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Abstract
Measurement of magnetic susceptibility of topsoil represents a very useful tool for the detection of atmospherically deposited
magnetic particles. The samples of forest soils from the Moravian-Silesian Beskydy Mountains (the Czech Republic) were used for
identification of emissions sources of particles with magnetic ordering. Magnetic susceptibility was measured at bulk samples of
grain size class under 2 mm. Microanalysis using electron microscope with an energy dispersive X-ray spectrometer was used for
the determination of particles in the magnetic fraction. The samples of dust from the sintering plant of the Iron Works in the town
of Trinec were analysed. The values of magnetic susceptibility of forest soils in the Tfinec region are increased. In the relatively near
vicinity of the industrial area, the average value for Javorovy Mount was 7.90x10° m’/kg, for Ostry Mount it was 6.69x10° m?/
kg. It was proved that they were higher than the average values from the Beskydy Mountains (4.64x10° m’/kg). The concentra-
tions of lead and magnetic susceptibility in soils showed significant correlation dependence (r, = 0.85). The iron and steel industry
represent the primary source of the pollution load in forest soils of the studied area. Statistically, significant dependences between
the organic matter content and the lead and zinc concentrations as well as between the magnetic susceptibility values and the iron
concentrations in forest soils were found. It was confirmed that the airborne particles are deposited on vegetation and accumulated

in the organic horizon of forest soils.
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Introduction

Magnetic properties of particulate matter (PM) are increas-
ingly used for identification of contamination sources in vari-
ous environmental materials (Cervi et al., 2014). Dust particles
with a relatively large proportion of magnetic particles can
be released into the environment by anthropogenic processes
(combustion of coal and biomass, metallurgical processes, re-
cycling of solid waste, transport). The concentrations of mag-
netic particles are increased in the uppermost layers of soils
in industrial regions and in the vicinity of industrial sources
(Lu et al., 2016). Technogenic magnetic particles (TMP) dif-
fer from magnetic particles originated by natural processes
mostly by concentrations of risk elements. Particles formed
during high-temperature combustion processes have charac-
teristic spherical shape. Particles in emissions from transport
and iron metallurgy form irregular non-spherical aggregates
(Lu et al., 2016). Magnetic properties of soils are influenced by
the mineralogical composition of soils and petrographic type
of bedrock. The concentration of magnetic minerals (mostly
magnetite) in soils can be expressed more simply as magnetic
susceptibility (Magiera et al., 2006a). Magnetic properties of
soils are manifestation of magnetite, maghemite and minerals
of the spinel group: magnesioferrite (Matysek et al., 2008). The
highest concentration of anthropogenic ferromagnetic particles
is usually found in humus horizon of forest soils (Kapicka et
al., 2003). Lead has high concentrations in forest soils in the
vicinity of the town of Tfinec (37-841 mg/kg, median 211 mg/
kg). It was found the statistically significant coefficient of cor-

relation between magnetic susceptibility of forest soils and Pb
concentration, r = 0.68 (Matysek et al., 2008). Concentrations
of Pb reach values from 30 to 80 mg/kg in humus horizon of
forest soils. Soils in relatively high altitudes above sea level
contain concentrations of lead comparable with soils in the
close neighbourhood of iron works. This trend is observable
in the mountainous area south of the town of Ttinec (Matysek
et al., 2008). The town of Ttinec (Figure 1) is located in the
eastern part of the Moravian-Silesian Region (the Czech Re-
public). Metallurgical plant (Iron Works Ttinec) situated in the
town produces 2000 kilotons of iron and approximately 2600
kilotons of steel per year. It is reflected by the air quality in the
region. The aim of this work is the determination of the origin
of magnetic particles in forest soils of Ttinec region and prov-
ing their relationship with high concentrations of Pb in soils.

Materials and methods

The study area is located in the vicinity of Tfinec iron
works: Mount Javorovy (1044 metres a.s.l., distance of 7.5 km)
and Mount Ostry (1032 m a.s.1., distance of 10 km).

