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Abstract. This study aims to determine the elemental composition and the
morphological structure of salt lake sediments collected from the Romanian Plain, in
order to characterize their origin and evolution. Sediment cores were collected from
Movila Miresii Lake in August 2017. Volumetric sampling was continuously performed
for the composite profiles with 1 cm resolution. The qualitatively and quantitatively
determination elements distribution on the surface of samples and chemical composition,
as well as the surface morphology of sediments was performed by Scanning Electron
Microscopy coupled with Energy Dispersive Spectroscopy. The geochemical properties
of sediments were achieved by Attenuated Total Reflectance — Fourier Transform
Infrared Spectroscopy, which well-provide information on a wide range of organic and
minerogenic components, (€.g., carbohydrates, humic substances, silicates and carbonates).
This information is of particular interest for paleolimnological studies because lake
sediments are commonly composed of a mixture of various organic and minerogenic
compounds originating from the fossilization of tissues and skeletons of aquatic
organisms and from the erosion of lake soils. Analysis for a suite of metals rather than
just target anthropogenic metals (e.g., Pb, Cu, Zn, Mn, Cd, Fe, Cr, Al and Ni) was
accomplished using Inductively Coupled Plasma Mass Spectrometry. High content of
several elements including Fe, Ni, Cr, Al and Zn in sediment samples was correlated
with their sources. In further studies, it is possible to be identified situations that are or
not priori favorable for tracing of these elements using the isotopic approach.
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1. INTRODUCTION

The chemistry of lake sediments represent a lot of data arising from the soil
geology [1], weathering [2], erosional processes and anthropogenic sources [2, 3], as
well. The main chemical process that occurs in lake sediments is chemical degradation
of silicate and carbonate minerals [4, 5]. This degradation is a consequence by
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different physical or/and chemical processes, such as dissolution, dissociation,
hydrolysis, oxidation and reduction, thus resulting a lot of ions and clay minerals
[4-6]. Concerning the chemical composition and origin of the salt lakes from
Romanian Plain, there are several hypotheses, such as: remnants of the Pliocene
Lake [3]; water supply from underground source [6, 7] arising from Carpathian
area; water supply from underground, where through capillarity are involved
different salts from clays structure [8—10]. The level a large number of organic and
inorganic compounds in lake sediments reflects the occurrence and richness of the
metals in rocks [8, 11] of their catchment areas and anthropogenic inputs [12—15].
In this research, Movila Miresii Lake was chosen for geochemical investigation.
This lake is situated in endorheic region in which the underground supply intake is the
main component in the hydrological balance and evaporation. Movila Miresii Lake is a
loess saucer lake with a mineralization grade which remarkably varied over the
years (€.9. 138 g/L in 1933 to 300 g/L in 1960, then dropped to 76.5 g/L in 1970
and currently an average value of 150 g/L). This salt lake has a surface of 2.52 km’,
maximum depth is 10 m and 11 km® catchment area, with a predominant underground
water supply. The lake accurately reflects the climatic conditions with a strong aridity
character of Romanian Plain [16, 17]. The flora of the lake is represented by plants
with simple organization, such as bacteria, cyanophyceae, diatoms, that support the
high salinity. Morphology and chemical composition of sediments is strongly
influenced by source area composition, transportation and depositional weathering.
A point of start to establish the Movila Miresii Lake origin, is complex investigation
of sediments with was performed using several complementary analytical techniques,
such as: Scanning Electron Microscopy coupled with Energy Dispersive Spectroscopy
(SEM-EDS), Attenuated Total Reflectance — Fourier Transform Infrared Spectroscopy
(ATR-FTIR), and Inductively Coupled Plasma Mass Soectrometry (ICP-MS).

