m (Table 3, Plate 104).

The most numerous group (total enrichment coefficient in the range of 10-20)
includes cities/towns with slightly anthropogenically polluted soils or naturally enriched soils
as a result of localization of cities/towns on tills (commonly on morainic plateau tills) with a
considerable share of clay fractions. This group includes both the largest urban-industrial
centres of Poland (Warsaw, L.6dz, Poznan, Cracow) and a number of smaller towns (Plate
104). The surface soils are contaminated primarily with Cu, Zn and Ni. In turn, the 0.4—0.6 m
soils contain an excessive amount of chromium and nickel (particularly in the cities of the
Polish Lowlands, the Lublin Upland, and on the foredeep of the Carpathians and the Sudetes);
which indicates the host rocks as the main source of heavy metals.

The total enrichment coefficient at the range of 20-30 was recorded in both depth
intervals in many cities. The enrichment of surface soils is primarily related to anthropogenic
pollution (Gdynia, Gdansk, Grudziadz, Czgstochowa, Pabianice). The amount of pollution
decreases in the deeper soil interval. The other cities (Zagaf, Bolestawiec, Opole, Kalisz,
Zakopane, Tarnéw, Jarostaw, Przemysl) show the same total enrichment coefficient for both
soil intervals, and its value is influenced by different elements according to localization of a
given city/town on rocks of different lithologic pattern (Table 3) and the total effect of
anthropogenic and lithologic factors. For example, in Zagan in Bolestawiec the surface soils
are enriched with Cu, Pb and Zn, whereas the deep soils reveal a higher concentrations of Cr,
Ni and Hg. In Zakopane a high value of the total enrichment coefficient in top soils is affected

by Cd, As and Cu, whereas that in bottom soils is influenced by Ni, As and Cu. In Tarnow,



Jarostaw and Przemysl the soils of both intervals are enriched with elements of lithogenic
origin (with raised regional background), i.e. Ni, Cr and Hg.

The high pollution of surface soils showing the total enrichment coefficient at the
range of 30—40 occurs primarily in the cities of the Upper and Lower Silesia. In the Upper
Silesian region they are surface soils in Ruda Slaska, Sosnowiec, Tarnowskie Gory,
Mystowice and Trzebinia, and 0.4-0.6 m soils in Piekary Slaskie, Bytom, Ruda Slaska and
Siemianowice Slaskie, which are polluted mostly by Zn, Cd, Pb and As (Table 3), e.g.
elements of metal ore deposits of this region, as well as by Cu. The high total enrichment
coefficient of surface soils in Wroctaw is influenced by Cu, Ni, Hg, Zn and Pb, whereas that
of 0.4—0.6 m soils — by Cu, Ni, Hg and Cr. The soils in Boguszéw and Szczawno Zdroj are
characterized by an element association including As, Hg, Zn and Pb, making up high total
enrichment coefficients related to metal ore mineralization in barite and coal deposits. The
total pollution of surface soils in Polkowice by Cu, Pb, Hg and S is brought about by activity
of copper ore processing plants and deposited waste material. Both soil intervals in Radomsko
are enriched with Zn, Cu, Hg, Pb, As and Cd. The source of the enrichment seems to be
emissions released from metallurgy plants. In Leszno surface soils are polluted primarily by
Zn and Cu, which is related to industrial sources, whereas in Lancut both top and bottom soils
are equally enriched with Cu, Ni, Zn and Cr, which results mainly from chemical composition
of parent rocks.

The strongly polluted soils with the total enrichment coefficient of >40 tend to occur
in the cities of the Upper Silesia and the Legnica—Gtogéw Copper District. Such high
coefficient appears in surface soils of Bytom, Olkusz, Chrzanéw, Chorzow, Siemianowice
Slaskie, Piekary Slaskie and Swictochlowice . It is related to raised levels of Zn, Cd, Pb, As
and Cu. The most polluted are 0.4-0.6 m soils in Ruda Slaska, Chorzéw, Olkusz and
Swigtochtowice presenting the same element association pattern (Table 3). The pollution of
these soils is of mixed anthropogenic-geologic type and it is related to occurrence of zinc and
lead ore deposits, many hundred years of ore mining, processing and metallurgy, numerous
old waste tips, as well as a great number of metallurgical, chemical and power plants. Very
high total enrichment coefficients in many metals were found in Glogdw and Legnica
(Legnica—Gtogéw Copper District). Their surface soils reveal a characteristic element
association of Cu, Pb, As, Zn and Hg. The group of cities with the high total enrichment
coefficient includes Bochnia and Dgblin. Enrichment of soils with Ni, Cr and Cu recorded at
Bochnia seems to be natural (lithogenic), whereas soils enrichment with Hg, Cu, Zn, Pb and S

in Deblin is primarily of anthropogenic origin.
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The share of natural and anthropogenic factors in urban soil pollution was assessed by
subtracting the total metal and sulphur enrichment coefficient of deep soils from the similar
coefficient of surface soils. The positive difference is presented in seven classes, whereas the
negative difference (higher enrichment of lower interval) is presented by circle symbols of the
same size but differently coloured (Plate 105).

The predominance of natural (geologic) factors in accumulation of metals, arsenic and
sulphur is observed in soils of nearly one fourth of the examined cities/towns. They are
located in the Lublin region (Chelm and Hrubieszow), central Poland (Kalisz, Ostrow
Wielkopolski, Tomaszow Mazowiecki, Radom, Kielce, Ostrowiec Swiqtokrzyski), and in the
Southern Poland (Bochnia, Nowy Sacz, Przemysl). In the Sudetes the geogenic factors prevail
in element enrichment of soils in Jelenia Géra and Watbrzych.

Separation of anthropogenic and geogenic factors of hazardous elements accumulation
in the cities of the Silesian-Cracow region is extremely difficult. The surface soils of the cities
located on Triassic rocks show a raised accumulation of hazardous elements due to their high
concentrations in host rocks. The geogenic factors cannot play a significant role in the other
cities/towns situated on Carboniferous rocks (Swiqtochiowice, Chorzéw, Ruda Slaska,
Dabrowa Gornicza) because of thick waste mantle soils. The concentrations of elements in
both soil intervals is largely influenced by human activity. In the cities/towns located on soils
developed on Tertiary and Quaternary host rocks (Knuréw, Czerwionka-Leszczyny,
Wodzistaw Slaski), geogenic factors are supposed to play a more significant role. The surface
soils of Opole, Bielsko-Biata and Pszczyna seem to be enriched in metals due to natural
factors.

The positive difference of total enrichment coefficients in soils revealing accumulation
of elements in surface soils results mainly from anthropogenic activity. The difference value
varies widely — from 0.0 to 35.4, reflecting huge intensity of pollution. The least polluted
surface soils occur in Brzeg, Lublin and Tarnéw (Plate 105). The strongest impact of
anthropogenic processes (metal ore mining and metallurgical processing) on accumulation of
elements in soils is marked in Chrzanéw, Glogéw, Trzebinia, Piekary Slaskie, Deblin,
Legnica, Siemianowice Slaskie and Polkowice. The group of cities/towns with soils impacted
strongly by anthropogenic factors includes Leszno, Pabianice and Konin.

An intense activity of fuel-energy industry plants leads to accumulation of metals and
sulphur in surface soils. The best example is soils in Konin (near brown coal operated power
plants), which accumulate Cu, Ni, Zn, Pb and S in the surface interval, and Crina 0.4 — 0.6 m

interval (Table 3).
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Anthropogenic factors domination in the accumulation of metals is strongly marked in

the Warsaw and £.6dZ urban-industrial centres, as well as in Gdynia and Gdansk (Plate 105).

CONCLUSIONS

Enrichment of urban soils of Poland with heavy metals and other elements is caused
both by natural factors (type and chemical composition of parent rocks, chemical properties of
different elements, topographic features, hydrogeological conditions) and human activity
(industrial and transportation dusts emissions, sewage discharges).

The concentrations of the elements examined in the 0.0-0.2 m and 0.4-0.6 m soil
intervals are highly differentiated, reflecting the chemical composition of parent rocks and
intensity of urban-industrial and transportation activity. In general, the concentrations of
heavy metals and other toxic elements in urban soils are from two to a dozen or so times
higher than those in the neighbouring non-built-up areas. Soils enrichment by a factor of tens
is marked in the Upper Silesian cities/towns located in areas of zinc and lead ore deposits with
natural soil anomalies (geochemical aureoles).

Comparison of concentrations and distribution of different elements in urban soil
samples collected from two depth intervals from all over Poland indicates a distinct and
common enrichment of surface soils with Cu, Pb, Zn, Hg and S originated from various
industrial sources. The most important source is fuel combustion and transportation activities.
Accumulation of these elements (with differentiated content) occurs primarily as a result of
industrial activities. Such conclusion comes out from raised concentrations both in soils of
southern Poland (developed on igneous and metamorphic rocks of the Sudetes, coal-bearing
formations and ore-bearing dolomites of the Upper Silesia, flysch rocks of the Carpathians
and claystones of the Carpathian foredeep) and in the soils of Polish Lowlands (with different
parent rocks, i.e. post-glacial rocks, fluvial and eolian rocks primarily sands, tills, silts, clays
and alluvia). In the 0.4—0.6 m interval the content of Cu, Pb, Zn, Hg and S is reduced, except
for ore-bearing mineralization areas and around industrial plants. Some of the cities of the
Carpathian foredeep, Lublin Upland and Lower Silesia, as well as northern Poland (areas
covered with the youngest Quaternary tills) show enrichment with elements of geogenic
origin, i.e. Cr, Mg, Ni and Sr, within the deeper interval.

The most significant contamination of both soil intervals with Cd, Pb, Zn, Cu, As and
Hg, related to zinc and lead ore deposits (mining, processing and smelting) as well as

metallurgy and power plants activities occurs in the cities of the Silesian-Cracovian Upland
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(Swigtochtowice, Piekary Slaskie, Siemianowice Slaskie, Chorzéow, Chrzandw, Olkusz,
Bytom, Ruda Slaska, Tarnowskie Gory, Mystowice, Lazy).

High accumulation of As, Hg, Ba, Pb, Zn and Cu in both soil intervals recorded in
Walbrzych, Boguszow and Szczawno Zdroj is related to natural sources, i.e. sulphide-bearing
barite and quartz veins, as well as coal-bearing formations, and industrial sources (mining and
power-supply industries).

In the cities located within Legnica—Glogéw Copper District (Legnica, Gtogéw and
Polkowice), contamination of surface soils with Cu, Pb, As and Hg is primarily of
anthropogenic origin. Enrichment of surface soils of the £6dZz and Warsaw urban-industrial
centres, and in De¢blin and Konin with Cu, Zn, Pb and Hg is also of anthropogenic origin.

As far as the largest cities of Poland (cities with more than 100 000 people) are
concerned the most polluted soils of both intervals (with Cu, Ba, Hg, Zn, Pb) were found in
Wroctaw.

In Cracow surface soils are polluted with Zn, Cu, Pb and Ba, whereas in £.6dz with
Cu, Hg and Zn. Warsaw and Poznan are the cities with Cu, Pb and Zn enrichment of surface
soils.

In many other cities in central Poland and those located close to the main roads
accumulation of hazardous elements (primarily Cu, Pb, Zn and Hg) is limited to surface soils.

Another problem is high concentrations of Zn, Cd, Pb, Hg and Cu in soils around
industrial plants, dumps and landfill sites. Although their extent is rather small they require
detailed study to identify soils areas exceeding the limit values. According to legal regulations
these grounds should be excluded from agricultural (gardening) use, and possibly reclaimed.
As a result of surface runoff and effluent, such soils might be a pollution source for waters
and water sediments both in the close neighbourhood and remote areas.

The degree of transfer and binding of elements in bottom urban soils is differentiated
and dependent on their reaction, mineral composition, content of grain fractions,
concentrations and form of elements binding in the upper parts of soil profiles. In the cities
located on loamy soils, deep horizons are affected by substantial pollution. The deeper
interval of sandy soils does not retain elements of anthropogenic origin.

The soils of both intervals developed on alluvial sediments are characterised by
considerably higher pollution than urban soils distant from river valleys. The sources of these
anomalous concentrations should be assigned to water and water sediments that carry
hazardous substances of anthropogenic and geogenic origin collected from the whole drainage

basins and accumulated during floods. The suitable environment of alluvial sediments
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containing substances characterised by high sorption capacity (organic alluvia, phosphorite-
bearing clays and peats), plays a significant role in concentrations of heavy metals.

Anthropogenic factors (dust particles deposition derived primarily from fuel
combustion) have a great influence on neutral or alkaline reaction of most urban soils from
both depth intervals. Calcium- and magnesium-bearing dusts neutralize acid rain influence.
The alkalisation, progressing with a size of cities/towns and soil depth, has an advantageous
impact on soils. It enables retention of heavy metals in a solid phase because their sorption
increases with the growth of pH, clay fraction and organic matter content. However, these
dust particles also contain heavy metals (as well as strontium and barium), which tend to
accumulate particularly in surface soils.

Accumulation of many elements, i.e. Ba, Ca, Cr, Cu, Hg, Pb, Sr and Zn, in soils
increases gradually with the growth of urban population and is more distinct for surface soils,
which are also remarkably enriched with sulphur.

The distribution pattern of anomalies in urban soils indicates that the source of Cu, Hg,
Ca, Mg and Sr is dust particles derived from fuel combustion and industrial emissions. As for
Pb, Zn and Cd, the major role is played by sewage discharges enriched in these elements.

Maps showing concentrations of elements in soils of different cities/towns and
comparisons of multielemental analyses can be used by local authorities for preliminary

assessment of soil pollution and taking decisions on detailed further investigations.
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Tablica
Plate 2

pH

Udziat miast
Cities and towns
% pH
230 () >74
476 () 68-74
20,1 O 6,1-6,7
86 O 5,1-6,0
07 @ <50
Odczyn gleb

terenéw niezabudowanych
z poziomu 0,0-0,2 m (n = 6522)

Reaction of soils in non-built-up areas
from 0.0-0.2 m horizon (n = 6522)

Percentyl

Percentile PH
100 — 9,7 max.
9374
73— 6,7
56 — 6,0
32 —5,0
0~—2,1 min.
Udziat miast
Cities and towns
% pH
43,2 O >7,4
424 () 68-74
94 O 6,1-6,7
50 O <60

Odczyn gleb miejskich z poziomu 0,0-0,2 m
Reaction of urban soils (0.0-0.2 m)
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Odczyn gleb miejskich z poziomu 0,4-0,6 m
Reaction of urban soils (0.4-0.6 m)
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Wzbogacenie w arsen gleb miejskich z poziomu 0,0-0,2 m
w stosunku do tta geochemicznego
Enrichment of urban soils (0.0-0.2 m) by arsenic in relation to geochemical background
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Wzbogacenie w arsen gleb miejskich z poziomu 0,4-0,6 m
w stosunku do tta geochemicznego
Enrichment of urban soils (0.4—-0.6 m) by arsenic in relation to geochemical background
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Tablica
Plate

AS

Udziat miast
Cities and towns

%
0,7
5,8
3,6
58
9,4

74,7

Wspétczynnik
wzbogacenia

Enrichment
coefficient

5-10
4-5
3-4

2-3

Tto geochemiczne gleb
terenéw niezabudowanych
z poziomu 0,0-0,2 m (n = 6522)
Geochemical background of soils

in non-built-up areas
from 0.0-0.2 m horizon (n = 6522)

Percentyl
Percentile

100

97

95

90

75

Udziat miast
Cities and towns

%
5,0

1.4
4,3
8,6

80,7

ppm = mg/kg
232 max.

