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A B S T R A C T

Boron (B) and Lithium (Li) concentrations were studied in the Platani river, one of the most important catch-
ments of South-Central Sicily which is under semiarid climatic conditions for roughly eight months to a year.
In this area, evaporites result in potential B and Li sources for surface waters. Results from river waters have
measured ionic strength values between 0.1 and 4.54M. B and Li distributions in these waters were studied in
colloidal (CF, extracted by ultrafiltration from the 0.45 μm filtrate) and total dissolved (TDF) fractions and in
fractions extracted from corresponding riverbed sediments, according to changes of the B/Li ratio.

In river waters, CF and TDF showed very similar B/Li values, suggesting that only negligible fractionation
occurs between Li and B in the aqueous phase. Similar evidence was observed between B/Li values in TDF and
the labile sediment fraction, whereas an inverse relationship arose between B/Li values in TDF and in the easily
reducible sediment fraction. This relationship indicates that Mn oxy-hydroxides preferentially react with aque-
ous B species relative to Li at the riverbed sediment interface.

The extent of the B–Mn oxy-hydroxide reactions is influenced by the ionic strength, so that only B/Li values
below 4 are measured in river waters with ionic strength values above 0.5M. Comparing B/Li and ionic strength
values measured in the Platani river with those from oxic brines worldwide, the same preferential B removal
relative to Li is observed. This evidence suggests that B is removed as positively-charged borate ion-pairs, formed
in the aqueous phase under higher ionic strength conditions, reacting with negatively charged surfaces of Mn
oxy-hydroxides. The observed B reactivity relative to Li could be exploited to bring down the B excess from
natural or waste waters, allowing the natural reactions with Mn oxy-hydroxides to take place under natural con-
ditions.
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1. Introduction

B and Li are light elements that are geochemically incompatible
with minerals during magmatic crystallisation, and they are enriched
in fluids during rock-water interactions (Cullen et al., 2019; Godfrey
et al., 2019; Ryan and Langmuir, 1993). In natural waters, B occurs
as [H3BO3]0, whereas [B(OH)4]- ion prevails under alkaline conditions
and shows limited reactivity towards surfaces of clays, carbonates, and
metal oxides (Goldberg, 1997; Vengosh et al., 1998). Li usually oc-
curs as an aqueous metal ion that shows a limited affinity toward clay
mineral surfaces (Millot et al., 2010; Hoyer et al., 2015; Stoffyn and
Mackenzie, 1982; Sun et al., 2021).
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The stability of these aqueous species and the corresponding limited
affinity towards solid surfaces result in average B and Li concentrations
in rivers and surface waters worldwide spanning a range within 0.1–10
and 0.001–1.5 μM, respectively (Gaillardet et al., 2013; Hasenmueller
and Criss, 2013). During evaporation, dissolved Li and B are usually
conservatively enriched. Correspondingly, B and Li concentrations can
attain very high values, up to 39.6 and 52mM, respectively, in brines
from evaporitic basins and entrapped in voids and fluid inclusions dur-
ing the formation of salt deposits (McCaffrey et al., 1987; Godfrey et al.,
2019; Godfrey and Álvarez‐Amado, 2020; Zilberman et al., 2017). Ac-
cordingly, natural brines are considered to be the most promising indus-
trial sources for B and Li extraction (Godfrey and Álvarez‐Amado, 2020;
Parans Paranthaman et al., 2017).

B is an essential micronutrient for vital processes, but it becomes
toxic for plants, animals, and humans exposed to high concentrations
(Ince et al., 2017; Wang et al., 2021). Li is considered to play a pivotal
role in some biochemical processes, especially during foetal develop-
ment (Schrauzer, 2002), but excess Li from some vegetables can result
in neurotoxicity, depending on location and type of food (Domínguez
Ortega et al., 2006).

