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Summary: The studies were conducted in the years 2012–2014 on agricultural areas affected by the gas and 
dust emissions of the Copper Smelter “Głogów”. The content of five trace elements – copper (Cu), lead (Pb), zinc 
(Zn), cadium (Cd), arsenic (As) – was determined in soil samples collected on the borders of the protection zone 
of the smelter by means of the AAS method. Additionally, the collected samples were used to determine the pH 
of the analysed soil. The studies showed that the contents of the analysed trace elements in the soil depended on 
the location of the soil in relation to the sources of the emission of the pollution and were the result of a strong 
concentration of these elements in a period of intensified emission from the plant. The element which caused the 
greatest soil pollution was copper. A strong variation in pH values was observed in the analysed soils (ranging 
from acid to alkaline reactions). The pH of most of the soils was ≥5.6. The conducted studies formed the basis for 
determining the initial isoline of the areas which exceeded the legal standards for soil quality in the discussed 
area. These studies are an integral complement to existing work on the evaluation of the local variability of soil 
pollution with heavy metals and arsenic in an area affected by smelter emissions. 
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INTRODUCTION

From among various industrial contaminants 
which can pollute the agricultural environment, 
heavy metals, representing bioaccumulative trace 
elements, deserve special attention. Dust emis-
sions from the non-ferrous metals plants can be in-
cluded in the main anthropogenic factors causing 
increased heavy metal concentrations in the agri-
cultural environment. Heavy metals contained in 
the metallurgical dust emitted into the atmosphere 
may exert a negative impact on all elements of the 
environment, but the most durable effects can be 
observed especially in the soil due to the adsorp-
tion of numerous metals on mineral and organic 

colloids. The types and chemical forms of heavy 
metals occurring in soils affected by the emissions 
from non-ferrous metals smelters depend on the 
production process implemented in particular 
plants. From the ecological point of view, the in-
creased content of heavy metals at the arable and 
humus horizons of soils is particularly hazardous. 
The removal of heavy metals from soil is extremely 
complicated since they constitute a very specific 
and durable form of pollution. Their deposition 
in the soil may be extremely persistent and, to 
a large extent, depends on the type of soil and 
its physical and chemical characteristics. Hence, 
there is a need to develop an efficient method for 
the reclamation of those soils polluted with heavy 
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metals in order to avoid the contamination of 
crops intended for consumption or used as fodder. 

As well as metal-bearing dust emissions result-
ing from smelter processes, gas emissions (sulphur, 
nitrogen and carbon oxides) and the storage of 
hazardous waste generated during the processes 
of production of non-ferrous metals exert an 
equally negative impact on the environment. The 
above mentioned hazards are of local nature and 
concern mainly the areas directly affected by the 
emissions from the plants. 

The gradual shrinkage of areas in Europe on 
which sustainable farming can be conducted re-
sults in the fact that the recovery of certain indus-
trial areas for agricultural purposes has become 
one of the priorities of the state and local authori-
ties. This refers, in particular, to areas with fertile 
soils, such as, for instance, the agricultural areas 
adjoining the Copper Smelter “Głogów”. The sig-
nificant decrease in the current gas and dust emis-
sions from the smelter, owing to the introduction 
of modern technologies in copper production, 
combined with the application of efficient meth-
ods for the reclamation of soils polluted with trace 
elements create an opportunity to re-use these ar-
eas for purpose of the safe production of plants. 

The above mentioned considerations constitut-
ed the inspiration to conduct studies whose aim 
was to: 
 determine the impact of the radical reduction in 

emissions from the Copper Smelter “Głogów” 
on the content of trace elements (As – arsenic, 
Cd – cadmium, Cu – copper, Pb – lead and 
Zn – zinc) in the soil in the years 2012–2014 
against the background of the previous studies 
on this subject conducted by The Institute of 
Plant Protection – the National Research Insti-
tute of Poznań;

− determine the current usefulness of the anal-
ysed soils for agricultural purposes. 

THE COPPER SMELTING INDUSTRY 
IN POLAND AND ITS IMPACT 
ON THE ENVIRONMENT

The copper smelting industry plays a significant 
role in the Polish metallurgical industry. KGHM 
“Polska Miedź” is the main local producer of cop-
per and its organisational structure comprises two 

smelting plants: The Copper Smelter “Głogów” 
and the Copper Smelter Legnica. Both plants are 
located in agricultural areas and in the vicinity of 
cities, which increases the risks of environmental 
hazards resulting from the side effects of the py-
ro-metallurgical processing of copper ores in these 
plants. 

Th e impact of the emissions from copper 
smelters on soil and vegetation
The specific nature of copper smelting, and in par-
ticular the volume and composition of the streams 
of materials involved in the production process de-
termine the classification of this branch of industry 
as harmful to the environment. The agricultural 
lands affected by the impact of the copper plant are 
characterised by increased levels of zinc, cadmium 
and arsenic. Strong pollution of agricultural lands 
with heavy metals may, in extreme cases, lead to 
irreversible changes in the soil since metals, con-
trary to organic substances, do not surrender to 
microbiological decomposition (Kabata-Pendias 
& Pendias 1993, Rosada & Chudziński 1996, Grze-
siak et al. 2003, Maciejewska 2003, Rosada 2005).

