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Abstract

The chemical composition of atmospheric deposition is influenced by several factors,
including the chemical composition of gases and particulate matter from natural and anthropogenic
sources, chemical and physical reactions during pollutant transport, and removal processes. This
study aimed at investigating the atmospheric deposition by analysing rainwater pH and the
concentration of major (F-, CI, HCO3", NOs", SO4*, Na®, K, NH4*, Ca?*, and Mg?"), trace (Li, B, Al,
Si, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, As, Se, Br, Rb, Sr, Mo, Cd, Sn, Sb, Cs, Ba, TI, Pb, U), ultra-
trace elements (Sc, Ge, Te, Y, Nb, Zr, Hf, Th, La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb,
Lu), and of the isotopic composition of B (8*'B/*°B) and Sr (87Sr/%®Sr). A network of fifteen bulk
collectors was used to collect 301 monthly atmospheric deposition samples for almost two years
from four different contexts: urban, industrial, rural, and volcanic. Different techniques, including
titration, ionic chromatography, inductively coupled plasma-optical emission and mass spectrometry,
and multi-collector mass spectrometry, were employed to analyse these samples.

The results showed that the natural acidity of rainwater in the Etna area was derived from the
dissolution of volcanic acid gases, while in urban and industrial areas, the acidity was increased by
the dissolution of anthropogenic SOx and NOx and generally neutralised by Ca?" and Mg?* of crustal
origin. Principal Component Analysis and Positive Matrix Factorisation were used to process the
major ion concentrations, revealing that natural sources were responsible for the emissions of Na*,
ClI', and partly Mg?* (dissolution of sea-salt aerosols), Ca?*, HCO3™ and, to some extent, Mg?" and K*
(dissolution of crustal materials), and of F-, and partly CI, and SO4* (volcanic emissions).
Conversely, K* (biomass burning), NH4" (agricultural activities), NOs~ and SO4* (domestic heating,
vehicular traffic, industrial emissions) were derived, mainly, from anthropogenic sources. Deposition
rates of major ions were also calculated, with the highest values observed at coastal sites for Na* and

ClI-, and close to Mt. Etna for F- and SO.%".




In terms of trace elements, volcanic activity significantly contributed to the enrichment of
rainwater in many trace elements, especially during the paroxysms that occurred between 2021 and
2022, resulting in intense volcanic ash deposition. The industrial area of Milazzo had the highest
deposition fluxes of Br and B (marine source), as well as Ni, Mo, and Cr (industrial emissions). The
urban area of Palermo had the highest flux of Sb, resulting from vehicle brake wear and tear.
Comparing our data to those obtained for some trace elements in European rainwater showed that
lower concentrations of Pb, Fe, and Al were found for rainwater in Sicily than in Europe, not
considering the rainwater samples from Etna in which strong Fe and Al enrichments were measured.
On the contrary, significant enrichments were observed for Zn, V, Cu, Ni, Cr, and As due to local
inputs from urban and industrial emissions.

The concentration of trace elements in rainwater obtained from filtered (0.45 pm) aliquots
only allows quantification of the contribution of the most soluble atmospheric particulate fraction.
To have a complete picture of atmospheric deposition, it is necessary to measure the less soluble
atmospheric particulate fraction in rainwater. This can be done by measuring the concentration of
trace elements in two additional matrices: (i) solution obtained by the acidic mineralisation of the
insoluble fraction deposited on the filters, and (ii) solution obtained by the dissolution of the material
adhering to the surface of the bulk collector at the end of each sampling period. The insoluble
fraction constituted for many elements the main contribution to the bulk atmospheric deposition,
reaching up to 96.3%, 95.5%, and 86.8% for Ti, Fe, and Al, respectively. The relative contributions
of the recovery solution reached values up to 9.37% for Pb. The samples obtained during dry and
rainy periods revealed significant differences.

Technology-Critical Elements (TCEs) include ultra-trace elements, Sc, Zr, Nb, Ge, Y, Te, Hf,
and Th, and the lanthanoids, La, Ce, Pr, Nd, Sm, Eu, Gd, Tbh, Dy, Ho, Er, Tm, Yb, and Lu. Rainwater
in urban areas had the highest concentrations of Sc, Zr, Nb, and Hf, while that of the Etna area had

the highest concentrations of Ge, Y, and Te. Concentrations of Th were similar between the different




contexts. Rainwater from Etna had the highest concentrations of all lanthanoids, indicating that
volcanic sources and leaching of volcanic ash enriched rainwater in these usually very low-
concentration elements.

Boron and strontium isotopic compositions in rainwater samples were different in the Mt.
Etna area compared to other study areas. Two sources of atmospheric emissions of B and Sr were
identified. The marine source was predominant in urban and industrial areas close to the coastline,
while the volcanic isotopic signature was prevalent at all sites on Mt. Etna and detectable up to 35

km from the summit craters.
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1. Introduction

1.1 Atmospheric deposition: definitions

Atmospheric deposition is one of the main ways through which a wide variety of chemicals,
such as sea spray, geogenic dust, anthropogenic particulate matter, polycyclic aromatic
hydrocarbons, volcanic ash, etc., reach terrestrial and aquatic ecosystems. Nowadays, this research
subject is receiving more and more attention from the scientific community.

Atmospheric deposition occurs through two main mechanisms: (i) dry deposition and (ii) wet
deposition (Dollard et al., 1983; Seinfeld & Pandis, 1998). Together these two forms of deposition
constitute the bulk deposition. Dry deposition is the flux of gases and particles falling from the
atmosphere in the absence of precipitation and occurs with several mechanisms like turbulent
diffusion, sedimentation, Brownian diffusion, interception, inertial forces, electrical migration,
thermophoresis, and diffusionphoresis (Amodio et al., 2014). Wet deposition is the flux from the
atmosphere through water (rain, snow, hail, fog), being the most effective mechanism for removing
particles and soluble gaseous pollutants from the atmosphere through scavenging mechanisms
(Mishra et al., 2012; Wang et al., 2019). There are two main scavenging mechanisms involved
(Gong et al., 2011; Kajino & Aikawa, 2015): one is called rainout, the in-cloud scavenging process
which mainly absorbs or dissolves gases and fine particles within cloud droplets, and the second one,
called washout, the below-cloud scavenging, which is an efficient process to remove coarse particles.
The scavenging process in-cloud removes more than 70% of aerosol particles by number and more
than 99% by mass (Amodio et al., 2014), and it is related to the activation of cloud condensation
nuclei, aerosol particles, with diameters between 0.01 and a few hundreds of um, which mostly
consist of (NH4)2SO4 and NH4NOs. Since water droplets form by homogeneous nucleation only in
air supersaturated by 300-400%, the cloud condensation nuclei play a fundamental role in allowing
the condensation of the droplets at supersaturation conditions usually lower than 1% (i.e.,

heterogeneous nucleation) (Houze, 1993; Liotta et al., 2017). Conversely, the washout process
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occurs during the fall of raindrops from the base of the clouds to the ground. When the droplets
become big enough, ~ 1 mm, they can fall as raindrops. Weak precipitation having less than 0.1 mm
h*! intensity can remove 50-80% of the below-cloud aerosol, in both number and mass, within four
hours (Andronache, 2004; Zhang et al., 2004; Amodio et al., 2014).