1

<5 min.

Wspotczynnik
wzbogacenia
Enrichment
coefficient

Wqi=m4/m; Wo =mo/m;
m1, mp —mediany dla danego miasta
medians for the town

m, — mediana tta geochemicznego regionu
median of geochemical background

of the region
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Tablica
Plate 4

Ba

Udziat miast
Cities and towns

%
5,0
2,9

12,9
29,3
44,2

5,7

Wspotczynnik
wzbogacenia
Enrichment
coefficient

Tto geochemiczne gleb
terenéw niezabudowanych
z poziomu 0,0-0,2 m (n = 6522)
Geochemical background of soils
in non-built-up areas
from 0.0-0.2 m horizon (n = 6522)

Percentyl
Percentile

100

97

95

90

75

50

25

Udziat miast
Cities and towns

%
21
5,7

ppm = mg/kg
1273 max.

138

109

— 74

—1 46

27

15

Wspotczynnik
wzbogacenia

Enrichment
coefficient

W,

=5
4-5
3-4
2-3

1-2

Wzbogacenie w bar gleb miejskich z poziomu 0,0-0,2 m
w stosunku do tta geochemicznego
Enrichment of urban soils (0.0-0.2 m) by barium in relation to geochemical background
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Enrichment of urban soils (0.4—0.6 m) by barium in relation to geochemical background
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Wzbogacenie w wapn gleb miejskich z poziomu 0,0-0,2 m
w stosunku do tta geochemicznego
Enrichment of urban soils (0.0—0.2 m) by calcium in relation to geochemical background

Wzbogacenie w wapn gleb miejskich z poziomu 0,4-0,6 m
w stosunku do tta geochemicznego
Enrichment of urban soils (0.4—-0.6 m) by calcium in relation to geochemical background

Tablica
Plate

Wspotczynnik
wzbogacenia
Udziat miast Entichment
Cities and towns coefficient
% A
9.3 . >10
250 @ 5-10
136 @ 4-5
121 @ 3-4
150 @ 2-3
179 e 1-2
71 e <1

Tto geochemiczne gleb
terenéw niezabudowanych
z poziomu 0,0-0,2 m (n = 6522)
Geochemical background of soils
in non-built-up areas
from 0.0-0.2 m horizon (n = 6522)

Percentyl %
Percentile

100 25,45 max.

97 2,16
95 1,53
90 — 0,84
75— 0,31
50 0,13
25 0,04

0 <0,01 min.

Wspotczynnik
wzbogacenia

Udziat miast Entichment
Cities and towns coefficient

% W,

9,3 . =10

186 @ 5-10

86 @ 4-5

57 @ 3-4

121 @ 2-3

286 @ 1-2

171 e <1
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Tablica 6

Plate
Cd
Wspotczynnik
wzbogacenia
Udziat miast Enrichment
Cities and towns coefficient
% W,
0,7 . =210
50 @ s5-10
14 @ 4-5
29 @ 3-4
43 @ 2-3
201 @ 1-2
656 e <1

Tto geochemiczne gleb
terendw niezabudowanych
z poziomu 0,0-0,2 m (n = 6522)
Geochemical background of soils
in non-built-up areas
from 0.0-0.2 m horizon (n = 6522)

Percentyl _
Percentile ppm = mg/kg

100 34,5 max.

97 2,3
95+ 15
90— 1,0
75— 0,5
0~<0,5 min.
Wspotczynnik
] ] wzbogacenia
Udziat miast Enrichment
Cities and towns coefficient
% W,
0,7 . >10
14 @ s5-10
00 @ 45
14 @ 3-4
43 @ 2-3
86 @ 1-2
836 o <1

Wzbogacenie w kadm gleb miejskich z poziomu 0,0-0,2 m
w stosunku do tta geochemicznego
Enrichment of urban soils (0.0-0.2 m) by cadmium in relation to geochemical background
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Wzbogacenie w kadm gleb miejskich z poziomu 0,4-0,6 m
w stosunku do tta geochemicznego
Enrichment of urban soils (0.4-0.6 m) by cadmium in relation to geochemical background
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Wzbogacenie w chrom gleb miejskich z poziomu 0,0-0,2 m
w stosunku do tta geochemicznego
Enrichment of urban soils (0.0-0.2 m) by chromium in relation to geochemical background

Wzbogacenie w chrom gleb miejskich z poziomu 0,4-0,6 m
w stosunku do tta geochemicznego
Enrichment of urban soils (0.4—0.6 m) by chromium in relation to geochemical background

Tablica
Plate

Cr

Wspotczynnik
wzbogacenia

Enrichment
Cities and towns coefficient

% W,
36 @ =3

136 @ 2-3

Udziat miast

550 @ 1-2

278 o <1

Tto geochemiczne gleb
terenéw niezabudowanych
z poziomu 0,0-0,2 m (n = 6522)
Geochemical background of soils
in non-built-up areas
from 0.0-0.2 m horizon (n = 6522)

Percentyl
Percentile

100 1873 max.

ppm = mg/kg

97 16
95 14
90 — 10
75— 7
50 4
25 2
0 <1 min.

Wspotczynnik
wzbogacenia
Udziat miast

Enrichment
Cities and towns coefficient
% W,
14 @ »5
21 @ 4-5
50 @ 3-4
164 @ 2-3
479 @ 1-2

272 o <1
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Tablica
Plate 8

Wzbogacenie w miedz gleb miejskich z poziomu 0,0-0,2 m
w stosunku do tta geochemicznego
Enrichment of urban soils (0.0-0.2 m) by copper in relation to geochemical background

Cu

Wspétczynnik
wzbogacenia
Udziat miast Enrichment
Cities and towns coefficient
% W,
4,9 =210

25,4

©

©
oo.....

(6]

I

o

4,2

Tto geochemiczne gleb
terenéw niezabudowanych
z poziomu 0,0-0,2 m (n = 6522)
Geochemical background of soils
in non-built-up areas
from 0.0-0.2 m horizon (n = 6522)

Percentyl
Percentile

100 2190 max.

ppm = mg/kg

97 23
Wzbogacenie w miedz gleb miejskich z poziomu 0,4-0,6 m
9518 w stosunku do tta geochemicznego
Enrichment of urban soils (0.4—0.6 m) by copper in relation to geochemical background
90 — 12
5= 7
50 4
25 2
0 <1 min.

Wspétczynnik
wzbogacenia

Udziat miast Enrichment
Cities and towns coefficient

% W,

0,7 . =10

86 @ s5-10

50 @ 4-5

71 @ 3-4

214 @ 2-3

315 @ 1-2

257 e <1




Wzbogacenie w rte¢ gleb miejskich z poziomu 0,0-0,2 m
w stosunku do tta geochemicznego
Enrichment of urban soils (0.0-0.2 m) by mercury in relation to geochemical background

Wzbogacenie w rte¢ gleb miejskich z poziomu 0,4-0,6 m
w stosunku do tta geochemicznego
Enrichment of urban soils (0.4-0.6 m) by mercury in relation to geochemical background

Tablica
Plate 9

Hg

Udziat miast
Cities and towns

%
5,0

43
16,5
21,6
52,6

e 0O

Wspotczynnik
wzbogacenia

Enrichment
coefficient

W1
>4
3-4

2-3

Tto geochemiczne gleb
terenéw niezabudowanych
z poziomu 0,0-0,2 m (n = 6522)

Geochemical background of soils
in non-built-up areas
from 0.0-0.2 m horizon (n = 6522)

Percentyl
Percentile

100

97

95

90

75

50

Udziat miast
Cities and towns

%
5,8

2,9
9,4
14,4
67,5

e 00O

ppm = mg/kg
7,55 max.

Wspotczynnik
wzbogacenia

Enrichment
coefficient

W,

>4
34
2-3
1-2



Tablica
Plate 10

Wzbogacenie w magnez gleb miejskich z poziomu 0,0-0,2 m
w stosunku do tta geochemicznego
Enrichment of urban soils (0.0-0.2 m) by magnesium in relation to geochemical background

Mg

; i Swinoujscie
Wspotczynnik
wzbogacenia

Udziat miast Enrichment
Cities and towns coefficient

% W,

6 @ 5

79 @ 4-5

107 @ 3-4

229 @ 2-3

399 @ 1-2

150 e <1

Tto geochemiczne gleb s NS D
terenéw niezabudowanych - OFL o
z poziomu 0,0-0,2 m (n = 6522) B

<KOZLE

%Q?YB [
DZISLA\
sLAsK )

JASTRZEBI

‘ a
Geochemical background of soils ‘A RZEGne { N

in non-built-up areas
from 0.0-0.2 m horizon (n = 6522)

ZDROY BIELSKO-BIALA
Percentyl % Zywieo
Percentile

100 3,53 max. D @ Gl

97 0,31

Wzbogacenie w magnez gleb miejskich z poziomu 0,4—-0,6 m
95 0.26 w stosunku do tlta geochemicznego
Enrichment of urban soils (0.4—0.6 m) by magnesium in relation to geochemical background

90 — 0,19

75 1 0,10 DYN'A

50 0,05

25 0,02

0 <0,01 min.

Wspotczynnik
wzbogacenia

Udziat miast Entichment
Cities and towns coefficient
% W,
121 @ =5
36 @ 4-5
WALBRZYC
57 @ 3-4 ’
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Tablica
Plate 11

Wzbogacenie w nikiel gleb miejskich z poziomu 0,0-0,2 m
w stosunku do tta geochemicznego
Enrichment of urban soils (0.0—0.2 m) by nickel in relation to geochemical background

Wspotczynnik
wzbogacenia

Udziat miast Entichment
Cities and towns coefficient

% W,

29 @ 5

07 @ 4-5

71 @ 3-4

171 @ 2-3

508 @ 1-2

214 o <1

Tto geochemiczne gleb
terenéw niezabudowanych
z poziomu 0,0-0,2 m (n = 6522)

—-KOZLE Geochemical background of soils
< in non-built-up areas
ms;gé‘ from 0.0-0.2 m horizon (n = 6522)
JASTRZEBIE!
ZDROJ P tyl
ercenty! -
Percentile ppm = mg/kg

100 69 max.

97 20

Wzbogacenie w nikiel gleb miejskich z poziomu 0,4-0,6 m

w stosunku do tta geochemicznego 95 == 16
Enrichment of urban soils (0.4—0.6 m) by nickel in relation to geochemical background
90 — 11
75— 6
50 3
25 2
0 <1 min.
Wspotczynnik
wzbogacenia
Udziat miast EntChment
Cities and towns coefficient
% W,
0,7 . 210
36 @ s5-10
36 @ 4-5
79 @ 3-4
179 @ 2-3
449 @ 1-2
214 o <1

0 30 60km
[




Tablica

Plate 12
Pb
Wspotczynnik
wzbogacenia
Udziat miast Enrichment
Cities and towns coefficient
% W,
2,1 . 210
77 @ s5-10
35 @ 4-5
106 @ 3-4
275 @ 2-3
373 @ 1-2
11,3 e <1

Tto geochemiczne gleb
terenéw niezabudowanych
z poziomu 0,0-0,2 m (n = 6522)
Geochemical background of soils
in non-built-up areas
from 0.0-0.2 m horizon (n = 6522)

Percentyl

Percentile ppm = mg/kg
100 8751 max.
97 82
95 59
90 — 38
75— 21
50 12
25 8
0 <3  min.
Wspotczynnik
wzbogacenia
Udziat miast Entichment
Cities and towns coefficient
% W,
1.4 . =10
29 @ s5-10
50 @ 4-5
21 @ 3-4
171 @ 2-3
357 @ 1-2
358 e <1

Wzbogacenie w otéw gleb miejskich z poziomu 0,0-0,2 m
w stosunku do tta geochemicznego

Enrichment of urban soils (0.0-0.2 m) by lead in relation to geochemical background
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Wzbogacenie w otow gleb miejskich z poziomu 0,4-0,6 m
w stosunku do tta geochemicznego

Enrichment of urban soils (0.4—0.6 m) by lead in relation to geochemical background
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Wzbogacenie w siarke gleb miejskich z poziomu 0,0-0,2 m
w stosunku do tta geochemicznego
Enrichment of urban soils (0.0-0.2 m) by sulphur in relation to geochemical background
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Wzbogacenie w siarke gleb miejskich z poziomu 0,4-0,6 m
w stosunku do tta geochemicznego
Enrichment of urban soils (0.4-0.6 m) by sulphur in relation to geochemical background
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Udziat miast
Cities and towns

%
0,7

12,1
67,9
19,3

Tablica

Plate
Wspotczynnik
wzbogacenia
Enrichment
coefficient

W1
23
2-3
1-2
<1

Tto geochemiczne gleb
terenéw niezabudowanych
z poziomu 0,0-0,2 m (n = 6522)
Geochemical background of soils
in non-built-up areas
from 0.0-0.2 m horizon (n = 6522)

Percentyl
Percentile

100

97

95

90

75

50

25

Udziat miast
Cities and towns

%
7,9

38,6

53,5

%
3,260 max.

0,044

0,035

0,025

0,016

0,011

0,007

<0,005 min.

Wspotczynnik
wzbogacenia

Enrichment
coefficient

13



Tablica
Plate 14

Wzbogacenie w stront gleb miejskich z poziomu 0,0-0,2 m
w stosunku do tta geochemicznego
Enrichment of urban soils (0.0-0.2 m) by strontium in relation to geochemical background

Sr

Wspotczynnik
wzbogacenia
Udziat miast

Enrichment
Cities and towns coefficient
% W,

so @ >0

150 @ 5-10

10,0 . 4-5

193 @ 3-4

243 @ 2-3

207 @ 1-2

57 e <1
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Percentyl ZDROJ Zyuide

Percentile ppm = mg/kg
100 930 max.

97 53

Wzbogacenie w stront gleb miejskich z poziomu 0,4-0,6 m

95— 38 w stosunku do tta geochemicznego
Enrichment of urban soils (0.4—0.6 m) by strontium in relation to geochemical background
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Wzbogacenie w cynk gleb miejskich z poziomu 0,0-0,2 m
w stosunku do tta geochemicznego
Enrichment of urban soils (0.0-0.2 m) by zinc in relation to geochemical background
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Wzbogacenie w cynk gleb miejskich z poziomu 0,4-0,6 m
w stosunku do tta geochemicznego
Enrichment of urban soils (0.4—-0.6 m) by zinc in relation to geochemical background
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Tablica
Plate

Zn

Udziat miast
Cities and towns

%
5,0
11,5
3,6
12,9
25,2
36,0

5,8

Wspétczynnik
wzbogacenia

Enrichment
coefficient

Tto geochemiczne gleb
terenéw niezabudowanych
z poziomu 0,0-0,2 m (n = 6522)
Geochemical background of soils
in non-built-up areas
from 0.0-0.2 m horizon (n = 6522)

Percentyl
Percentile

100

97

95

90

75

50

25

Udziat miast
Cities and towns

%
2,1
4,3
6,4
5,0
15,7
37,2

29,3

ppm = mg/kg
9450 max.

181

130

86

49

29

<1 min.

