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Soil and dust magnetism in semi‐urban 
area Truskavets, Ukraine  
O. Menshov1, S. Spassov2, P. Camps3, S. Vyzhva1, P. Pereira4 , T. Pastushenko1, V. 

Demidov1  

Abstract  
The objective of this paper was to study pollution in the semi-urban area of Truskavets (Ukraine) using low-

cost and energy- efficient magnetic measurements. Soil magnetic properties were measured near a railway 

station (transect) and near a road (transect and grid). To compare the magnetic properties of the soils from 

the urban areas, we sampled in a forest area located 2–3 km from Truskavets. Additionally, ten dust samples 

were taken 150 cm above the ground from the smooth surface of the tree bark. Near the Stebnyk Ring (the 

end of the second transect), we established a grid (20 × 20 m) and measured the soil magnetic susceptibility 

MS (mass-specific χ, and volume κ). There were taken 55 soil samples within the upper 0–5 cm of the 

topsoil. The results showed that low-frequency MS of the natural soil was within the range of 8–10 × 10–8 

m3/kg, a low value for the Ukraine soils. The urban soils collected near the roadway and the railway had 

high MS values. Soil pollution was confirmed by the frequency dependence of magnetic susceptibility: χfd 

= 2–3%. Our results, based on the thermomagnetic, hysteresis, isothermal (IRM), and anhysteretic 

remanent magnetization (ARM) measurements, suggested that magnetite is responsible for the increase in 

the magnetic signal of the urban soils. Natural soils normally contain a single domain (SD) grains. It has also 

been found that the high coercivity haematite and goethite are stable pedogenic minerals in the Truskavets 

natural soil. Overall, the magnetic measurements have proven to be a rapid, low cost, non-destructive and 

efficient technique for soil monitoring and air quality assessment.  
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Introduction  
With heavy metals having negative impacts on soil func- tions, the ecosystem services provided and human 

health (Dankoub et al. 2012; Taghipour et al. 2011), environmental pollution is one of the biggest threats 

and challenges for sus- tainability in urban areas (Brevik et al. 2018; Pereira etal. 2018).  As pointed out by 

the World Health Organization in a recent report (May 2016)—“Ambient air pollution, made of high 

concentrations of small and fine particulate matter, is the greatest environmental risk to health causing more 

than 3 million premature deaths worldwide every year”. These hazardous substances are mainly the result 

of anthropogenic activities (e.g. power plants, waste incineration and vehi- cle traffic) and their accumulation 

is especially detrimental in the vicinity of urban areas. Magnetic susceptibility MS (mass-specific χ, and 

volume κ) measurements are increas- ingly used as an alternative to the traditional geochemical analyses 

(Liu et al. 2016) to determine concentrations of heavy metals and other pollutants that accumulate in soil 

and in the atmosphere as particulate matter (Cao et al. 2015; Magiera et al. 2015). Compared to other 

methods of moni- toring pollution levels, magnetic ones are rapid, low-cost and highly effective (Cho et al. 

2015; Lu et al. 2016). Magnetic measurements can, therefore, yield extensive data derived from a large 

number of analyses and data points (i.e. up to several hundred in a few days depending on the magnetic 

parameter measured).  

Previous studies into the MS of soils were searching for a rapid proxy technology of outlining areas exposed 

to increased pollution by atmospheric particulates of anthro- pogenic origin (Kapička et al. 1999; Bourliva 

et al. 2016; Liu et al. 2016; Norouzi et al. 2016). A number of studies have shown that magnetic monitoring 

is a robust technique for quantifying pollution particles produced by combustion and/or abrasion processes, 

toxic metals (Maher et al. 2008; Matzka and Maher 1999) and ambient PM10 concentrations (Mitchell et 

al. 2010).  

There have been attempts to combine the study of MS and heavy metals in the soil. Liu et al. (2016) 

measured the MS and the concentrations of As, Cd, Cr, Cu, Ni, Pb and Zn in the topsoil (0–15 cm) in China. 

The average pollution load index (PLI) of the metals in the urban soil was 2.53, which was overall assessed 

as a moderate pollution level. A positive correlation was found between the PLI, the amounts of As, Cd, Cr, 

Cu, Ni, Pb and Zn in the soils and their MS. Yang et al. (2016) also analysed the values of MS and Cu, Zn, 

Ni, Pb, Cr, Cd concentrations in 70 samples of con- taminated topsoil from the Linfen basin of China. 