The contribution of each form (wet and dry) of atmospheric deposition to the bulk deposition
is strongly depending on the characteristics of the area and, especially, on its meteorological
conditions (Sickles et al., 2003; Tang et al., 2005; Arsene et al., 2007). In rainy areas, the
contribution of dry deposition is almost negligible compared to the contribution of wet deposition
(Loye-Pilot & Martin, 1996); on the contrary, in arid or semi-arid areas, where processes such as
erosion and geogenic dust transport are very pronounced, dry deposition prevails over wet deposition
strongly contributing to the chemical composition of total deposition. The wet deposition also shows
a seasonal variability, representing the main contribution of bulk deposition during the rainy season
(usually from September to March for the southern Mediterranean area), while it contributes little to
the chemical composition of bulk deposition during the drier season (in the southern Mediterranean

area from April to August) (Avila & Alarcon, 1999; Pulido-Villena et al., 2006).

1.2 Chemical composition of atmospheric deposition

The composition of atmospheric deposition depends on the chemistry of gases and the
mineralogy of particulate matter emitted by the different sources, on the source amplitude, on the
chemical and physical reactions that occur during local and regional scale pollutant transport, and on
removal processes (Galy-Lacaux et al., 2009; D’Alessandro et al., 2013). Atmospheric aerosol
particles including sea salts, crustal dust (usually, the prominent aerosols in the atmosphere -
Schlesinger, 1997; Amodio et al., 2014), volcanic emissions, wildfires, biogenic material, and

anthropogenic pollutants, are the main sources of chemical elements to the atmosphere.
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Different sources, both natural and anthropogenic, can emit gaseous and particulate matter
with very similar chemical compositions, both in terms of major and trace constituents. One of the
aims of environmental studies of the atmosphere, sometimes not easy to achieve, is to discriminate,
through specific chemical or isotopic tracers, the main sources of the chemical elements present in
atmospheric deposition.

The main dissolved inorganic chemical components of rainwater derive primarily from
particles in the air (Na*, K*, Ca®*, Mg?*, and CI), and atmospheric gases (SO4>, NH4*, NO3).
Sodium (Na*), chloride (CI"), magnesium (Mg?*), and sea salt sulfate (ss-SO4>"), are enriched in sea
salt (Keene et al., 1986; Moreda-Pifieiro et al., 2017; Ye et al., 2018), and represent the main part of
the total ions content of rainwater in coastal areas (Arimoto et al., 1987; Berner & Berner, 1987;
Halstead et al., 2000). The ionic ratios of these ions in rainfall in coastal areas are similar to those in
seawater. An enrichment of ClI" may be attributed to its anthropogenic sources such as incineration
operations (Wang et al., 2008), but also to volcanic emissions (Calabrese et al., 2011). Calcium
(Ca?"), magnesium (Mg?"), and to some extent, potassium (K*) and sodium (Na*) are typical crustal
species (Berner & Berner, 1996; Amodio et al., 2014), and especially non-sea-salt calcium (nss-Ca?*)
is one of the main contributors to the neutralisation of rainwater acidity (Brugnone et al., 2023a). On
the contrary, non-sea-salt sulfate SO4>~ (nss-SO4%") and nitrate (NO3"), usually considered the main
ones responsible for the acidification processes, are markers of anthropogenic pollution. These ion
species come from anthropogenic sources such as energy production plants, urban transport, and
agriculture activities, but also from biological emissions (Berner & Berner, 1996; Zufall &
Davidson, 1998). The deposition of ammonium (NH4") mainly originated through ammonia
volatilisation from N-fertilisation in agricultural fields and animal farming (Amodio et al., 2014;
Huang et al., 2017). Ammonium is another chemical species that can contribute to the neutralisation
of rainwater acidity, but it can, on the contrary, also cause acidification of rainwater if oxidised to

form nitric acid (HNO3) (Wu et al., 2012). The abundance of potassium (K*) in the atmospheric
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deposition could be attributed especially to biomass burning, the use of fertilisers, and other
agricultural activities (Berner & Berner, 1996; Chandra Mouli et al., 2005; Viana et al., 2008).
Biomass burning is also responsible for the emissions of NOs, NH4*, SO4%, Ca?*, Na*, and Mg?*.
Gaseous and particulate fluoride (F) are derived from anthropogenic emissions, such as coal
burning, ceramic, brick, and cement factories, but also from natural sources like volcanoes (Bellomo
et al., 2007; Brugnone et al., 2020; Brugnone et al., 2023a), and seawater spray (Ge et al., 2016).
The study of the chemical composition of atmospheric deposition not only concerns major
ions but also minor and trace elements. Concentrations of trace elements in atmospheric deposition
have been widely investigated, mainly for elements or metalloids that represent a risk to human
health and ecosystems due to their toxicity, such as mercury (Hg), lead (Pb), cadmium (Cd),
chromium (Cr), copper (Cu), among others (Pearson et al., 2019; Cao et al., 2020). Due to
industrialisation and urban growth, the abundance of these potentially toxic elements has increased
in recent decades (Nicholson et al., 2003). Some elements, such as Cu and Zn, are essential nutrients
but they can cause harmful effects depending on their concentration levels (Amodio et al., 2014). For
example, cadmium is considered very toxic because of its high solubility and is classified as
potentially carcinogenic (Fraga, 2005; Ye et al., 2018). It is also ecologically hazardous because of
its easy uptake by plants, its tendency to accumulate in crops, and its persistent nature once it is in
the environment (Ye et al., 2018). Lead is the most widespread toxic metal on Earth due to
anthropogenic activities (Ye et al., 2018), and it is also recognised by the World Health Organization
as one of the most dangerous chemical elements for human health (Silbergeld et al., 2000; Fewtrell
et al., 2003). Copper, chromium, cadmium, lead, and zinc are trace elements of mainly
anthropogenic origin, and they are emitted into the atmosphere from various industrial processes,
motor vehicle traffic, and agricultural activities (Duan & Tan, 2013; Shao et al., 2013). Indeed,
copper, chromium, and lead are derived from diesel exhaust from vehicles and lubricant oil

combustion (Pulles et al., 2012; Adamiec et al., 2016). Chromium can also be a waste product of
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coal combustion and is also used in the textile industry (Ye et al., 2018). Lead is also widely used in
the ceramics industry (Tan et al., 2014). Cadmium comes mainly from vehicular emissions and
partly from industrial emissions (Hu & Cheng, 2013). Aucélio et al., 2007, and Hjortenkrans et al.,
2007, verified that cadmium comes from lubricating oil and tyre wear from vehicles. Finally, zinc is
widely used in agriculture, in the form of zinc salt (e.g., ZnSO4) and/or ZnO aqueous solutions (Ye et
al., 2018).