Accordingly, B and Li pollution represents an environmental risk
for surface and groundwater. This is highlighted by the aqueous sta-
bility of B and Li species and their limited reactivity during rock-wa-
ter interactions. Potential sources of B and Li pollution are wastewaters
from the industrial treatment of B and Li (Deng et al., 2021), drain wa-
ters from salt mine landfills (Godfrey and Álvarez‐Amado, 2020), deep
groundwaters from sedimentary basins (Sanjuan et al., 2022) and shale

gas hydraulic fracturing back-flow (Cozzarelli et al., 2017). Similar sce-
narios can be very dangerous, especially in arid and semiarid environ-
ments where freshwater quality and availability are important (Babiker
et al., 2019). In southern European surface waters, B concentrations
up to 140 μM (Kochkodan et al., 2015) higher than the fixed thresh-
old for drinking and agricultural waters (corresponding to 50 μM) were
measured (WHO, 2017). This evidence can be considered to be a con-
sequence of progressive climatic changes toward subarid conditions in
some areas of southern Europe (Navarro-Martínez et al., 2020).

Accordingly, the aim of this study is to recognise the B and Li distrib-
ution between colloids and the total dissolved fraction in a river system
under semiarid conditions and to determine what processes can influ-
ence the mobility of these elements at the riverbed sediment-water in-
terface. In South-Central Sicily, the Platani river is a suitable context to
carry out this study. River waters represent one of the most important
sources of surface water for agricultural purposes. Moreover, large evap-
oritic out-crop deposits and a large salt landfill that occur in the Platani
catchment represent suitable B and Li sources to study the behaviour of
these elements in a river under semiarid conditions.

2. Geological and hydroclimatic outlines

The Platani River catchment (1785km2) is located in South-central
Sicily within the Caltanissetta Basin (see Fig. 1), and it is NE-SW ori-
ented in the same area where Messinian evaporites form the main out-
crops. These evaporites consist of carbonate units and gypsum with dif-
ferent textures. In places, native sulphur deposits are embedded be

Fig. 1. Geographical sketch-map illustrating Central Sicily (redrawn from Ocean Data View™ software, Schlitzer, 2015) and the studied area corresponding to the Platani river watershed.
Here, the given geological map illustrates main outcrops occurring in the Platani river watershed and the site of Bosco-S. Cataldo mine.
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tween the carbonate and gypsum strata (Dessau et al., 1962). In some
areas, the evaporite sequence is topped by large Na–K salt deposits. The
mining industry has been exploiting sulphur deposits in this area start-
ing from the Roman Age, and this has continued up to the ‘60s. Subse-
quently, the mining activity was converted to salt exploitation, mainly
kainite (KClMgSO43H2O) and halite, and it currently continues in some
selected areas. In the Bosco San Cataldo area, the remnant of abandoned
mining activities left a landfill formed primarily of about 5 million cu-
bic meters of halite and secondly of potash salts. Waters of the Stincone
creek, flowing at the base of the landfill, progressively leach salts. This
results in high B and Li concentrations in the upper part of the Platani
river stem.

The climate in South-Central Sicily is hot and dry for 6–8 months
out of the year. About 135mm of rainwater fall between April and Sep-
tember. Corresponding average temperatures span from 15.8 to 26.8 °C.
On the contrary, about 480mm of rainwater fall between October to
March when average temperatures between 12.2 and 20.9 °C are mea-
sured. During the winter, the weather is moderately cold and rainfall
increases, becoming abundant mainly at altitudes above 1000m. Under
these conditions, the drainage system is full of water.