Yurtseven- Sandker and Cioppa (2016) evaluated the long term effects of air pollutants emitted from an 

iron-sintering plant near Wawa (Ontario, Canada) decades ago (1939–1998) using MS. The MS 

enhancement at depths of 5–10 cm was found to be related to the presence of magnetic spherules (fly- 

ashes). Szuszkiewicz et al. (2016) examined four types of soils (Entic Podzol, Eutric Cambisol, Humic 

Cambisol and Dystric Cambisol) developed on various types of bedrock (Tumlin Sandstone, basaltoid, 

amphibolite and serpentinite) and found that MS values were significantly higher in the topsoil horizons due 

to the deposition of technogenic mag- netic particles.  



Over the past ten years, magnetic measurements have become an essential element of technology for 

environ- mental monitoring. Compared to the geological survey and agriculture, environmental pollution is 

a more developed sphere of soil magnetism application. Lourenço et al. (2014) demonstrated the efficiency 

of environmental magnetism techniques in tracing soil evolution and pollution history over time. Jordanova 

et al. (2014) used magnetic measure- ments to estimate NO2 levels. Cao et al. (2015) showed the practical 

and economic value of magnetic techniques applied in their study to assess the concentrations of 

atmospheric particulate matter (PM) in soils and leaves. The results obtained by Gargiulo and Chaparro 

(2016) highlight the importance of magnetic properties in monitoring the PM distribution in soils and other 

environmental PM collectors. Magnetic susceptibility was found to be a useful parameter in studying the 

impact of anthropogenic activities on river sediments (Frančišković-Bilinski et al. 2017). As very little 

information is available about the use of magnetic methods to compare natural soils and heavily polluted 

ones in indus- trialized areas, the region of Ukraine chosen provided a good study site. A major benefit of 

this study is using a low-cost method to identify the impacts of roads and railways on soils since these areas 

are known to be major sources of pollutants that can affect soil, water quality, ecosystem services and 

ultimately human health. The aim of the present study is to assess the impacts of anthropogenic activities 

on soil MS in Truskavets (Ukraine). The specific objectives include (a) measuring MS near a roadside and 

railway using transects and (b) using a grid to understand the spatial distribution of MS in an urban area.  

Materials and methods  
Study area  
The semi-urban area of Truskavets, located in the western part of Ukraine, is part of the Drohobych-Borislav 

metro- politan area. The urban agglomeration includes the cities of Drogobych, Borislav, Stebnyk, and 

Skhodnitsa, which have close economic and cultural ties. Drohobych is the central city; Truskavets and 

Skhodnitsa are recreation cen- tres, whereas Stebnyk and Borislav are industrial centers. The local mining 

industry is based on the extraction of oil, potassium salt, and mineral wax (ozokerite). The modern 

manufacturing industry sectors operate on machinery and non-woven fabrics. Truskavets is a famous 

balneal resort. The first known record of the name of Truskavets dates back to 1427. In 2013, its population 

was estimated to be about 30,000 inhabitants. The greatest treasure of the resort is the sulphur-scented, 

slightly saline mineral water commonly known as the Naftusia brand. From the geological point of view, 

Truskavets lies in the inner zone of the Carpathian Foredeep, which comprises three distinct tectonic units, 

Bilche-Volytsya, Sambir, and Boryslav-Pokuttya. The geol- ogy of the region is represented by the salt-

bearing Voroty- shcha beds, referring to the Lower Molasse sediments of the Boryslav Pokuttya Unit in the 

internal part of the Carpathian Foredeep covering the Paleogene flysch succession, which is the main 

source of oil- and gas-bearing sediments of the Ukrainian Carpathians (Gadirov et al. 2018; Menshov et al. 

2014; Slaczka et al. 2006). The relationship between soil magnetism and the hydrocarbon deposits in this 

area was studied in Menshov et al. (2016). In the urban part of the study area, the soils were classified as 

Technosols, while the meadow and forest soils were defined as Gleysols and Phaeozems (WRB 2015). The 

climate is temperate continen- tal, with an average annual temperature ranging from 6.5 to 8.8 °C. The 

average annual precipitation ranges from 629 to 1223 mm. The landscape character of the study site, which 



is located near the Carpathian Mountains, is a non-urban for- ested area. Analyzing anthropogenic 

pressures in Truskavets, we identified two major sources of environmental pollution: road traffic and the 

railway network (Fig. 1).  