The current Italian legislation on environmental protection (Decreto Legislativo 13/08/2010,
n.155), implemented by European legislation (2008/50/CE), provides for the monitoring of
atmospheric deposition of only a few trace metals (As, Cd, Hg, Ni, Pb). Considering the
development in recent years of new technological and energy-related applications (e.g., solar panels,
high-efficiency batteries, electronic equipment, catalytic converters) and the consequent exponential
increase in the use and demand of a specific group of less-studied trace elements, the current
legislation is affected by significant gaps. The massive requirements of these trace elements led to
their extensive extraction from the lithosphere and resulted in the worldwide dispersion and
remobilisation of these elements within the atmosphere and the biosphere. Indeed, recent studies
draw attention to a group of trace elements known as Technology-Critical Elements (TCEs),
including tellurium (Te), germanium (Ge), gallium (Ga), indium (In), niobium (Nb), tantalum (Ta),
the platinum group elements (PGEs: Pt, Pd, Rh, Os, Ir, Ru), and the rare earth elements (YREEs: La,
Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Y, Ho, Er, Tm, Yb, Lu) (Cobelo-Garcia et al., 2015). A
Technology-Critical Element (TCE) is a chemical element that is critical to modern and emerging
technologies, resulting in a striking increase in its usage (U.S. Department of Energy. Critical
Materials Strategy. Washington, D.C.). The lanthanoids in rainwater originate from a variety of
natural and anthropogenic processes. Accurately determining the concentrations of these elements in
rainwater has become of increasing interest because they provide important information about the

geochemical cycling of metals, anthropogenic inputs, and atmospheric pollution (Arslan et al.,
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2018). It has recently been recognised that lanthanoids in atmospheric particles and rainwater have a
significant impact on the geochemical cycle of the same elements in the hydrosphere (Zhu et al.,
2016). These elements are present in rainwater with very low average concentrations of less than a
microgram per litre.

An important question concerns which form (soluble or insoluble) major and trace elements
are found in atmospheric deposition. The different elements in the atmospheric deposition have
different degrees of solubility, which vary as the physic-chemical characteristics, such as acidity, of
the rainwater. Therefore, bulk atmospheric deposition is composed of both soluble and insoluble
fractions. Most of the studies found in the literature were focused on the soluble fraction of the
atmospheric trace element deposition (Azimi et al., 2003; Avila & Rodrigo, 2004; Hou et al., 2005;
Sakata et al., 2006; Moaref et al., 2014), but some researchers have paid more attention to the
insoluble fraction (Guerzoni et al., 1999; Béez et al., 2007; Fernandez-Olmo et al., 2014, 2015; Ye et
al., 2018; Brugnone et al., 2023b). Lead, aluminium, iron, and silicon, for example, exist mainly in
poorly soluble forms (Guerzoni et al., 1999; Ye et al., 2018), while trace elements such as zinc,
cadmium, and chromium are very soluble and this reason represents a high risk for human health
and, in general, for many environmental matrices. Cadmium and lead have low solubility at high
mass particle concentrations (Guerzoni et al., 1999). In dry atmospheric deposition, the contribution
of the soluble fraction is usually less than that of the insoluble fraction for all trace elements (Ye et
al., 2018). Evaluation of the trace element soluble and particulate fractions is essential since the
soluble and particulate forms have different fates in the environment, especially concerning
bioavailability (Theodosi et al., 2010). A European norm (EN 15841:2009) defines the methodology
to be followed for the determination of the concentration of certain heavy metals (As, Cd, Pb, and

Ni) in both the soluble and insoluble fractions.
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1.3 Chemical — physical parameters of rainwater

The pH is an important parameter controlling the chemical composition of a solution. The
natural acidity of rainwater may be controlled by the dissolution of acidic gases, or by basic species
able to buffer the acidity, such as carbonate particulates. The stability ranges of the aqueous species
of trace elements are strongly influenced by the acidic conditions of the solution, and the degree of
mobility of the elements in the environment depends on their amplitude. The slight acidity of natural
rainwater in the background atmosphere is at first approximation controlled by the dissociation of
dissolved atmospheric carbon dioxide (CO2@)). Assuming an equilibrium at 25 °C between pure
water and atmospheric CO2, with a partial pressure of 104 atm (~ 400 ppm COy), the equilibrium
pH of the solution will be ~ 5.60 (USGS PHREEQC Version 3 calculation). Many authors evidenced
widespread acid-rain neutralisation by atmospheric carbonate dust over the entire Mediterranean
basin induced by the frequent arrival of Saharan dust (Al-Momani et al., 1995; Guerzoni et al., 1999;
Galy-Lacaux et al., 2009; Laouali et al., 2012) and widespread outcrops of limestone formations
(D’Alessandro et al., 2013; Al-Momani et al., 2008). Natural rain with a pH greater than 5.60 is
generally the result of the dissolution of CaCOs:

CaCOgs(s) + H*(sol) — Ca?*(sol) + HCO3(sol) (1)
Neutralisation of natural acidity in rainwater may also occur by reaction with ammonia gas (NH3),
deriving from the decomposition of urea in soil and agricultural environments (Charlson & Rodhe,
1982; Stumm & Morgan, 1996).