Wspétczynnik
wzbogacenia

Enrichment
coefficient

W,

2-3

1-2
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Tablica
Plate 1 6

Odczyn i wspétczynniki wzbogacenia gleb w pierwiastki chemiczne w zaleznosci od liczby mieszkancow
Reaction and enrichment coefficients of chemical elements in urban soils depending on number of citizens

pH
7,4

724"
704"
684
66"
644"
624"
604"
584
56"
54
52"

I:l 1 tlo geochemiczne
* geochemical background
wsie
l:l 2. villages

- miasta (poziom 0,0-0,2 m)

towns and cities (0.0—0.2 m horizon)

|:| miasta (poziom 0,4-0,6 m)

towns and cities (0.4—0.6 m horizon)

Liczba mieszkancow:
Number of citizens:

3. <10 tys. 7. 250-500 tys.
4.10-50 tys. 8. 500 tys. — 1 min
5.50-100 tys. 9.1-2min

6. 100-250 tys. 10. >3 min

W — wspéiczynnik wzbogacenia
enrichment coefficient



Tablica
Plate

Wspotczynniki wzbogacenia gleb w pierwiastki chemiczne w zaleznosci od liczby mieszkancow

Enrichment coefficients of chemical elements in urban soils depending on number of citizens

12,0 1

10,0 "

804"

604"

404"

25"

204"

Pb

10

12,0 1

10,0 "

804"

601"

404"

25"

204"

054"

Objasnienia jak na tablicy 16
Explanation as on Plate 16

Zn

10

W

16,0 1
140 4
12,0 4
10,0
804"
60"

404"

20"

154"

1,041

051"
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Tablica
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AGLOMERACJA GORNOSLASKA
UPPER SILESIAN AGGLOMERATION

Tablice 18—-31 na podstawie bazy danych ,Atlasu geochemicznego Gérnego Slaska”

Plates 18-31 based on data for "Geochemical atlas of Upper Silesia"




Tabli
“Piate 19
0,4-0,6 m

poziom
horizon

AGLOMERACJA GORNOSLASKA
UPPER SILESIAN AGGLOMERATION




, , Tablica 20
AGLOMERACJA GORNOSLASKA Plate
UPPER SILESIAN AGGLOMERATION

AS

poziom g (3 m

s -
! horizon

A

=%

- 7
5 <

I
I

N A
\
7 N\ \
‘ Z lf o ad Percentyl
"/JA _‘\‘: ROWA Percentle ~ mgl/kg
7 GORNICZA
> S 100 gy 238 max.
— ) \Y_
A AL
!. 97 26
95 21
wartos$¢
90— 16 45 graniczna
limit value
75— 9
50 6
25I 5
0 <5 min.
n =863

granice powiatow
— — — administrative
district borders




AGLOMERACJA GORNOSLASKA
UPPER SILESIAN AGGLOMERATION

Tablica
Plate 21

AS

poziom _
horizon 0,4-0,6 m

Percentyl
Percentile mg/kg

100 153 max.
97 I 44
95 31

18 wartos$¢
15 graniczna
limit value

90 |—
75— 8

50I 5
0

<5 min.

n =351

granice powiatow
— — — administrative
district borders



; ; Tablica 22
AGLOMERACJA GORNOSLASKA Plate

UPPER SILESIAN AGGLOMERATION

Cd

poziom 0.0-0.2 m
horizon ’

Percentyl
Percentile mg/kg

100 159,5 max.
97 I 18,8
95 12,7

90— 78

75— 3,3
wartos$¢

— 2,0 graniczna

50 1,5 limit value
25 I 0,7
0 <0,5 min.

n =863

granice powiatow
— — — administrative
district borders




i , Tablica 23
AGLOMERACJA GORNOSLASKA Plate

UPPER SILESIAN AGGLOMERATION

poziom g 4 (6 m
horizon ° ?

—
NS
\ha\ Vi

N ‘.A.;:?'Aity‘\/
GOR &w(”
\ I\_ X /\$s Z
B ( \,1,\)%,[‘
| A0S
SerE = -
i

X

O AW o

Percentyl
Percentile mg/kg

100 254,0 max.
97 I 22,0
95 16,0

e
A

90— 71
75— 2,7 wartosé
— 2,0 graniczna
limit value
50 I 1.1
0 <0,5 min.
n =351

granice powiatow
— — — administrative
district borders




i i Tablica 24
AGLOMERACJA GORNOSLASKA Plate

UPPER SILESIAN AGGLOMERATION

Cu

poziom 0.0-0.2 m
horizon ° ?

Percentyl
Percentile ma/kg

100 316 max.
wartos$¢
97 56 60 graniczna
limit value
95 43

90 — 27

75— 15

50 8
25 I 5
0 <

1 min.

n =863

granice powiatow
— — — administrative
district borders




AGLOMERACJA GORNOSLASKA
UPPER SILESIAN AGGLOMERATION

Tablica
Plate 25

Cu

poziom N
horizon 0,4-0,6 m

Percentyl
Percentile mg/kg
100 209 max.
97 72
wartos¢é
60 graniczna
95 53 limit value
90 — 31
75— 15
50 7
25I 3
0 <1  min.
n =351

granice powiatow
— — — administrative
district borders



AGLOMERACJA GORNOSLASKA
UPPER SILESIAN AGGLOMERATION

Tablica
Plate 26

Hg

poziom L
horizon Bl

Percentyl
Percentile mg/kg

100 2,44 max.
wartos$¢
97 0,29 0,40 graniczna
limit value
95 0,24

90 — 0,20

75— 0,10

50 I 0,05
0 <0,05 min.

n =863

granice powiatow
— — — administrative
district borders



, : Tablica 27
AGLOMERACJA GORNOSLASKA Plate
UPPER SILESIAN AGGLOMERATION

Hg

poziom (4 0 6 m
horizon "’ ?

Percentyl
Percentile mg/kg

100 2,72 max.

wartos¢
97 = 0,24 0,40 graniczna
limit value
95— 0,20
90— 0,12
75— 0,05

0~<0,05 min.
n =351

granice powiatow
— — — administrative
district borders




AGLOMERACJA GORNOSLASKA
UPPER SILESIAN AGGLOMERATION

Tablica
Plate 28

Pb

pozmm 0 0_0 2 m
horizon

Percentyl
Percentile mg/kg

100 16 972 max.
97 I 664
95 403

90 — 244

75— 110 wartos$¢
— 80 graniczna

limit value
50 49
25 I 28
0

<3 min.

n =863

granice powiatow
— — — administrative
district borders



, ; Tablica 29
AGLOMERACJA GORNOSLASKA Plate
UPPER SILESIAN AGGLOMERATION

Vs 3’&7&‘ g ‘G "/
(/ N A bl (LA

- poziom |
K |l """(?\ horizon 0,470,6m
0\

~
~ ‘
~

D

-,
L

9 <
\ . ,\\ Percentyl
\ /4 Percentile mg/kg
e/ /t 100 gy 8310 max.
A ‘(
% '\ 97 B4 919
95 633
90 —1324
\ —\§‘~\\\\;"‘fy \/ N7 \\ / wartosé
\vﬁ\v \ ,‘k v\\‘ 75107 g0 graniczna
i.-~.\§-«\\ “Ar,s.‘,‘. o~ ‘ limit value
“"l\‘\,‘f’ 3 50 — 38
NS IS
N /g
/s \ \ 250 13
e AN R
7 \ NSREN S
‘l ‘ \‘ 0 <3 min.
- - n =351

74

granice powiatow
— — — administrative
district borders




, , Tablica 30
AGLOMERACJA GORNOSLASKA Plate

UPPER SILESIAN AGGLOMERATION

Zn

poziom 0.0-0.2 m
horizon ?

Percentyl
Percentile mg/kg

100 11 899 max.
97 I 2005
95 1354

90 — 777

warto$é
75 = 300 300 graniczna

limit value
50 122
25I 61
0 2 min.

n =863

granice powiatow
— — — administrative
district borders




AGLOMERACJA GORNOSLASKA
UPPER SILESIAN AGGLOMERATION

\\
|
/
§ %

1AW= A\
)9 >/ P
\\.\‘_‘/‘5"‘.}‘ 2 Fat = %
= ) .
B :A :\ ¢ Mﬁﬁﬁii\\%
oM _ N i\\\‘\ "
AP N - < g ¢
) Y \‘1 ‘

(

S
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Tablica
Plate 31

Zn

poziom g 4.6 m
horizon = 7’

Percentyl
Percentile mg/kg

100 33200 max.
97 I 3050
95 2403

90 —1 1125

warto$¢
75 384 54 graniczna

limit value
50 101
25 I 34
0

6 min.

n =351

granice powiatow
— — — administrative
district borders



BIALYSTOK

33 zawarto$é¢, poziom 0,0-0,2 m . contents, horizon 0.0-0.2 m Liczby w kolorze czerwonym — przekroczenie warto$ci granicznych
*12 zawarto$¢, poziom 0,4-0,6 m ' contents, horizon 0.4-0.6 m Figures printed in red represent exceeding of limit values
. Liczby w kolorze niebieskim — odczyn zasadowy
resent a

granica miasta

ranica m nt alkaline reaction
urban border

Figures printed in blue rep



Tablica

Plate
pH Ca %
) 39 ) 003
71 54 > 3 0,45 0,07 <00 3
75 55 2 6 § 0,32 <0,01 05 9,5
> ° 73, 16 Y 0,41 0
1((1, 7'3 777
¢z "t
0 __g : 0.44 0
4 7, BT p 1
36 ~ 0,01 ~—
5,0 3 5= <0,01 ’ 37
7—’1 B‘>§ Lﬂ, 1 g\ﬁ
42\ 76 [ra &\ 051,56 ., 0,64 088 W
6.2 W\ == s/, ,01 poii Zi
4, . 6,2 71 Sta - 0,03 0.78 5ty
B 00| 032
7.2 b R
Cu mgkg Hg mg/kg
3
s 2 . o <0,05 .
12 8 < g <0,05 0,05 <06005 @
7 6 5 <0,0. <0,05 0,0 2 D
i 'y 0 > o 0. 0,%7¢
@iy 2 s s <
2 0 0.2
2 g <0,05
< 12 % <005 O 3
13 > 9 3\**\0 < 0,06 58 B‘§
2 14 3 3 ° 005 0,06 <0,0 .
" 1 > <0,05
4 4
6 <0, <0,0!
N\ . N ' )
Pb mg/kg 7Zn mg/kg
S 2 & ®
28 2 ) § 75 34 ? g
6 7 21 45 e fs 1 §
- vy [
Ky * 13 o » 0
24 48, 64 4
8 64
6 0 15 8 8
3 = % 26 il == %
> S 51, P &
7 45, 9 B 351 B
3 3 3 Py . 24 191 |49 0y
5 i—; Zisz,, 1 12 % Zisz,,
P " P 21 21
<3 1 29
9
\ g \ g
0 6 km

zawartosc¢, poziom 0,0-0,2 m |

contents, horizon 0.0-0.2 m

granica miasta
urban border

zawartos$é, poziom 0,4-0,6 m ' contents, horizon 0.4-0.6 m

Liczby w kolorze czerwonym — przekroczenie wartosci granicznych
Figures printed in red represent exceeding of limit values

Liczby w kolorze niebieskim — odczyn zasadowy

Figures printed in blue represent alkaline reaction

33



Tablica
Plate

34

CZESTOCHOWA

7,6
7
Warta,
T (A
. 6,6
57 g 5 e
A4 & 13
(@/% 7,5
84 =
’ 78
s 7,9
Stmdﬂmka 5,0
6,2
%) 5
6,
o\\“"ka

/b

6,2 poziom 0,0-0,2m . horizon 0.0-0.2 m
poziom 0,4-0,6 m " horizon 0.4-0.6 m

Liczby w kolorze niebieskim — odczyn zasadowy

% Warta
A
) i =
C%A
s\%\\
Stradomka
@“o?ka
0 2 4 km
L
granica miasta -
urban border SRy | | | I | |
3,5 5,0 6,0 6,7 7.4 8,3 pH
min. max.

Tablice 34—39 na podstawie bazy danych ,Atlasu geochemicznego Czestochowy i okolic"
Plates 34—39 based on data for "Geochemical atlas of Czestochowa and environs"

Figures printed in blue represent alkaline reaction



Tablica
Plate 35

CZESTOCHOWA

0,7
o
: Warta
4,6
% 4,4 205
<0,5 .6 208
<0,5 ) <0,5
& <0,5
2 Z 05
; =
0 1.2
} 0,5
Siradom! 038
0,8
<0,5 ;
oﬁopka
mg/kg
0,8 poziom 0,0-0,2m . horizon 0.0-0.2 m Liczby w kolorze czerwonym — przekroczenie wartosci granicznej
°305 poziom 0,4-0,6 m ~ horizon 0.4-0.6 m Figures printed in red represent exceeding of limit value

W

U e —
f};,l/ /
-

A

=R
27>

A
LT

Percentyl
0 75 90 95 97 100 Percentile
,0

—— His =200 [ 7 [ TN
urban border n=ZE
<0,5 0,6 1 1,2 1,5 3,3 mg/kg
min. max.
2,0
warto$¢ graniczna
limit value



Tablica
Plate 36

CZESTOCHOWA

8
3
Warta
%, 32 L
D ez J
4
4 5 2
%> £
%% 4
[ ¢,
3 . 3
Stradl?'”m 3
3
1 5
@“OPW
mg/kg
3 poziom 0,0-0,2m . horizon 0.0-0.2 m Liczby w kolorze czerwonym — przekroczenie wartosci granicznej
° 13 poziom 0,4-0,6 m " horizon 0.4-0.6 m Figures printed in red represent exceeding of limit value

Percentyl

X . 0 25 50 75 90 95 97 100 Percentile
granica miasta

urban border

n =290

<1 3 4 6 9 1 14 100 mg/kg
min. max.



Tablica
Plate 37

CZESTOCHOWA

0
7/
Warta
85
3 Yo 7114 8 =
) 1 3
@o% 2
=
i 13
3 T
Sradomke 15
4
2
o‘xoPka
mg/kg
26 poziom 0,0-0,2 m . horizon 0.0-0.2 m Liczby w kolorze czerwonym — przekroczenie wartosci granicznej
27 poziom 0,4-0,6 m  horizon 0.4-0.6 m Figures printed in red represent exceeding of limit value

Percentyl
0 25 50 75 90 95 97 100 Percentile
3 4 6 11 16

granica miasta
urban border

n =290

<1 18 176 mg/kg
min. max.
60
warto$¢ graniczna
limit value



Tablica
Plate

38

CZESTOCHOWA

Pb

48
1
Warta
215
Y a5 27 2350 ks
z % a0
2. / — g E
40% 6
B 68 c
36
20 6
Strgdonk 36
29
6
1
“oPka

VA,
mg/kg

29 poziom 0,0-0,2 m . horizon 0.0-0.2 m

18 poziom 0,4-0,6 m " horizon 0.4-0.6 m

granica miasta _
urban border =2y

<5
min.

Liczby w kolorze czerwonym — przekroczenie wartosci granicznej
Figures printed in red represent exceeding of limit value

Percentyl
25 50 75 90 95 97 100 Percentile

17 24 33 50 85 127 535 mgl/kg
max.