The sampling of soils and their processing was performed
according to the Technical Standard ISO 19258. Thirty soil
sampling sites were located at the slopes of Javorovy Mt. and
Ostry Mt., samples were taken from the depth of 5 to 10 cm
(after removing the detritus - uppermost horizon). The orien-
tation of sampling was selected according to the prevailing
directions of wind flowing in the region (NE, NW, SE), the
height interval of sampling was 100 m of altitude. Sampling
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Fig. 1. The Czech Republic, the Moravian-Silesian Region shaded. Study area in the vicinity of the town of Tfinec. Prevailing directions of air flowing

Rys. 1. Republika Czeska, Region Morawsko-Slaski. Miejsce poboru probek w poblizu miasta Trzyniec. Dominujace kierunki przeptywu powietrza.

Thinec - Kanada

Cadastral area - Town of Tfinec W Wiind Ross

Tab. 1. The mean values of mass magnetic susceptibility (x107° m*kg) with standard deviations obtained for altitudes from 500 to 1000 m a.s.1

Tab. 1. Srednie warto$ci podatnosci magnetycznej (x 106 m¥/kg) dla wysokosci od 500 do 1000 m nad poziomem morza.

Locality | 500 ma.s.l. | 600 ma.s.l. | 700 ma.s.l. | 800 ma.s.l. | 900 ma.s.l. | 1000 ma.s.l. | All samples
Javorovy | 2.48+1.26 | 9.96+0.90 | 10.62+6.41 | 10.46+2.77 | 5.98+5.29 - 7.90+4.72
Ostry - 5.1442.44 | 5.96+1.88 | 4.17+1.73 | 7.1944.40 | 10.97+3.11 | 6.69+3.45

sites of forest soils at both localities were located mostly in
deciduous and mixed forests. Homogenized samples with the
grain size of less than 2 mm were used for analyses. The de-
termination of chemical composition of soils — concentrations
of risk elements was performed by portable energy dispersive
X-ray fluorescence spectrometer Innov-X DELTA Professional
(InnovX Systems, U.S.A.). The mass magnetic susceptibility
() of the soil samples (fraction with grain size below 2 mm)
was measured using the Bartington MS2 instrument and MS2B
dual sensor at two frequencies: 0.465 kHz (low frequency) and
4.65 kHz (high frequency). Magnetic particles from soils were
separated by hand magnet. The point chemical analysis of par-
ticles was performed by scanning electron microscope (SEM)
FEI Quanta 650 FEG with energy dispersive analyzer EDAX.
Mineralogical phase analysis of dust from Iron Works Tfinec
was performed by the method of X-ray diffraction (diffractom-
eter Bruker Advance D8). The statistical analysis and the cor-
relation analysis at the 0.5 level of significance were performed
using the statistical software OriginPro 8.5.

Results and discussion

The study area (Javorovy Mt. and Ostry Mt.) is located
in the area of flysch zone of West Carpathians. Flysch sedi-
ments are formed by characteristic intercalations of clay and
sand rocks. In the region of Moravian-Silesian Beskydy Mts.,
volcanic rocks of teschenite association occur with minerals
like magnetite and goethite. The mass magnetic susceptibility
of flysch rocks (sandstones, siltstones, and shales) is relatively
very low, approximately 7x10-® m*/kg. These values vary wide-
ly and can be increased by the presence of siderite or glauconite
in the rocks (Matysek et al., 2008). The research conducted by
various authors in the regions under the influence of industrial
emission indicates the anthropogenic character of the magnetic
susceptibility, with the values higher than 60x10® m*/kg in the
forest topsoil (Chlupacova et al., 2010). The y value of soils
can vary depending on the region (lithology), emission sourc-
es (i.e., power industry, metallurgy) and distance from this

