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Abstract

Earth surface is under the continous influencéefanvironmental factors — both natural
and anthropogenic. The significant impact on theirenment can be noted in areas
adjacent to the metal industry plants, in a consag@ of pollutants emission, especially
dusts containing the heavy metals, into the atmasphin the surroundings of Glogow
Copper Smelter (GCS) elevated amounts of coppeteatihas been noted. In the soils
of the test sites were found up to 5250kgg Cu and 1290 migg™ Pb. The forest litter
contained 3.3-5.1 more Cu and 3.9-8.6 Pb thandhg@dhorizon of the soil. Analyse of
the different soils covering the GCS protectiveeirarea let specify the stabilising role
of particle size distribution, TOC content and sod reaction to Cu and Pb migration in
the environment.
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1. INTRODUCTION

Contamination of surface layer of areas around itttustrial facilities is
common in many places of the world [6, 13, 20, 213hould be noted that
industrial activity involves long periods of timadhcan lead to considerable
accumulation of harmful substances in the top$gil [
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Soil degradation is evaluated on the basis of ghyschemical and biological
properties. The most common effects of soil dedgradafound in soil of
industrial areas are physical and chemical. Theglude, among others:
geomechanical and hydrological transformation amttamination [11, 25, 28].
The hardest damages can be seen on soils withmloglmal cover [4, 11, 33].
Pollution emitted by industrial facilities can mage widely in the atmosphere.
This phenomenon depends on many factors e.g. safrtlee emission and
meteorological conditions. Wind speed and its dioecas well as sum of
precipitation are the main force modificated th@afition of heavy metals in
topsoil and on the plant surface (from where thay loe washed out to the soil).
From the surface trace elements can migrate baticakeand horizontal in the
soil profile [11]. Nevertheless, the main partloé heavy metals is binded in the
organic and humic soil horizons [9].

Additional factors creating a potential threat te tsoil environment is the
impact of abiotic environmental elements such aemand wind. These factors
can cause erosion, which is due to the differenn$oof existence, poses a
serious threat to the soil around the world. Soiface affected by the water
erosion is being washed instantly. This may leadomdy to decreasing of sail
fertility by the macro and microelements loweringt lalso let for xenobiotics
migration [4].

The aim of this work is o characterise the enviretahimpact of the Glogow
Copper Smelter on the soils covering the protectimast. The second aim of
the study is to establish the influence of the hghemical properties of sail
to the Cu and Pb content.

2. MATERIALS AND METHODS

2.1. Site description

GCS is a part of KGHM Polska Mied.A. The company is divided into a two
divisions using the different technology of ore timg). First one is working on
shaft furnace technology. It works since 1971. $&eond one is working since
1978 and its technology is based on one-stage fiastace copper smelting
[15, 29]. Summary of production in the GCS in 20@8 been shown in the
table 1.

The main pollution of the copper smelter are g4S€3, CO, NQ, CS, F) and
dusts containing heavy metals, mainly Cu, Pb, Zah, & [15, 29]. The total
emission of pollutants in 1985-2008 has been sw®din table 2.
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Table 1. Product asortyment of Glogéw copper sm@ait2008 [17]

Product asortment Mass, Mg
Shatft slag 551 000
Sulphuric acid 518 000
Electrolytic Cu - cathodes 425 000
Granulated slag 341 000
Crude lead 24 000
Nickel sulphate 1689
Silver 1193
Selenium 82
Gold 0.902
Pt-Pd concentrate 0.093

2008, Mgy [18]

Table 2. Summarized pollution emission from the K& Rolska Mied S.A. in 1985-

Reduction
Pollution 1985 1990 2000 2005 2008 comparing to
1985, %
Dust 9 596 9211 915 601 443.1 95.4
Cu 315.6 204.0 23.2 23.6 12.6 96.0
Pb 356.2 124.3 13.8 5.3 3.8 98.9
SO, 79 006 48 719 6 202 5 084 4 833 93.9
CO 192636 | 121 499 2 683 2 55p 2803 98.5

Study sites are located in protective forest of@hegow copper smelter, in the
south-western part of Poland, in Lower Silesia segiabout 3 km from the

borders of the city of Gtogbéw. The study was conddat the test-sites located
approximately 1 km to the north-east (B), 100, 2060 300 m to the south (Z1,
Z2, Z3) from the smelter (Figure 1).
The control site (S) was located abour 15 km tovthst from the GCS (N 51 0
46'23.00", E 15 0 47'23.00").