Another anthropogenic factor is the industrial area of Stebnyk with its former power plants located not far 

from Truskavets. For over 600 years, Stebnyk was a large center of industrial salt, oil and ozokerite 

production. The long- term extraction resulted in the formation of huge voids, craters and quarry pits filled 

with potash sludge and other highly toxic compounds. These chemicals are likely to travel as airborne 

pollutants and/or make their way into the groundwater, which poses a threat to the drinking water, mineral 

springs and soils of Truskavets. With the network of abandoned mines and quarries being in close proximity 

to the urban soil of Truskavets, environmental monitoring is essential for the environmental safety of its semi-

urban area (Felipe-Sotelo et al. 2007).  

Sampling and measurements  
The magnetic properties of soils and dust were investigated along with two sampling sites (transects) and 

in a forest area for the identification of non-urban soil, serving as the control plot (see Fig. 1). Within the first 

transect (red line), samples were taken along the railway line starting from the Main Train Station of 

Truskavets, crossing in its central part the main roadway of the city, and ending in the forest, a total distance 

of 2 km. Soils were measured in situ using a port- able MS meter and sampled for further laboratory 

analyses. Dust samples were taken from the smooth surface of tree bark with non-magnetic sponges, at a 

height of 150 cm. The second transect (blue line) was laid along the circular road around Truskavets, which 

carries the highest traffic flows in the city. The measuring and sampling strategy was identical to that 

described above. At the end of the second sampling site near the Stebnyk Ring, we designed a grid (20 × 

20 m) to measure the magnetic susceptibility of the soil and per- formed soil sampling.  

There were conducted both in situ and laboratory mag- netic studies of soils and dust. In our field study, we 

con- centrated on the soil science aspects of the landscapes and soils, as well as determining the types of 

soil in non-polluted areas. The most polluted areas were selected to study the road traffic and railway impact 

on soil and dust magnetism. One hundred surface topsoil samples (all from a depth of 0–2 cm) were taken 

from the polluted sites along the tran- sects (60 samples along Transect 1—red line, and 40 sam- ples along 

Transect 2—blue line in Fig. 1). Twenty soil sam- ples were taken randomly from the forest patch to identify 

the magnetic properties of the natural soil in the study area (yellow area in Fig. 1). Fifty-five samples were 

taken in the grid surveyed (a depth of 0–5 cm). In addition, 10 samples of dust were taken from the tree 

bark. Sampling was accompa- nied by field MS measurements (volume magnetic suscepti- bility, κ). Field κ 

measurements of soils were conducted with an PIMV-M portable MS meter (Geologorazvedka). The PIMV-

M, which is roughly analogous to the conventional Czech KT-5, has a measuring range of 1 × 10−5–1 SI 

units. The relative measurement error is: δ ≤ 10% in the range 10–5–10−4 SI. The device is based on the 

frequency method and is used for measuring magnetic susceptibility. Being a part of the low-frequency 

controller, the plane induction coil is the primary device located at the end of the working surface. The 

oscillator frequency is approximately 5 kHz.  



At the Environmental Magnetism Laboratory, Taras Shevchenko National University of Kyiv, we used the 

KLY (Agico, Chezh Republic) and MS2 (Bartington) to measure and then calculate mass-specific magnetic 

susceptibility (χ) and its frequency dependence (χfd) (185 samples of both soil and dust). The samples were 

analysed under natural condi- tions (without being dried immediately after sampling). Each sample was 

prepared and measured as recommended for the KLY and MS2, and mass-specific χ was then calculated.  

Ten samples were analyzed at the Geophysical Center of Dourbes, the Royal Meteorological Institute of 

Belgium. We used an MPMS3 (Quantum Design magnetometer) to measure hysteresis, the frequency 

dependence of MS, and remanent magnetization. The MPMS3 provides accurate measurement results in 

a temperature range of 1.8–400 K (− 271.35 to + 126.85 °C), field range ± 7 T, frequency range 0.1 Hz–1 

kHz. In addition, we used a Rotating Mag- netometer (Coercivity Meter) to obtain the isothermal mag- 

netization curves (hysteresis, backfield, remanence acqui- sition) and the KLY-4—to measure the high-

temperature dependence of MS. All of the hysteresis data obtained with the MPMS3 were also corrected 

for biasing remanences of the superconducting magnet resulting from flux trapping, prior to high-field slope 

correction.  

