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A B S T R A C T 

A need for rapid and inexpensive (proxy) methods of outlining areas exposed to increased pollution by 
atmospheric particulates of industrial origin caused scientists in various fields to use and validate different non-
traditional (or non-chemical) techniques. Among them, soil magnetometry seems to be a suitable tool. This method is 
based on the knowledge that ferrimagnetic particles, namely magnetite, are produced from pyrite during combustion of 
fossil fuel. Besides the combustion processes, magnetic particles can also originate from road traffic, for example, or 
can be included in various waste-water outlets. 

In our study we examine the magnetis susceptibility as a convenient measure of determiningthe concentration 
of ( ferri) magnetic minerals by rapid and non-destructive means. We used for measure KLY-2 Kappabridge. 
Concentration of ferrimagnetic menerals in difrent soils is linked to pollution sources. Higher x values were observed in 
soils on the territory in Istebne (47 383.10"6 SI ). The susceptibility anomaly may be caused by particular geological 
circumstances and can be related to high content of ferromagnetic minerals in the host rocks. Possitive correlation of 
magnetic susceptibility are conditioned by industrial contamination mainly by metal working factories and by traffic. 
The proposed method can be successfully applied in determining heavy metal pollution of soils on the city territories. 

1. INTRODUCTION 
The contamination of soils in countries with developed industry is usually high and the most 

sensitive pollution is usually found nearby the biggest industrial centres. Very often these soils could not be 
used for agriculture. Different geochemical methods such as geochemical mapping are traditionally used for 
determining the contamination, enabling to estimate the background values of element concentration in soils, 
to determine the total amount of pollution and to trace the source of pollution. 
Detailed geochemical investigation of soils require a great number of chemical analyses, which are time 
consuming and expensive. In our study, the traditional geochemical methods were complemented by 
measurements of low-field magnetic susceptibility (x), which may be a fast and effective alternative method 
enabling to estimate the ecological situation and to trace the major sources of heavy metal pollution ( see 
recent reviews by Oldfield, 1991; Verosub and Roberts, 1995; Deklers, 1997). 

Low-field magnetic susceptibility, more commonly called magnetic susceptibility, is a rapid, cheap 
and non-destructive means to quantify magnetic iron-mineral magnetization to yhe applied low magnetic 
field. 
Enhancement of the susceptibility of soils was first described by Le Borgne (1955) and has been widely 
reported since (Thompson and Oldfield, 1986). Recently there has been increasing interest in the use of 
mineral magnetic techniques to study soils. Susceptibility measurements can be used to detect increased 
levels of ferrimagnetic minerals due to industrial activity and surface mapping of industrial areas ( Strzyszcz, 
1993; Strzyszcz et al., 1996; Hay et all.; 1997; Heller et al., 1998; Hoffman et al., in press, Kapička et al., in 
press). 

Some authors suggested the possibility of using magnetic susceptibility measurements in monitoring 
various feature and properties of soils ( Fin et al., 1992; Hunt et al., 1984; Maher, 1986). In addition, 
airborne magnetic particles mainly from pollution sources can also accumulate in soils ( Hay et al., 1997). 
Thompson and Oldfield (1986) noted that soil\;lose large towns and industrial centres can have higher 
susceptibility than elsewhere: Metallurgical and ihdustrial dust and fly,ashes contain magnetitr. Therefore, 
these industries are direstly responsible for the increase in the magnetic susceptibility of topsoils horizons 
(Hansen et al., 1981; Mitchel and Sluskoter, 1976). Magnetic measurements on soil can thus be used to 
determine the contribution from iron industry ( Petrovsky and Ellwood, 1999). 

Recent studies (Strzyszcz, 1993; Strzyszcz a nd Magiera, 1998; Petrovsky et al., 1999) demonstrate 
how a combination of simple magnetic susceptibility measurements can help to identify regions where soils 
higher than average concentrations of fly ash and other anthropogenic dusts. 
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1.1 MAGNETIC SUSCEPTIBILITY IN SOILS - OVERVIEW 
Magnetic susceptibility is a measure of magnetic respone of a material to an external magnetic field. 

The volume susceptibility, measured in dimensionless units, is defined as the ratio of the material 
magnetization J (per unit volume) to the weak external magnetic field H: J = %.H 

Alternatively, the specific or mass susceptibility K , measured in units of m3 kg"1, is defined as the 
ratio of the material magnetization J (per unit mass) to weak external magnetic field H: J= K .H. 

Magnetic susceptibility values of soils primarily reflect magnetite and maghemite concentrations 
because althoug low in concentration, these minerals are orders of magnitude more magnetic (more 
susceptible) than other iron minerals (Mullins, 1977, Maher, 1986). Both magnetite and maghemite are 
considered ferrimagnetic minerals. 

Magnetic susceptibillity may be taken as a measure of how „magnetizable" a sample is. 
It help to identify the type of material and the amount of iron-bearing mineral present. 
In environmental studies, it is a very convenient parameter because virtually all materials can be 

measured and the measurement is simple and fast (typically a few seconds). The measurements are 
nondestructive and can be made in laboratory. Low-field magnaetic susceptibility is ideal in reconnaissance 
studies where a large simple set is needed in order to find representative sample for other expensive or time-
consuming analyses. 

2. SAMPLING AND MEASUREMENTS 
In May 2001, magnetic susceptibility mapping was performed on 25 surface soils. A total of 25 

topsoil samples (0-20cm) were collected from the whole Slovakia, from open space (grass-plots, parks, 
weadows, in urban at last in a few meters from the buildings and roads). The weight of sample was typically 
about 0.5kg. All sample were air-dried and sieved <2mm. In order to avoid any contamination, soil samples 
were collected from bottom to surface and put in situ into the bag. Low-field magnetic susceptibility was 
measured in the Geophysocal Institute of Slovak academy of Science, in Modra using KLY-2 Kappabridge.. 
Magnetic susceptibility was expressed in specific volume unit ( dimensionless) or specific mass unit (K , m3 

kg1). 
Maps of low-field magnetic susceptibility for the territory of Slovakia region is shown in Fig.l. 

Magnetic susceptibililty values range from ó ^ H . l O ^ S I ) Piestany to 47 383.10"6 (SI) Istebne. The highest 
values occured in areas, where machine-building factories are located. In the absence of industrial 
contaminants H varied between 0 and 619,17-iO"6 SI. Anomalously high iron as wel as an increase of the H 
was determined in soils in Istebne. 

3. CONCLUSIONS 
Magnetic maping has been recently succesfiilly used in pollution studies primarily in areas with 

intensive industrial activity and major pollution sources. 
Measurements of the magnetic susceptibility provided complementary information about pollution of 

soils for the estimation of environmental situation in the study area. The mapping technique permitted to 
determine groups of elements (heavy metals) which influenced the variation of low-field magnetic 
susceptibility. 

The level of the H is a result of complex influence of natural ferrimagnetic minerals and the 
contribution of magnetic particles into soils as a results of industrial pollution. The increase in heavy metal 
concentrations also take place in the result of emission. 

The contamination of soils resulting from industrial activity in areas near metal-reworking snd 
machine building factories as well as by traffic led to an increase of the H. At the same time, the 
contamination of soils, by iron, iron minerals and heavy metals in the area led to an increase of the magnetic 
susceptibility. \ 

Because the magnetic method of soil-pollution monitoring is sensitive, fast and relatively cheap, it 
can be applied over large regions. 
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