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The paper addresses the issue of health risk associated with the presence of chrysotile in the soil
type ranker formed on massive serpentines occurring in the area of Bubanj Potok, a settlement
located in the southern Belgrade environs, Serbia. Characterization of the ranker soil was con-
ducted by scanning electron microscopy, X-ray diffraction, micro-Raman spectroscopy and
transmission 57Fe Mossbauer spectroscopy. Scanning electron microscopy figures showed reg-
ular shaped smectite (montmorillonite) particles, aggregates of chlorite, and elongated sheets
of serpentines minerals antigorite. X-ray diffraction analysis confirmed the presence of detrital
mineral quartz polymorph as well as minor amounts of other mineral species. Micro-Raman
spectroscopy identified the presence of dominant minerals, such as montmorillonite, kaolinite,
muscovite, gypsum, calcite, albite, amphiboles (hornblende/kaersutite) and orthoclase. Impor-
tant polymorph silica modifications of quartz, olivine (forsterite), pyroxene (ensta-
tite/ferrosilite, diopside/hedenbergite), and serpentine (antigorite/lizardite/chrysotile) were
identified.
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INTRODUCTION

One of the most widely distributed groups of sili-
ceousrocksinthehilly and mountainousareasof Serbia
consists of serpentinised peridotite rocks. The qudita-
tive and quantitative determination of various serpen-
tine minerals present within massive serpentinites is
rather difficult because of their similar structures and
chemical compositions [1]. Besides the geodynamical
and petrological significance of the precise identifica-
tion of these minerals, thereisahealth risk issue associ-
ated with the presence of chrysotile or heavy metals. In
order toidentify thethree principal mineral polymorphs
of the serpentine group, i. e, chrysotile, lizardite and
antigorite, micro-Raman and >"Fe M dsshavier spectros-
copy were gppliedintheanalysisof themassive serpen-
tines occuring in the Bubanj Potok area, located near
Belgrade, Serbia

Micro-Raman spectroscopy is a non-destruc-
tive, rapid technique with no sample preparation, and
has the advantage of high spectral resolution and easy
data collection in identification of minerals and other

* Corresponding author; e-mail: valiva@vin.bg.ac.rs

species [2, 3]. 5Fe Mosshauer spectroscopy has
proved to be a valuable technique in providing infor-
mation about the characterization of iron mineralsin
soil and clays[4]. 5"Fe M éssbauer characterization re-
sultsin the detection of theiron site geometry, valence
state, and co-ordination number, and also providesa
guantitative estimate of the iron content of unknown
species in a sample. Measured quantities such as the
isomer shift (6), the electric quadrupole splitting (QS)
and the hyperfine magnetic field (B), can be used to
distinguish between oxidation states of ironin various
structural sites and to detect iron oxides of different
particle sizes in the investigated sample. The relative
amount of each structura state or phase can be ob-
tained with this technique [5, 6].

MATERIALSAND METHODS

The studied site is located in the vicinity of Bel-
gradein Serbia (20°33'36" Eastern longitude, 44°4330"
Northern latitude, figs. 1 and 2). The soil type ranker
formed on serpentinite was investigated. Soil samples
were collected from nine small-depth profiles, and asin-
gle composite sample of A, soil horizon was formed.
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Figure 2. Terrain model — Topographic map with the
locationsof ninesoil profilesof thestudied Bubanj Potok
sail, ranker type

Scanning electron microscopy (SEM) was done
by JEOL Model JISM—6390LV at an accelerated volt-
age of 15 kV and 20 kV. The specimens were coated
withathinlayer of gold (Au) using aBal-Tec SCD005
Sputter Coater.

A powder X-ray diffraction (XRD) pattern wasob-
tained on the Philips PWW1710 powder diffractometer
with  monochromatic  (graphite  monochromator)
CuKa, , radiation (A = 154178 A"). The working volt-
age and current in the course of data collection were 40
kV and 30 mA, inside4-70° 20 rangein steps 0.03°, and
scanning time of 2s per step. Theidentification of miner-
asintota soil and clay fraction of soil was made using
the computer program package DRX Win 1.4c.

"1A=10"m

The Raman scattering measurements were per-
formed using TriVista 557 Raman system in backscat-
tering micro-Raman configuration. The syssemwasin
subtractive mode with 900 g/mm, 900 g/mm, and
2400 g/mm gratings and 200 um dlits. The 514.5 nm
line of an Ar*/Kr* mixed gas |aser was used as an exci-
tation source. Thelaser beam focusing was achieved by
along distance microscope obj ective (magnification 50
times). Laser power on the sample was about 1 mW.