The third stage of the measurements was performed at the Geosciences Montpellier Laboratory, a shared 

research facility administered by the CNRS, University of Montpel- lier and the University of the French 

Antilles in France (10 samples, the same number as that analysed at the Dourbes Center). A cryogenic 

magnetometer 2G-760R (www.2gent erprises.com), equipped with a degausser system controller 2G-600 

and an anhysteretic remanent magnetizer 2G-615, was used to acquire and measure the anhysteretic 

remnant magnetization (ARM). Low-field susceptibility versus tem- perature curves (KT curves) wa 

performed at low and high temperatures with a CS-L cryostat apparatus and a CS-3 furnace under Argon 

atmosphere coupled to the KLY-3 Kap- pabridge instrument (Agico, Czech Republic, https://www. 

agico.com).  

Results  
The values of mass-specific χ of the topsoil in the study areas of Truskavets are distributed over a wide 

range—from 8 × 10–8 m3/kg to 162 × 10–8 m3/kg. The median and mean values for the measured 

magnetic parameters for each cat- egory of the samples are presented in Table 1.  

The MS of the reference natural phaeozems and gley- sols is χ = 8–10 × 10–8 m3/kg. The soils sampled 

along the first transect near the railway had χ = 29–162 × 10–8 m3/ kg. The MS values obtained for the soils 

collected along the second transect, impacted by the road traffic, were: χ = 36–155 × 10–8 m3/kg. To 

understand the spatial distribu- tion of MS, we performed a spatial analysis (blue square in Fig. 1) at the 

most highly urbanized point near the Stebnyk Ring. The results are presented in Fig. 2. The maximum val- 

ues of MS (χ = 95–155 × 10–8 m3/kg) were detected for the soil samples from within 0–8 m from the road. 

With increas- ing distance from the road, closer to the forest, MS decreases  

and at a distance of 20 m from the road χ=35–45×10–8 m3/ kg. These values are still high compared to the 

natural ref- erence soils but the trend is obvious. Unfortunately, we were not able to measure the frequency 



dependence of MS for non-polluted soils due to the small values of their low- field MS. For the polluted soils, 

however, we registered: χfd = 2–3%, a value that confirms the presence of pollutants.  

Data on the dust samples collected from the trees bark (sponges) supported the evidence obtained from 

our studies of the soil samples. The highest values of the volume MS (κ) were detected for the trees located 

at the hot spots of both the road traffic and railway: κ = 18–48 × 10–6 SI. Moreover, we registered slightly 

higher values for the samples taken near the railway compared to those from the transect running along the 

circular road (see Table 1).  

To analyze the sources of magnetic signal in polluted soils, we measured the temperature dependence of 

the low- field MS at high and low temperatures. The results of two heating and cooling cycles for the 

magnetic susceptibility of polluted samples are presented in Fig. 3a–b. The shape of the curve representing 

the first heating cycle (Fig. 3a) indicates the magnetite-like phase domination with a Curie temperature near 

580 °C. A peak at 500 °C suggests neo- formation of magnetite that may have resulted from trace sulphide 

oxidation. The presence of trace amounts of sul- phides is evidenced by a minor peak in the heating curve 

near 300 °C. Heating caused most of the magnetic mate- rial to transform into magnetite. This is confirmed 

by the second heating–cooling cycle (Fig. 3b) that indicates the dominance of a magnetite-like phase. The 

low-temperature measurement of MS (Fig. 3c) confirmed the Verwey transi- tion of magnetite near − 150 

°C (123.15 K), which is well visualized in our case.  

Results of our study into magnetization dependence at low temperatures and high magnetic fields are 

summarized in Fig. 4. The rock magnetic analyses were carried out with the MPMS3. Figure 4a presents an 

example of measuring remanent magnetization acquired in a field of 7 T (IRM7T) at room temperature during 

zero-field cooling (ZFC) and warming (ZFW). To reduce the magnetic viscosity effect associated with grains 

possibly present in the samples, they were cooled down one hour after magnetization. The IRM7T was then 

measured continuously at a cooling/heating rate of 5 K/min (1800 points per curve).  