The increased content of heavy metals in soil 
poses the threat of their penetration into uncon-
fined and underground waters which constitute 
sources of drinking water as well water for plants 
grown on these soils. Metals occurring in soils in 
potentially mobile forms which can penetrate into 
the soil profile and move into the soil solution are 
most accessible to plants (Kabata-Pendias & Pen-
dias 1993, Maciejewska 2003).

The amount of heavy metals collected from the 
soil by the root system of plants depends on the 
degree of concentration of the respective elements 
in examined soil and on the capacity of the sorp-
tive complex to immobilise them. The sorption ca-
pacity of the soil depends on the amount of loam 
particles, the content of organic substances and the 
reaction. In soils with a large content of colloidal 
loam and humus as well with a high pH, metals are 
bonded by the favourable buffer system of the soil 
and because of this they are not easily accessible 
to the plants. 

As well as the soil, the direct fall of metal-bear-
ing dust, emitted into the atmosphere, onto the 
ground plant organs constitutes another source of 
heavy metals for plants cultivated in the vicinity 
of smelters. The amount of metals retained in this 
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way by the plants depends on the structure of the 
surface and the type of plant organ on which the 
dust from the emissions is deposited. The level of 
pollution is also determined by such factors as the 
distance between farming areas and the source of 
the emission, weather conditions, above all, precip-
itation, as well as the direction, force and frequency 
of the wind in the area. It is estimated that in areas 
of increased industrial dust emissions, on average, 
70–90% of the contents of metals in the plants 
comes from atmospheric sources (Kabata-Pendias 
& Pendias 1993, Rosada 1996, Pilc et al. 1999).

Particular species’ of plants demonstrate diverse 
tolerances to specific metals and are characterised 
by different accumulation characteristics. The stud-
ies showed that the distribution of heavy metals 
in polluted plants is generally advantageous from 
the point of view of human nutrition. The organs 
which accumulate nutrients (storage roots, storage 
stems, storage leaves, fruit and seeds), which form 
the edible parts of a plant, usually contain fewer 
metals than roots, leaves and sprouts. It is difficult 
to determine unambiguously the permissible max-
imum levels of the contents of various metals from 
the point of view of the requirements for food and 
feeding stuff. The tolerance to excessive concentra-
tion of these elements in arable crops varies signifi-
cantly and depends on individual characteristics as 
well as the frequency and amount of consumption 
of the polluted products (Kabata-Pendias & Pen-
dias 1993, Maciejewska 2003).

Metals from anthropogenic sources, in view of 
the chemical forms in which they are introduced 
into the environment, demonstrate significantly 
higher solubility compared to metals of lithogenic 
origin. In the soils affected by the emission from 
non-ferrous metals plants, metals occur in the 
form of oxides, sulphides, sulphates and carbon-
ates (Pacyna 1987, Kabata-Pendias & Pendias 1993, 
Ross 1994, Maskall & Thornton 1998).

Heavy metals introduced into soil with dust 
undergo gradual redistribution and transforma-
tion into the forms characteristic for the properties 
of a particular soil and the type of metal. In the 
case of the introduction of excessive amounts of 
metals into the soil, the natural balance of the soil 
environment may be disrupted, which significant-
ly increases the risk of the penetration of metals 
into the food chain of the ecosystem (Kabata-Pen-
dias & Pendias 1993, Maciejewska 2003).

Soils in the areas affected by the emissions 
from copper smelters are also significantly pollut-
ed by sulphur compounds. The emission of sul-
phur compounds into the atmosphere constitutes 
one of the major problems for agricultural lands 
located within the impact range of smelter plants. 
All emitted sulphur compounds undergo tropo-
spheric transformation into sulphuric anhydride 
(SO3), which combines with steam or water into 
sulphuric acid, and in the form of acid rain neg-
atively affects plants and intensifies soil degrada-
tion by acidification. The ecological effects of the 
acidification of soil are connected with unfavour-
able changes in the chemical composition of plants 
and the biology of soil, a decrease in the amount 
of crops and a deterioration in their quality, the 
contamination of ground water by the elements 
washed out from the soil, increased mobility of the 
majority of heavy metals and activation of other 
toxic elements (Kabata-Pendias & Pendias 1993, 
Grzesiak et al. 1997, 2004).

Th reats to the agricultural environment 
located in the vicinity of the 
Copper Smelter “Głogów”
Despite the fact that, at present, the Copper Smelt-
er “Głogów” uses modern technologies of copper 
production which do not diverge from world stan-
dards, the plant is still perceived as a significant 
source of pollution for the ecosystem. The smelter 
is located in the vicinity of areas characterised by 
high quality soil on which cereal (mainly wheat), 
root and tuber crops (sugar beets, potatoes) and 
industrial plants (rape) are grown. The small dis-
tance between the fields and the sources of the 
emission increases the probability of their pollu-
tion. This applies primarily to those crops situat-
ed in the most frequent direction of winds in the 
region (south-westerly and westerly).  