80
wartos$¢ graniczna
limit value



CZESTOCHOWA

Zn

fisy
5
%rta
881
54 S5
A %
55 ¥ 8
v/ T6 42
& 7
2
2
%
[ 1 »
1 15
Stradomk* 01
10 —
12 36
kat
G
mg/kg
o 10 poziom 0,0-0,2 m . horizon 0.0-0.2 m Liczby w kolorze czerwonym — przekroczenie wartosci granicznej
123

poziom 0,4-0,6 m " horizon 0.4-0.6 m

Figures printed in red represent exceeding of limit value

4
L]
s &
. [ 3
@
0 2 4 km
|
Percentyl
. - 0 25 50 75 90 95 97 100 Percentile
granica miasta _
urban border =2
5] 25 44 68 133 203 229 933 mglkg
min max.
300

warto$¢ graniczna
limit value

Tablica
Plate

39



Tablica
Plate 40

GDANSK

N\
‘ \
SIS
<.“\\\\\\ \

<<=

¢
0
\
J 'A 7z
Y%, A,
4,8 poziom 0,0-0,2m . horizon 0.0-0.2 m Liczby w kolorze niebieskim — odczyn zasadowy
71 poziom 0,4-0,6 m  horizon 0.4-0.6 m Figures printed in blue represent alkaline reaction

ST

NSRS

<&

r///‘
i
st

=

0
o

\

e n=st9o [T ] [ [ ]
urban border
2,2 5,0 6,0 6,7 74 7,7 pH
min. max.

Tablice 40-47 na podstawie bazy danych ,Atlasu geochemicznego Pobrzeza Gdanskiego"
Plates 40-47 based on data for "Geochemical atlas of Gdansk region"



Tablica
Plate 41

GDANSK

AS

S5

=

N

o2 poziom 0,0-0,2 m . horizon 0.0-0.2 m
6  poziom 0,4-0,6 m ' horizon 0.4-0.6 m

Percentyl
. . 0 75 90 95 97 100 Percentile
granica miasta n=519
urban border
<5 5 6 9 1 45 mgl/kg

min. 15 max.

wartos$¢ graniczna
limit value



Tablica
Plate 42

GDANSK

<0,5 poziom 0,0-0,2m . horizon 0.0-0.2 m Liczby w kolorze czerwonym — przekroczenie wartosci granicznej
® 305 poziom 0,4-0,6 m ~ horizon 0.4-0.6 m Figures printed in red represent exceeding of limit value

0 25 5 km

Percentyl
0 75 90 95 97 100 Percentile
2

— n=st9 [ [ T
urban border
<0,5 05 1,2 2, 2,8 9,0 mg/kg
min. 2,0 max.
warto$¢ graniczna
limit value



’4'5117

A

/’ﬁb

GDANSK

mg/kg
12
°10

poziom 0,0-0,2 m , horizon 0.0-0.2 m
poziom 0,4-0,6 m " horizon 0.4-0.6 m

0
granica miasta _
urban border n=&ie
<1
min.

Liczby w kolorze czerwonym — przekroczenie wartosci granicznej
Figures printed in red represent exceeding of limit value

Percentyl
100 Percentile

50 75 90 95 97

8 14 20 25 26

120
warto$¢ graniczna
limit value

266 mg/kg
max.

Tablica
Plate

43



44

Tablica
Plate

4

GDANSK

S
£

N

mg/kg

horizon 0.0-0.2 m

.2
39

Liczby w kolorze czerwonym — przekroczenie wartosci granicznej

Figures printed in red represent exceeding of limit value

poziom 0,0-0,2 m

horizon 0.4-0.6 m

poziom 0,4-0,6 m ’

5 km

Percentyl
100 Percentile

50 75 90 95 97

25

SO [ I ——

n=

granica miasta
urban border

261 mg/kg

4 8 14 21 28 33
max.

<1

min.

60
wartos¢ graniczna

limit value



Tablica
Plate 45

GDANSK

Y5 %

mg/kg
0,21 poziom 0,0-0,2m . horizon 0.0-0.2 m

0,09 poziom 0,4-0,6m ' horizon 0.4-0.6 m

Liczby w kolorze czerwonym — przekroczenie wartosci granicznej
Figures printed in red represent exceeding of limit value

Wy
¢

SR I

Percentyl
. ) 0 50 75 90 95 97 100 Percentile
granica miasta n=519
urban border
<0,05 0,05 007 0,12 024 036 550 mg/kg
i max.
min- 0,40

warto$¢ graniczna
limit value



4

GDANSK

Liczby w kolorze czerwonym — przekroczenie wartosci granicznej

Figures printed in red represent exceeding of limit value

20 Az
KN <)

SR

<r/,
= \
AP N

20 o &

7“
N : \ O‘
s s
e NN S »
S/ 1 ,

A0
SANN

T

& /ﬁ/ N
=@M
e =G

horizon 0.0-0.2 m
horizon 0.4-0.6 m

)

(-

— 5 N
TR

poziom 0,0-0,2 m .
poziom 0,4-0,6 m

mg/kg
14
46

Percentyl

100 Percentile
1098 mg/kg

max.

116

97

95

78

80
warto$¢ graniczna

limit value

90
39

5km
5]
20

50
12

2,5

25

SIEN [ R N ——

<3
min.

n

granica miasta
urban border

46

Tablica
Plate




47

Tablica
Plate

4

GDANSK

Zn

Liczby w kolorze czerwonym — przekroczenie wartosci granicznej

Figures printed in red represent exceeding of limit value

&
00 i > \ SE
< IwVAV‘ﬂ.AvAA SR N N\ \M“\’V'v
ZoNN N I\t‘“\/ A =3 ‘l = |“\///,.~
St e S == SamaS

. horizon 0.0-0.2 m
horizon 0.4-0.6 m

»

SN

=S N
aﬁ%“

poziom 0,0-0,2 m
poziom 0,4-0,6 m

mg/kg
232
°216

Percen
100 Percentile

1800 mg/kg
max.
300
warto$¢ graniczna

260
limit value

97
157

95

90
125

75
66

50

41

25

24

min.

n

granica miasta
urban border




Tablica
Plate 48

GORZOW WIELKOPOLSKI

0 2 4 km
[ E—|
16  zawarto$¢, poziom 0,0-0,2 m . contents, horizon 0.0-0.2 m Liczby w kolorze czerwonym — przekroczenie wartosci granicznych
7 Zawarto$é, poziom 0,4-0,6 m  contents, horizon 0.4-0.6 m Figures printed in red represent exceeding of limit values
) N o ' Liczby w kolorze niebieskim — odczyn zasadowy
granica miasta Figures printed in blue represent alkaline reaction

urban border
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Tablica
Plate

Ca %

KIELCE

Hg mg/kg

Cu mg/kg

Zn mg/kg

Pb mg/kg

5 km

25

Liczby w kolorze czerwonym — przekroczenie warto$ci granicznych
Figures printed in red represent exceeding of limit values

Liczby w kolorze niebieskim — odczyn zasadowy

55 zawartos¢, poziom 0,0-0,2 m . contents, horizon 0.0-0.2 m

18 zawartos$¢, poziom 0,4-0,6 m '~ contents, horizon 0.4-0.6 m

granica miasta
urban border

Figures printed in blue represent alkaline reaction



Tablica
Plate 50

pH

—g A Y
2 %

!’;}’?’/'\ 7 ;"7

> /@f O

,‘gt//‘: ‘4/“'%:"\‘
2 ~\~.'::'{ ‘

"'/"g WIELICZK A

i

6,8 poziom 0,0-0,2m . horizon 0.0-0.2 m Liczby w kolorze niebieskim — odczyn zasadowy
66 poziom 0,4-0,6 m ' horizon 0.4-0.6 m Figures printed in blue represent alkaline reaction

\s”a WIELICZKA

954
¢" ;"
L

"ZZ

LZA

0 2 4 km

granica miasta n = 649 | | | | | |

urban border
4.1 5,0 6,0 6,7 7,4 9,5 pH
min. max.

Tablice 50-55 na podstawie bazy danych , Atlasu geochemicznego Krakowa i okolic"
Plates 50-55 based on data for "Geochemical atlas of Cracow and environs"
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L G R Hae
RS Ty
K g SIS
g el 2 R0

| 729552 4 A2
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(34

4
: %
4 N L =4 <
N R
F\‘. ‘
2%
K'SKAWINA B s

yat

LRI &7
e, BRI

Xz - 4 A
SN 4

/i = =%
mg/kg

0,7 poziom 0,0-0,2m _ horizon 0.0-0.2 m Liczby w kolorze czerwonym — przekroczenie warto$ci granicznej
° 09 poziom 0,4-0,6 m ~ horizon 0.4-0.6 m Figures printed in red represent exceeding of limit value

Percentyl
90 95 97 100 Percentile

’ iast 0 25
_______ granica miasta - _
urban border n=EH

50
<0,5 0,5 0,7 1,0
min.

1,3 1,8 2,7 27,3 mg/kg
max.
2,0
warto$¢ graniczna
limit value

Tablica
Plate

51



Tablica
Plate 52

Cu

AT ) 0 G RN
L4 P IS 4 Are L,

PR XTGRELS) "Wl}é 2
NGRS {/ -

O 4Pl
VA% 0
G S

37
X

X ‘/'.ﬁll X

// oo ) Wilga 7
Q<'SKAWINA & e,
2%

LZA

oSN,

/2 3 57!\ = ?I";,,\"§ .
i Uws

, //"1;1» };‘,’4\»\ i /7;" IELICZKA
7l A .,’ ‘i\\i‘l - ,./‘

Al = <

ma/kg

o 14 poziom 0,0-0,2m . horizon 0.0-0.2 m Liczby w kolorze czerwonym — przekroczenie wartosci granicznej
34 poziom 0,4-0,6 m ' horizon 0.4—-0.6 m Figures printed in red represent exceeding of limit value

Y4
"a{.éy'/,‘ 4,

90

5 97 100

granica miasta _ _
urban border ek |

19

9
28 49 403

max.

60
warto$¢ graniczna
limit value

Percentyl
Percentile

mg/kg



Tablica
Plate 53

) J
Q A
> 78 9 /
, R =z
AN T bl o
2% N, \ <) p— _ ¢ ' '
o “‘ L S S A 03
\ \ 0 5 S IO XY 75,0,03 <0
w,- "Ef' ‘/;'&' p ,/‘. 'b!’f\ ‘//3;!!}' A
05\ 07827 | [l o7 "‘N" & zg—
B 'L'/Apvéf;;;‘{{](/él/—’[\,//lg‘:’k\«,\?' " -
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s g P, oe L /Z00°

48 ops 20, -2 40 Y pr S 5{-_}, a
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2T }&Wllr N0 % P

N~

.48

——L =1
w’.
%

=5 =7
Y0 % AN, 4
Z
1

2%
LZ2A
mg/kg
0,23 poziom 0,0-0,2m _ horizon 0.0-0.2 m Liczby w kolorze czerwonym — przekroczenie wartosci granicznej
023 [oziom 0,4-0,6m  horizon 0.4-0.6 m Figures printed in red represent exceeding of limit value

granica miasta 0 50 75 90 95 97 100
— e e n=eso [ [ [ [T

0 2 4 km

Percentyl
Percentile

<0,056 005 006 011 020 0,30 1,38 mg/kg
min. max.
0,40
warto$¢ graniczna
limit value



Tablica
Plate 54

oy ,v',/;;;\“ll":lf—'/—— 57 4 SR
Y R 2
U oy e Q207K

X146 L /
T '/M&'f/ ,ﬂ s \\_
B K GBS 100122 oy
biaint RN

]’4(/? Ps
S BN XA
TR \:‘ /). 5

X

7
%

XS
X2y
4 ,o‘\‘///ll’

S

==

N\’ = %74 % I 7o

X A= 7 e ek

Vll 'O,'IA, = klﬁ /r‘("; 2 ‘1 “ "/v,’l
s ol &) L I

KT

by T N A G
pURY = e 7
17/ &t Vi 4
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/) = \ X e
mg/kg

63 poziom 0,0-0,2m . horizon 0.0-0.2 m Liczby w kolorze czerwonym — przekroczenie wartosci granicznej
°83 poziom 0,4-0,6 m ' horizon 0.4-0.6 m Figures printed in red represent exceeding of limit value

Percentyl
0 25 50 75 90 95 97 100 Percentile

e e =640 [T [ [
urban border = | |
<5 17 22 29 44 66 105 705 mg/kg
min. max.
80
warto$¢ graniczna
limit value



Tablica
Plate 55
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‘.\v.///‘ >
D\ 5788, X
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/7,‘ WIELICZKA 4
=B N7
Y

I Z2 0 rry

Wilga /,//
2 Q

2R3

A4

LZ2
80  poziom 0,0-0,2m . horizon 0.0-0.2 m Liczby w kolorze czerwonym — przekroczenie wartosci granicznej
° poziom 0,4-0,6 m  horizon 0.4-0.6 m Figures printed in red represent exceeding of limit value

( /7 V; y
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PRI N7,
: R T
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>
4
1
.

(0o,
//'?'l\:

0 2 4 km
|
Percentyl
. - 0 25 50 7% 90 95 97 100 Percentile
— Urban border | =640 [T T
urban border n =649 | | I
8 53 73 112 181 295 480 3664 mg/kg
min. max.
300
warto$¢ graniczna

limit value



Tablica
Plate 56

LEGNICA

'IAVII"r”‘. / 7

Y

69  poziom 0,4-0,6 m ' horizon 0.4-0.6 m Figures printed in blue represent alkaline reaction

o 8:8 poziom 0,0-0,2 m . horizon 0.0-0.2 m Liczby w kolorze niebieskim — odczyn zasadowy

0 1 2 km
e
granica miasta n =334 | | | I | |

urban border
3,8 5,0 6,0 6,7 7.4 8,2 pH

min. max.

Tablice 56—62 na podstawie bazy danych ,Atlasu geochemicznego Legnicko-Gtogowskiego Okregu Miedziowego"
Plates 56—62 based on data for "Geochemical atlas of Legnica—Gtogéw Copper District"



Tablica
Plate 57

LEGNICA

mg/kg
oM poziom 0,0-0,2 m . horizon 0.0-0.2 m Liczby w kolorze czerwonym — przekroczenie wartosci granicznej

6 poziom 0,4-0,6m  horizon 0.4-0.6 m Figures printed in red represent exceeding of limit value

0 1 2 km
|
Percentyl
. - 0 25 50 75 90 95 97 100 Percentile
—— e oo [ [ o
urban border N ” |
<5 7 10 16 23 32 38 472 mg/kg
min. 15 max.

warto$¢ graniczna
limit value



Tablica
Plate 58

LEGNICA

Cd

N2 72

mg/kg
o 1,6 poziom 0,0-0,2m . horizon 0.0-0.2 m

13 poziom 0,4-0,6 m ~ horizon 0.4-0.6 m

Percentyl
. - 0 90 95 97 100 Percentile
—— Ve nesw O]
urban border Nt
<0,5 0,6 0,7 0,8 7,9 mglkg
min. max.
2,0
warto$¢ graniczna
limit value



Lubiaf‘)‘”ka
=Y
é Wa
=) 0‘7"0
2 )
93
55
80
2 N2
80
14
83
52
.
(]
3490
016 1790
236
51
Kac’zawa %
s,
&
mg/kg
N 488 poziom 0,0-0,2 m . horizon 0.0-0.2 m
T poziom 0,4-0,6m’ horizon 0.4-0.6 m

Liczby w kolorze czerwonym — przekroczenie wartosci granicznej
Figures printed in red represent exceeding of limit value

2 km
)
granica miasta

urban border

75

0 25 50
n =334
7 g

4 83 168
min. 60

531
warto$¢ graniczna
limit value

97 100 Percentile
353

Percentyl

659 26101 mglkg

max.