3. Methods

3.1. Sampling

The Platani River is the second widest drainage basin in South-Cen-
tral Sicily. It has three main tributaries (Gallo d’Oro, Salito and Stin-
cone) and a total flow rate close to 31.5 *106 m3 y−1 (Fig. 1). Thirty wa-
ter samples and twenty-five sediment samples were collected along the
Platani River from the Bosco San Cataldo mine. Water and sediment
samples were taken mainly along the small tributaries of the Platani
River with shallow water depths and a turbulent flow regime with sus-
pended particles (>450nm) derived from resuspension of the riverbed
sediments. Sampling was carried out from December 2014 to October
2016. The temperature, Eh, pH, and electrical conductivity were mea-
sured in the field using portable ORION instruments, while alkalinity
was titrated in the field with 0.1M HCl. Eh values were corrected for
the temperature. The pH meter was calibrated with three buffers having
nominal pH 4.01, 7.00 and 9.95at 25 °C. After the addition of a NaCl
5M solution in each buffer, their pH measurements were carried out an-
other time and these new values used to calibrate the pH meter (Nir et
al., 2014).

Samples for major ion determinations were collected using 50ml
LD-PE double-capped bottles. The samples were filtered with 0.45 μm
Millipore MF filters and acidified with HNO3. Three litres of water for
each site were collected and immediately filtered through a 0.45 μm
sterile filter membrane (CHM™ cellulose acetate filter) and stored in
Nalgene™ bottles. One litre was acidified to pH ≈ 2 with 1% ultra-pure
HNO3 for dissolved fraction (DF) measurements, while the other 2L did-
n't undergo any further field treatments.

3.2. Aqueous analysis and calculations

Major ion concentrations were measured using a Dionex ICS 1100
chromatograph equipped with a CS-12A column for cations and an
AS14A column for anions. The untreated 2L were used for separat-
ing colloids (CF) from the total dissolved fraction (TDF) by tangen-
tial ultrafiltration using a VIVAFLOW 50R® (Sartorius Stedim Biotech
GmbH) cross-flow filtration cassette manifold (molecular weight cut-off

10KDa) with a 50cm2 filter surface area and regenerated cellulose fil-
ters.

The concentration factor (Cf)>10 was calculated for the colloidal
fractions using the following equation:

(1)

(Larsson et al., 2002; Guo and Santschi, 2007). After separation, the
aliquot for TDF was acidified with 1% ultra-pure HNO3 solution to at-
tain pH ≈ 2, and then it was stored for analysis. B and Li concentrations
were determined by Quadrupole-ICP-MS (Agilent 7800cc) with a classi-
cal external calibration procedure.

The water saturation state was calculated by PHREEQC software
(version 3.0.6; Parkhurst and Appelo, 2010) using the LLNL correcting
stability constants of investigated complexes (Byrne and Kester, 1974;
Vengosh et al., 1991) for the salinity. According to Tepavitcharova et
al. (2011), the thermodynamic pitzer. dat database was used for assess-
ment of the saturation state and B speciation in water samples having
ionic strength above 0.1M (Nir and Lahav, 2015).

The saturation state for several minerals was assessed. In partic-
ular, calcite, dolomite, aragonite, anhydrite, gypsum, barite, goethite,
boehmite, kaolinite, montmorillonite and halite were considered. Ac-
cording to Lewis and Randall (1921), the ionic strength was assessed as:

(2)

where mi is the molality of the ith ion and Zi its ionic charge.

3.3. Riverbed sediments

Riverbed sediments were analysed by X-ray diffraction (XRD) at dif-
ferent size fractions (see Supplementary Figure S1), while a sequen-
tial extraction methodology was used to identify possible different re-
active phases. The selected methodology consisted of different stages
that allowed us to identify four different reactive fractions of the sedi-
ment (Koschinsky and Halbach, 1995). This was preferred to the classi-
cal approach from Tessier et al. (1979) because it provides an extraction
protocol that differentiates trace elements bounded to Mn-oxides from
those bounded to Fe oxides.

1. Labile fraction extraction: 1g of powdered sample was added to a so-
lution of 30ml of 1M acetic acid, buffered with Na acetate, at room
temperature for 5h. After the reaction, the resulting solution was fil-
tered with a 450nm membrane and brought up to a final volume of
50ml.