Water droplets (10 - 50 um in diameter) condense on aerosol particles and can absorb
naturally occurring gases such as COz, NOx, SOz, HCI and organic acids, responsible for the pH
decreasing, up to pH values of no less than ~ 4.5, and/or NHz that neutralises mineral acids and
buffers the solution phase. Values of pH < 4.5 can indicate the local influence of anthropogenic or
volcanic sources. Sulfate of non-marine origin (non-sea-salt sulfate, nss-SO4*7), and nitrate are

principally derived from the conversion of anthropogenic gaseous precursors (e.g., SO2 and NOX,
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Seinfeld & Pandis, 1998). SO, and nss-SO4* are emitted by coal-fired power stations, ore smelting,
and petrochemical plants. Gaseous NOx is mainly emitted as NO from natural (biogenic emissions
and biomass burning during wildfires), and anthropogenic sources (household combustion, fossil fuel
combustion in urban transport) (Conradie et al., 2016). Usually, sulfur and nitrogen components are
considered the main responsible for the acidification of rainwater (Seinfeld & Pandis, 1998; Huang
et al., 2008). One of the main effects of volcanic emissions on rainwater chemistry is the drastic
increase of its acidity, as a direct consequence of the interaction with plume-derived strongly acidic
gases, mainly SOz, HCI, HF, and HBr. The result is the formation of sulfuric, hydrochloric,

hydrofluoric, and hydrobromic acids in the atmosphere (Calabrese et al., 2011).

1.4 Boron and strontium isotopes

Boron is a trace element in the atmosphere and is mainly found in the form of gaseous
constituents such as boric acid (90 - 95%) or particulate boron (5 - 10%) (Fogg & Duce, 1985).
Boron concentrations in the atmosphere are generally very low, between 0.1 ug L! and a few
hundred pg L. Boron has two stable isotopes, !'B and '°B, and the atomic weight resulting from the
weighted mean of the two isotopes is 10,811 u. The global B cycle is primarily driven by a large
flux, i.e., 1.44 Tg a™* through the atmosphere derived from sea salt aerosols. Other significant sources
of atmospheric B include emissions during the combustion of biomass (0.26 - 0.43 Tg a™), and coal,
which adds 0.20 Tg a? as an anthropogenic contribution. A global B flux of 0.022 Tg a™* can be
attributed to the volcanic source (Fogg & Duce, 1985). There are few works found in the literature in
which B isotopes have been investigated in rainwater samples (Spivack, 1986; Xiao et al., 1992;
Eisenhut & Heumann, 1997; Barth, 1998; Miyata et al., 2000; Demuth & Heumann, 1999; Chetelat
et al., 2005; Rose-Koga et al., 2006; Millot et al., 2010; Zhao & Liu, 2010).

Strontium is also a trace element in the atmosphere and the concentrations generally range

from 1 pg L™ to over 1000 pg L' in rainwaters. It has four natural isotopes, three stable (3*Sr, Sr,
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88Sr) and one radiogenic (*’Sr). Radiogenic strontium isotope ratios (3’Sr/®Sr) are a particularly
useful tracer of atmospheric aerosols as the globally homogenous 8'Sr/Sr composition of seawater
(0.70917; Hodell et al., 1990) enables the contribution of sea-salt to be readily distinguished from
terrestrial and anthropogenic components that have more variable &Sr/®Sr ratios (e.g., Négrel &
Roy, 1998; Derry & Chadwick, 2007; Négrel et al., 2007). Only a few researchers have worked on
the determination of the isotopic composition of strontium in rainwater (Herut et al., 1993; Négrel &
Roy, 1998; Han & Liu, 2006; Négrel et al., 2007; Xu et al., 2009; Xu & Han, 2009; Han et al., 2010,

2012; Xu et al., 2012; Pearce et al., 2015).

1.5 Role of atmospheric deposition studies for environmental research

The atmospheric deposition is a source of nutrients, (e.g., nitrogen, sulfur, carbon, and base
metals - Duce et al., 2009), but it can also contribute to a variety of environmental issues including
acid rain, aquatic eutrophication, disturbances of biogeochemical cycles, global climate change
(Wang et al., 2019), as well as damages to buildings and architectural heritage (Montana et al., 2012;
Conradie et al., 2016; Comite et al., 2020). The experimental results demonstrated that atmospheric
deposition is also a relevant source of chemical elements in the soil (Grey et al., 2003; Nicholson et
al., 2003; Gandois et al., 2010; Shen et al., 2016). Pollution phenomena in many environmental
compartments and the human health impact on the exposed population may be linked to atmospheric
deposition (Amodio et al., 2014). Long-term variations in the chemical characteristics of atmospheric
deposition provide important tools to define the temporal evolution of atmospheric pollution and can
be used as an indicator to discriminate natural processes from anthropogenic influences (Tang et al.,
2005). The knowledge of the chemical composition of atmospheric deposition plays an important
role because, being the initial solvent in water-rock interaction processes, rainwaters can also be
considered the “titrant” in hydrogeochemical processes (Edmunds, 2010). Environmental studies of

the chemical composition of the atmosphere, in areas characterised by the presence of active
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volcanoes, cannot be separated from the characterisation of volcanic emissions. Volcanic emissions
are an important source of gases and particles in the atmosphere, contributing significantly to the
natural geochemical cycles of all elements (Cadle, 1980; Nriagu, 1989; Hinkley et al., 1999;
Oppenheimer, 2003). Many studies have been carried out on the main volcanic emitters of the world,
to estimate and characterise their emissions (Cadle et al., 1973; Buat-Menard & Arnold, 1978;
Chuan et al., 1986; Crowe et al., 1987; Pennisi et al., 1988; Kyle et al., 1990; Symonds et al., 1992;
Andres et al., 1993; Toutain et al., 1995; Rubin, 1997; Galindo et al., 1998; Gauthier & Le Cloarec,
1998; Cheynet et al., 2000; Allard et al., 2000; Aiuppa et al., 2003, 2004; Bagnato et al., 2007,
Calabrese et al., 2011; Tassi et al., 2013; Tamburello et al., 2014; D Aleo et al., 2016; Liotta et al.,
2017, 2021; Inguaggiato et al., 2023; Xochilt et al., 2023; Federico et al., 2023). By contrast, the
atmospheric deposition of major ions and trace elements around active volcanoes is poorly
constrained. Although active volcanoes are widely distributed in the world and their emissions play a
key role in the global geochemical cycles of many elements, only Hawaiian, Japanese, Italian and a
few Central American volcanoes have been studied from the point of view of major species
atmospheric deposition. In the last thirty years, the study of major and trace elements in atmospheric
deposition has progressed enormously, thanks to the development of new sampling methodologies
and analytical techniques with high-performance instruments (Capasso et al., 1993; Rowe et al.,
1995; Scholl et al., 1995; Cimino et al., 1998; Aiuppa et al., 2001; Delmelle et al., 2001; Hayashi &
Okazaki, 2002; Bellomo et al., 2003; Aiuppa et al., 2003, 2006; Edmonds et al., 2003; Okuda et al.,
2005; Liotta et al., 2006, 2017; Moune et al., 2006; Sakata et al., 2008; Madonia & Liotta, 2010;

Calabrese et al., 2011; Mather et al., 2012; Cangemi et al., 2017).