Cu

Tablica
Plate

59



Tablica
Plate 60

LEGNICA

mg/kg
0,23 poziom 0,0-0,2m | horizon 0.0-0.2 m Liczby w kolorze czerwonym — przekroczenie wartosci granicznej
® 032 poziom 0,4-0,6 m ' horizon 0.4-0.6 m Figures printed in red represent exceeding of limit value

|
N\
N
~N
~

~

N

N

-
L2

S
N
~

Percentyl
. last 0 25 50 75 90 95 97 100 Percentile
—— Diban border =33 LT e
urban border =g | |
<0,056 0,07 0,10 0,98 029 040 0552 5,13 mg/kg
min. max.
0,40
warto$¢ graniczna
limit value




mg/kg

76  poziom 0,0-0,2m _ horizon 0.0-0.2 m
poziom 0,4-0,6 m ~ horizon 0.4-0.6 m

42

LEGNICA

r’,VII“rI: —
K J
(biatoW N ) J 7
Lu Q\Q II
% i !
2\ J
—\//
\\
7 \I\
% 7 \b‘
AN\
.
= — /

¢ = _ f
7

Pb

Liczby w kolorze czerwonym — przekroczenie wartosci granicznej
Figures printed in red represent exceeding of limit value

Percentyl

0

granica miasta

2
urban border =g _
13

5 50 75 90 95 97 100 Percentile

40 59 108 201 265 400 5185 mglkg

min. max.
80

warto$¢ graniczna
limit value

Tablica
Plate 61



Tablica
Plate 62

LEGNICA

Zn

2259
ez A

)

’

[
/
/

7y
JiE A
L X '

mg/kg
147 poziom 0,0-0,2m

horizon 0.0-0.2 m

Liczby w kolorze czerwonym — przekroczenie wartosci granicznej

* T8 poziom 0,4-0,6 m

granica miasta
urban border

Figures printed in red represent exceeding of limit value

horizon 0.4-0.6 m

) Illlé‘ I(,é

Percentyl

0 25 50 75 90 95 97 100 Percentile
n-sos N1 [ D
10 46 70 112 176 282 351 11200 mg/kg
min. max.
300

wartos¢ graniczna
limit value



LUBLIN

Ca %

Tablica
Plate

Cr mg/kg
/ /éf;z,'()ga
A
%\SW.
6
L g
C:L’C“‘Qﬂ 5 0
7
o7 : 7
6~ )7
10 / 12
6
8
Zalew,
Zem/borzycki
R
= 3
R =
0 2,5 5 km
[ |
6,9 zawarto$¢, poziom 0,0-0,2 m . contents, horizon 0.0-0.2 m Liczby w kolorze czerwonym — przekroczenie wartosci granicznych
*70 zawartosé, poziom 0,4-0,6 m ’ contents, horizon 0.4-0.6 m Figures printed in red represent exceeding of limit values

. ] Liczby w kolorze niebieskim — odczyn zasadowy
_ 8:ggfig:éa§a Figures printed in blue represent alkaline reaction

63



Tablica
Plate 64

LUBLIN

Cu mg/kg Hg mg/kg

granica miasta o 17 zawartos¢, poziom 0,0-0,2m . contents, horizon 0.0-0.2 m

urban border 14 zawarto$é, poziom 0,4-0,6 m ’ contents, horizon 0.4-0.6 m




LODZ

775 3
7.0 -
ZGIERZ
SR
64 4
&14.0/_ 7,
O’t‘{b ,9 5
7,
% Z
&7
52 (7
3
7, 7,0 y 2
78 y )5
4,6
74
6 5
3
S
3
)

4,6 poziom 0,0-0,2m .

horizon 0.0-0.2 m

4.4 poziom 0,4-0,6 m " horizon 0.4-0.6 m

Liczby w kolorze niebieskim — odczyn zasadowy
Figures printed in blue represent alkaline reaction

3
ZGIERZ &
10 &,
5
Sof,
O,alpéq
7o\
4
5
=
Sl
s L e
0 2,5 5km
S I
granica miasta -
urban border Rl | | | | | |
3,1 5,0 6,0 6,7 7,6 8,1 pH
min. max.

Tablica
Plate

Tablice 65—70 na podstawie bazy danych ,Atlasu geochemicznego aglomerac;ji tédzkiej". Czes¢ |
Plates 65—70 based on data for "Geochemical atlas of £6dZ agglomeration". Part |

65



Tablica
Plate

66

5
Cd a5 :
<05 &
) ZGIERZ, <3
W NG,
$/<0,5
20,5 0,
<0,5 | o> 0,
<6!5 £2 i
5
<
0,
L]
<0y
<05 =P
<l
<0, 20,5 0,5 S0:3
0,50 5
<0,5
) <0,5 #
0,
2 , %
< <0,5°
54
&
=
WY 7= T e

mg/kg

<0,5 poziom 0,0-0,2m . horizon 0.0-0.2 m

<05 poziom 0,4-0,6 m  horizon 0.4-0.6 m

K

%

granica miasta
urban border

N
WANY

Liczby w kolorze czerwonym — przekroczenie wartosci granicznej
Figures printed in red represent exceeding of limit value

“v
“v\\\

S

PSS

0 25 5 km
e S |
Percentyl
0 90 95 97 100 Percentile
n=6s3 (O] [0 [N
<05 05 0,7 0,9 3,0 mg/kg
min. max.
2,0

warto$¢ graniczna
limit value



LODZ

68
10, S
rt &
4 ZGIERZ 3
W z(‘;.-
R 4
i 1
g > 5
r 2> 2 N1
1
L]
2
Kl 24
1 5
e 1
1
2D A
< <1
13
?S 26
S
=
=
e .

mg/kg
poziom 0,0-0,2 m . horizon 0.0-0.2 m Liczby w kolorze czerwonym — przekroczenie wartosci granicznej

poziom 0,4-0,6 m ~ horizon 0.4-0.6 m Figures printed in red represent exceeding of limit value

.15
1

',’///;:
2%
o F
v %%

7 //A ,%

2

Lk &

Percentyl
0 25 50 75 90 95 97 100 Percentile

1 4 6 9 18 26 33 185 mglkg
min. max.
60
warto$¢ graniczna
limit value

granica miasta
urban border

Tablica
Plate

Cu

67



Tablica
Plate

68

LODZ

0,075 R0 s
0,05 2
% ZGIERZ S
ny o
352005 | /
<005, Y%
,05 Sosz, >,
0,0: 2 <P, 12
7 2
0,
L]
, 0,
0,11 0110
0,0 10 J ,06
,05¢ > 05
2D 0,05
& <0,05
0,1
05
Z %
> 0,
S
=
=
7 m

mg/kg

0,12 poziom 0,0-0,2 m . horizon 0.0-0.2 m

0,11 poziom 0,4-0,6 m " horizon 0.4-0.6 m

Liczby w kolorze czerwonym — przekroczenie wartosci granicznej
Figures printed in red represent exceeding of limit value

granica miasta
urban border

0 75 90 95 97 10
n=6s3 O] [ [ [
<0,05 0,05

min.

Percentyl
0 Percentile

0,10 0,14 0,19 5,82 mg/kg

max.
0,40

warto$¢ graniczna

limit value



mg/kg
34

18

LODZ

2,50 5
7 &
ZGIERZ &,
3o \&
)
3 1
0 o 14
5 oy 38
2
L]
3
18 51
6 1 19
Be A 18
10
) z
3
¢ : \
N
?)f
g
iy, m

poziom 0,0-0,2 m |

horizon 0.0-0.2 m

poziom 0,4-0,6 m " horizon 0.4-0.6 m

granica miasta
urban border

Figures printed in red represent exceeding of limit value

>/

Percentyl
0 25 50 75 90 95 97 100 Percentile
n =643
<3 9 13 18 32 43 53 361 mg/kg
min. max.

80
warto$¢ graniczna
limit value

Pb

Liczby w kolorze czerwonym — przekroczenie wartosci granicznej

Tablica
Plate
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Tablica
Plate

70

Zn

mg/kg

163 poziom 0,0-0,2 m |

LODZ

ar, 85 s
18 2y
ZGIERZ N
W %,
Y14
5 44
4 ‘YO'{'o,é, 2
19 >, 0 _52
3
L]
jil?
54 27
4 63 38
22e 51
A 13
- 7
9
4 . %
7
2
7] m

horizon 0.0-0.2 m

32 poziom 0,4-0,6 m " horizon 0.4-0.6 m

granica miasta
urban border

Liczby w kolorze czerwonym — przekroczenie wartosci granicznej
Figures printed in red represent exceeding of limit value

Percentyl
0 25 50 75 90 95 97 100 Percentile
n=ess [ [ [
7 19 27 48 102 152 168 965 mg/kg
max.

min.

300
warto$¢ graniczna
limit value



OLSZTYN Plate
Ca %

Jez. Wadag
278 SR

Jez. Wadag

Jez. Wadag ]

23 zawarto$é, poziom 0,0-0,2 m | contents, horizon 0.0-0.2 m Liczby w kolorze niebieskim — odczyn zasadowy
10 zawartosé, poziom 0,4-0,6 m ! contents, horizon 0.4-0.6 m Figures printed in blue represent alkaline reaction

granica miasta
urban border



Tablica
Plate 72

19 zawarto$¢, poziom 0,0-0,2 m . contents, horizon 0.0-0.2 m Liczby w kolorze czerwonym — przekroczenie wartosci granicznych
37 zawartos¢, poziom 0,4-0,6 m ' contents, horizon 0.4-0.6 m Figures printed in red represent exceeding of limit values
. . Liczby w kolorze niebieskim — odczyn zasadowy
granica miasta Figures printed in blue represent alkaline reaction
urban border




Tablica 73

PI

POZNAN

Ca %

ate

Cd mg/kg Cr mg/kg
jo%] j%]
& =
& &
N [
S 2
§ §
N X
Jez.> Jez>
Kierski€@ <05 07 \‘& Kierski€ g 2 A\&
0 —_ <0,5 - 5 4 7 = Q)
0, <05\ |08 & 5 I 28 &S
Se 5 . Ze 11 °
S S 3
0,5 0,8 3 \§ 6 7
<0 <0 = 6 5
e 0,5 N 4 N
<0,5 5 5 5 C??“\ 1 CV\"
— 'y >
=% 2057 05 72 Jez-Mal 3 4 :13_9 5 e
<0,5 5 <0’ ’5 ez.<; 1 2 & . lez. Malta,
<
%8 L Sty 50 S 4<05 o 2 42 a
<0,5 3 > 08 2 % L 6
=59 <0 vl
05/, 10Tk T, 3.4 o /] 14 ot
’ <0,5 4 6, 2 4
<0,5
0,5
<0,5
ta q
ot A o X
&2 &
e o
0 6 km
S |

<0,5 zawartos¢, poziom 0,0-0,2 m |

contents, horizon 0.0-0.2 m

<05 zawartos$é, poziom 0,4-0,6 m '

granica miasta
urban border

contents, horizon 0.4—0.6 m

Liczby w kolorze czerwonym — przekroczenie wartosci granicznych
Figures printed in red represent exceeding of limit values

Liczby w kolorze niebieskim — odczyn zasadowy

Figures printed in blue represent alkaline reaction




Tablica
Plate 74

POZNAN

\ A\ 72' ////
N NS A2 ‘ T
0 \‘Q 5 \9 14 &L,y/‘ f
"wﬂ'f el
/

S }’
O
S

Vi é
PR Lo
B @

v

zawarto$¢, poziom 0,0-0,2 m | contents, horizon 0.0-0.2 m Liczby w kolorze czerwonym — przekroczenie wartosci granicznych
zawartos¢, poziom 0,4-0,6 m " contents. horizon 0.4—0.6 m Figures printed in red represent exceeding of limit values

granica miasta
urban border



Tablica
Plate 75

RZESZOW

0 2 4 km

22 zawarto$¢, poziom 0,0-0,2 m . contents, horizon 0.0-0.2 m Liczby w kolorze niebieskim — odczyn zasadowy
16 zawartos¢, poziom 0,4-0,6 m ’ contents, horizon 0.4—0.6 m Figures printed in blue represent alkaline reaction

granica miasta
urban border




Tablica
Plate 76
SZCZECIN

4 (I//\\\o' l‘l(‘li s

Liczby w kolorze niebieskim — odczyn zasadowy

6,9 poziom 0,0-0,2m . horizon 0.0-0.2 m
Figures printed in blue represent alkaline reaction

7.2 poziom 0,4-0,6 m  horizon 0.4—0.6 m

V POLICE\ 1. \/
10
N

Q 2
RY &US %?i
§ N
Ob‘
0 2,5 5 km
e A
granica miasta n =538 | | | I | |

urban border
&3 5,0 6,0 6,7 7.4 8,9 pH

min. max.

Tablice 76—-81 na podstawie bazy danych ,Atlasu geochemicznego aglomeracji szczecinskiej". Czesc¢ |
Plates 76—-81 based on data for "Geochemical atlas of Szczecin agglomeration”. Part |



SZCZECIN

<0,5 poziom 0,0-0,2m . horizon 0.0-0.2 m
0.6 poziom 0,4-0,6 m ~ horizon 0.4—0.6 m

0 2,5 5 km

Percentyl

. . 0 75 90 95 97 100 Percentile
granica miasta

urban border

n =538

<05 05 0,9 2,0 2,8 13,3 mglkg

min. max.
2,0
warto$¢ graniczna
limit value

Tablica
Plate 7



Tablica
Plate

78

SZCZECIN

mg/kg
. 34 poziom 0,0-0,2 m . horizon 0.0-0.2 m Liczby w kolorze czerwonym — przekroczenie wartosci granicznej
15 poziom 0,4-0,6 m

horizon 0.4—0.6 m Figures printed in red represent exceeding of limit value

POLICGEN) |,
)
N
V)
<
- S
Q
o
<
) ﬁ-&’
0 i
% Chely.
7 «
|
°
4 v
@ o&
g
() @ 0‘@
W
‘ -
0 2,5 5km
[ S—
Percentyl
. o 0 25 50 75 90 95 97 100 Percentile
Tonvoonis”  n=s: NN I
urban border n=538 | |
<1 3 6 14 32 46 57 191 mg/kg
min. max.
60

warto$¢ graniczna
limit value



SZCZECIN

; /;\ —

mg/kg
0,05 poziom 0,0-0,2 m . horizon 0.0-0.2 m

L] il
0,05 poziom 0,4-0,6 m ~ horizon 0.4-0.6 m

0 2,5

5km

0 50 75 90 95 97
n =538
<0,05 0,05
min.

granica miasta
urban border
0,12 0,23 0,37
0,40
warto$¢ graniczna
limit value

0,64

Percentyl
100 Percentile

1,31 mg/kg
max.