5"Fe MoOssbauer absorption spectra were ob-
tained in a standard transmission geometry using a
source of ’Coin Rh (920 MBq) at room temperature.
The spectrometer was operated with a triangular ve-
locity waveform in constant acceleration mode. The
measurements were made on a powder sample con-
tained in aplexiglas holder; the surface density of the
absorber was 16.7 mg/cn?. The data were stored in
1024 multichannel analyzer. The laser spectrum was
recorded and fitted in order to recalculate channelsin
mm/s. The sample thickness corrections were carried
out by transmission integral. All quoted isomer shifts
(6) are referred to natural alphairon at ambient tem-
perature. The spectra were fitted using the
WinNormosprogram created by Brand (2008), using a
|east squares method [7].

RESULTS AND DISCUSSION

SEM invegtigation of the Bubanj Potok soil
clearly showed the regular-shaped smectite (montmo-
rillonite) particles and aggregates of chlorite, well de-
veloped, with different grain sizes(figs. 3and 4). These
aggregates have small deformations on the borders of
grainsand do not have regular hexagon surfaces. Elon-
gated sheetsof lizardite mixed with antigoritewerealso
observed (fig. 4).

Results of semiquantitative XRD analysis of the
investigated ranker soil provided limited information on
the presence of the following crystal phases: the domi-

Figure 3. SEM micrograph at magnification 700 of the
Bubanj Potok soil sample. Larger single particles
indicate smectite phase. Smaller aggregates of particles
represent chlorite phase. Marker 20 um
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Figure 4. SEM micrograph at magnification 1800 of the
Bubanj Potok soil sample. Clay fraction with elongated
sheets of lizardite mixed with antigorite. Marker 10 um

nant detrital mineral quartz polymorph 41%, wasidenti-
fied, along with numerous fractions of minerals in the
s0il and five oxidesup to 59% (fig. 5). Thefollowing mi-
nor fractions of minerals were present in the soil:
intergratifications of chlorite-vermikulite-montmorillo-
nite, chlorite-vermikulite, amphibole (hornblende), talc,
muskovite, serpentine-lizardite, quartz polymorph,
orthoclase, kaolinite, pyroxenes (enstatite, ferrosilite, di-
opside and hedenbergite), abite, ha oysite and montmo-

Q

M

Intensity [a. u.]

Ch-V-M
Ab-Or-Af-Mus

C Ab-Es-Af

Figure 5. XRD pattern of the Bubanj Potok ranker soil.
Present mechanical fractions of minerals in the soil:
interstratifications of chlorite-vermikulite-montmoril-
lonite (Ch-V-M), chlorite-ver mikulite (Ch-V), amphi-
bole (hornblende) (Af), talc (Tc), muskovite (Mus),
serpentine-lizardite (Liz), quartz polymorph (Q),
orthoclase (Or), and kaolinite (K); pyroxene (enstatite,
ferrosilite, diopside, and hedenber gite) (Es), albite (Ab),
haloysite (Ha), and montmorillonite (M)

rillonite. To assessthe productive capacity of the studied
ranker soil, the percentage of the five oxides containing
Si, Al, Fe, Ca, and Mg were determined by atomic ab-
sorption spectrometer (AAS-4000 Perkin-Elmer). Ac-
tive acidity of the soil, pH in H,O (1:2.5), was obtained
potentiometrically with a pH meter (tab. 1).

Raman spectrum of the Bubanj Potok soil is pre-
sented infig. 6. Raman measurementswere donein the
range 200-1060 cmt. Extraction of the data has been
performed using aLorentzian lineshape. Themost in-
tense peaks are centered at 465 cm™* (P8), 602 cmt
(P10), and 875 cm™* (P16), whereas groups of lessin-
tense peaks arefound in the ranges 208-440 cmi™t, 520-
680 cm™, and 760-970 cmr ™.,

The SIO, quartz polymorph is characterized by
peaksat 354 cm (P6), 428 cmt (P7), 465 cm! (P8),
813 cm* (P13), and 836 cm™* (P14), [8-10].