1.6 Main aims and structure of the thesis

A lot of research on the chemical characterisation of atmospheric deposition, both in terms of

major and trace elements, has been carried out in the last thirty years. From the literature, it is
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possible to derive the concentrations and the deposition fluxes of many ionic species and metals in
various contexts, urban, industrial, rural, remote, and volcanic. Nevertheless, from a literature
review, an unclear distinction between the soluble and insoluble fractions of atmospheric deposition,
also in the reference norms, was recognised. More, only a few works have investigated both fractions
in depth. To fill this gap, the first part of this work focuses on the characterisation of the chemical
composition of the bulk atmospheric deposition in four different environments, volcanic, urban,
industrial, and rural, characterised by very different sources of gaseous species and atmospheric
particulate matter. The location of the study areas within the Mediterranean Basin placed them under
the influence of not only local-scale sources, but also regional-scale sources such as the marine
source, the geogenic source related to Saharan dust, and the anthropogenic source related to
European-scale emissions. Major ion concentrations and deposition fluxes were investigated in the
soluble fraction of the bulk atmospheric deposition, while trace elements were analysed both in the
soluble and insoluble fractions. The main aims of the first part of this work were to identify the
chemical signatures and the relative contributions of each source in the different environments, and
investigate, both qualitatively and quantitatively, the distribution of trace elements between the
soluble and insoluble fractions of bulk atmospheric deposition. Due to the intense paroxysmal
activity at Mt. Etna between 2021 and 2022, the study of the impact of volcanic activity on the
chemical composition of both fractions, soluble and insoluble, of atmospheric deposition was added.

Few works in the literature focus on the determination of the concentration of ultra-trace
elements and lanthanoids in rainwater (Asaf et al., 2005; Iwashita et al., 2011; Zhu et al., 2016;
Garcia et al., 2022) and, to the best of my knowledge, the concentrations of TCEs in this matrix
have never been determined. The second part of this thesis illustrates the concentrations of TCEs in
bulk atmospheric deposition samples collected in the different environments mentioned above.

Apart from the water itself, the isotopic signatures of many other elements dissolved in

rainwater can provide important information about sources of gaseous and particulate emissions,
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transport pathways, and deposition processes. The last part of this thesis focuses on the isotopic
signature of boron and strontium to recognise the main sources from which these and related
elements originate.

The scientific evidence provided by this PhD research expands our current knowledge of the
chemical and isotopic compositions of the bulk atmospheric deposition in the Mediterranean Basin.
Thanks to the detailed description of the characteristics of the different sources present in the study
areas, the chemical characterisation of the soluble and insoluble fraction of atmospheric deposition,
the determination of the concentrations of TCEs in rainwater, and B and Sr isotopic analyses, this

work might offer a useful tool for future investigations on atmospheric deposition.
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2. Study areas

2.1 General overview

To provide an exhaustive overview of the characteristics, properties, and behaviour of major
ions, minor and trace elements, and boron and strontium isotopes, in Mediterranean atmospheric
deposition, sampling campaigns were carried out in four different environments study areas properly
selected to include different geological settings and different natural and anthropogenic sources of
gases and particulate matter into the atmosphere.

Selected sites, all located in Sicily (Italy), and reported in Figure 1, were, as follows: (i) a
volcanic area, i.e., Mt. Etna, located on the east coast; (ii) two urban areas, Palermo and Catania,
located in the northwest and the east coast, respectively; (iii) two industrial districts, Milazzo and
Priolo Gargallo, respectively located in the northeast and the southeast coast; (iv) a rural area, Mt.
Soro, located in the Nebrodi Regional Natural Park.

In the current chapter, geological and anthropogenic backgrounds for each study area are
reported. Being very important for the identification of sources of gases and particulate matter, a

brief climatic description of the study areas is also given in this chapter.
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Mt. Soro ©

Figure 1 - Distribution of the monitoring areas.

2.2 Mt. Etna

Mt. Etna is in eastern Sicily (Italy). Its elevation (> 3300 m) and areal extent (~ 1250 km?)
make it the biggest active European volcano (Branca et al., 2004). It is also one of the most active
volcanoes in the world (Cappello et al., 2013). Because of its persistent state of activity during
historical times, it is intensely monitored by numerous national and international institutes of
research, i.e., the Istituto Nazionale di Geofisica e Vulcanologia-Osservatorio Etneo (INGV-OE), via
the collection of geochemical, volcanological, geophysical, and remote sensing data, together with a
regular sampling of volcanic solid products (ash, lapilli, etc), of all eruptive events (Bonaccorso et

al., 2004; Calabrese et al., 2011; Aiuppa et al., 2019; Corsaro & Miraglia, 2022).
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Figure 2 - Mt. Etna bulk collector’s network. (a) Zafferana Etnea; (b) Citelli; (c) Mt. Intraleo; (d)
Cratere 2001. Photos are by Sergio Calabrese, Filippo Brugnone and Walter D’Alessandro.

Etna is a large 0.57 Ma old stratovolcano built upon tensional faults cutting a ~ 20 km thick
continental crust (Chester et al., 1985), and formed after the break-up of the African plate margin

during its collision with the European continental block since the Upper Miocene (Barberi et al.,
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1974). Etna’s recent volcanic activity consists of persistent passive degassing at the summit craters,
and from the upper flanks as diffuse soil emanations (Allard et al., 1991; Allard 1997), occasionally
interrupted by lava emissions associated with paroxysmal eruptions, including strong strombolian
and violent lava-fountaining events (Bonaccorso et al., 2004; Branca & Del Carlo, 2004; Ferlito et
al., 2014; Aiuppa et al., 2019; Corsaro & Miraglia, 2022). These emissions result from degassing of
alkali basalt-hawaiite magma which rises from a shallow mantle diapir (D 'Alessandro et al., 1997,
Hirn et al., 1997). Mt. Etna is known as one of the largest global contributors of magmatic gases
such as CO», SO, and halogens (HF, HCI, HBr) (Allard et al., 1991; Allard, 1997; Bruno et al.,
1996; Caltabiano et al., 2004; Aiuppa et al., 2005). The SO, flux from Mt. Etna’s plume has been
routinely measured by remote sensing techniques since 1987 (Caltabiano et al., 2004). SO, flux
ranges between 600 to 25000 t day*; fluxes greater than 10000 t day* were mostly measured during
eruptive events (Caltabiano et al., 2004). Detailed research on Mt. Etna demonstrated that volatile
heavy metals, such as Bi, Cu, Cd, Sn, Zn, Tl, and Te are also strongly enriched in their gaseous
emissions (Gauthier & Le Cloarec, 1998). The monitoring sites of Mt. Etna are shown in Figures 2a,

b, c, and d.