2. Easily reducible fraction extraction: 175ml of a solution of 0.1M hy-
droxylamine hydrochloride (pH 2) was added to the residual sedi-
ment from the previous step and stirred for 24h at 25 °C. The result-
ing solution was separated from the residual sediment as in step 1
and brought up to a final volume of 200ml.

3. Moderately reducible fraction extraction: the solid residue of step 2 was
treated with 175ml of 0.2M oxalic acid, buffered with ammonium
oxalate (pH 3.5), and stirred at 25 °C for 12h. The resulting solution
was separated from the residual sediment as in step 1 and brought
up to 200ml final volume (Koschinsky and Halbach, 1995).

4. Residual-silicate fraction extraction: The solid residue from the previ-
ous steps was fully digested in Teflon bombs at 180 °C for 12h with a
solution of 3ml of 48% HF, 3ml of 37% HCl, and 1ml of 65% HNO3.
After digestion, the solution was filtered, and Millipore water was di-
luted to 50ml.

3
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In our protocol procedure, the leaching solution from the first step
contains labile-bounded trace elements related to soluble carbonate
minerals. Elements of step 2 are attributed to Mn-bearing phases
(Mn-oxyhydroxides), while elements measured in step 3 are assumed to
represent trace elements released from Fe-bearing phases. Finally, step
4 represents elements associated with the detrital component of sedi-
ments. The solution composition obtained from the selected sequential
extraction procedure was analysed as a water sample.

The assessment of fractions extracted from sediments was carried out
as follows. The sum of B and Li concentrations in measured in each frac-
tion extracted from the sediment represents the overall B and Li concen-
tration occurring in each sediment sample ([B]+[Li])Wsed:

(3)

where the subscripts from sed 1 to sed 4 in eqn. (3) indicate the 1st,
2nd, 3rd and 4th fractions extracted from each sediment. According to
eqn. (1), the percent of each sediment fraction can be assessed and re-
ported in the Supplementary Table 3.

4. Results

4.1. Aqueous geochemistry

The major composition of dissolved elements measured in TDF from
river waters is reported in Supplementary Table 1 and depicted in
Fig. 2. This figure shows that two distinct water groups can be iden-
tified by the major composition of the dissolved elements of the river
waters (Supp. Table 1, Fig. 2). Starting from the alkaline metal/chlo-
ride corners representing the composition of materials forming the
mine landfill (Fig. 2A and B), trends 1 are addressed to the Mg2+

and SO4
2− graph corners, whereas trends 2 are directed towards the

Ca2+, HCO3
− + CO3

2− graph corners. Group-1 waters are those col-
lected along the Stincone creek from the landfill down to the junction
with the Salito creek. Group-2 waters are those collected downstream
of the Stincone-Salito creek junction. These pieces of evidence suggest
that the major element concentration of Group-1 waters is influenced
by salt weathering from the landfill mainly along the Stincone creek,
whereas the composition of Group-2 waters is also influenced by the

leaching of evaporitic carbonates and gypsum. Group 1 waters have
ionic strengths μ from 0.2 to 4.54M, pH close to 8, overall Ca2+

and Mg2+ concentrations higher than 35mM, and Eh values between
−0.025 and 0.2V. Group 2 waters have lower μ values, from 0.09 to
0.69M, and pH and Eh values similar to Group 1.

Saturation calculation reveals that Group 1 waters are mainly sat-
urated or oversaturated concerning carbonates (calcite and dolomite)
and clay-minerals (kaolinite and smectites), whereas Group 2 waters
are additionally saturated in barite and goethite. We also found that
[B(OH)3]0 is the more abundant B species in the studied waters, while
Me(B(OH)4)]+ borate ion-complexes are significant when Ca2+ or Mg2+

concentrations are higher. Accordingly, the [B(OH)3]0/[Me(B(OH)4]+

ratio is 2 times higher in Group 2 when compared to Group 1 waters.
In the dissolved fraction (Supplementary Table 2), B and Li con-