Hg

Tablica
Plate

79



Tablica
Plate 80

SZCZECIN

Pb

mg/kg
44 poziom 0,0-0,2m , horizon 0.0-0.2 m Liczby w kolorze czerwonym — przekroczenie warto$ci granicznej
°1 poziom 0,4-0,6 m  horizon 0.4-0.6 m Figures printed in red represent exceeding of limit value

PONICEN |,

o (o

. ‘.
. M

o [ J >

=

S

Q

[} Q
<
L0
1‘\
) 3¢
& Che[é’zce
4
.
(4
®
.
(] .
. WV =)
N 2
0
05‘

0 25 5km

| IS S

Percentyl

. . 0 25 50 75 90 95 97 100 Percentile

ganemieste  n-so [EEIRL] [

urban border

<3 10 16 32 76 112 136 810 mg/kg
80 max.

wartos¢ graniczna
limit value




Tablica
Plate 81

SZCZECIN

Zn

mg/kg
o129
36 poziom 0,4-0,6 m ' horizon 0.4-0.6 m

poziom 0,0-0,2 m . horizon 0.0-0.2 m Liczby w kolorze czerwonym — przekroczenie wartosci granicznej
Figures printed in red represent exceeding of limit value

Ing,
E
o)
Ny
Y v
&
- S
Q
[ ] N
. §
Q K
v
% Che[;zoe
4
N e
. § '
9] o
a
L § >
Ob‘
®
a_
0 2,5 5 km
L

Percentyl
. . 0 25 50 7% 90 95 97 100 Percentile
—— Sgneerise n-soo N [0 NN
urban border
6 18 34 80 206 411 487 1176 mg/kg
max.

min.
300
wartos¢ graniczna
limit value



62 zawartos¢, poziom 0,0-0,2 m . contents, horizon 0.0-0.2 m
34 zawartosé, poziom 0,4-0,6 m ~ contents, horizon 0.4—0.6 m

granica miasta
urban border

Liczby w kolorze czerwonym — przekroczenie warto$ci granicznych
Figures printed in red represent exceeding of limit values

Liczby w kolorze niebieskim — odczyn zasadowy

Figures printed in blue represent alkaline reaction




WALBRZYCH

=/

o/ A
74 ~,/////”%f"
A o&///// /
"'4/'(',//(1 /
7
. 6,1 poziom 0,0-0,2 m . horizon 0.0-0.2 m
7.0 poziom 0,4-0,6 m " horizon 0.4-0.6 m

Liczby w kolorze niebieskim — odczyn zasadowy
Figures printed in blue represent alkaline reaction

/ SWIEBODZIC é@
’ \

pH

— 8,1 max.

Y,

2% 15,0

—13,3 min.

n =587

granica miasta
urban border

Tablice 83-90 na podstawie bazy danych ,Atlasu geochemicznego Watbrzycha i okolic"
Plates 83-90 based on data for "Geochemical atlas of Watbrzych and environs"

Tablica
Plate

83



Tablica
Plate

84

AS

mg/kg
o 13 poziom 0,0-0,2 m . horizon 0.0-0.2 m
13 poziom 0,4-0,6 m ~ horizon 0.4—0.6 m

Liczby w kolorze czerwonym — przekroczenie wartosci granicznej
Figures printed in red represent exceeding of limit value

Percentyl
Percentile mg/kg

100 86 max.

97 27
95 24
90 — 19

warto$¢ graniczna
75 14 1° limit value

50 1

25 7

0 <5 min.

n =587

granica miasta
urban border

WALBRZYCH

IS
SWIEBODZICE[J/1 R
e & (/
: {
‘ |

0 1,5 3 km




WALBRZYCH

Tablica

Ba

mg/kg
150 poziom 0,0-0,2 m . horizon 0.0-0.2 m

®121  poziom 0,4-0,6m  horizon 0.4-0.6 m

Percentyl
Percentile  mg/kg

100 851 max.

warto$¢ graniczna
97 = 360 %00 jimit value

95 — 280
90 214
75 154
50 102
25 70

0 11 min.
n = 587

granica miasta
urban border

Plate

85



Tablica
Plate 86

WALBRZYCH

Cd

mg/kg
<0,5 poziom 0,0-0,2m . horizon 0.0-0.2 m

®205 poziom 0,4-0,6 m ' horizon 0.4-0.6 m

%

A

Percentyl
Percentile mg/kg

100 2,8 max.
20 warto$¢ graniczna

limit value
97
95 0,8
90 0,7
75 0,5
0 <0,5 min.
n =587

granica miasta
urban border

0 1,5 3 km




WALBRZYCH

£ >0 \~’ Y
SWIEBODZICE //'/4 L)
zmca \

Cu

poziom 0,0-0,2 m |

horizon 0.0-0.2 m

poziom 0,4-0,6 m * horizon 0.4-0.6 m

Tablica
Plate

87

BOCUSZO\\
7,
\ (—",’él

)

Percentyl
Percentile

100

97

95

90

75

50

25

granica miasta
urban border

mg/kg
104 max.

0 wartos¢ graniczna
51" limit value
42
33
24
17

1

3 min.

n =587



Tablica
Plate 88

mg/kg
0,4 poziom 0,0-0,2m . horizon 0.0-0.2 m

®030 poziom 0,4-0,6m  horizon 0.4-0.6 m

Liczby w kolorze czerwonym — przekroczenie warto$ci granicznej
Figures printed in red represent exceeding of limit value

Percentyl
Percentile mg/kg

100 3,22 max.

97 0,49

95 0,410 40 wartos$¢ graniczna

limit value
90 0,28
75+0,19
50 0,13
25 0,09
0 <0,05 min.
n =587

granica miasta
urban border
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Tablica
Plate

Pb

mg/kg
o 38 poziom 0,0-0,2 m . horizon 0.0-0.2 m
70 poziom 0,4-0,6 m ' horizon 0.4—0.6 m

Liczby w kolorze czerwonym — przekroczenie warto$ci granicznej
Figures printed in red represent exceeding of limit value

Percentyl
Percentile  mg/kg

100 325 max.
97 130

95 107

0 warto$¢ graniczna
90— 75 limit value

75— 53
50 39
25 27

0 8 min.
n = 587

granica miasta
urban border

89



Tablica
Plate 90

WALBRZYCH

mg/kg
R 145 poziom 0,0-0,2 m . horizon 0.0-0.2 m
102 oziom 0,4-0,6 m ~ horizon 0.4-0.6 m

Liczby w kolorze czerwonym — przekroczenie wartosci granicznej
Figures printed in red represent exceeding of limit value

-GORCE({ /456
,,'A‘A % g’
p A

Percentyl
Percentile mg/kg

100 325 max. » ]
300 wartos¢ graniczna

limit value

97 186
95 145
90 — 113
75— 81
50 55
25 39
0 7 min.

n =587

granica miasta
urban border
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Tablice 91-96 na podstawie bazy danych ,Atlasu geochemicznego Warszawy i okolic"
Plates 91-96 based on data for "Geochemical atlas of Warsaw and environs"

Tablica
Plate 91

6,5 poziom 0,0-0,2m . horizon 0.0-0.2 m

69  poziom 0,4-0,6 m’ horizon 0.4-0.6 m

Liczby w kolorze niebieskim — odczyn zasadowy
Figures printed in blue represent alkaline reaction

pH

— 7,9 max.

L 2,6 min.

n=782

granica miasta
urban border



Tablica
Plate 92

AS

<5 poziom 0,0-0,2 m | horizon 0.0-0.2 m
<5 poziom 0,4-0,6 m ' horizon 0.4-0.6 m

Liczby w kolorze czerwonym — przekroczenie
wartosci granicznej

Figures printed in red represent exceeding
of limit value

Percentyl
Percentile mg/kg

100 2830 max.

warto$¢ graniczna
97 1 limit value

95 1
90 7
75 5

0 <5 min.

n=782

granica miasta
urban border
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Tablica 9 3
WARSZAWA Plate

Cd

mg/kg
. _0,7 poziom 0,0-0,2m . horizon 0.0-0.2 m
<05 poziom 0,4-0,6 m ' horizon 0.4-0.6 m

KONSTANCIN-gir

i SiaN

Percentyl
Percentile mg/kg

100 19,1 max.

warto$¢ graniczna
97 1,0 © Jimit value

95 0,7

90 0,5
0 <0,5 min.

n=782

granica miasta
urban border
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Tablica

WARSZAWA

S

LOMIANKI 298

LZ7777 %

55
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J

Plate
mg/kg

horizon 0.0-0.2 m

14 poziom 0,0-0,2 m |

horizon 0.4-0.6 m

10 poziom 0,4-0,6 m’

Liczby w kolorze czerwonym — przekroczenie

wartosci granicznej
Figures printed in red represent exceeding

of limit value

Percentyl

mg/kg

Percentile

HSGO max.
90— 29

100

wartos$¢ graniczna

54 60 limit value

97

39

95

75— 16

50
25

1 min.

n=782

granica miasta
urban border
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Tablica
Plate
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Tablica
Plate 96

Zn

mg/kg
180 poziom 0,0-0,2m . horizon 0.0-0.2 m

°33 poziom 0,4-0,6 m ' horizon 0.4-0.6 m

Liczby w kolorze czerwonym — przekroczenie
wartosci granicznej

Figures printed in red represent exceeding
of limit value

Percentyl

Percentile mg/kg

100 999 max.

wartos$¢ graniczna

97 287 300 limit value
95 = 227
90 —1 153
75— 90
50 48
25 25
0 1 min.
n=782

granica miasta
urban border
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Tablica 97

Plate

%.d(/ll.
@
53 =}
>
i=3
& 71
bt ° 6,8
76
79 73
Z
°73
444 7.4 3
,2
W[’/ﬂh,b
7
*5o
o
0@& 7,9 R o
(5 o
< g
74 64
6,
7, ¢ %,
3, e
§ 71 6,4
§ 2
s
5 088
§ 2
i X 8
o 21 poziom 0,0-0,2 m . horizon 0.0-0.2 m Liczby w kolorze niebieskim — odczyn zasadowy
6,3 poziom 0,4—0,6 m * horizon 0.4-0.6 m Figures printed in blue represent alkaline reaction
Wzaqllb
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/? X
0 2 4 km
I |
n=59% | I I I I |
6,0 6,7 7.8 8,2 pH
max.

granica miasta
urban border
3,4 5,0
min.
Tablice 97-102 na podstawie bazy danych ,Atlasu geochemicznego Wroctawia i okolic
Plates 97-102 based on data for "Geochemical atlas of Wroctaw and environs"




Tablica
Plate 98

Cd

WROCLAW

Wiz,
7 qlt-q
<0,5
25 \2
=3
Z <05 5 /00,5
<0,5
< 0.6
,5
<| [ ] 0.7
<054 <0,5 '
,5
0
o
o
0‘“\& <0,5 . o
‘(& .
S =
05 5
0. ¥ ©
4 %,
2,
1, &
g a3
15)
s
<0,5

J%Za
o

PZ;{%Q

mg/kg
o 1.0 poziom 0,0-0,2 m . horizon 0.0-0.2 m
<0,5 poziom 0,4-0,6 m ' horizon 0.4-0.6 m

P

7.
ks

I |
Percentyl

. . 0 75 90 95 97 100 Percentile
granica miasta
urban border

<0,5 0,5 0,9 1,3 2,0 37,3 mg/kg
min. 20 max.
warto$¢ graniczna
limit value




Tablica
Plate 99
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14
1 33
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15e 27
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39
L]
o
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'190" &
o G
2 13
18 o,
12 %
q"b
. 731 2
I3 10
S 012 $
S 4
S
Liczby w kolorze czerwonym — przekroczenie wartosci granicznej
Figures printed in red represent exceeding of limit value

horizon 0.0-0.2 m
horizon 0.4-0.6 m

mg/kg i
032 Ppoziom 0,0-0,2m ,
21 poziom 0,4-0,6 m

S LLT
Rz N

> ‘f", 277
520
= =k, %%
G 2

Percentyl
0 25 50 75 90 95 97 100 Percentile
n=sos NN | |
2 7 11 18 32 41 57 601 mg/kg
60  Mmax.
warto$¢ graniczna
limit value

granica miasta
urban border
min.




Tablica
Plate 1 00

Hg

WROCLAW

Wid%q
’ o
=
[=%
& 0,16 ®011
1 ,05
<005 012
05
<0 .
211, 0,4 \
12
WWQ%
0
.n’ﬂ
0
o
O(a@ 0,10 . -
(57 2
Qv'((l' <
<0,05
205 Q08
,07, o
<,
0, &
S <0,05 024
I < 07
2 0,05
A . ®<0,05
mg/kg
Liczby w kolorze czerwonym — przekroczenie wartosci granicznej

0<005 Poziom0,0-02m .

horizon 0.0-0.2 m

0,07 poziom 0,4-0,6 m

granica miasta
urban border

" horizon 0.4-0.6 m

n =595
<0,05 0,09 018 034 057 1,09 6,60 mgkg

Figures printed in red represent exceeding of limit value

|
Percentyl

min.

50 75 90 95 97 100 Percentile

0,40 max.

wartos¢ graniczna
limit value
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Tablica
WROCLAW Plate
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Liczby w kolorze czerwonym — przekroczenie warto$ci granicznej

Figures printed in red represent exceeding of limit value

mg/kg
o 60 poziom 0,0-0,2 m . horizon 0.0-0.2 m

44 poziom 0,4-0,6 m * horizon 0.4-0.6 m

Z,

&
2o/

granica miasta
urban border

,[,) X
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e

Percentyl
97 100 Percentile

95
514 mg/kg

94 114
max.