Table 3. Dominant tree species in the protectiveezuf Gtogdéw copper smelter [18]

Tree species

Foresteted area, ha

Foresteted area,

o

Pine 5.17 0.65
Oak 213 26.9
Maple 35.0 4.41
Ash tree 1.33 0.17
Birch 94.1 11.9
Aspen 2.53 0.32
Poplar 425 53.6
Alder 2.53 0.32
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Willow 11.7 1.47
Linden 1.89 0.24
Total 793 100

ecti
Fig. 1. Location of sampling sites in the proteetforest of GCS [12]

Protective zone of the GCS was established in 19B8&.purpose of this zone
was to compensate the negative impact of the commeelter on the

environment. The surface of the protective zone vas2.8 ha. Early works
during the zone construction were started from 1@03. The whole area has
been afforested, using the selected tree speecieie (3).

The study was conducted in the area of protectivest where the dominant
species wer@opulus robusta L. andBetula pendula Rorth. The sanitary zone
otlook has been shown in Fig. 2.

1
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The dominant species in the test-site B is poplarcasionally there are also
birch and sessile oak. The undergrowth is richAahillea millefolium L.,
Taraxacum officinale L., Artemisia wvulgaris L., Equisetum arvense L.,
Dryopterisfilix-mas L. and various species of grasses.

The dominant species in the test-site Z1 is bitbidergrowth is rich in species
such agCaragana arborescens L., Pinus nigra L. andRobinia pseudoacacia L.
Groundcover is poor — the most common specieRuisex acetosella L. In
point Z2 main species iBopulus robusta. No Undergrowth was found. The
groundcover besid®umex acetosella L. is full in Taraxacum officinale L.,
Achillea millefolium L., Artemisia vulgaris L., Vicia sp. andGalium aparine L.
Populus robusta L. is a dominant species also in point Z3. Undangh at this
point is full in Pinus nigra L., Rosa rugosa L., Humulus sp., Sorbus aucuparia

L. andBerberis sp. Groundcover is plantefichillea millefolium L., Taraxacum
officinale L., Artemisia vulgaris L., Equisetum arvense L., Urtica dioica L.,
Dryopteris filix-mas L., Cirsium arvense L., Polygonum persicaria L. and
various species of grasses.

The whole described area is situated in moderateats, climatic region nr 23
(Lower Silesia West). Mean annual sum of rainfallabout 500 mm, mean
annual temperature 8@. The domination of western and south-western syind
with the average speed lower than Sis characteristic for this climatic
region [30]. According to data from the Glogow-Biely meteorological station
[31], the annual rainfall can vary from year to yelaor example in 2010 the
mean annual rainfall was 606.7 mm, and in 2011ly 863.3 mm.

The area is covered by the soils of different arigialluvial, connected with the
Odra river activity and terrestrial. To the southtlve smelter the Cambisols,
Luvisols, Arenosols, Podzols and occasionally Phees are noted, in turn
north from the smelter the Fluvisols are typicalsso

2.2. Material sampling

Monitoring of the environment affected by the Ghag@opper smelter was
conducted in 2007-2011. In the year 2008, four-s#et were selected as
representative for the land exposed to the negatipact of the Gtogéw copper
smelter. Main reasons were: location of the smditeitities, distance from the
smelter, meteorological conditions and the planteco Samples were taken
from the litter and topsoil (up to 20 cm). Masgld mean sample was about 1
kg and was composed from the 30 individual sami8asaples in each test-site
were taken in 3 replications.
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2.3. Analytical methods

Air-dried samples were examined for: particle siigribution - determined by
the Casagrande-Proszynski hydrometer method; pHH, @ and 1M KCI
suspension (potentiometrically), in the 1:2.5 sogfernatant suspension.
Textural classes were established according to BAg2edure [12]; organic
carbon — using Tiurin method; the Cu and Pb conteraqua regia (HCI +
HNO; in a 3:1 ratio) using atomic absorption FAAS adoog to 1ISO 11466.