emission sources (Lukasik et al., 2016). Accumulation of fer-
romagnetic mineral phases occurs mostly in the surface layer
of forest soils in the O horizon (Strzyszcz and Magiera, 1998).
The mean value of mass magnetic susceptibility for the area
of Javorovy Mt. is 7.90 £ 4.72x10° m*/kg and Ostry Mt. 6.69
+ 3.45x10° m’/kg (Table 1). These values are higher than the
average value determined in the Moravian-Silesian Beskydy
Mts. — 4.64 + 4.41x10° m¥/kg (Matysek et al., 2008), and pro-
nouncedly higher than the values of y for selected mountain
areas in Poland, e.g. Lasocki Ridge, eastern Karkonosze Mts.
with the average value of 82.0 + 2.05x10® m’/kg, and Jazwi-
na (Sleza Massif) 120.2 + 96.38x10® m’/kg (Magiera et al.,
2006b). Table 1 presents the mean values of magnetic suscep-
tibility and standard deviations determined in the altitude from
500 to 1000 m a.s.l. The highest values were found in the area
of Javorovy Mt. for altitude from 700 to 800 m a.s.l., for Ostry
Mt. in the altitude of 1000 m a.s.l. Figure 2 displays box-plot,
which shows the increase of the values of magnetic suscepti-
bility with the increasing altitude, what is in accordance with
results published by Matysek et al. (2008) for the area of Mora-
vian-Silesian Beskydy Mts.

High concentrations of lead in soils were found for the area
of Javorovy Mt. (311 + 168 mg/kg) and Ostry Mt. (316 + 213
mg/kg). Sucharova et al. (2011) report significant variations
between the minimal and maximal concentration (19 and 1863
mg/kg) for forest soils in the Czech Republic, with the median
value of 78 mg/kg. The maximal concentration of Pb was de-
scribed particularly from the eastern part of the republic. The
high concentrations of Pb in forest soils in the Karkonosze Na-
tional Park (soil layers 0—10 cm and 10-20 cm) in the ranges
19-248 and 4-196 mg/kg respectively were published by Szo-
pka et al. (2013). From results listed in Table 2 it follows that
concentrations of elements in organic horizon of forest soils in
the area of Javorovy Mt. and Ostry Mt. are comparable with
the exception of manganese. In the area of Ostry Mt. and Javor-
ovy Mt., concentrations of Fe in forest soils are approximately
5x higher than the median value for forest soils in the Czech
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Fig. 2. Box plot — Mass magnetic susceptibility of soils
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in the altitude from 500 to 1000 m a.s.

Rys. 2. Podatno$¢ magnetyczna gleb na wysokosci od 500 do 1000 m npm
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Fig. 3. Electron microphotograph of the spherical particle

of magnetite in dust from the steel mill
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Rys. 3. Mikrofotografia elektronowa sferycznej czastki magnetytu

Tab. 2. Concentrations of elements and content of organic matter in soil samples from the Beskydy Mts. and forest soil from the whole area of the Czech

Republic [Explanations: S.D. — Standard deviation, OM — Organic matter, F'S — Median of concentrations in organic horizon of forest soils]
Tab. 2. Stezenia pierwiastkow 1 zawarto$ci materii organicznej w probkach gleby z Beskidow. i gleby lesne z catego obszaru Republiki Czeskiej
[Wyjasnienia: S.D. — Odchylenie standardowe, OM — Materia organiczna, FS — Mediana stgzen w organicznym horyzoncie gleb lesnych]

Locality Fe [ Mn | Zn | Pb I(mg/rkg) Cd | Cu | Zr | As : v(v)tl\‘i ) D
Beskydy Mts. mean | 27588 | 464 178 226 81 - 19 91 30 - Matysek
S.D. 16351 495 | 92 | 101 | 32 - 16 | 42 | 12 et al 2008
Javorovy Mt. mean | 38363 | 660 | 303 | 311 | 71 | 16 | 58 [ 161 | 52 67
S.D. 11050 344 | 106 | 168 | 17 | 044 | 27 | 53 [ 22 14| This study
Ostry Mt. mean 36313 463 | 300 | 316 | 73 [ 12 | 53 | 193 | 50 65
S.D. 9677 | 157 | 141 | 213 | 19 | 04 | 27 | 63 18 14
FS-Czech Republic | 7200 | 392 | 63 | 78 | 22 | 056 | 23 81 f;’;’;"zrgﬁ