80
wartos$¢ graniczna
limit value




Tabli
“piate 102

Zn

Widq%
38 @
=
&
@ 60 ®44
49 38
65
63 130
5
® 168
53¢ 101
P 0
W/,/Q%
120 \&3
y/
&
cgd\ 63 . o
& Z
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2 p
36 ° 2,
lp?
3 943 104
¢ 48 y
5 e 3
S 0
ﬁ %a 2
Liczby w kolorze czerwonym — przekroczenie wartos$ci granicznej
Figures printed in red represent exceeding of limit value

mg/kg
o168 poziom 0,0-0,2 m . horizon 0.0-0.2 m
poziom 0,4-0,6 m ' horizon 0.4-0.6 m

101

//0
2

=,
—=

7
s e 1
- .‘ X/

“

Percentyl
. - 0 25 50 75 90 95 97 100 Percentile
Urban border =595 [T [
urban border =6 | |
10 29 44 81 165 274 446 1968 mg/kg
min. 300 max.
wartos$¢ graniczna
limit value



Tablica
Plate 1 03

ZIELONA GORA

0 2 4 km
[ S|
27 zawartos¢, poziom 0,0-0,2 m | contents, horizon 0.0-0.2 m Liczby w kolorze czerwonym — przekroczenie wartosci granicznych
15 Zawartosc poziom 0,4-0,6 m " contents, horizon 0.4-0.6 m Figures printed in red represent exceeding of limit values
. ’ Liczby w kolorze niebieskim — odczyn zasadowy
granica miasta Figures printed in blue represent alkaline reaction

urban border



Tablica
Plate 104

Udziat miast
Cities and towns

%
5,0
2,2
8,6

20,2

56,8

7.2

Udziat miast
Cities and towns

%

2,2
2,2
43

18,0

474

25,9

Sumaryczny
wspotczynnik
wzbogacenia
Total
enrichment
coefficient

>50
40-50
30-40

20-30

Sumaryczny

wspotczynnik

wzbogacenia

Total

enrichment

coefficient
>50

40-50

30-40

20-30

10-20

Sumaryczne wzbogacenie gleb miejskich z poziomu 0,0-0,2 m
w As, Cd, Cr, Cu, Hg, Ni, Pb, SiZn
Total enrichment of urban soils (0.0-0.2 m) by As, Cd, Cr, Cu, Hg, Ni, Pb, S and Zn
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Tablica
Plate 105
Naturalne i antropogeniczne czynniki wzbogacenia gleb miejskich
z poziomu 0,0-0,2 m w As, Cd, Cr, Cu, Hg, Ni, Pb, Si Zn
Natural and anthropogenic enrichment factors of urban soils (0.0-0.2 m)
by As, Cd, Cr, Cu, Hg, Ni, Pb, S and Zn
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Tto geochemiczne pierwiastkow chemicznych i odczyn gleb Polski
Geochemical background of chemical elements and acidity of soils in Poland

Para-
Gleby metry | As | Ba [ Ca | Cd Cr | Cu Hg | Mg | Ni Pb S Sr Zn | pH
Soils Para- | ppm | ppm | % | ppm | ppm | ppm | ppm | % | ppm | ppm | % | ppm | ppm
meters
Gleby Polski z obszarow niezabudowanych z glebokosci 0,0-0,2 m (rozktad w HCI 1:4)

Soils (0.0-0.2 m horizon) in non-built-up areas of Poland (digestion in HCI 1:4) D
Gleby ogoétem a <5 26 (0,12 <05 3,5 | 3,7 | 0,05 |0,05 3 13 | 0,011 6 32 5,6
All soils b <5 27 (0,13 ]<0,5]| 4,0 [ 40 | 0,05 | 0,05 3 12 | 0,011 6 29 5,8
n= 6522
Gleby z obszaru Nizu
Polskiego (glownie a <5 22 (0,11 ]<0,5] 3,0 [ 3,0 |<0,05]0,04]| 3 10 | 0,010 5 25 5,6
piaszczyste) b <5 23 10,11 |<0,5] 3,0 | 3,0 [<0,05]0,04| 3 10 | 0,009 5 25 5,7
Soils of Polish Lowland (mainly
sandy)
n = 4945
Gleby Karpat, Sudetow i ich
przedgoérzy (glownie gliniaste) a <5 58 10,201 0,5 | 10,21 10,5 0,05 | 0,14 | 10 26 | 0,018 [ 11 58 5,6
Soils of Karpaty (Mts,), Sudety b <5 57 10,21 0,5 | 10,0 | 10,0 [ 0,05 | 0,15 | 10 25 (0,018 | 11 57 5,8
(Mts,) and their foredeeps (mainly
loamy)
n= 764
Gleby Slaska (gtownie a <5 44 10,15 1,2 | 40 | 5,1 | 0,08 | 0,04 3 44 10,013 7 89 5,8
weglanowe) b <5 45 10,15 1,1 | 5,0 | 5,0 | 0,07 | 0,05 4 39 {0,014 7 79 6,1
Soils of Upper Silesia (mainly
carbonate)
n=_813

Gleby warstwy powierzchniowej z obszaréw uzytkowanych rolniczo (rozktad w wodzie krolewskiej) >
Topsoils in farmland areas of Poland (digestion in aqua regia) ?
Gleby lekkie a 0,18 9 5,4 4.9 12 27
Light soils b 0,15 9 5,5 5,0 12 27
n = 5288
Gleby cigzkie a 0,31 21 | 11,7 16,5 [ 20 52
Heavy soils b 0,31 | 20 | 12,0 16,7 | 20 54
n = 1000
Skaly macierzyste gleb z glgbokos$ci 0,8—1,2 m (rozktad w HNOs, H,SO,,HCI) 3
Parent rocks (0.8—1.2 m horizon) of soils (digestion in HNO;, H,SO,, HCI) ¥

Skaly macierzyste
Parent rocks c 0,18 | 27 7,1 10,2 | 10 30

n=146

a - $rednia geometryczna; geometric mean

b — mediana; median

¢ - $rednia arytmetyczna; arithmetic mean
n — liczba probek; number of samples

D Lis & Pasieczna, 1995a)
2 Kabata-Pendias i in., 1995
3 Czarnowska, 1996

Tabela 1
Table 1



Tabela 2

Table 2
Warto$ci graniczne stosowane dla oceny zanieczyszczenia gleb
Limit values used for soil contamination assessment
Gleby As | Ba | Cd | Co Cr cr?t (e | cu Hg Ni Pb Zn
Soils ppm | ppm | ppm | ppm | (catk) |ppm | ppm | ppm ppm | ppm | ppm ppm
ppm
Szwedzka Agencja Ochrony Srodowiska
Swedish Environmental Protection Agency
Gleby zanieczyszczone 0,8-2 24-60 | 0,14-0,35 32-80 | 120-300
Contaminated soils
Gleby znacznie zanieczyszczone 2-4 60-120 | 0,35-0,70 80-160 | 300-600
Significantly contaminated soils
Gleby bardzo zanieczyszczone >4 >120 >0,70 >160 >600
Largely contaminated soils
Wartosci graniczne dla gleb
zanieczyszczonych 15 0,4 30 120 5 100 1 35 80 350
Limit values for contaminated soils
Norweskie Ministerstwo Ochrony Srodowiska >
Norwegian State Polution Control Board
Wartosci graniczne 2 3 100 1 50 60 100
Norm values
Zalecenia Ministerstwa Srodowiska Kanady
Canadian Soil Quality Guidelines for the Protection of Environmental and Human Health
Budownictwo mieszkaniowe i
parki 12 | 500 10 50 64 0,4 63 6,6 50 140 200
Residential/parkland
Zabudowa handlowa 12 | 2000 22 300 87 1,4 91 24 50 260 360
Commercial
Zabudowa przemystowa 12 {2000 22 300 87 1.4 91 50 50 600 360
Industrial
Zalecenia Ministerstwa Srodowiska Republiki Stowacji ¥
Environment Ministry of Slovak Republic (guideline values)
Wartos¢ poziomu kontrolnego
do podjgcia badan 30 (1000 5 250 10 100 3 100 150 500
Limit value for undertaking of
survey
Lista Holenderska >
Holland List
Warto$¢ poziomu kontrolnego
do podjgcia badan 30 | 400 5 50 250 100 2 100 150 500
Limit value for undertaking of
survey
Lista Berlinska
Berlin Liste
Wartosci zanieczyszczen w
terenach ochrony wod 10 2 200 150 25 200 100 500
Limit values in areas of water
protection
Eikmann, Kloke, 1991
Place i miejsca zabaw dzieci A 20 2 50 50 0,5 40 200 300
Children’s playgrounds B 50 10 250 250 10 200 | 1000 2000
Ogrodki przydomowe i A 40 2 100 50 2 80 300 300
dziatkowe B 80 5 350 200 20 200 | 1000 600
Domestic gardens & allotments
Boiska sportowe i pola gier A 35 2 150 100 0,5 100 [ 200 300
Sports and playing fields B 90 5 350 300 10 250 [ 1000 2000
Parki i tereny rekreacyjne A 40 4 150 200 5 100 500 1000
Park and recreational areas B 80 15 600 600 15 250 | 2000 3000
Tereny przemystowe A 50 10 200 300 10 200 | 1000 1000
Industrial areas B 150 20 800 1000 20 500 | 2000 3000

A — zawartoS$ci tolerowane; tolerated value

B — zawartosci toksyczne; toxic value

' SEPA, 2001 — http://www.internat.environ.se/documents/legal/
2 Norm values, 2001 — http://www. ngu.no/prosjekter/
% Canadian Soil Quality Guidelines, 1999 — http://www.ec.gc.ca/ceqg-reqe/sol html
) Ukazovatele a normativy pre zeminu, 1994 — Rozhodnutie ministra Zivotného prostredia Slovenskej republiky

%) Wskazowki metodyczne ..., 1994



Tabela 3

Table 3
Zestawienie wspotczynnikdw wzbogacenia gleb miejskich w As, Cd, Cr, Cu, Hg, Ni, Pb, SiZn
List of enrichment indicators of urban soils by As, Cd, Cr, Cu, Hg, Ni, Pb, S and Zn
W, =m;/m, W, = my/m;
Miasto Warstwa 0,0-0,2 m Warstwa 0,4-0,6 m
Town or city Topsoil (0.0-0.2 m) Subsoil 0.4-0.6 m
Biata Podlaska Zn Cu Pb Cr Pb Cu Ni
1,5 1,3 1,3 1,3 1,3 1,2 1,2
Bialystok Cu Zn Pb Cr Ni Cu Cr Zn Ni Pb
33 29 25 18 1,5 23 20 15 1,3 1,2
Bielawa Cd Cr Cu Pb Ni Zn Cr Ni Cd Hg Cu Pb Zn
34 30 25 23 21 1,8 35 27 24 23 1,8 1,6 1,4
Bielsko-Biata Cd Zn Cu Pb Ni Cr Hg Cd Zn Cu Pb Cr Ni
38 28 2,6 2,1 14 1,3 32 30 24 22 18 1,5 1,5
Bochnia Cu Ni Zn Cr Pb Cd Ni Cr Cu As Zn Hg Pb
6,0 53 3,6 33 28 24 15 83 73 24 24 1,7 1,6
Boguszow-Gorce | As Hg Zn Pb Cd Cu S Ni Hg As Pb Zn Cu S Ni
10 7.2 40 3,7 3,6 34 2,0 1,5 12 10 3,5 2,7 26 1,6 14
Bolestawiec Cu Pb Zn Hg Cr Ni Cu Cr Ni Zn Pb S
6,3 45 33 32 23 23 53 43 40 20 1,9 1,6
Brzeg Cu Hg Ni Zn Cr Pb Hg Cd Zn Cu Pb S
42 37 23 19 14 1,1 6,3 24 20 1,8 1,8 1,3
Brzeg Dolny Hg Cu Pb Ni
33 23 1,7 1,3
Bydgoszcz Cu Zn Pb Ni Cr Cu Ni Cr S Zn Pb
38 25 21 1,5 1,3 20 18 1,5 14 1,2 1,1
Bytom Zn As Cd Pb Cu Hg Ni Cr  |Cd Pb Zn As Ni Hg Cu Cr
10 64 63 59 48 24 25 18 11 52 48 3,6 2,1 20 1,8 1,6
Bedzin Zn Cd Pb As Hg Cu Ni Cr Cd Zn Pb Ni Cu S
64 49 35 32 27 26 20 12 88 40 2,1 1.8 14 1,1
Chetm Lubelski Zn Cu Pb Cr Ni Ni S Zn Cr Cu
23 23 13 12 15 23 22 21 20 1,8
Chorzow Zn Cd Cu Pb As Ni Hg C S |Cd Zn Pb As Cu Ni Hg Cr S
12 8,0 85 7,3 6,0 39 38 24 21|42 19 85 76 76 70 6,0 40 1.8
Chrzanoéw Cu Zn Cd Pb As Hg Cr As Cd Pb Cr Ni
14 11 72 6,8 48 2,7 1,6 40 28 28 2,0 1,3
Czarna Biatostocka | Zn Ni
1,3 1,3
Czechowice- Cd Pb Cu Zn
Dziedzice 32 16 14 13
Czerwionka- Cu Zn Ni Pb Cd Ni S Cu Zn Cr
Leszczyny 22 22 15 12 36 28 26 24 23 1.8
Czgstochowa Pb Zn Cd Hg Cu Ni Cr Zn Ni Pb Cr Cu S
36 3,6 32 24 20 2,0 1,7 1,8 1,7 1,5 1,3 1,3 1,2
Dabrowa Gornicza | Zn Cd As Pb Cu Cd Zn Pb Ni Cr Cu S
3,6 3,0 24 23 2,0 9,0 33 30 2,1 1,5 1,5 1,3
Debica Cu Ni Zn Pb Hg Cr Ni Gt Cu Pb Zn S
38 32 23 23 22 22 32 22 20 1,6 1,3 1,1
Deblin Hg Cu Zn Pb S Ni Cr Cu Hg Ni Cd S Zn Pb Cr
13 11 8,0 7,3 3,6 2,3 2,0 6,3 50 27 24 23 22 19 1,7
Elblag Cu Cr Zn Ni Hg Pb Cr Ni CuZn Pb 8
43 33 28 27 24 20 33 27 23 1,6 1,3 1,1
Elk Cu Hg Cr Zn Cu Cr Zn Ni S
5,0 3,6 2,0 2,0 43 1,7 1,7 1,3 12




Gdansk Cu Zn Pb S Cr Ni Cu Pb Hg Cr Zn S Ni
43 36 3,1 2,1 2,0 30 28 1,8 15 1,3 12
Gdynia Hg Zn Ni Pb Cr Cu Zn Ni
4,0 3,1 2,0 1,8 1,7 23 1,7 13
Gliwice Ni Zn Pb Cr
1,5 1,5 1,3 1,4
Gorzow Hg Cu Pb Cr
Wielkopolski 26 2,0 15 1,2
Grudziadz Zn Pb S Cr Ni Cu Zn Pb Cr Ni S
40 32 24 1,8 17 353229 15 1,5 12
Glogow Pb As Zn Ni Cr Pb Ni Zn
59 28 23 23 20 45 27 1,2
Hrubieszoéw Ni Hg Cr Pb Zn Zn Pb Cr Ni S
30 28 2,0 2.1 1,6 47 45 40 40 1,6
Inowroctaw Cr Ni Zn Pb Cu Ni Zn S Pb
3,0 3,0 3,0 2.7 33 30 22 1,7 1,5
Jarostaw Ni Hg Zn Cr Pb S Cu Pb Cr Zn S
5,0 46 3,7 28 2,6 20 4,0 35 3,0 1,7 12
Jastrzgbie-Zdroj
Jasto Cd Ni Cu Cr Zn Hg Cu Cr
32 25 20 14 1,3 23 1,7 1,6
Jaworzno Pb Cu Ni Zn Pb Cu
1,8 1,5 1,3 22 15 1,1
Jelenia Gora As Cu Pb Zn Cr As Cu Pb Cr Zn Ni
36 26 2,1 1,7 1,3 36 20 19 16 1,5 13
Jozetow
Kalisz Zn Cu Ni Pb Cr Cu Hg Ni S Cr Pb
48 23 2,0 17 42 35 30 24 23 23
Katowice As Cd Pb Cu Hg Cd As Zn Cu Ni Pb Cr
3,6 36 32 32 26 24 23 22 22 15 14
Kielce Hg Cu Zn Cr Ni Cr Cu Hg Pb Zn
2,8 27 26 1,7 17 3,0 30 2,7 25 14
Knuréw Cu Zn Ni Cr
1,3 1,5 1.3
Konin Cu Cr Ni Zn S Pb
2,7 27 20 2,1 18
Koszalin Ct Cu Ni Pb Zn Ct Cu Ni Zn Pb
3,0 30 2,3 2,1 2,0 2,0 20 1,4 1.2
Krakéw Zn Cu Ni Pb Cr Cd Hg Cr Zn Cu Hg Pb S
43 33 32 30 28 24 4,0 38 3,7 23 23 1,7
Krapkowice Cd Cu Pb Ni As Zn Cu Ni Pb
24 19 13 1,2 24 22 20 12 12
Krasnystaw Cu Cr Zn Pb Ni Cu
2,0 1,7 1,6 1,1 2,0 1,7
Kutno Cu Pb Zn Cr Ni Ni Pb Zn Cr S
2,1 21 15 1,5 1,7 1,7 1,7 15 1,1
Kedzierzyn-Kozle Ni Cr Cu Cr
2,3 1,8 1,2 1,1