Large amounts of dust containing noxious 
pollutants are produced as a side effect of cop-
per concentrate processing in the Copper Smelter 
“Głogów”. The dust emitted into the atmosphere is 
a carrier of heavy metals (mainly Cu, Pb, Zn), and 
small amounts of cadmium (Cd) and arsenic (As). 

In the initial years of the operation of the Plant, 
the dust emission was very high, which resulted in 
the significant accumulation of some heavy met-
als (especially Cu and Pb) in the soil located in its 
vicinity. In the late seventies and early eighties of 
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the 20th century, much less attention was paid 
to environmental issues than at present. At that 
time, the economic aspect, that is, the number of 
tonnes of copper produced, was most important 
and hence, for instance, in 1980 the emission of Cu 
from the Copper Smelter “Głogów” was 160 times 
higher and lead 260 times higher than at present.

Over the last few decades, as a result of the 
modernisation of the technology of copper pro-
duction and also owing to the equipping of all the 
process units of the smelter with dust extraction 
units, the level of dust emission has been signifi-
cantly limited. However, this does not change the 
fact that heavy metals which penetrated the arable 
layer of the soils during the period of high emis-
sion from the smelter are still present in the soil. 

Even twenty five years ago, the agricultural 
lands located in the neighbourhood of the Cop-
per Smelter “Głogów” were classified as a region 
of ecological disaster. The amount of gas and met-
al-bearing dust emitted at that time into the atmo-
sphere exceeded the permissible standards several 
times over. Clear phytotoxic impact of the emis-
sions from the plant on nearby agricultural lands 
was observed (Baluk 1985, Baluk et al. 1991, 1992).

In the year 1990, on the basis of the governor 
of the Legnickie province, a protection zone was 
established around the Copper Smelter “Głogów”. 
The establishment of the zone was aimed at the 
elimination of the risk of contamination of the ag-
rocenoses most endangered by the impact of the 
emissions. The areas situated in the direct vicin-
ity of the plant were excluded from agricultural 
production and instead sod and poplar trees were 
planted. At that time the protection zone of the 
plant covered an area of 2,840 ha. 

During the last 25 years, owing to the intensive 
pro-ecological activities of the plant, the condition 
of the agricultural environment around the smelter 
has improved significantly. The modernisation of 
the copper production technology applied by the 
smelter as well as the introduction of efficient treat-
ment systems has led to the containment of all the 
side processes related to copper smelting. The emis-
sion of toxic gases and dust containing metals was 
drastically reduced. Monitoring tests of the soil and 
plants conducted in this region since the year 2000, 
have indicated a significant improvement in the 
ecological security of the local agrocenoses. Above 
all, the degree of the pollution of crops with heavy 

metals and arsenic has become significantly lower 
(Rosada 2003a, 2003b, 2004, 2005, 2007, Rosada 
& Grzesiak 2004, 2009, Rosada et al. 2005a).

The emission of sulphur dioxide (SO2) into the 
atmosphere was almost completely eliminated. 
Thus, the extent of soil acidification decreased 
significantly. The sulphur dioxide, released in the 
process of conversion, is presently used in the pro-
duction of sulphuric acid (Grzesiak et al. 2004). 

Since, there is a tendency for acidification in 
all types of intensely cultivated soil, stabilisation 
of the pH by means of systematic liming is of par-
ticular importance. This applies especially to those 
soils with decreased contents of humus and loam 
particles. Even a very small increase in the acidity 
of soil increases the risk of the activation of heavy 
metals and arsenic from the sorptive complex, 
which may lead to the unnecessary pollution of 
plants and result in lower crops. 

In view of the above, over several years, as well 
as the constant modernisation of the technology 
of copper production, the planned pro-ecological 
activities of the Copper Smelter have involved the 
co-financing of the liming of the local soils in or-
der to limit the mobility of the accumulated heavy 
metals. In the years 1988–1999, farmers obtained 
large amounts of agricultural limestone from the 
smelter for free, which enabled large-scale liming 
of the polluted ground. Most soils located with-
in range of the emissions of the plant underwent 
deacidification at that time. In the year 2000, the 
Copper Smelter abandoned the free of charge pro-
vision of agricultural lime to the farmers, yet from 
2002 the farmers could purchase a certain quantity 
of agricultural lime for lower prices which includ-
ed state subsidies. The Department of Environ-
ment Protection of the Copper Smelter advises the 
farmers to lime the soil regardless of the subsidies. 
Numerous users of the agricultural lands follow 
this advice and lime the grounds systematically. 
Intensive liming of the soils has contributed to an 
increase in the pH in the arable horizon of most of 
the croplands (Przewocka & Rosada 2014).