Republic, for Pb 4%, for Cr 3%, and for Mn and Cu two times
higher (Sucharova et al., 2011). Relationships between individ-
ual elements were studied using Spearman correlation coeffi-
cients with respect to identification of contamination sources.
Statistically significant correlation coefficient was proved for
Fe x Mn, Pb, Zn, As, Cu, Cr in forest soils in the areas of Ostry
Mt. and Javorovy Mt. An enrichment factor (EF) was selected
for expression of contamination degree of forest soils. It was
calculated as a ratio: (concentration of risk element/concen-
tration of Zr) in the sample of analysed soil/(concentration of
element/concentration of Zr) in the lithogenic background. The
geochemical background was determined as concentrations of
elements in topsoil (Salminen, 2014). Zirconium was selected
as a typical lithophile element. In the air deposits from the iron
works in Ttinec, it was present below the limit of detection of
the analytical method. The highest value of enrichment factor
was found for Pb, Zn, Cu, and As. The enrichment factor in
forest soils was higher in the area of Javorovy Mt. than in the
area of Ostry Mt. for all studied elements (Fig.4). The high-
est enrichment factor was determined for soils in both areas of
summits of Ostry Mt. and Javorovy Mt. High levels of precip-
itation are strongly correlated with heavy metal deposition and
seem to be the main source of heavy metal deposition at higher
altitudes (Zechmeister, 1995). The highest concentrations of Pb
in the summit areas are not in accordance with the results of
Szopka et al. (2013), who reported concentrations of Pb to be
significantly higher in the lowest altitudinal zone (500-750
m a.s.l.) compared to the highest zone (1250-1380 m a.s.l.),

what can be explained by seeder-feeder effect and horizontal
transport of pollutants.

Correlation analysis proved the statistically significant re-
lationship between magnetic susceptibility and risk elements
Cu, Fe, As, Pb, Zn together with organic soil component.
At the same time, significant inverse proportionality was
determined between magnetic susceptibility and lithogenic
elements Si, Al, Ti, and Zr (Table 3). The statistically signif-
icant relationships were also found between concentrations
of Pb, Zn and the content of the organic component in soils.
The correlation coefficient for the content of organic matter
in soils and Pb (Javorovy Mt.) reached the value r, = 0.89%*.
Similarly, for the content of organic matter in soil and Zn, it
was r_= 0.70*. The similar relationship for Pb was reported
by Szopka et al (2013). Statistically significant correlation
relationships were also found for the summit of Ostry Mt.
between the content of the organic component of soils and Pb
(r,= 0.80*) as well as for Zn r_ = 0.73*. The concentrations
of Pb, Zn, and Fe in soils have relationships with the con-
tent of organic matter in soils. Metals are primarily caught by
vegetation, which is the source of organic matter in humus
horizon. The development of humus horizon is influenced by
density and character of wood vegetation.

Chemical and mineralogical analyses of dust from the
iron works in Ttinec were performed in order to determine
the origin of magnetic particles in soil samples. The results
of mineralogical analysis of crystalline phase are presented
in Table 4.
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Tab. 3. The values of correlation coefficients for mass magnetic susceptibility and risk elements together with organic matter (n=30) for the Beskydy Mts.
[Explanations: OM - Organic matter, *statistically significant relationships]
Tab. 3. Wartosci wspotczynnikow korelacji dla masowej podatnosci magnetycznej i elementow ryzyka wraz z materia organiczng (n = 30) dla
Beskidow. [Objasnienia: OM — materia organiczna, *relacje istotne statystycznie]

Si Al Fe K S Ti

Cu 7n As Zr Pb OM

-0.79* 1-0.59* [0.96* [-0.80* |0.81* |-0.73*

0.62*

0.91* 10.90* |0.93* |-0.73* |0.85* |0.71%*

Tab. 4. The main mineral phases in dust from the iron works Tiinec (wt.%) [Explanations of dust origin: AE — sintering plant, electrostatic separators. AB —
sintering plant, bag filters. B — steel mill. C — secondary dust removal of oxygen-convertor steel mill. D — desulphurization of pig iron.]