Both ZFC and ZFW curves progress rather smoothly, making the distinction of magnetic phase transitions 

such as the Verwey or Morin transition difficult. Therefore, the 1st derivative of the difference ZFC- ZFW 

curve was calculated. Due to the enhancement of noise in the measured data, a 90 point moving average 

filter was applied (Fig. 4b).  

As is evident from Fig. 4a, cooling and warming curves split at around 90 K and the remanence after low-

temper- ature cycling is lower than that initially acquired. Despite the multiple peaks seen in Fig. 4a, b global 

maximum can be identified at 127 K, close to the Verwey transition and the isotropic point of magnetite, i.e. 

110–125 K and 130 K, respectively (Özdemir and Dunlop 1999).  

The results of measuring hysteresis parameters and study- ing remanence acquisition are given in Fig. 5. 

The hyster- esis measurements shown were made at 30 and at 300 K. The measured data were corrected 

for biasing remanences of the superconducting magnet (red curves in Fig. 5) prior to applying a high-field 

slope correction. For the latter cor- rection, the saturation method (Bertotti 1998; Fabian 2006) was 

implemented. Before high-field slope correction, the data show a linear increase between 1 and 7 T at room 

tem- perature, while at low temperature an asymptotic behaviour is observed. The high-field behaviour at 

room and at low temperatures indicates the presence of paramagnetic miner- als. A zoom into the low-field 



region reveals the occurrence of ferrimagnetic minerals with low coercivity, Hc and Hcr ranging typically 

around 10 and 30–40 mT, respectively, and Mrs/Ms being around 0.1.  

Discussion  
As regards a semi-urban environment, magnetic anoma- lies of soils are mostly associated with the traffic 

volume, which is considered to be a major factor determining the degree of particle emissions derived from 

vehicle traffic (Bućko et al. 2010). Using magnetic measurements and analysing the infrastructure of 

Truskavets, we identified two main sources of soil and air pollution—road traffic and the railway. Magnetic 

data can be used as preliminary information about soil and air pollution when geochemical data is not 

available. The background for such an assump- tion is considered in Petrovský et al. (2013). Particulate 

matter containing heavy metals that have a detrimental effect on the environment has been known to 

accumulate in the soil and on the trees bark near road and railway lines. Figure 6 presents the Day plot 

parameters for the polluted soil from Truskavets. Our results are in agreement with those obtained by Bućko 

et al. (2010), who concluded that the magnetic parameters of hysteresis, isothermal rema- nence 

magnetization acquisition curves and thermomag- netic data indicate coarse-grained (pseudo-single-

domain/ multi-domain) magnetite as the primary magnetic phase. Moreover, there have been reports on a 

positive correla- tion between magnetic susceptibility and other magnetic parameters (Morton-Bermea et 

al. 2009; Yang et al. 2012a, b), which is important for further investigation.  

As has been mentioned above, the Curie temperature near 580 °C in the heating run shows that the 

predominant mag- netic phase should be magnetite-like phase. This suggestion was confirmed by the 

Verwey transition of magnetite near − 150 °C. However, it is more difficult to interpret a minor peak in the 

heating curve near 300 °C. Although there is a possibility of sulphides being present, it might also point to 

a small number of single domain (SD) magnetic particles (Yang et al. 2012a, b). Stable SD particles could 

account for a pedogenic (natural soil) contribution to the total magnetic signal in the soil.  

The Sratio (Maxbauer et al. 2016) close to 1 for both the soil and dust samples suggests the predominance 

of low coercivity magnetite in the polluted samples, as opposed to the natural soils and dust from the sites 

that are not affected by road traffic or railway pollution. At the same time, the values 0.75, 0.79, and 0.80 

provide evidence of the contribu- tion of pedogenic high-coercivity minerals to the polluted soil. The natural 

gleysols and phaeozems from the forest show a lower Sratio, which indicates the predominance of high 

coercivity minerals such as haematite and goethite (Robertson et al. 2003).  