The pro-ecological activities taken throughout 
the years by the Copper Smelter “Głogów” have 
contributed to the elimination or significant re-
duction of the majority of the negative effects of 
the pyro-metallurgical processing of copper ores 
in the plant on the environment. In view of the 
significant improvement of the condition of the 
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agrocenoses located in the immediate vicinity of 
the plant, on December 31, 2005 the Minister of 
the Environment decided to liquidate the protec-
tion zone around the plant. The decision was sub-
stantiated by the currently applicable regulations 
of the Environment Protection Act.  

THE SCOPE OF STUDIES 
CONDUCTED BY IOR-PIB
ON THE AGRICULTURAL LANDS 
LOCATED IN THE VICINITY 
OF THE COPPER SMELTER “GŁOGÓW”

The Institute of Plant Protection – the National 
Research Institute (IOR-PIB) in Poznań has co-
operated with the Copper Smelter “Głogów” for 
a number of years in respect of the analysis of 
the effects of industrial pollution on the environ-
ment and the identification of efficient methods 
of reclaiming agricultural lands. The agricultural 
lands subjected to the analysis conducted by IOR-
PIB covered 6,600 ha and included the protection 
zone of the plant (at present the former protection 
zone) as well as the areas located on the left and 
right bank of the Odra River. 

On the basis of the long-term results, a vast da-
tabase concerning the pollution of soil and plants 
in the area affected by the plant during the periods 
of strong gas and dust emission, as well as after 
its limitation, was developed. Owing to the con-
ducted studies the paths of penetration of heavy 
metals into the arable plants were identified as 
well as their distribution in vegetative (roots, stems 
and leaves) and generative (fruit, seeds) parts of 
the cultivated plants (Rosada & Chudziński 1997, 
Rosada 2006, Rosada & Grzesiak 2007).

In order to develop efficient methods of re-
claiming those lands affected by the emissions 
from the plant, detailed studies on the physical 
and chemical properties of the analysed soils (par-
ticle size distribution, the contents of organic car-
bon and total nitrogen, the pH in 1 M KCl) com-
bined with the determination of the forms of Cu, 
Pb, Zn, Cd and As occurring in the solid phase of 
the soils was conducted by means of the sequential 
extraction method (Rosada 2008).

The determination of the particle size distribu-
tion, the contents of the organic matter, the sorp-
tive capacity and the pH all created the possibility 

of a fairly precise prediction of the probability of 
the activation of metals from the sorption complex 
and identification of the threat of their absorption 
by the plants (Rosada 2006). 

The studies showed that the forms of the anal-
ysed elements determined by means of the method 
of sequential extraction in the solid phase of soils 
subjected to pH stabilisation largely depended on 
the type of elements, i.e. their chemical properties 
and the characteristics of the analysed soil. The 
total contents of the analysed elements, calculated 
on the basis of seven fractions by means of the Zei-
en and Brümmer method was comparable, when 
their total contents were determined independent-
ly by means of nitric acid mineralisation (Zeien 
& Brümmer 1989, 1991, Spychalski & Rosada 2004, 
2005, Rosada et al. 2005b, Spychalski et al. 2007, 
Rosada 2008).

The application character of the described 
studies consists of the determination of the op-
timal dose of a chemical stabiliser guaranteeing 
the limitation of the mobility of heavy metals and 
arsenic in the soils affected by the emissions from 
the Copper Smelter “Głogów”. The sequential ex-
traction of the studied trace elements in the soil, 
subjected to the process of chemical pH stabilisa-
tion showed a significant share of Cu, Pb, Zn and 
As in less mobile fractions, which is an extremely 
positive phenomenon from an ecological point of 
view. The application of the determined dose of 
the chemical stabiliser by the users of the local 
agricultural lands limits the absorption of the an-
alysed elements from the sorptive complex of the 
soil by the root system of the arable plants, which 
in turn increases the safety of cultivation of these 
plants on the polluted soils (Rosada et al. 2005c). 

METHODOLOGY OF THE STUDIES
The studies presented in this paper were conduct-
ed in the years 2012–2014 in the areas affected by 
the gas and dust emission of the Copper Smelter 
“Głogów”. 

The analysed material included soil samples 
collected for the purpose of the determination of 
the contents of five trace elements (Cu, Pb, Zn, Cd, 
As) as well as the pH. The samples were collect-
ed annually from 20 permanent research points 
(surfaces) located on the peripheries of the former 
protection zone of the plant (Fig. 1). 
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The soil samples for analysis were collected in 
spring from the arable-humus horizon (0–30 cm) 
with the aid of a specialist mechanical drill. The 
locations of the soil collection points were deter-
mined by means of GPS. From each analysed point 
(research surface) 30 individual samples were col-
lected, which were subsequently mixed and treated 
as an average sample. 