2.2.1 Etna's paroxysmal activity 2021-2022

The summit area of Mt. Etna comprises four active vents: Voragine (VOR), Bocca Nuova
(BN), North-East Crater (NEC), and South-East Crater (SEC). Among these, SEC represents the
youngest, but also the most active crater (Andronico & Corsaro, 2011; Di Renzo et al., 2019,
Corsaro & Miraglia, 2022). SEC has often produced cyclical or episodic eruptive activity (Parfitt &
Wilson, 1994; Spina et al., 2019), characterised by a series of paroxysmal lava fountaining events
with very short repose times (Andronico & Corsaro 2011; Spina et al., 2019; Corsaro & Miraglia
2022). This is exemplified by 23 lava fountain episodes in 1998 (Neri et al., 2011), the 64 paroxysms

in 2000 (Andronico & Corsaro, 2011; Calabrese et al., 2011), and the 44 fountaining events between
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January 2011 and December 2013 (Calvari et al., 2018; Calvari et al., 2021; Bonaccorso et al.,
2021). During the long-standing effusive phase that occurred on the upper SE flank of Mt. Etna from
2004 to 2008, a lateral eruptive event occurred at SEC from 14 to 24 July 2006, where new active
vents produced strombolian activity and lava effusion.

A new cyclical eruptive phase started at the SEC on 13 December 2020, producing over 60
paroxysms up to 21 February 2022 (Andronico et al., 2021; Bonaccorso et al., 2021; Marchese et al.,
2021; Calvari & Nunnari, 2022; Musu et al., 2023). The activity went through a relatively intense
sequence from 16 February to 01 April 2021, with a paroxysm occurring every 1.85 days (£ 0.67
days) until 19 March and longer repose times for the last two events (23-24 March and 31 March —
01 April). for a total of 17 paroxysmal events (De Gori et al., 2021; Marchese et al., 2021; Calvari &
Nunnari, 2022; Corsaro & Miraglia, 2022). Each paroxysmal event followed the typical pattern
observed at the SEC in recent decades (Alparone et al., 2003; Andronico & Corsaro 2011; Calvari et
al., 2011, 2021; Calvari & Nunnari, 2022; Corsaro & Miraglia, 2022), with an intensification of
strombolian activity which culminated in the fountaining event (Calvari & Nunnari, 2022; Corsaro
& Miraglia, 2022). During the fountaining activity, a sustained eruption column was generated,
which could extend to several kilometres in height (Andronico et al., 2021; Calvari et al., 2021;
Calvari & Nunnari, 2022), and with a duration from ~ 50 minutes to a maximum of ~ 13 hours, with
a median duration of ~ 2.7 hours (Calvari & Nunnari, 2022). Figure 3 shows the pyroclastic column

and the ash fallout associated with the paroxysm of 04 March 2021.
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Figure 3 — The pyroclastic column and the ash fallout associated with the paroxysm of 04 March
2021. Photo taken from the village of Cesaro (Mt. Nebrodi). Photo is by Filippo Brugnone.

2.3 Palermo and Catania urban areas

Palermo is a city of 630.167 inhabitants (ISTAT — 01 January 2023), located on the northwest
coast of Sicily. The metropolitan area of Palermo is surrounded by mountains, which result from the
piling up of deep-water and carbonate platform tectonic units (Imerese and Panormide - Catalano et
al., 2013). The Sicilian orogen links the Southern Apennine and the Calabrian Arc to the Tellian and
Atlas systems of North Africa. The Sicilian Fold and Thrust Belt is a segment of the Apennine-
Tyrrhenian System, which refers both to the post-collisional convergence between Africa and a
complex European crust (Bonardi et al., 2003) and to the coeval roll-back of the subduction hinge of
the Adriatic lonian-African lithosphere (Doglioni et al., 1999; Catalano et al., 2013).

Catania is a city of 298.762 inhabitants (ISTAT - 01 January 2023), located on the east coast
of Sicily, ~ 27 kilometres southeast of Mt. Etna. The Catania plain, located between Mt. Etna and the

Hyblean Foreland, lies within the Plio-Quaternary foredeep (Lentini, 1982; Lentini et al., 1994) that




originated from the collapse of the northern margin of the Hyblean Plateau due to extensional
faulting (Grasso, 1993). The geological and geophysical data suggest that this collapse occurred after
the Late Pliocene (Torelli et al., 1998) as a result of the progressive migration of the Maghrebian
thrust wedge (the “Gela Nappe” front) toward the foreland (Butler et al., 1992). Data from
hydrocarbon exploration drilling revealed the presence of ~ 600 m of Plio-Pleistocene sediments
(Yellin-Dror et al., 1997). The most recent unit of this succession, on which the clastic deposits of the
plain lie, is represented by Pleistocene marine marly clays, which also constitute a part of the

sedimentary basement of Etna.

40

——
| —



Sam Giovanni »
La Punta

Parco Gioeni o

Figure 4 - Palermo (top right) and Catania (bottom right) bulk collector networks. (a) Archirafi; (b)
Unipa; (c) Catania; (d) Belgio; (e) Indipendenza. Photos are by Sergio Calabrese and Filippo
Brugnone.
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Both study areas have a high population density and are among the most important cultural
and commercial centres in Sicily. The main sources of gas and atmospheric particulate emissions are
vehicle traffic, domestic heating, and ships, such as cruise ships, that crowd the ports of both cities
throughout the year, but especially in summer. The monitoring sites of the two urban areas are shown

in Figures 4a, b, c, d, e, and f.

2.4 Milazzo and Priolo Gargallo industrial areas

The city of Milazzo, located on the northern coast of Sicily, has 30043 inhabitants (ISTAT -
01 January 2023). Industrial development abruptly increased during the 1950s and 1960s, with a
steel factory, energy production plants, and the largest single oil refinery in Europe, which produces
low-sulfur diesel and unleaded gasoline (Duplay et al., 2008; Bevilacqua & Braglia, 2014), and
which are still in operation. The industrial area covers a surface of ~ 5.5 km?. Epidemiological
information reported an increasing number of cancers and lung infections in this region (Fano et al.,
2019), as well as an excess of diseases in the urinary system (Zona et al., 2016).