Legnica Cu Pb As Zn Ni Hg Cr Cd  |[Cu Ni Cr Hg As Pb Zn S
30 10 74 58 53 42 37 22 17 72 58 47 44 42 25 17
Leszno Zn Cu Pb Hg Cr Ni Cu Hg Pb Zn Cr Ni S
9,6 80 46 32 23 2,0 3,7 33 29 27 20 20 1,7
Libigz Zn Pb Ni As Gd S Cu Cr Cd Zn Pb Cu
50 27 25 24 24 21 20 1,2 12 4,6 35 1,2
Lubin Cu Pb Ni Zn Cr Hg Cu Cr Ni Pb Zn
47 23 18 1,8 15 3525 1,7 1,7 13 13
Lublin Cu Ni Cr Zn Pb Ct Ni Cu Zn Pb
33 23 2,0 18 1,3 30 2,7 23 14 1.2
Lubliniec Zn Pb Cu Cr Ni Pb Zn S Cu Cr Ni
2,7 28 20 1,7 12 6,0 48 23 20 1,3 13
Lancut Cu Ni Zn Hg Cr Gd Pb S Ni Cu Cr Zn Hg Pb S
6,3 63 43 40 3,7 32 25 2.2 8,0 57 47 3,1 27 24 1,9
Lazy Ni Zn Pb S Cu Cr Cu Ni Cd As S Zn Pb Cr
30 25 24 22 18 1,6 6,6 45 40 28 26 24 2,1 14
Fomza Cu Pb Cr Cu
13 12 13 13
E6dz Cu Hg Zn Pb Cr Ni Cu Hg Cr Ni Zn Pb
43 36 3,1 2,1 1,7 1,7 33 23 2,0 20 20 1,8
Marki Cu
1,3
Miasteczko Slaskie | Zn Pb Cd As Cu Cd Pb Zn
5,9 59 37 36 22 6,0 25 24
Mielec Cu Ni Cr Hg Zn Pb Ni Cr Cu Zn Pb
43 40 2,7 2,6 23 1,4 40 2,7 2,7 1,8 1,5
Mikotow As Cu Ni Cr Zn Pb As Cr Ni
32 20 1,8 1,6 1,6 13 6,1 14 13
Myszkow Zn Cd Pb Cr Cu Ni Cr Ba Zn Cu Pb S
6,0 44 24 1,7 17 2,7 20 21 19 1,7 1,6 12
Mystowice Zn Cd As Pb Cu Hg Ni Cr Cd Zn As Cr Ni Pb Cu S
10 5,0 44 39 34 27 25 1,6 11 48 28 28 1,9 1,7 1,6 1,1
Miawa Hg Cr Cu Zn Pb Ni Cr Ni
32 1,7 1,7 1,7 1,5 13 1,7 13
Nowy Dwor Cu Pb Zn Cu Pb
Mazowiecki 22 22 14 1,2 12
Nowy Sacz Hg Cu Ni Zn Cr Pb Hg Ni Cr Cu Zn
40 19 1,7 14 13 1,1 38 24 1,7 1,7 14
Nowy Targ Cd Hg Zn Ni Cu Pb Cr Cr Ni Zn
36 30 1,8 1,7 1,6 1.4 1,3 1,7 1,7 1,2
Olkusz Pb Zn Cd As Cu Ni Cd Pb Zn As Hg Ni Cu
16 10 69 44 2,0 13 39 36 19 9,6 53 3,5 18
Olsztyn Hg Cu Zn Pb Cr Ni Cr Cu Ni Zn Pb
2,6 23 22 20 1,8 1,8 22 20 1,8 12 1,1
Opole Zn Cu Ni Pb Cr S Pb Zn Cu Ni Cr S
3533 32 24 23 22 49 44 42 25 23 1,6
Orzesze Cu Zn Pb Ni Cr Ni Cr Cu
2,1 1,6 1,5 14 12 14 1,1 1,1
Ostrowiec Cu Ni Zn Cr Cu Cr Ni Zn Pb S
Swietokrzyski 22 15 15 12 23 1,7 1,5 1,1 1,1 1,1




Ostroteka Cu Zn Pb
2,0 1,8 1,7
Ostrow Cu Zn Pb Ni Cr Cu Zn Ni Pb Cr S
Wielkopolski 2,5 22 20 1,7 13 23 2,1 20 19 1,7 1,6
Otwock Cu Zn Pb
23 1,6 14
Ozorkow Zn Cu Hg Pb Ni Cr Ni Pb
38 33 24 21 1,7 13 1,7 13
Oswigeim Cu Ni Cr Zn Hg Gd Ni Cu Cr S
34 34 2,0 1,7 50 3,7 3,1 1,7 1,6 13
Pabianice Cu Hg Zn Cd Pb Cr Ni Cr Cu Ni Zn Pb
43 36 3,1 2,8 26 2,0 20 20 1,7 1,7 14 13
Piaseczno Cu S Cr Ni Zn Pb Cr Ni Zn Cu S
38 24 23 20 1,7 1,6 23 15 14 12 12
Pickary Slaskie  [Zn Cd Pb As Cu Ni Cr Cd Zn As Pb Ni Cr Cu
21 15 12 6,0 40 23 14 14 63 28 27 23 1,5 14
Piotrkow Cu Zn Pb Cr Ni Hg Cu Zn Cr Ni Pb
Trybunalski 30 26 2,1 1,7 13 30 23 1,8 1,7 1,7 1,5
Pila Hg Pb Zn Cu Cr Ni Cr Pb
2,8 2,6 24 23 13 13 1,3 1,1
Plock Cu Ni Zn Cr Pb Ct Ni Cu Zn Pb
2,7 20 18 1,7 14 23 23 2,0 1,2 1,1
Police Hg Cu Zn Ni Cr Pb Cr Cu Ni Pb
32 20 1,6 1,7 1,3 1,1 1,3 1,3 1,3 1,1
Polkowice Cu Pb He S Zn Cr Ni Cu Hg Ni Pb Cr 8
22 3522 22 21 15 13 5522 1,5 14 13 1.2
Poznafi Cu Zn Pb Cr Ni Cu Ni Cr Pb Zn
22 20 1,6 13 13 1,7 1,7 1,5 12 1.2
Pruszkow Cu Cr Pb S Ni Zn Cr
37 23 23 23 20 1,8 2,3
Przemysl Hg Cu Zn Ni Pb Ni Hg Cu Cd As S Cr Zn Pb
6,0 3,0 22 1,7 1,6 3,1 30 29 28 24 21 18 1,8 15
Pszczyna Zn Hg Zn Cu
1,4 27 14 12
Putawy Cu Pb
1,7 13
Pyskowice Cu As Ni Zn Pb
34 24 1,8 1,6 1,1
Rabka Cd Hg Zn Cu Ni Pb Hg Ni Cr Zn Pb
2,8 27 15 14 14 12 23 23 1,5 1,2 1,1
Radom Cu Cr Ni Pb Cu Zn Cr Ni Pb
30 1,7 1,7 1,7 30 28 20 1,7 15
Radomsko Zn Cu Hg Pb Cr Ni Zn Cu Hg Ni Cr Pb _S
99 80 64 33 2,0 1, 85 6,7 40 30 33 22 14
Ruda Slaska Zn Pb As Cd Cu Hg S Ni Cr{Cd Zn As Pb Hg Cu Ni Cr _S
76 44 40 3,6 3,0 26 20 18 16|11 89 54 43 30 2,5 2,0 14 13
Rybnik Cu Ni Ni
2,0 1,5 1,5
Rzeszoéw Cu Ni Hg Cr Zn Pb Ni Gt Cu S Pb Zn
3,7 37 32 27 2,0 1,9 47 3,0 27 1,6 13 13




Siedice Cu Zn Hg Pb Ni Cr Hg Cu Ni Cr Zn Pb
4,5 3,7 32 22 20 1,7 33 2,8 2,8 2,5 2,0 1,7
Siemianowice Zn Cd As Pb Cu Hg Ni Cr S (Cd Zn Hg Pb As Cu Ni
Slaskie 15 86 84 74 6,0 34 3,0 20 20|15 53 3,7 24 23 1,6 1,6
Sieradz Zn Cu
1,6 1,5
Skarzysko- Cu Zn Pb Zn
Kamienna 1,7 1,7 1,6 1,2
Skierniewice Zn Cu Pb Cr Ni Ni Cr
36 30 19 13 13 2,0 1,7
Stupsk Zn Cu Pb Hg Cr Ni Ct Cu Zn Pb Ni S
3,7 33 2,7 26 2,0 2,0 23 20 20 1,8 1,5 12
Sosnowiec Zn Cu As Cd Pb Ni Hg Cr Cd Zn As Hg Pb Cu Ni
6,1 44 44 43 34 28 24 16 82 42 32 27 25 21 21
Stalowa Wola Hg Cu Ni
2,8 1,3 1,3
Strzelce Opolskie |Zn Pb Cu Cr Ni Pb Zn S Cr Ni Cu
29 29 1,8 1,7 15 2,1 2,1 19 1,5 1,5 1,3
Szczawno-Zdr6] |Hg As Zn Pb Cu Cd Ni Cr  |Hg Cu As Ni Zn Pb Cr S
10 68 57 46 34 32 1,6 1,1 6,0 46 3,6 2,7 24 21 14 14
Szczecin Cu Zn Pb Ni Cr Cu Hg Cr Ni Pb Zn
4.8 3,0 28 2,0 1,7 30 25 2,0 2,0 1,9 1,6
Swidnica Hg Cd Zn Cu Pb Cr Ni Hg Cu Pb Zn Cr Ni
48 28 23 21 18 13 13 40 2,0 1,9 1,6 14 13
Swigtochtowice  |Zn Cu Cd Pb As Hg Ni Cr S|Cd Zn Pb As Hg Cu Ni Cr S
15 11 11 85 74 50 38 26 2,0/49 26 13 90 75 72 43 23 2.2
Swinoujscie Hg Zn Pb
20 14 1,1
Tarnobrzeg Zn Cu Pb Zn Ni Cr
3,7 23 1,8 33 2,0 1,3
Tarnowskie Gory |Pb Zn Cu As Cd Ni Pb Cd As Zn Ni Cu Cr
10 84 42 3,6 32 1,3 84 7,6 32 3,1 18 1,6 1,2
Tambw Ni Cu Hg Cr Zn Pb Ni Cr Cu Hg Zn Pb S
6,2 53 50 37 29 25 73 4,7 45 32 31 27 1.8
Thuszez Cu Pb
2,3 1,5
Tomaszow Zn S Cu Pb Zn Cu Hg Pb S Cr Ni
Mazowiecki 2,6 2,1 1,7 13 46 33 23 23 21 1,7 1,7
Torun Cu Zn Pb
1,7 1,7 1,3
Trzebinia-Siersza |[Cu Zn Cd Pb As Ni
12 64 57 49 32 13
Tychy As Cu Zn Cr Ni Cr
24 1,6 14 13 1.3 14
Warszawa Cu Zn Pb Cr Ni Cu Cr Ni Zn
40 2,7 2,0 1,7 1,7 2,3 2,0 1,7 1,1
Walbrzych As Hg Cu Zn Cd Pb Ni Cr  |Hg As Cu Pb Zn Ni Cr
6,0 6,0 3,1 3,0 26 25 1,6 1,1 10 52 2,7 2,1 2,0 1,7 1,1
Wioctawek Cu Zn Pb Ni Cr Hg Cu Pb Ni Zn Cr
3229 24 1,8 1,5 48 2,7 2,1 20 19 1,8




Wodzistaw Slaski {Cu As Ni Zn Cr Pb Cu Ni Cr As Hg S Zn Pb
42 22 21 1,8 1,5 1,1 45 36 2,7 22 22 19 14 1,2
Wolbrom Zn Pb Cd Cu Zn Cd Pb Cu Cr Ni S
35 33 28 23 54 48 42 33 23 23 23
Wotomin Cu Zn Pb
25 1,5 1,1
Wroctaw Cu Hg Zn Pb Ni Cr S Cu Ni Hg Cr As Pb S Zn
8,0 44 42 40 33 30 2,0 57 40 33 30 24 24 2,1 1,7
Wrze$nia Cu Zn Ni Pb Cr Cu Cr Zn S Pb Ni
3,5 25 1,7 1,7 1,5 27 20 19 16 14 13
Zabrze Zn Cu As Pb Cd Hg Ni Cr Cd Zn Ni Pb Cr Cu
46 34 28 26 24 2,1 1,8 12 52 19 1,8 1,7 1,6 12
Zakopane Cd As Cu Ni Hg Cr Zn Pb Ni As Cu Hg Cr Zn
44 34 32 32 25 19 19 13 5,5 32 32 30 2,7 14
Zamosé Cu Cr Ni Zn Pb Ni Cr Cu Zn
43 27 2,7 2,0 1,6 33 3,0 23 13
Zawiercie Cu As Cr Zn Ni Pb Cd Cu As Ni Zn Cr Pb S
62 24 22 22 22 19 28 26 22 21 1,5 14 12 1,1
Zdufiska Wola Cu Hg Zn Cr Pb Ni Cu Cr Ni Zn S Pb
32 3,0 23 1,8 1,8 1,7 23 20 1,8 1,6 1,6 1,5
Zgierz Cu Hg Pb Zn Ni Cr Ni
33 24 20 1,8 1,7 1,5 1,3
Zielona Gora Cu Pb Hg Zn Cr Ni Cu
38 27 24 16 13 1.2 1,5
Zagan Cu Zn Pb Hg Ni Cr Cu Pb Hg Zn Ni Cr
6,5 56 54 38 1,7 1,5 82 48 35 27 18 1,7
Zory Ni Cu cd
1,5 14 2,8
Zywiec Cd Cu Zn Hg Pb Ni Cr Cd Hg Zn Pb Ni Cu Cr
34 26 26 25 22 18 14 3,0 30 24 22 21 1,8 1,6

Wi, W, — wspdtczynniki wzbogacenia; enrichment coefficients
m;, m, — warto$¢ mediany dla danego miasta; median for the town
m, — mediana tta geochemicznego regionu; median of geochemical background of the region




Objasnienia  (Fig.1-14)

Explanations
maks. 75 %. -
min. 25 % ® mediana

a - tto geochemiczne; geochemical background
b - gleby miejskie (0,0-0,2 m); urban soils (0.0-0.2 m)
¢ - gleby miejskie (0,4-0,6 m); urban soils (0.4-0.6m)
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Zinc content
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Fig.15. Poréwnanie zawarto$ci miedzi w dwoch zakresach glebokosci gleb miejskich
Comparison of copper content in two horizons of urban soils
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Fig.16. Poréwnanie zawartosci otowiu w dwoch zakresach glebokos$ci gleb miejskich
Comparison of lead content in two horizons of urban soils
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Fig.18. Poréwnanie odczynu w dwoch zakresach glgbokosci gleb miejskich
Comparison of acidity in two horizons of urban soils
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Fig.17. Poréwnanie zawartosci cynku w dwoch zakresach glgbokosci gleb miejskich
Comparison of zinc content in two horizons of urban soils
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Fig.19. Poréwnanie zawartosci chromu w dwoch zakresach glgbokosci gleb miejskich

Comparison of chromium content in two horizons of urban soils
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Fig 20. Poréwnanie zawartosci niklu w dwoch zakresach glebokos$ci gleb miejskich

Comparison of nickel content in two horizons of urban soils
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