The natural soil of the study area is weakly magnetic (Menshov and Sukhorada 2012) compared to other 

types of soils that have been investigated in Ukraine (Menshov et al. 2018). Nevertheless, determining 

reference values is essential to improving the interpretation of data on soil pollution. Results obtained by 

Fialová et al. (2006) suggest that lithology has a major effect on soil magnetic proper- ties. However, in 

cases of anthropogenic impact, man-made sources of pollution should be discriminated from lithogenic and 

pedogenic magnetic phases. The frequency dependence of magnetic susceptibility χfd data may be used 

to depict the relative concentration of the superparamagnetic (SP) grains (Dearing et al. 1996). Low χfd 



values identified in the Truskavets topsoil near the main roadway and railway are indicative of predominant 

multidomain (MD) magnetic grain size assemblages with the χfd ~ 2%.  

Thermomagnetic studies of magnetization show that sam- ples from the sites with the effect of combined 

road traffic and railway pollution consist mainly of MD magnetite, the steepest slopes occurring in the range 

of the Verwey transi- tion and IRM7T being lower after cycling through the iso- tropic point of magnetite. 

The latter phenomenon is related to the unpinning of loosely pinned domain walls (Özdemir and Dunlop 

1999). The fact that no abrupt change in rema- nence is seen around the isotropic point may be explained 

by the oxidation degree, i.e. the samples containing maghae- mite. Evidence of other magnetic phases (e.g. 

haematite) is hindered by the noise in the data.  

The hysteresis values (see Fig. 5) are in agreement with the low-temperature remanence measurement 

(see Fig. 4) indicating the presence of larger, i.e. pseudo-single domain (PSD) or multidomain grains.  

Conclusions  
We registered gleysols and phaeozems (both slightly mag- netic in the Carpathian Foredeep of Ukraine) as 

the pre- dominant natural non-polluted soils in Truskavets with the MS of up to 8–10 × 10–8 m3/kg, which 

is a very low value for the Ukraine soils. In contrast, the polluted soils collected from the sampling sites and 

under areal research near the roadway and railway showed a much higher MS: χ = 36–162 × 10–8 m3/kg. 

The presence of pollutants in the soil samples was confirmed by the frequency dependence of magnetic 

susceptibility with values of χfd ~ 2%.  

The magnetic mineralogical analyses such as thermomag- netic studies, hysteresis and remanence 

acquisition, and Sratio identified the magnetite-like phase as the main magnetic mineral responsible for the 

magnetic enhancement found in the polluted soils. Non-polluted soils, however, may contain a small number 

of SD particles and high coercivity minerals such as haematite and goethite. The obtained results sup- port 

the evidence presented by other researchers and suggest that magnetic parameters should be taken into 

account when tracing air and soil pollution, which poses a serious threat to human health. Thus, we strongly 

believe that magnetic analysis is a highly effective method that could contribute to the routine pollution 

monitoring and assessment schemes.  
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Figure 1 : 

 

Fig. 1 Site overview: 1—study area in Truskavets, red line—Transect 1 along railway, blue line—Transect 2 along roadway, blue 

square— area of spatial MS investigation, yellow area—study site in forest; 2—Truskavets district in Lviv region, red point—study site; 

3— Truskavets district in Ukraine, red point—study site  

 

  



Figure 2 : 
 

 

 

Fig. 2 Spatial distribution of mass specific magnetic sus- ceptibility of polluted roadside topsoil in the semi-urban area of Truskavets 

(blue square in the southern part of study area in Fig. 1)  

  



Figure 3 : 
 

 

 

 

 

 

Fig.3 Temperature dependence of magnetic susceptibility of the Tp-2b sample of soil affected by both road traffic and railway pollu- 

tion: a the first heating–cooling cycle, b the second heating–cooling cycle. Red lines—heating curves, blue lines—cooling curves. c 

low- temperature measurement  

 

  



Figure 4 : 
 

 

Fig.4 Low-temperature dependence of magnetization of the Tp-2b sample of soil affected by both road traffic and railway pollution: a 

red line—heating curves (ZFW), blue line (ZFC)—cooling curves; b the 1st derivative of the difference ZFC- ZFW  

  



Figure 5 : 
 

 

 

Fig. 5 Hysteresis loops of the Tp-2b sample of soil affected by both road traffic and railway pollution: a hysteresis at 30 K; b hysteresis 

at 300 K. Red and blue curves refer to raw data and the high-field slope corrected data, respectively  

  



Figure 6 : 
 

 

 

 

 

 

Fig. 6 Day plot (Day et al. 1977) for the samples of polluted soil from Truskavets: SD single-domain particles, PSD pseudo- single-

domain particles, MD multidomain particles  
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