The urban and industrial area of Priolo Gargallo is located on the south-eastern coast of
Sicily, covers a surface of 55 km? and comprises the municipalities of Priolo Gargallo (11,249
inhabitants), Augusta (34,658 inhabitants), Melilli (13,171 inhabitants), Siracusa (116,244
inhabitants), Floridia (21,182 inhabitants), and Solarino (7,513 inhabitants). All population data are
from ISTAT, 01 January 2023. The industrial district of Priolo Gargallo includes a huge
petrochemical district (the widest in Europe, ~ 27 km?) that extends from the north of Siracusa to
Augusta, where the main industrial activities include oil refineries, processing of oil-related products,
and energy production. Until 1986, an asbestos treatment/processing plant of the Italian company

Eternit operated in the area.
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Figure 5 - Milazzo (top right) and Priolo Gargallo (bottom right) bulk collector networks. (a)
Contrada Gabbia — Milazzo; (b) Priolo Gargallo; (c) Augusta; (d) Siracusa. Photos are by Sergio
Calabrese.
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The heavy industrialisation and dense urbanisation, coupled with a low water turnover,
especially in Augusta Bay, have promoted a very high state of degradation. The urban and industrial
areas of Milazzo and Priolo Gargallo were classified by the Italian Ministry of the Environment as
areas at high risk of environmental crisis. These sites were defined as highly contaminated areas
where industrial pollution may cause an important impact in terms of human health and ecological
risk, as well as a detrimental impact on cultural and environmental heritage (ISPRA, 2002). The

monitoring sites of the two urban areas are shown in Figure 5a, b, ¢, and d.

2.5 Mt. Soro (Nebrodi) background area

The Mt. Soro sampling site is in northeastern Sicily, within the Nebrodi Regional Natural
Park, which covers an area of ~ 500 km?. The Nebrodi Regional Natural Park includes a section of
the Mountain chain that runs in an east-west direction along the northern coast of Sicily and that was
formed by the overlap of different trust belts during the Alpine orogenesis (Lentini & Carbone,
2014). Morphologically, due to the dominance in this part of the chain of various flysch successions
with prevailing clayey lithology, the Mountain slopes are not very steep. Notwithstanding, the area
comprises the second-highest massif along the chain (Mt. Soro, 1847 m a.s.l.). Geologically the area
belongs to the different sedimentary units almost exclusively represented by their Tertiary Flysch
covers (Lentini & Carbone, 2014) and is comprised of other two main geological units: the Calabride
units to the north-west mainly composed of metamorphic lithologies and the Mt. Etna volcanic
district to the south-west.

This monitoring site (Fig. 6), being located within a natural park, is relatively far from urban
settlements, the nearest being San Teodoro (1220 inhabitants), 8.5 km southeast. It is also 16.8 km
from the Tyrrhenian Sea and approximately 35 km from the summit craters of Mt. Etna. The altitude

above sea level 1s 1552 m.
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Figure 6 - Mt. Soro sampling site. Photo is by Filippo Brugnone
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2.6 Climate Setting

Sicily is in a central position in the Mediterranean basin, which is characterised by the
homonymous climate. During the summer season, the southern Mediterranean area is characterised
by the presence of subtropical high-pressure cells, which ensure stable weather conditions,
dominated by the breeze, which blows from the sea to the coast during the day, and from the inland
to the sea during the night. During winter the protagonists of the weather are the cyclonic storms
coming from the Atlantic Ocean (Bolle, 2003), the prevailing wind direction is from the north and
the west, and the mean wind speed is higher than in summer.

The Mediterranean Sea is an important source of energy and moisture due to evaporation,
which is highest during winter as a consequence of the interaction between the sea and the cold and
dry air masses coming from the north. Energy and moisture released by the sea represent important
elements for cyclogenesis, which, due to climate change, increased its intensity in the last years
(Mariotti et al., 2002; Lionello et al., 2006; Gaertner et al., 2007).

In Palermo, Catania, Milazzo, and Priolo Gargallo the highest temperatures are measured
during the summer months, from June to August, with values sometimes exceeding 40 °C during
intense heat waves of sub-tropical origin. The lowest temperatures are measured during the winter,
from December to February, with values that frequently fall even below 10 °C at all the sampling
sites. Precipitations are concentrated during autumn and spring, often associated with intense but
short-lived thunderstorms, while during the winter and especially during the summer there is less
rainfall. Thirty-year (1970-2000) rainfall average amounts are 610 mm, 447 mm, 907 mm, and 526
mm for Palermo, Catania, Milazzo, and Priolo Gargallo areas, respectively.

Mt. Etna and Mt. Soro areas display peculiar climatic conditions with respect to the
Mediterranean climate of the surrounding areas, due to their altitude and geographical position. In

these two areas, temperatures do not only vary between seasons but also as the altitude and the
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exposure of the slopes change. During the winter, at all monitoring sites of these two areas,
temperatures frequently drop below 0 °C and precipitation occurs in the form of snow or hail.
Precipitations too are strongly influenced by elevation and exposure of the flanks to the dominant
winds. For Mt. Etna, the most important wet air masses come from the eastern sector (Ionian Sea), so
most of the rainfall is concentrated on the eastern flank of the volcano, as the volcano itself induces
condensation. The heaviest rainfall is measured on the East flank, between 600 and 700 m of
elevation, with a median value (1970-2000) of up to 1300 mm (Zafferana Etnea). For Mt. Soro the
wet air masses come from the north coast (Terranean Sea), so most of the rainfall is concentrated on
the northern slopes. Rainfall amounts reach values of ~ 1200 mm. Precipitations are concentrated
during autumn and winter in both areas, while they are scarce during summer and only occur in the
form of diurnal heat storms.

Using wind data at the isobaric altitude of 850 hPa (approx. 1450 m a.s.l.), taken from the
database of the European Centre for Medium-Range Weather Forecasts (ECMWF), an average wind
direction of 266° was calculated for the period 01 March 2021 - 31 March 2023, with an average
wind speed of 7.2 m s™\. These values were calculated for a point on the vertical of the city of

Palermo.
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3. Materials and Methods: sampling, sample processing, analysis,
statistical elaborations

3.1 General overview

This chapter is devoted to the description of all the methodologies employed for (i) the
sampling of atmospheric deposition samples, (ii) the laboratory pre-treatment of the rainwater
samples, (iii) the laboratory procedure for mineralisation of the insoluble fraction, (iv) the chemical
and the isotopic analysis of the different sub-samples.

Several sampling procedures and analytical methods for monitoring major ions and minor
and trace elements in atmospheric deposition have been developed in the last decades. The type of
collector to be used varies depending on whether you want to acquire only dry deposition, only wet
deposition, or both (bulk deposition). All collectors shall have a cylindrical vertical section of
sufficient height to avoid sampling losses resulting from splashing and the diameter for the opening
area and the volume of the collector need to be selected to collect all the precipitation for the
required sampling duration (Amodio et al., 2014). The laboratory analytical procedures, the number,
and type of aliquots produced from each sample collected, and the number and type of instrumental
analyses to be performed depending on the type of atmospheric deposition sampled, the type and
number of elements whose concentrations are to be determined and, therefore, on the purpose of the
research.