centrations span between 190.6 and 402.2 μM and between 41.2 and
92.7 μM, respectively, yielding distinct B/Li ratios between Group 1 and
Group 2. Fig. 3A shows that B versus Li describes a linear trend with a
slope of 3.9±0.2 in Group 1, while Group 2 shows a trend with a slope
of 11.5±2.5. Plotting the B/Li ratio vs μ (Fig. 3B), we found that the B/
Li ratio was spread between 4 and 16 for μ below 1M, while it remained
almost constant at 4 when μ was between 1 and 4M. This indicates that
the ionic strength plays an important role in the fractionation of the dis-
solved B/Li ratio. Comparing the B/Li ratio in TDF with and the values
measured in the corresponding CF (Fig. 3C), a linear trend with a slope
close to 1±0.1 is observed. This evidence suggests that B and Li are not
fractionated between the dissolved phase and colloids.

4.2. Sediment mineralogy and composition

XRD analysis shows that the coarse sediment fraction (>2 μm)
mainly consists of gypsum (CaSO4*2H2O), calcite (CaCO3), dolomite
[(CaMg(CO3)2], celestine (SrSO4), AlOOH (probably boehmite), and
rarely strontianite (SrCO3). The fine fraction (<2 μm) contains mont-
morillonite [(Na,Ca)0·33(Al,Mg)2(Si4O10)(OH)2*nH2O] and kaolinite
(Al2(OH)4Si2O5). Diffraction spectra of fine and coarse fractions from
representative sediment samples are reported in Supplementary Fig. 1.
A similar composition was also found in the suspended solids having di-
ameters >0.45 μm. XRD data did not identify the presence of B and Li
minerals in solids from the mine landfill.

Fig. 2. Ternary plots of major ions of water samples in the Platani river: (A) Major cations; (B) Major anions. The water samples of Group-1 appear in a white triangle, those of Group-2 in
a black triangle, a red rhombus indicates an average composition of the landfill salts. Those depicted are suitable trends illustrating the possible evolution of the major element composition
in Group-1 and Group-2 waters due to the dissolution of landfill salts and weathering of evaporites outcropping along the river path, respectively. The data on which the illustration is
based are reported in Supplementary Table 1. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.)
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Fig. 3. A: Boron vs. lithium concentrations in Group-1 (white triangle) and Group-2 (black
triangle) water samples. B: B/Li ratio measured in the Platani river vs. corresponding ionic
strength values. C: B/Li ratio measured in TDF compared with corresponding values mea-
sured in CF.

Silicate minerals range between 80% and 95% and constitute the
most abundant sediment fraction, whereas the easy soluble (carbon-
ate-rich) fraction represents between 0.5 and 2.5%. The easily reducible
(Mn-rich) fraction ranges between 2.1 and 14.6%, and the moderately
reducible Fe-rich fraction is between 0.6 and 7.6%.

Fig. 4 shows that in the 1st and 2nd fractions of Group-1 sediments,
ranges of Li and B concentrations are narrower than in the correspond-
ing fractions of Group-2 sediments. In both these fractions, Li concentra-
tions are higher in Group-1 than in Group-2 sediments and B/Li values
are lower in Group-1 than in Group-2 sediments. In 3rd and 4th frac-
tions of riverbed sediments ranges of Li and B concentrations are similar
in Group-1 and Group-2. Only the range of B/Li values is narrower in
Group-1 than in Group-2 sediments.

Fig. 4. Box plots illustrating ranges of Li, B concentrations and B/Li values measured in
fractions extracted from riverbed sediments corresponding to Group-1 and Group-2 wa-
ters.
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5. Discussion

5.1. B and Li reactions onto mineral surfaces

Reporting B/Li values measured in the labile sediment fraction vs.
corresponding values from TDF, linear trends with slopes of 1.27 and
1.02 are depicted from Group 1 and Group 2 waters, respectively (Fig.
5A). Accordingly, significant differences in aqueous B and Li reactivity
towards the labile fraction extracted from riverbed are not shown.