Tab. 4. Gtéwne fazy mineralne w pytach z Huty Zelaza Ttinec (% wag.) [Objasnienia pochodzenia pytu: AE — spiekalnia, separatory elektrostatyczne.
AB — spiekalnia, filtry workowe. B — huta stali. C — wtorne usuwanie pytu w stalowni konwertorowej. D — odsiarczanie surowki.]

Mineral AE AB B C D
Sylvite - KCl 26.33 27.28

Halite - NaCl 11.54 20.89

Wauestite - FeO 3.34 0.45

Magnetite - Fe304 19.66 1.87 31.1 49.26 42.19
Hematite - Fe,03 23.07 2.11 29.81 18.85
Laurionite - PbCI(OH) 1.65

Laurelite - Pb;7F,Cl» 0.98

Penfieldite - PboCl3(OH) 1.35

Litharge - PbO 0.54

Portlandite - Ca(OH), 32.11

CaOHCI 5.34

Calcite - CaCOs3 7.57

Zincite - ZnO 3.77

Cr-Mn-Fe spinel 53.1

Gehlenite - Ca,Al(Si,Al)207 4.88 4.64
Graphite - C 1.92 5.59 11.52
Magnetic susceptibility x10¢ m/kg 7.78 1.45 18.18 1.81 9.47

Iron oxides (magnetite and hematite) form an essential
part of dust AE, B, C, and D, where their average content is
55% of the crystalline phase. An example of spherical mag-
netite particle is in Figure 3. Chlorides (NaCl and KCl) are
also important, and they can form up to 48% of the crystalline
phase. In dust from the sintering plant, lead minerals were
identified (laurelite, laurionite, and penfieldite), chlorides
and hydroxichlorides of lead. In dust from oxygen-conver-
tor steel mill, zincite (ZnO) was identified. Important min-
eral in dust from steel mill is Cr-Mn-Fe spinel. The average
chemical composition of particles from dust determined by
SEM-+EDAX is presented in Table 5.

Dust AE contained particles with high Pb concentrations
in the range from 4.1 to 39.1%. Dust B from steel mill has
mostly Fe-Cr-Mn spinel as a major component in the crystal-

line phase. Dust C from oxygen-convertor steel mill contains
relatively larger particles of size around 5 pm, with 1.96 to
3.42% of Zn. These particles are probably formed by hema-
tite which contains 69.94% of iron and 30.06% of oxygen.
Particles with relatively higher content of Zn (10-15%) are
formed by magnetite. The high concentration of Zn in mag-
netite is possible due to the substitution of Fe2+and Zn2+
with very similar ion radii in magnetite (Fe**Fe>**O4), where
Zn has ion radius of size 0.060 and Fe?" 0.063 nm (Hansson
et al., 2004). Iron oxide particles from dust D contain only
minimal amounts of Zn admixture (0.93-3.36%), in less than
50% of analysed particles. From results of chemical composi-
tion of particles it follows that for particles from ore sintering
plant (AE) there is typical element association of Fe x Pb,
for particles from steel mill is typical association of Fe x Cr
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Tab. 5. Chemical analyses of particles (average of 15 particles) by SEM +EDAX (wt.%)
Tab. 5. Analizy chemiczne czastek (Srednio 15 czastek) metoda SEM + EDAX (% wag.)