Prior to analysis, the soil samples were dried 
at room temperature, then they were ground in 
a porcelain mortar and screened through a plastic 
sieve with 2mm meshes in order to separate the 
skeleton and fine earth particles. After screening, 
each sample was mixed in order to obtain a high 
degree of homogeneity. 

The homogenous material was ground in a Pul-
verisette 7 planetary micro mill with agate balls 
for the purpose of more precise soil pulverisation. 

Subsequently, the samples prepared in this way 
were subjected to mineralisation. For this purpose 
0.5 g of the studied soil was placed in the minerali-
sation vessel, and macerated for 30 min, with 10 cm3 

of nitric acid (V). After the expiry of this time the 
vessel containing the sample was placed in a micro-
wave oven and further mineralised, using an appro-
priate program. “Blank tests” were also performed. 
The mineralised material was transferred quantita-
tively to 50 cm3 volumetric flasks. The complements 
were carried out with deionised water. 

The content of the five studied elements in the 
soil samples were determined by means of the AAS 
method. The equipment used for the purpose of 
determination was fully computerised, i.e., it per-
formed several independent measurements auto-
matically and the results were presented as arith-
metic means. Arsenic was determined using the 
hydride generation technique. 

The results of the determination of the con-
tent of the studied elements in the analysed sam-
ples have been presented in the tables below, tak-
ing into account the measurement uncertainty 
(the proper result of determination ± the mea-
surement uncertainty expressed in mg/kg of dry 
mass).

The determination of the studied elements was 
performed in the Environmental Analysis Labora-
tory of the Institute of Plant Protection – the Na-
tional Research Institute in Poznań. The Laborato-
ry has been granted the Accreditation Certificate 
for a Testing Laboratory no. AB 1281 of the Polish 
Center for Accreditation. 

STUDY RESULTS AND DISCUSSION

Past studies conducted on the agricultural lands 
located in the vicinity of the Copper Smelter 
“Głogów” showed that the soils can be classified 
into four agronomic categories: very light, light, 
medium and heavy soils. The soils are distin-
guished by their high diversification from the 
point of view of their texture. In accordance with 
the division included in the Polish Standard PN-
R-04033, the studied soils belong to three textural 
groups (sand, silt, clay). Dust soil located on the left 
bank of the Odra River is the prevalent formation, 
and on the other hand, less numerous sand and 
clay formations prevail on the right bank of the 
Odra River. The content of organic carbon ranges 
between 0.57% and 2.11% and nitrogen between 
0.07% and 0.23% (Rosada 2008). 

The results of the determination of the total 
content of heavy metals and arsenic in the soil 
studied in the years 2012–2014, as well as the pH 
values are presented in Tables 1–3. 

Table 1
The content of the studied trace elements and the pH of the analysed soil during the first year of studies

2012

Soil 
collection 

point
pH

Studied elements [mg/kg d.m.]

Cu Pb Zn Cd As

1 5.9 90.04 ± 10.00 37.46 ± 8.40 18.81 ± 3.00 0.13 ± 0.02 3.85 ± 1.00

2 7.3 121.31±14.00 50.66 ± 11.00 29.60 ± 4.70 0.19 ± 0.03 5.69 ± 1.50

3 6.4 35.47 ±15.00 55.25 ± 12.00 25.70 ± 4.10 0.19 ± 0.03 5.71 ± 1.50

4 7.0 159.71±18.00 61.10 ± 14.00 42.14 ± 6.80 0.28 ± 0.05 6.19 ± 1.60
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2012

Soil 
collection 

point
pH

Studied elements [mg/kg d.m.]