Fig. 5B shows that aqueous B/Li values are inversely related to those
measured in the corresponding easily reducible sediment fraction. This
evidence suggests that B-species are partitioned onto surfaces of Mn-rich
minerals in Group 1 waters. These solids generally have an amorphous
or cryptocrystalline nature (Qin et al., 2019) and show high surface
reactivity toward dissolved metal species (Stumm, 1992). Since sur-
faces of Mn-rich minerals are negatively charged under ionic strengths
higher than 0.1M (Tsadilas et al., 1998; Villalobos, 2015; Kosmulski,
2016; Brodskii et al., 2015) and the proportion of positively charged
borate ion-complexes is likely more abundant, the observed fractiona-
tion of B/Li ratio in Group 1 waters could result from the adsorption of
charged B species onto surfaces of Mn-rich minerals. However, this reac-
tive process is likely to be lacking in waters of Group 2 waters that have
lower ionic strength. Indeed, aqueous B/Li values are always positively
related to those measured in the easily reducible sediment fraction in
Group 2 waters.

In the moderately reducible (Fe-rich) sediment fraction, B/Li values
are poorly correlated to those measured in the corresponding TDF, both
in Group 1 and Group 2 waters (Fig. 5C). There, B/Li values are gen-
erally lower in this sediment fraction than in the corresponding TDF.
This could reflect the known strong Li affinity for Fe-oxyhydroxide sur-
faces (Wimpenny et al., 2010a) and the lack of reactivity of B species
on the positively charged surface of Fe-oxyhydroxides (Kosmulski, 2002,
2016). Finally, the B/Li ratio in the detrital sediment fraction roughly
corresponds to the B/Li crustal value, while both dissolved B and Li
species are not partitioned onto surfaces of detrital minerals during au-
thigenic processes (Bhagyaraj et al., 2021), as observed in Fig. 5D.

5.2. B removal in natural water conditions

In the area of Platani river catchment studied, higher B/Li ratios
are found in lower ionic strength (Group-2) waters, while lower B/Li
ratios are measured in higher ionic strength (Group-1) waters. Con-
comitantly, the identified preferential scavenging of dissolved B-species
(mainly B(OH)3 and [Me(B(OH)4]+) onto Mn-rich minerals in Group 1
rather than Group 2 waters reflects the inverse relationship between B/
Li ratios in TDF and the easily reducible sediment fraction of Group-1
waters (Fig. 5B). Assuming the Mn oxy-hydroxide surfaces are nega-
tively charged at pH values above 3.5 (Brodskii et al., 2015; Kosmulski,
2016), the observed preferential removal of B would result from the re-
action of positively charged aqueous B species ([Baq]+) with the reac-
tive sites of the negatively charged surface of Mn-oxides ([MnOX]- >)
according to the following schematic process:

(4)

Positively charged aqueous B species ([Baq]+) would correspond to
[Me(B(OH)4)]+ borate-ion complexes that would be formed through the
following reaction under high ionic strength conditions:

(5)

Fig. 6 compares the distribution of B/Li values vs. the ionic strength
in Platani waters with values measured in some high salinity oxic wa

Fig. 5. B/Li ratio measured in the dissolved fraction of studied waters compared with cor-
responding values in labile (carbonate-rich) fraction (A), in the easily reducible (Mn-rich)
fraction (B), in the moderately reducible (Fe-rich) fraction (C) and detritic fraction (D) of
the corresponding river sediments. In Fig. 4D the average B/Li crustal value is reported for
reference.