3. RESULTS AND DISCUSSION

The particle size distribution of the soils coverithhe sanitary zone is mostly
sandy loam and loamy sand. The particle size Higion has been summarized
in table 4. The area of GCS protective forest iseced by different soils,
genesis of which has been connected with the &cti the Odra river
(floodplain terrace) and glacier activity of the ddie-Poland glaciation period
(Dalkowskie Heights). In Zukowice (Z 1, 2, 3) lotyal Cambisols and Luvisols
are mainly presented, in Bogomice (B) locality -uw#$ols, Cambisols and
Histosols [2, 29, 30]. The formation of soils iny@ilow (S) locality is
connected both with glacier and Odra river activityhich formed Haplic
Luvisols from loamy sands and boulder clays [14].

The reaction of tested soils is slightly acidicneutral (B, Z1, Z2, S). In the
soils samples taken ifiukowice Il the alkaline reaction was noted (tabje 1
Similar pH values was found by other researcheg$. [The difference of pH
between the test-sité&ikowice | and Il should be connected with the défe
lime input in the eraly stage of the protectiveedormation.

Table 4. Grain-size composition of tested soils

Study site Depth, cm Sand, %  Silt, % Clay, % Soitdre

71 4+0 - - - -

0+20 74 25 1 Loamy sand
72 20 - - - -

0+18 57 43 0 Sandy loam
z3 20 - - - -

0+18 65 33 2 Sandy loam
5 3+0 - - - -

0+23 54 41 5 Sandy loam
S 0+30 82 18 0 Loamy sand

The ability of contaminants migration depends ndy @n the plant cover, but
also on organic matter content and grain size caitipn of the soil. These
parameters determine the capacity of the sorptiompéex of the soil [32].
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The average content of total organic carbon rariged 7.95 to 17.0 mg-Kg
The lowest content was found in the Z1 site. Otledogestated sites (Z2, Z3,
B) cointaine comparable higher amounts of TOC (@&l

Total content of copper and lead vary with depth tbé soil profiles.
Concentration of copper in the litter horizon w&23 mgkg™ (Z2) up to 5250
mgkg™ (Z1). The concentration of lead was smaller thapper and vary from
960 mgkg™® (Z2) to 1480 mdg™® (B). The content of selected heavy metals in
the humic horizon vary from 860 nmikg™ (Z3) to 1350 mdg™ (point B) for
copper and 145 kg (Z3) to 275 mekg™ (B) for lead, what has been shown
in table 5.

Plant cover plays the essential role in protecsioidjfrom the erosion and other
form of degradation, which draws attention of manghors [3, 4, 7, 8, 11, 27].
Protective forest around Glogdéw copper smelter,pilesof a significant
proportion of poplar, is a real multispecies habffeable 3). Zhan et al. [35]
proved that the introduction of pioneer plants aswime agrotechnical
treatments can prevent significant blurring of theface layers. Plant cover
affects the retention of minerals. It is also prairgg them from leaching from
the area likely to be affected by erosion. Popdeud birches effectively stop the
pollution of heavy metals, preventing their furthieorizontal and vertical
migration.

Table 5. Total content of Cu and Pb in tested soils

Study site | Depth, cm nko pHkai Cu, Tg-kg mgp?(gl r;-g;) Eg’l

71 4=0 6.6 59 5250 1290 9.30
0+20 51 4.4 1210 330 6.60

X - - - 3230 810 7.95
72 20 6.9 6.6 3320 960 21.0
0+18 8.0 7.4 1000 200 12.9

X - - - 2160 580 17.0

73 20 7,4 7.0 4390 1250 15.5
0+18 7,4 7.2 860 145 9.5

X - - - 2630 695 12.5

30 7.0 6.5 3970 1480 14.3

B 0:23 51 a1 1350 275 7.90

X - - - 2660 875 111
S 0+30 7.5 74 6.60 24.3 13.8
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Table 6. The correlation matrix