Cu Pb Zn Cd As

5 7.3 150.97 ± 10.00 36.27 ± 8.10 30.91 ± 5.00 0.23 ± 0.04 5.73 ± 1.50

6 6.3 144.42 ± 16.00 57.72 ± 13.00 36.93 ± 5.90 0.28 ± 0.05 7.42 ± 2.00

7 6.2 165.55 ± 19.00 61.71 ± 14.00 43.43 ± 7.00 0.34 ± 0.06 8.91 ± 2.40

8 7.2 156.75 ± 18.00 56.55 ± 13.00 39.37 ± 6.30 0.30 ± 0.05 9.88 ± 2.60

9 6.3 139.08 ± 16.00 51.51 ± 12.00 36.23 ± 5.80 0.21 ± 0.04 6.15 ± 1.60

10 6.1 109.74 ± 12.00 44.46 ± 10.00 70.19 ± 11.00 0.26 ± 0.05 10.61 ± 2.80

11 6.5 96.91 ± 11.00 45.03 ± 10.00 58.91 ± 9.40 0.30 ± 0.06 10.68 ± 2.80

12 5.9 120.28 ± 14.00 48.31 ±11.00 48.16 ± 7.70 0.18 ± 0.03 5.48 ± 1.50

13 6.1 105.65 ± 12.00 43.96 ± 10.00 63.21 ± 10.00 0.19 ± 0.04 7.19 ± 1.90

14 6.1 145.44 ± 16.00 57.35 ± 13.00 69.57 ± 11.00 0.25 ± 0.05 7.80 ± 2.10

15 5.9 165.71 ± 19.00 80.07 ± 18.00 83.55 ± 13.00 0.25 ± 0.05 8.53 ± 2.30

16 6.3 151.17 ± 17.00 65.82 ± 15.00 79.11 ± 13.00 0.27 ± 0.05 6.70 ± 1.80

17 6.8 187.24 ± 21.00 76.77 ± 17.00 89.44 ± 14.00 0.33 ± 0.06 9.56 ± 2.50

18 6.1 141.62 ± 16.00 55.03 ± 12.00 44.99 ± 7.20 0.22 ± 0.04 6.77 ± 1.80

19 5.8 149.59 ± 17.00 55.23 ± 12.00 46.33 ± 7.40 0.22 ± 0.04 6.36 ± 1.70

20 5.6 118.92 ± 13.00 46.72 ± 10.00 36.49 ± 5.90 0.21 ± 0.04 6.81 ± 1.80

The contents of trace elements are presented as arithmetic means of several independent measurements. Medium values were 
calculated automatically by measuring equipment (AAS). 

Table 1 cont.

Table 2
The content of the studied trace elements and the pH of the soil analysed during the second year of studies

2013

Soil 
collection 

point
pH

Studied elements [mg/kg d.m.]

Cu Pb Zn Cd As

1 6.7 115.00 ± 3.00 38.20 ± 8.60 24.20 ± 3.90 0.21 ± 0.04 5.40 ± 1.40

2 7.1 141.00 ± 6.00 52.00 ± 12.00 30.70 ± 4.90 0.30 ± 0.05 5.40 ± 1.40

3 7.3 156.00 ± 18.00 66.00 ± 15.00 28.80 ± 4.60 0.22 ± 0.04 6.60 ± 1.70

4 6.6 157.00 ± 18.00 55.00 ± 12.00 46.00 ± 7.40 0.34 ± 0.06 4.90 ± 1.30

5 7.2 178.00 ± 20.00 62.00 ± 14.00 45.70 ± 7.30 0.32 ± 0.06 6.20 ± 1.60

6 7.1 157.00 ± 18.00 59.00 ± 13.00 41.00 ± 6.60 0.38 ± 0.07 7.30 ± 1.90

7 5.8 148.00 ± 17.00 59.00 ± 13.00 39.30 ± 6.30 0.39 ± 0.07 7.20 ± 1.90

8 6.2 139.00 ± 16.00 51.00 ± 11.00 34.40 ± 5.50 0.26 ± 0.05 6.50 ± 1.70

9 7.3 107.00 ± 12.00 39.10 ± 8.80 34.20 ± 5.50 0.20 ± 0.04 7.10 ± 1.90

10 6.3 128.00 ± 14.00 52.00 ± 12.00 77.00 ± 12.00 0.31 ± 0.06 9.90 ± 2.60

11 6.4 97.00 ± 11.00 41.90 ± 9.40 47.50 ± 7.60 0.24 ± 0.05 7.70 ± 2.10
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12 6.2 107.00 ± 12.00 44.00 ± 10.00 43.80 ± 7.00 0.23 ± 0.04 5.20 ± 1.40

13 6.0 93.00 ± 10.00 45.00 ± 10.00 59.40 ± 9.50 0.29 ± 0.05 6.50 ± 1.70

14 5.5 125.00 ± 14.00 53.00 ± 12.00 63.00 ± 10.00 0.24 ± 0.04 7.90 ± 2.10

15 5.5 92.00 ± 10.00 44.00 ± 10.00 28.70 ± 4.60 0.16 ± 0.03 6.80 ± 1.80

16 6.2 124.00 ± 14.00 54.00 ± 12.00 62.00 ± 10.00 0.29 ± 0.05 8.10 ± 2.20

17 7.2 144.00 ± 16.00 60.00 ± 13.00 55.30 ± 8.90 0.31 ± 0.06 9.50 ± 2.50

18 6.3 113.00 ± 13.00 51.00 ± 11.00 33.40 ± 5.40 0.21 ± 0.04 5.80 ± 1.50

19 6.0 140.00 ± 16.00 55.00 ± 12.00 33.20 ± 5.30 0.20 ± 0.04 7.10 ± 1.90

20 6.4 168.00 ± 19.00 70.00 ± 16.00 46.60 ± 7.50 0.25 ± 0.05 9.00 ± 2.40

The contents of trace elements are presented as arithmetic means of several independent measurements. Medium values were 
calculated automatically by measuring equipment (AAS). 

Table 3
The content of the studied trace elements and the pH of the soil analysed during the third year of studies

2014

Soil 
collection 

point
pH

Studied elements [mg/kg d.m.]