Fe Mn Cr Zn Pb Cu (0] Al Mg Ca K Na Cl
AE | 15.11 0.15 11.73 1 2.13 [ 427 | 729 1099 | 094 | 2.51 | 15.53 | 7.69 | 30.86
AB | 0.51 6.60 | 1.38 11.97 | 0.67 | 2.54 | 31.57 | 8.47 | 4.39 | 25.26
B |37.56 | 12.79 | 5.74 4.03 | 29.12 552 | 6.54 | 048
C | 5836 134 9.31 0.71 | 20.83 | 0.52 | 0.41 | 1.52 | 0.53
D | 50.57 2.25 21.06 | 2.78 6.05

x Pb, and for particles from desulphurization of pig iron (D)
as well as from oxygen-convertor steel mill it is association
of Fe x Zn. Analysis of particles from dust and mineralogi-
cal analysis of dust confirmed that lead-bearing phases form
separate minerals.

Conclusions

Mass magnetic susceptibility provides the whole series
of statistically significant linear correlations with Fe, Zn, Pb,
Cu, and As. Metals in forest soils are bound to iron oxide
particles and the organic component of soils. Metals in for-
est soils in the areas of Javorovy Mt. and Ostry Mt. can be
arranged according to the decreasing concentrations in the
following way: Fe > Mn > Zn > Pb > Cr > Cu > As > Cd.
Lead is neither part of the structure of magnetite nor miner-
als of the spinel group. It forms in dust from the iron works
separate minerals. Together with magnetite, it forms mixed
crystalline aggregates. Magnetic susceptibility has the statis-

tically significant relationship with the content of the organic
component in soils (r, = 0.71*) which documents catching of
these particles by vegetation and their subsequent deposition
into humus horizon. From the value of correlation coefficient
(r,= 0.85) between magnetic susceptibility and concentration
of Pb in soils, it follows that emissions from the sintering
plant represent the main source of lead. The enrichment fac-
tor proved increased deposition load of forest soils (Pb, Zn)
in the areas with the higher altitude above sea level. Lead had
the highest enrichment factor.

Acknowledgement

This work was supported by the projects of the Ministry
of Education, Youth and Sport of the Czech Republic: The
National Programme of Sustainability LO1404 — TUCEN-
ET, and INTER-COST, LTC17, European Anthroposphere as
mineral raw materials.

Literatura - References

Metallurgy, 2004, 209-214.

31-44.

1. CERVI, Eduardo et al. Magnetic susceptibility and the spatial variability of heavy metals in soils developed on
basalt. Journal of Applied Geophysics, 111, 2014, 377-383.

2. CHLUPACOVA, Marta et al. Magnetic susceptibility of cambisol profiles in the vicinity of the Vir dam, Czech Re-
public. Studia Geophysica et Geodaetica, 54 (1), 2010, 153-184.

3. DORE, Anthony J. et al. An improved wet deposition map of the United Kingdom incorporating the seeder-feeder
effect over mountainous terrain. Atmospheric Environment, 26(8), 1992, 1375-1381.

4. HANSSON, Robert et al. Phase equilibria in the Fe-Zn-O system at conditions relevant to zinc sintering and smelt-
ing. In: VII International Conference on Molten Slags Fluxes and Salts, The South African Institute of Mining and

5.  KAPICKA, Ales et al. Study of Weakly Contaminated Forest Soils. Water, Air, and Soil Pollution, 148(1-4), 2003,

Inzynieria Mineralna — STYCZEN - CZERWIEC <2019> JANUARY - JUNE — Journal of the Polish Mineral Engineering Society 51



6. LU, Shenggao et al. Magnetic properties, microstructure and mineralogical phases of technogenic magnetic
particles (TMPs) in urban soils: Their source identification and environmental implications. Science of The Total
Environment, 543, 2016, 239-247.

7. LUKASIK, Adam et al. Background value of magnetic susceptibility in forest topsoil: assessment on the basis of
studies conducted in forest research of Poland. Geoderma, 264, 2016, 140-149.