6



UN
CO

RR
EC

TE
D

PR
OO

F

V. Censi et al. Chemosphere xxx (xxxx) xxx-xxx

Fig. 6. B/Li ratio measured in studied river waters vs. their ionic strength compared with
corresponding values from Lake Maharlu (Khosravi et al., 2019) and the Dead Sea brines
(Vengosh et al., 1991). The dashed line corresponds to Eq. (4).

ters in equilibrium with Mn oxy-hydroxides from the Dead Sea and the
Maharlu lake (Gavrieli and Halicz, 2002; Herut et al., 1997; Khosravi et
al., 2019; Nishri and Nissenbaum, 1993). The observed distribution de-
picts the following empirical relation:

(6)

The right-hand term of Eqn. (6) formerly looks like the Monod-like
equation (Roden, 2008) where the ionic strength μ would play the
same limiting role of the substrate concentration during microbial-con-
trolled reactions (Brantley and Conrad, 2008). Accordingly, this evi-
dence suggests that the ionic strength can play a limiting role towards
changes in the B/Li ratio, consistent with the influence that the ionic
strength exercises through Ca2+ and Mg2+ concentrations in the forma-
tion of borate-ion complexes (see Eqn. (5)). Therefore, we propose that
the observed removal of B from the aqueous phase described in Eqn.
(2) may result from the formation of borate ion-complexes under high
ionic strength that would represent the rate-limiting step of the overall
process. Mineral dissolution through mine landfill weathering favours
high Ca2+ and Mg2+ contents, mainly in Group 1 waters, in turn en-
hancing the formation of borate ion pairs therein.

The reactivity of aqueous B species on surfaces of Mn-rich solids cor-
responds to experimental evidence of B reactivity on Mg(OH)2, Mn-,
or Fe oxyhydroxide surfaces (Babiker et al., 2019; Bingham and Page,
1971; Mandal and De, 1993). Recently, the preferential ability of
Mn-oxyhydroxide surfaces to capture positively charged B ions was also
confirmed by Elmaci et al. (2015). They were studying the 11B versus
10B fractionation at high ionic strength when borate charged ion-com-
plexes are abundant. Moreover, Mn oxyhydroxides display negative sur-
face charges under a wide range of pH values and redox conditions
(Kosmulski, 2016 and cited references), letting these Mn oxyhydroxides
be suitable candidates for new B removal strategies. The preferential re-
activity of Mn oxy-hydroxide surfaces towards dissolved metal species
(Stumm, 1992) effectively corresponds to the specific framework of low
crystalline Mn oxyhydroxide minerals where MnO6 octahedra share cor-
ners or edges (Varentsov and Grasselly, 1980).

For the Platani River, we have estimated that the mineral frac-
tion containing the Mn oxy-hydroxide phase acquires 50% of the avail-
able B. Compared to the rubber nanoparticle process, which should not
exceed 75% (Babiker et al., 2019), the Mn oxy-hydroxide mineral is

promising for removing the B excess from wastewaters, and the identi-
fied natural process may potentially open new directions for sustainable
remediation processes.

6. Conclusions

B and Li are metal ions with highly stable aqueous species in a wide
range of physical-chemical conditions. In Platani river waters, the extent
of these conditions was tested by investigating the effects of the ionic
strength and water-riverbed sediment interactions on B and Li behav-
iour in the dissolved phase. The results obtained suggest that B and Li
are not significantly fractionated with each other between colloids and
the total dissolved fraction under ionic strengths up to 3.9M, whereas
the ionic strength influences the aqueous concentration of these ele-
ments. This finding is confirmed by higher values of the B/Li ratio at
ionic strengths below 0.5M and lower B/Li values at ionic strengths
above 0.5M. Accordingly, larger dissolved B–Li fractionations occur in
river waters closer to the landfill of Bosco S. Cataldo mine where the ef-
fects of the salts weathering is larger. The B–Li fractionation decreases
in river waters collected far from the landfill along the river stem where
the effect of salt weathering is less evident.

According to the B speciation in the waters studied and comparing
B/Li values measured in total dissolved fractions and in fractions ex-
tracted from sediments, the formation of borate-ion pairs under high
ionic strength conditions increases the reactivity of B-bearing species
with surfaces of Mn-rich solids from sediments. This is confirmed by
comparing the B/Li ratio and the ionic strength of river waters with
those reported in oxic brines equilibrated with Mn-oxyhydroxides.
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