Cu Pb Zn Cd As

1 6.7 110.00 ± 12.00 39.80 ± 8.90 20.00 ± 3.20 0.11 ± 0.02 5.70 ± 1.50

2 6.1 122.00 ± 14.00 41.10 ± 9.20 29.80 ± 4.80 0.17 ± 0.03 6.00 ± 1.60

3 5.2 131.00 ± 15.00 51.00 ± 12.00 21.70 ± 3.50 0.15 ± 0.03 7.10 ± 1.90

4 6.7 167.00 ± 19.00 59.00 ± 13.000 45.30 ± 7.30 0.23 ± 0.04 6.90 ± 1.80

5 7.1 184.00 ± 21.00 68.00 ± 15.00 44.10 ± 7.10 0.26 ± 0.05 7.50 ± 2.00

6 7.3 154.00 ± 17.00 55.00 ± 12.00 43.80 ± 7.00 0.26 ± 0.05 9.20 ± 2.40

7 6.4 135.00 ± 15.00 52.00 ± 12.00 36.40 ± 5.80 0.23 ± 0.04 7.50 ± 2.00

8 6.5 168.00 ± 19.00 61.00 ± 14.00 39.40 ± 6.30 0.31 ± 0.06 7.80 ± 2.10

9 7.2 151.00 ± 17.00 49.00 ± 11.00 58.60 ± 9.40 0.22 ± 0.04 13.50 ± 3.60

10 6.4 131.00 ± 15.00 46.00 ± 10.00 61.80 ± 9.90 0.22 ± 0.04 14.00 ± 3.70

11 6.4 120.00 ± 14.00 41.40 ± 9.30 66.00 ± 11.00 0.19 ± 0.04 17.40 ± 4.60

12 5.3 119.00 ± 13.00 47.00 ± 11.00 71.00 ± 11.00 0.22 ± 0.04 14.60 ± 3.90

13 5.7 150.00 ± 17.00 63.00 ± 14.00 64.00 ± 10.00 0.24 ± 0.04 11.20 ± 3.00

14 5.3 109.00 ± 12.00 49.00 ± 11.00 56.00 ± 9.00 0.19 ± 0.04 7.60 ± 2.00

15 5.8 139.00 ± 16.00 50.00 ± 11.00 68.00 ± 11.00 0.23 ± 0.04 12.40 ± 3.30

16 6.2 129.00 ± 15.00 49.00 ± 11.00 46.70 ± 7.50 0.20 ± 0.04 12.10 ± 3.20

17 6.7 145.00 ± 16.00 55.00 ± 12.00 60.00 ± 9.60 0.30 ± 0.06 11.50 ± 3.10

18 6.3 165.00 ± 18.00 71.00 ± 16.00 61.70 ± 9.90 0.32 ± 0.06 16.10 ± 4.30

19 5.0 128.00 ± 14.00 58.00 ± 13.00 36.20 ± 5.80 0.21 ± 0.04 8.30 ± 2.20

20 6.7 158.00 ± 18.00 58.00 ± 13.00 34.00 ± 5.40 0.19 ± 0.06 9.30 ± 2.50

The contents of trace elements are presented as arithmetic means of several independent measurements. Medium values were 
calculated automatically by measuring equipment (AAS). 

Table 2 cont.
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The studies showed significant variations in 
the reactions of analysed soils (pH 5.0–7.3). The 
pH value of the majority of soils was ≥5.6. In the 
year 2012, soils with a slightly acid reaction con-
stituted 75%, neutral reaction – 15% and alkaline 
reaction – 10% of all the analysed samples. The re-
actions of the soils in the year 2013 were as follow: 
acid reaction – 10%, slightly acid reaction – 50%, 
neutral reaction – 30% and alkaline reaction – 10% 
of the studied samples. On the other hand, in the 
year 2014, soils with an acid reaction constituted 
20%, slightly acid reaction – 45%, neutral reaction 
30% and alkaline reaction only 5% of the studied 
samples. 

The conducted studies indicated the preva-
lence of soils with slightly acid and acid reactions. 
The gradual decrease in the pH of the soils locat-
ed in the immediate vicinity of the Copper Smelter 
“Głogów” is not the result of the emission of SO2 

to the atmosphere since the current gas emissions 
from the plant have been limited to the minimum. 
The increase in the soil acidity is rather related to 
the intensive farming in this area. It has to be re-
membered that liming is not a one-time activity, 
which solves the problem of the pH of the soil on 
a permanent basis. It has to be repeated systemati-
cally, since in all types of intensively cultivated soils, 
there is a tendency for a slow and gradual increase 
in the acidity of the soil solution. This refers in par-
ticular to soils with lower contents of humus and 
loam. For the purpose of appropriate monitoring, 
systematic control of the reaction of the soils and the 
level of heavy metals contained in them is necessary. 

An increase in the acidification of soil is also in-
directly related to the abandonment of the financ-
ing of the liming processes by the Copper Smelter 
“Głogów” in 2000. The intensification of soil lim-
ing in the region by the local farmers will certain-
ly contribute to an increase in the share of soils 
with neutral and alkaline reaction. An increase in 
the pH of soil improves its chemical and physical 
properties and decreases the risk of penetration of 
the accumulated toxic elements into underground 
waters and the food chain. In the cases of soils with 
an alkaline or neutral reaction, the risk of the ac-
tivation of metals is minimised as a result of their 
bonding in the sorptive complex (they do not move 
from the solid phase of the soil to the soil solution). 