8. MAGIERA, Tadeusz et al. Discrimination of lithogenic and anthropogenic influences on topsoil magnetic suscepti-
bility in Central Europe. Geoderma, 130(3-4), 2006a, 299-311.

9. MAGIERA, Tadeusz et al. Magnetic susceptibility of forest topsoils in mountain regions of southern Poland based
on field measurement techniques. Polish Journal of Soil Science, 39(2), 2006b, 101-108.

10. MATYSEK, Dalibor et al. Correlation between magnetic susceptibility and heavy metal concentrations in forest
soils of the eastern Czech Republic. Journal of Environmental and Engineering Geophysics, 13, 2008, 13-26.

11. SALMINEN, Reijo Ed. Geochemical Atlas of Europe. 2014. [online]. <http://weppi.gtk.fi/publ/foregsatlas/index.
php>. ISBN 951-690-913-2.

12. STRZYSZCZ, Zygmunt, MAGIERA Tadeusz. Magnetic susceptibility and heavy metals contamination in soils of
Southern Poland. Physics and Chemistry of the Earth, 23(9-10), 1998, 1127-1131.

13. SUCHAROVA, Julie et al. Linking chemical elements in forest floor humus (Oh-horizon) in the Czech Republic to
contamination sources. Environmental Pollution, 159, 2011, 1205-1214.

14. SZOPKA, Katarzyna et al. Spatial distribution of lead in the surface layers of mountain forest soils, an example from
the Karkonosze National Park, Poland. Geoderma. 192 (1), 2013, 259-268.

15. ZECHMEISTER, Harald Gustav. Correlation between altitude and heavy metal deposition in the Alps. Environ-
mental Pollution, 89, 1995, 73-80.

Zrédla czgstek magnetycznych z zanieczyszczer powietrza w obszarach gorskich

Pomiar podatnosci magnetycznej wierzchniej warstwy gleby stanowi bardzo przydatne narzedzie do wykrywania osadzonych z at-
mosfery czgstek magnetycznych. Probki gleb lesnych z Beskidu Morawsko-Slgskiego (Czechy) wykorzystano do identyfikacji zrédet
emisji czgstek o wlasciwosciach magnetycznych. Podatnos¢ magnetyczng mierzono w prébkach zbiorczych w klasie ziarnowej
ponizej 2 mm. Mikroanaliza z uzyciem mikroskopu elektronowego ze spektrometrem dyspersyjnym energii rentgenowskiej zostata
uzyta do oznaczenia frakcji magnetycznej czgstek. Przeanalizowano prébki pytu ze spiekalni Huty Zelaza w Trzyticu. Stwierdzono
wzrost wartos¢ podatnosci magnetycznej gleb lesnych w regionie Trzyfica. W stosunkowo bliskim sgsiedztwie obszaru przemysto-
wego Javorovy Mount srednia wartos¢ wynosita 7,90 x 10° m*/kg, w przypadku Ostry Mount 6,69 x 10° m*/kg. Wykazano, ze byly
one wyzsze niz Srednie wartosci dla Beskidow (4,64 x 10° m*/kg). Zawartos¢ otowiu i podatnosé magnetyczna w glebach wykazatly
istotng korelacje (r, = 0,85). Hutnictwo zelaza i stali stanowi gléwne Zrédlo tadunku zanieczyszczeni w glebach lesnych badanego
obszaru. Stwierdzono statystycznie istotne zaleznosci miedzy zawartoscig materii organicznej a stezeniem otowiu i cynku, a takze
miedzy wartosciami podatnosci magnetycznej a stezeniami zelaza w glebach lesnych. Potwierdzono, ze zawieszone w powietrzu
czgstki osadzajg sie na roslinnosci i gromadzq si¢ w organicznym horyzoncie gleb lesnych.

Stowa kluczowe: podatnos¢ magnetyczna, mikroanaliza, zanieczyszczenie gleby, osadzanie atmosferyczne, emisje z hutnictwa
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