The smectite montmorillonite, was characterized
with following pesks: 257 cmt (P2), 295 cmit (P3),
875 cm* (P16), and 916 cm™ (P18), [11]. Raman
modesof the end-member Mg-Fe-Capyroxenesconsist
of enstatite: 543 cm™ (P9) and 857 cmit (P15),
ferrosilite: 654 cm~t (P12), diopside: 255 cm* and hed-
enbergite: 234 cm?, [12, 13]. Other minerals present
aregypsum (CaSO, x 2H,0): 616 cm™ [14], calcite
(CaCOg): 890 cmt (P17) [14], kaolinite: 335 cmrt
(P5), and 918 cmit (P18) [15, 16], albite: 335 cmi™t (P5)
and 815 cmt (P13) [14, 17], mixture of pyroxene and
forsterite: 602 cm™! (P10) [14], muscovite: 316 cm™*
(P4), [18] silicate amphibole (hornblende): 917 cm?t
(P18) [19] and orthoclase; 813 et (P13) [17].

Intensity [a. u.]

P10

200 ' 400 600 " 800 " 1000
Wavenumber [cm™']
Figure 6. Raman spectrum of the Bubanj Potok soil

ranker type. Thelabeled peaksareexplained inthemain
text

Table 1. Average propertiesof investigated Bubanj Potok soil, typeranker: chemical composition [%], heat loss[%], and

active acidity of the soil, pH inH,0

Holondeplh | sio, (6] | ALOs[%] | FeOal%] | CeO[%] | Mgo[w] ST pHink0
A, (0-20) | 46.00(4.33) | 567(161) | 20.60(4.39) | 0.84(0.25) | 7.80(161) | 2020(2.89) | 6.27(0.06)
(Range) | (41.79-52.21) | (4.12-829) | (165272) | (0.48-1.11) | (59810.1) | (154-241) | (6.2-6.36)
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The assignment of the Raman peak at 234 e
(P1) needs a more careful consideration. The three
principal mineral polymorphs of the serpentine group
are chrysotile, lizardite and antigorite [20]. Previous
experimental results determining the Raman peak
within the range of 230-236 cmi™! (P1) suggest that
thesethreeserpentinemineralsarepresent[2, 14, 21].

The presence of health-risk chrysotile was in-
vestigated by taking the 5"Fe Mdssbauer absorption
spectrum at 294 K of the Bubanj Potok soail (fig. 7).
The spectrum consists of one Zeeman sextet and four
paramagnetic doublets. The sextet corresponds to the
y-Fe,0,, maghemite, inwhich Fe** isin octahedral po-
sition.

Relative transmission

2%

LA LA LA I LA L NN LR RNNLEN RN LA R
-6 4 -2 0 2 4 6 8 10 12

Velocity [mms_w]

Figure 7. "Fe M 6sshauer absor ption spectrum at 294 K
of the Bubanj Potok soil ranker type

For the investigated sample, 5"Fe MOssbauer
dataindicate the presence of octahedral Fe?*, octahe-
dral Fe** and tetrahedral Fe3* (11.2%, 47%, and

14.9% of total iron, respectively) in the present mixed
serpentine phases and the presence of octahedral Fe3*
(22.2%) in maghemite. Thefourth unresolved doubl et
—FWHM =0.6(3) mms™ — is presented with 4.7%.
The relative contents of the iron containing compo-
nents were derived from the intensity of the corre-
sponding spectral components omitting the possible
influence of the Lamb-M 6ssbauer factor.

The magnetic phase is observed only in
maghemite (tab. 2). The magnetic microstructure of
maghemite (y-Fe,O) is characterized with isomer
shift of 0.33(2) mms?, themagnitude of 50.1(2) T and
negligible quadrupole shift that arein excellent agree-
ment with previously reported data[22, 23]. Thethree
named doubl ets have originein serpentine phases [ 24,
20]. Their Mdsshauer parameters areunder theinflu-
ence of presented pyroxenes and amphiboles which
are much higher in Fe. The fourth unresolved doublet,
characterised withs =0.8 mms ™, and QS=1.3mms™,
appeared asthe consequence of undistinguished octa
hedral positions of Fe?* and Fe** in pyroxene heden-
bergite and amphibol e kaersutite [25].

The results of the least squares fit of microcom-
posites are summarized in tab. 2; the values of isomer
shift (5), quadrupole splitting (A = eQV,/2), hyperfine
internal magnetic field (B,;) and area of each compo-
nent, are reported.