2. MATERIALS AND METHODS

2.1. SAMPLING AND SAMPLE PREPARATION

Sediment cores were collected from Lake Movila Miresii in August 2017.
The sediments were collected from shallow depths of water, 1 to 3 m by means of a
floating platform, using a piston corer with an acrylic core tube (56 mm diameter).
The sediment samples were sectioned into 1 cm slices after sampling, and then were
stored at —18°C in a freezer. After a specific preparation, a subset of 100 portioned
samples (i.€. 1 cm intervals) from coded core lake (e.g. LMM 001-LMM 100) was
analyzed by SEM-EDS, ATR-FTIR, and ICP-MS techniques.

The amount of sample sediment needed for FTIR and SED-EDS is small
(0.01 g). For both measurements minimal preparation of sediments samples was
required. For ICP-MS, samples digestion (i.e. 0.25 g of dry sediment) were achieved
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by using the acid mixture HNO;:HCIl in a TOPwave digester (Analytic Jena,
Germany). After digestion the samples were brought to 50 mL with distilled deionized
water (Milli-Q Water System Millipore, USA) and then analyzed. All chemical
reagents were of analytical grade.

| T T —

Fig. 1 — Representative images of sediment samples collected from Movila Miresii Lake
before to be portioned.

2.2. ANALYTICAL TECHNIQUES

The morphological characterization of sediment samples were investigated
using scanning electron microscope (SEM) SU-70 by Hitachi. This is a Field
Emission (FE-SEM) device, which operates under high vacuum (10 Pa), with
high resolution (1 nm at 15 kV acceleration voltages). SEM investigations were
performed under 10 kV accelerating voltage and 8—17 mm working distance range.
The area investigated with SEM for morphology, was also analyzed by Energy
Dispersion Spectroscopy (EDS) in order to determine the specific elements. X-rays
released from the surface of the sample (with a unique energy signature) are
detected by the EDS and gives the elemental composition (wt. %).

Molecular identification of chemical functional groups of inorganic and
organic compounds in soil sample was performed by FTIR using Vertex 80v
spectrometer (Bruker, Germany), equipped with ATR diamond crystal, which
adsorbs infrared radiation in range of 600-8000 cm . ATR-FTIR spectroscopy has
limited applications in quantitative researches of inorganic groups of solid samples,
such as: pottery [18], particles [19], sediments [20-23] or rocks [24, 25], since it
has a penetration depth of just few microns, but for qualitative investigation could
be a suitable technique.

The analysis and quantification of trace elements, including Pb, Cu, Zn, Mn,
Cd, Fe, Cr, Al and Ni, in liquid mineralized samples were performed by ICP-MS
using iICAP™ Qc device (Thermo Fisher Scientific, USA). The quantification of
this technique was performed by a standard curve procedure. Metals calibration
curves showed good linearity over the concentration range (0.1 to 10.0 mg/L), with
R? correlation coefficients in the range of 0.991 to 0.999. The analytical curves for
each analyzed elements were prepared using a stock standard solutions (Merck).
The measurements were performed in triplicate in the standard mode (STD), using
the Qtegra Intelligent Scientific Data Solution. The LODs of analyzed elements
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were established using the calibration data. Two standard reference material for
soil (i.e. NIST SRM 2710a: Montana Soil and SRM 2702: Inorganics in Marine
Sediment) were used to verify the accuracy and traceability of the method. The
relative standard deviation was determined, as well and the obtained values were
less than 10%. The data were expressed as mg/g dried weight (d.w.) material.