Soil fraction, % TOC, pH
Sand Silt Clay mg-kg* KO KCI
Cu, mg-kg -0.156 0.013 0.596 -0.874 -0.931 -0.593
Pb, mg-kg 0.329 -0.405 0.180 -0.865 -0.886 -0.685

Cu and Pb are present in the soil naturally (paftemick) and as a result of
anthropogenic activities. The copper content ofRbésh soil is 1-110 mig™,
and lead 5-85 mig™ [16]. Cu plays significant role as the fertilizéyt in an
amount of 20-100 mig™ may be harmful to plants. There was no data af lea
importance to the biochemical cycles of plantsatramount of 30-300 migy™*,
like the copper,lead can be toxic to plants [16]. These toxicigpend on the
species, variety and environmental factors.

Numerous studies [16, 23] indicate that both coret lead is easily sorb by
the soil organic matter. Immobilisation of thesemaénts is natural in alkaline
reaction. The acidic reaction contributes to inngsf their mobility.

As the main source of the anthropogenic pollutioouad the Gtogow Copper
Smelter mentioned activities such as: mining, eoeatment and copper ore
smelting [19, 22].

The highest concentration of heavy metals was fomnthe organic matter
horizon (for Cu 3320-5250 nmigj* d.m., for Pb 960-1480 migj* d.m.), a bit
smaller concentrations were found below organidzioor According to Polish
Law [7], the limit of copper and lead content irdustrial areas have been
establishd at the level of 600 rkg* d.m. The content of Cu and Pb in its total
form in the tested soil exceed these values. 8tatisanalysis showed no
significant correlation between the content of &wand Pb and soil properties
in the sites located in the former sanitary zone.

Research carried out by othere researchers [263®39n the area of Glogow
Copper Smelter confirm the relationship on conmediof copper and lead,
with organic matter and reaction. The previousistitiave shown a significant
enrichment of soil affected by the copper smeltmgopper and lead [19, 22].
Lower content of heavy metals was found in culttdasoils. This may indicate
a second step of contamination which is typicalor@sted industrial site - the
initial deposition of contaminants on the leavesdha&t end of growing season
enrich the litter horizon. In agricultural areagrbass is removed periodically.

4. CONCLUSIONS

1. The area of Glogow Copper Smelter protective foiesbvered with soils
showing clear symptoms of the chemical degradafidre content of Cu
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and Pb in the liter horizon and the topsoil excelish threshold values for
industrial areas, which is established up to 60&kgTgd.m.

There is a significant difference between the Cdi Rh content in the litter
horizon and the humic topsoil. The forest littentzons 3.3-5.1 more Cu
and 3.9-8.6 Pb than the humic horizon of the soil.

The main factors influencing the content of heawtats in soils covering
the research site are the particle size distributibthe soil, soil reaction
and the soil organic matter content.
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DEGRADACJA ZIEMI NA TERENACH BYLEJ STREFY OCHRONNEHJUTY
MIEDZI GLOGOW

Streszczenie

Powierzchnia ziemi jest nieustannnie narea na oddziatywania o charakterze
naturalnym i antropogenicznym. Znace oddziatywanie jest latwo zauiedne na
terenach przemystowych. Szczego6lnie na obszarapityob wydobyciem i przeréhk
metali. Na terenach przyleglych do Huty Miedzi Glag stwierdzono wysak
koncentragj miedzi i otowiu sigajaca 5250 mekg' Cu i 1290 mekg™ Pb. Poziom
sciotki lesnej zawierat 3,3-5,1 raza ggdej Cu i 3,9-8,6 Pb nipoziom prochniczny
analizowanych gleb. Analiza xdych gleb pokrywaijcych las ochronny HMG pozwolita
wskaz@ na znacaca role skladu granulometrycznego, zawddiowegla organicznego
oraz odczynu na stabilizaanigracji Cu i Pb wsrodowisku.

Stowa kluczowe: metale gikie, mied, otdw, tereny przemystowe, zanieczyszczenie
gleby
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