As we have previously shown, the anaysis of
Bubanj potok soil revealed five oxideswith Si, Al, Fe,
Ca, and Mg and 18 minerals. quartz, gypsum, calcite,
agregatesof chlorite, antigorite, lizardite, montmorillo-
nite, muscovite, kaolinite, abite, forsterite, amphibole
(hornblende), orthoclase, four modes of pyroxene (en-
stetite, ferrosilite, diopside, hedenbergite), including
maghemite from analysis of Mdsshauer data. The pres-
ent study indi catesthat the Bubanj Potok soil isvery en-
riched in silica, with a rough estimation of 41%. The
presence of hedthrisk related to chrysotilemineral in
the Bubanj Potok soil ranker type, was successfuly ex-
cluded during the M éssbauer analysis.
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Table 2. Selected fit of the *Fe-M ésshauer parametersfor naturally-occuring Fe** and Fe** oxidesin the Bubanj Potok
soil. Site occupancies are marked with (T) for tetrahedral siteand (M) for octahedral site

Compound 5 [mms™] QS[mms™] B (T) FWHM [mms™] A
M 1.134 + 0.006 2.68+ 0.01 0.24+0.02 0.112 + 0.013
Serpentines T 0.30 + 0.02 0.27 + 0.03 0.28 + 0.07 0.149 + 0.052
M 0.355 + 0.007 0.66 + 0.02 0.40 + 0.03 0.470 + 0.076
y-F&;03 _ 0.33+0.02 0.06 + 0.05 50.1+0.2 0.58+ 0.08 0.222 + 0.046
Kaersutite/Hedenbergite | M 0.8+0.2 13+0.3 0.6+0.3 0.047 + 0.022
" Relative ration of areas M — octahedral site T — tetrahedral site
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boxupap 'b. HEKWUh, Banentun H. UBAHOBCKMW, Anekcannap BOPHEBU,
Beanvup AJTIEKCUR, 3opuna TOMUR, Credpan BOTTAHOBUR, Ana b. YMUKREBUh

MHUHEPAJTHA KAPAKTEPU3AILIMJA PAHKEPA ®OPMHUPAHOTI HA
CEPIIEHTUHUMTY U3 OBJACTU BYBAB IIOTOKA JY2XKHO O BEOI'PAJA

Paj ce 6aBu muTameM 3IPaBCTBEHOT PU3UKA MOBE3aHOT Ca IPUCYCTBOM XPU30THIIA Y PAHKEPY
(Tun 3emibnnITa) (OPMUPAHOM Ha MACHBHOM CEpPIIEHTUHUTY Y o6nact By6aw [ToToka, Hacelby Koje ce
Hama3m y jyxkHoj okommHm beorpasma. Kapakrepmszanmja paHkepa je u3BpIIEHAa CKeHupajyhom
€JIEKTPOHCKOM MHKPOCKOIINjOM, PEHATCHCKOM AM(PaKIIjoM TIpaxa, MUKpo-PamMaH CieKTpOCKONMjOoM U
TpaHcMuciOoHOM °'Fe Mecbayep crnektpockonujom. Cinuke 00HMjeHe CKeHHMpajyhuM eJeKTPOHCKHM
MHUKPOCKOIIOM NTOKAa3yjy YeCTHUIle CMEKTHUTA PETyJapHOr 00JInKa MOHTMOPHOHHTA, arperaTa XJIopuTa 1
U3AYyKCHE JIMCTOBE CEPIICHTHHCKOT MHMHEpala aHTUropurta. PeHareHcka pmumdpakmuoHa aHaIW3a
MOTBPAWJIA je MPHCYCTBO JIETPUTAT MUHEpalla KBapIHOT IOJIMMOp(a Kao W Mame KOIWIWHE APYTUX
MUHEpalHUX Bpcra. Mukpo-PamaH crmekTpockonuja HACHTU(MHUKOBATA je MPUCYCTBO JIOMUHAHTHUX
MUHEpaja, Kao IITO Cy MOHTMOPHMOHUT M KAOJMHUT, MYCKOBUT, FHUIIC, KajlUT, ajn0uT, amgpuoon
(kaepcyTuT/XOpHONEHIa) W OpTOKIac. BaxkHu momumopdu cuimka mMofudpuKalmje KBapiia, OJMBAHA
(cbopcrepur), mupokceHa (€HCTATHT, (PEPOCUIAT, XEEHOCPTUT, TUOICH]), W CEPIIEHTHHA (AaHTHTOPUT,
JU3apIUT, XPU3OTII) Cy OUIN UEHTU(DUKOBAHH.

Kwyune peuu: pankep, cepileniiunuit, xpusoitiua, Mecbayeposa cilexiipockoiiuja, mukpo-Paman
cileKipocxkouuja