3. RESULTS AND DISCUSSION

A lot of information could be extracted from morphological [26, 27] and
physico-chemical [20-25, 28] characterization of sediments. The shape, orientation
and mineral composition are relevant for describing the place, the medium and the
liquid in which were found. By the size of a particle it can be indicated the fluid and
the flow velocity, also, by mineral composition investigations are highlighted the
distance displacement from the source and the source itself. More, the orientation of
a sediment particle reveals the flow direction and, explains the in Situ state at
deposition. From the shape of particle, three aspects could be identified: the
displacement intensity, the fluid medium and the displacement distance. Considering
the sediments morphology, the displacements and the settlements are pretty much
influenced. This aspect will also affect the adsorption process of sediments. If no
adjacent rivers or underground waters are feeding the lake, the adsorption is taking
place only on vertically and represents a slowly, continuous, and long-lasting process
[29]. In Figure 2 are shown the secondary electrons images obtained by SEM
technique. In the case of both samples (i.e. LMM 0-001 and LMM 099-100), the
particles have sharp corners which mean that the source of sediments dislocation is
not far from in-lake collecting point or these particles come directly from the
atmospheric depositions.

Fig. 2 — SEM images of sediment samples from Movila Miresii Lake:
a) — uppermost 0—1 cm depth; b) — lowermost 99-100 cm depth.
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EDS technique provides data about the chemical composition of the sample,
as well as additional data about the features that are observed in the SEM images
(Figure 2). The X-ray spectra (Figure 3) and element distribution maps (Figure 4)
of sediment samples collected from Movila Miresii Lake (e.g. 0—1 cm and 99-100
cm depths) shown the presence of a series of elements, such as Si, Al, Mn, Fe, Ti,
0O, Ca, Mg, Na, Cl, Cr, K, S, and P, with a high concentration for Si, Al, Mn, Fe,
and Ti in all analyzed samples (e.g. LMMO001-LMM100).

Fig. 3 — X-ray spectra of sediment samples from Movila Miresii Lake:
a) uppermost 0—1 cm depth; b) lowermost 99—100 cm depth.

Also, different concentrations of Mg, Na, Cr, Cl, S, and P in sediment
samples lead to hypothesis that the signature from the point of view sediment
chemistry is highlighted by these elements. Thus, in the case of lowermost
sediment samples (LMM099 — LMM100) collected from Movila Miresii Lake,
a rich-calcium section was observed, which indicates a layer with predominantly
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alkaline-calcareous composition. The presence of calcium carbonate as well as
magnesium carbonate (i.e. CO;” group) is also sustained by ATR-FTIR assays.
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Fig. 4 — Elemental distribution maps obtained by SEM-EDS measurements of sediment samples
from Movila Miresii Lake: a) uppermost 0—1 cm depth; b) lowermost 99—100 cm depth.

On the other hand, Na-rich sections in the uppermost samples (i.e. LMMO001
to LMM10) indicated a higher salinity due to the presence of NaCl. Silicates
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present in sediment samples characterize ultra-base geological materials, as well.
The only exception of this investigation is Cr, for which there has been an increase
in concentrations from uppermost to lowermost depths (i.e. LMMO001 to LMM100),
as would be expected due to anthropogenic pollution as well as due to climate
change conditions (Figures 3 and 4). The presence of sulphur on the distribution
map clearly indicates the presence of an undesirable iron or manganese sulphate in
the sediments, but which is explicable to the structure and color of samples from
the moment of portioning.

FTIR spectra of sediment samples generally show the highest signals in the
1000 cm ' and 1448 cm' regions for the all analyzed sediments (i.€. from uppermost,
0-1 cm to lowermost 99-100 cm depth, Figure 5, blue line and red line, for
representative samples, LMMO001 and LMM100, respectively). The signals from
1448 cm' region as well as the signals from 718, 727, 878, and 1698 cm ' (Figure 5)
can be attributed to CO vibrations of calcite [25, 28]. The region 1001 cm ' shows
highest absorbance for sediments collected as uppermost, 0—1 c¢m, and lowermost
99—-100 cm depth, respectively. This spectral regions, as well as signals from 779
and 797 cm™' and between 368 and 692 cm ' are related to SiO vibrations mainly
from different minerals [24, 25]. The signal from 3619 cm ', visible much better in
the lowermost 99—100 cm (Figure 5) is attributed to the CH and OH vibrations and
shows the absorbance in samples with low carbonate content and correspondingly
high amounts of silicate minerals [28].
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Fig. 5 — FTIR spectra of sediment sample from Movila Miresii Lake:
uppermost (blue line); lowermost (red line) (Color online).
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Substances identified following EDS and FTIR analyses are: silicic acid,
carbonic acid, calcium carbonate, magnesium carbonate, sodium chloride, magnesium
sulphate, sodium sulfate, calcium sulphate, iron sulphate, manganese sulphide,
potassium chloride, magnesium chloride, titanium dioxide, aluminosilicates, free
sulfur and organic substances (humic acids).