Stabilisation of the soil reaction resulting from 
the liming process, has been confirmed by the 

studies conducted in this region by Rosada (2008) 
in the years 2002–2006. The studies showed that 
as a consequence of liming, the share of soils with 
alkaline, neutral and slightly acid reactions was 
88%, and acid and strongly acid soils constituted 
only 12%. 

Analysis of the results obtained in the years 
2012–2014, concerning the contents of four of the 
studied elements: Pb, Zn, Cd and As in the soils, 
showed that none of them exceeded permissible 
standards specified by the requirements of the 
Regulation of the Minister of Environment of 
September 9th, 2002 (Journal of Laws, 2002, No. 
165, item 1359) on soil quality standards and land 
quality standards. 

The results of studies on the content of Cu in the 
analysed soil showed, however, that the concentra-
tion of this element exceeded permissible standards 
(>150 mg/kg d.m.) – the Regulation of the Minister 
of Environment of September 9th, 2002. 

In 2012 the permissible content of Cu in the 
soil was observed in seven research points: 4, 5, 7, 
8, 15, 16, and 17, in 2013, in five points: 3, 4, 5, 6 
and 20 and in the last year of the studies in seven 
points: 4, 5, 6, 8, 9, 18 and 20. The content of Cu 
in soil samples in which the permissible standard 
was exceeded ranged from 151 ± 17 mg/kg d.m. 
to 187.24 ± 21 mg/kg d.m.

The contents of Cu exceeding the standard, ob-
served in some studies points may be the result of 
the unfavourable impact of the wind in this region, 
which carries the emitted metallurgical dust. In 
view of the frequency of the wind, the pollution of 
soil is higher in the south-east and east directions. 

The presented studies on pH determination 
and the content of selected heavy metals and arse-
nic in the surface layer of soils located in the im-
mediate vicinity of the Copper Smelter “Głogów” 
constitute the basis for the determination of initial 
isoline of the areas where the soil quality standards 
are exceeded. Beyond this isoline the cultivation of 
plants for consumption purposes and for feedstuff 
is absolutely safe. 

The studies conducted so far on the agricultur-
al lands covered mainly lands located within the 
former protection zone and lands adjacent to the 
zone on the left and right banks of the Odra Riv-
er. Thus, a comprehensive database was created, 
which constitutes a starting point for the devel-
opment of more efficient methods of reclamation 
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and monitoring of the lands in the immediate 
neighbourhood of the plant. The present studies 
will constitute an integral complement to the work 
performed so far and will allow for the analysis of 
the local variability of pollution of the soil with 
heavy metals and arsenic. 

Analysis of the obtained results which indicate 
that the permissible content of Cu in the analysed 
soil is exceeded applies mainly to those points lo-
cated at the border of the former protection zone. 
The observed pollution is the result of strong ac-
cumulation of the analysed elements in the soil 
environment during the initial phase of the oper-
ation of the plant (the period of intensive emission 
of metal-bearing dust). The volume of the current 
emission of the smelter does not exert a signifi-
cant impact on changes in the level of pollution 
of the arable horizon of the studied soils (Ro-
sada 2008).

CONCLUSIONS 

1. The content of the analysed heavy metals (Cu, 
Pb, Zn, Cd) and arsenic (As) in the soils affect-
ed by the emission from the Copper Smelter 
“Głogów” depends on the location of these 
soils in relation to the sources of the pollution 
and are a result of strong accumulation of the 
studied elements during the period of inten-
sive emissions from the plant. The specific 
character of the metallurgical activity in the 
initial years of the smelter’s existence became 
a reliable indicator of the level of anthropo-
genic impact of the agricultural environment 
in this region. 

2. Copper, to the greatest extent, contributes to 
the pollution of soil affected by the emissions 
from the Copper Smelter “Głogów”. The con-
tent of the remaining elements (Pb, Zn, Cd and 
As) in the soil is much smaller and within lim-
its established by the standards. 

3. The determined content of heavy metals and 
arsenic in the studied soils contributed to the 
delimitation of initial isoline of the area on 
which the soil quality standards are exceeded. 
Beyond this isoline the cultivation of plants for 
consumption purposes and for feedstuff should 
be absolutely safe. 

4. The conducted studies showed significant vari-
ations in the pH values in the analysed samples 

of soil. In most cases, the reaction of the soil 
was pH ≥ 5.6, which may be related to the inap-
propriately conducted agricultural operations, 
in particular, irregular soil liming, resulting 
from the increasing prices of agricultural lime-
stone. 

5. Climactic factors, especially wind frequency 
and force in this region, as well the method of 
use of the lands exert a significant impact on 
the content of heavy metals in the soils. 
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