Complementary with SEM-EDS, the quantification of elements including Pb,
Ni, Zn, Cd, Fe, Al, Cu, and Mn, was performed by ICP-MS and results are
presented in Table 1. High content of several elements including Cu, Fe and Zn in
sediment was correlated with their sources. In this research, the mean clay
composition in lake sediments proposed by Turekian and Wedepohl [30] were used
due to the presence of carbonate and argillaceous sediments are mainly in collected
samples. The heavy metals levels (i.e. Ni, Cr, Zn, and Pb) in isolated sediment
samples from Movila Miresii Lake were moderate and this aspect indicates some
anthropogenic pollution over the time.

The calculated geoaccumulation index (lg,) for quantification of metal
accumulation in sediments [31, 32] is given by equation (1):

log, G,

=98 1
® 15-B )

where C, is the measured concentration of the metals (n) in sediment; B, is the
concentration in average shale [28] of element n. The factor 1.5 was introduced to
include possible variations of the background values due to lithogenic effects [28].

The calculated |4, values suggest that sediments are low-moderate contaminated
with Zn, Cr and Pb, as well as with Ni. According to the Muller scale [23], the
sediments collected from Movila Miresii Lake were found to be in class 1
(uncontaminated to moderately contaminated). The |y, values of Cd fall to zero
class with no pollution effects. On the mean values of L, sediments were observed
an enrichment of metals in the following order: Cd < Mn < Cu < Ni < Pb < Zn < Cr.
The presence of Cr, Zn, Pb and Ni in sediment samples may have been due to the
different anthropogenic activities over the years.

For Al, Fe, Ni, Cr, and Zn, the concentrations in the sediments of Movila
Miresii Lake (Figure 6) are higher than the ones for the soils, but similar to those
found in lake sediments around of Romanian Plain [6, 33—-36]. For Mn, Cd, Pb,
and Cu, concentrations are within the range found for soils according with
Romanian legislation and other researches [37—41]. Data on Si and Ti concentrations
(Figures 3 and 4) in sediment samples are similar to those presented by Radulescu
etal. [6,41].

Starting from ICP-MS data, the inter-element correlation graphs for the
collected sediment samples were drawn. Figure 7 shows that the concentrations of
Zn, Pb and Cd are not significantly different, considering the concentration ranges
(Table 1).
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The geochemical behaviors of Fe and Pb, as well Fe and Ni or Zn and Pb are
known to be similar in most natural processes. This could suggest minimal or no
anthropogenic inputs. By similar considerations, Cr and Ni levels are significantly
higher in isolated sediment sample.
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Fig. 7 — Linear correlations between elements.

4. CONCLUSIONS

The presented work is a point of start for a future research, to establish the
origin and the evolution of the Movila Miresii salt lake from Romanian Plain. FTIR
spectra provide strong information about mineralogical and organic components in
lake sediments. In this respect, complementary with ATR-FTIR, the ICP-MS and
SEM-EDS techniques were used. The morphology and elemental content achieved
by these methods provide information about the genesis of the Romanian Plain
lakes.
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Infrared and Raman Spectroscopy, Inductively Coupled Plasma — Mass Spectroscopy, Scanning Electron
Microscopy + Multielemental Analysis, Optical Microscopy and Image Analysis) of the unconsolidated
sediments of Romanian Plain salt lakes.
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