In this PhD research project, the rainwater samples were collected through the
implementation of a sampling network of bulk collectors, similar to those used for previous research
(Aiuppa et al., 2001; Aiuppa et al., 2006; Muezzinoglu & Cizmecioglu, 2006, Liotta et al., 2006,
2017; Soriano et al., 2012; Calabrese et al., 2011; D’Alessandro et al., 2013; Brugnone et al., 2020;

Brugnone et al., 2023a, 2023b). The sampling and analytical methods used are summarised below.
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3.2 Atmospheric deposition sampling and laboratory methods

Rainwater samples were collected in four different contexts, from March 2021 to April 2023,
by using a network of fifteen bulk collectors (Tab. 1). The collecting systems used for the present
research were “bulk collectors”, which remained open during the whole sampling period, thus
receiving both wet and dry deposition. A total of 301 samples were collected with sampling
procedures following published protocols for atmospheric composition monitoring (Harmens et al.,
2004; EN 15841:2009; EMEP/CCC, 2009; WMO, 2018). The device was based on the standard EN
15841:2009 (standard method for determination of arsenic, cadmium, lead, and nickel in atmospheric
deposition). Although some errors in assessing atmospheric deposition with the surrogate approach
could result from poor sampling properties and defective sampling strategies (Dammgen et al.,
2005), the European Committee for Standardization (CEN) recommends bulk (bottle/funnel)
samplers to collect and assess the atmospheric deposition of metals. Aas et al. (2009) evaluated
sampler uncertainties of different collectors (wet only, bulk, Bergerhoff, and bulk bottle/funnel); the
authors showed that the lowest uncertainty was found for the bulk bottle/funnel sampler. This
sampler is recommended to measure total atmospheric deposition at industrial and urban sites,
mainly when total deposition is not only due to precipitation events (Aas et al., 2009).

Therefore, each bulk collector consisted of a 10 L bottle (made of High-Density
Polyethylene, HDPE) and a Biichner type funnel (0 240 mm, made of polypropylene, PP - Kartell™
Polypropylene Buchner Funnels). The design and installation of the bulk collectors conformed to
EMEP/CCC (European Monitoring and Evaluation Programme/Chemical Coordinating Center) site
requirements for precipitation gauges (EMEP/CCC-Report, 2009): at least 10 metres away from
vertical obstacles, such as buildings or trees, which would prevent the accumulation of rain or snow,
especially in the case of cross rainfall. To minimise the contamination by soil dust of local origin,
and to protect the collected rain from direct sunlight, the collecting system was positioned at least 1.5

m above the ground level into a matt PVC tube. All funnels had a cylindrical vertical section of
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sufficient height to avoid sampling losses resulting from splashing and the diameter for the opening
area and the volume of the collector have been selected to collect all the precipitation for the required
sampling duration (Admodio et al., 2014). Only in a few cases (20), due to unexpected strong rainfall
or unwanted extension of the sampling period, the sampled water was greater than the volume of the
collector.

All the equipment of the bulk collectors (funnels and bottles) was cleaned before the field
exposure, with a 2% w/v HNO3; (Merck Suprapur) solution, and then rinsed several times with
deionised water (18.2 MQ cm resistance, Milli-Q water-purification system, Millipore), and dried
under a hood for 24 h. Afterwards, the bulk collectors were assembled and stored in clean plastic
bags until their exposure in the field. In all monitoring campaigns, bottles and funnels were removed
and replaced by clean ones at the end of the sampling period. All the operations described above

were performed wearing powder-free latex gloves.

3.1.1 Atmospheric deposition sampling network

Based on previous work (diuppa et al., 2001, 2006; Bellomo et al., 2007; Martin et al., 2009;
Calabrese et al., 2011), three bulk collectors were installed on the down-wind (south-eastern,
eastern, and north-eastern) flanks, at different distances from summit craters. The first one was
installed at the beginning of April 2021, near “Cratere 20017, a few hundred meters upstream of the
“Rifugio Sapienza”, at an altitude of 2581 m above sea level. This was the closest sampling point to
the summit craters (3.0 km). Eighteen samples were sampled until April 2023. Sampling was carried
out monthly, except for the periods December 2021 - February 2022 and November 2022 - April
2023, during which it was not possible to reach the monitoring site due to the high thickness of the
snow on the ground. The second and the third ones were installed at Zafferana Etnea (altitude of 850
m a.s.l. and 10.0 km from the summit craters), and Citelli (1688 m a.s.l. and 5.4 km from the summit

craters). Both were installed at the beginning of March 2021. In the former, twenty-three samples
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were sampled until mid-February 2023, with an average sampling interval of thirty-one days; in the
latter, twenty-three samples were sampled until the end of March 2023, with an average sampling
interval of thirty-three days. To define the local atmospheric background, the fourth bulk collector
was installed in a site up-wind, in a rural area poorly affected by volcanic emissions (Bellomo et al.,
2007; Calabrese et al., 2011), near Mt. Intraleo. Twenty-one samples were sampled at this site from
late April 2021 to mid-February 2023, with an average sampling interval of thirty-one days. All these
collectors were at least 9 km from the nearest urban settlement except that of Zafferana Etnea which
was less than 2 km from the outskirts of the homonymous town.

Four bulk collectors were installed, at the beginning of March 2021, in the City of Palermo.
One was installed on the roof of the “Emilio Segré” building in “Via Archirafi no. 36” (Dipartimento
di Scienze della Terra e del Mare, Universita degli Studi di Palermo), and three on the roof of as
many air quality monitoring stations of the Agenzia Regionale per la Protezione Ambientale (ARPA
Sicilia), two of which are located at major road junctions (“Via Belgio” and “Piazza Indipendenza”),
and the third in an urban area with little vehicular traffic (“Viale delle Scienze™). At the “Via
Archirafi”, “Piazza Indipendenza”, and “Viale delle Scienze” sites, the bulk collectors worked until
mid-February 2023, sampling twenty-three samples at each site, with an average of one sample every
thirty days. At the “Via Belgio” site, the bulk collectors worked until the end of February 2022,
sampling twelve samples, with an average of one sample every thirty days. These sampling sites
were selected to monitor the urban anthropogenic impact (i.e., vehicular traffic, ship transport,
domestic heating), and the influence of the marine source on the chemical composition of
atmospheric deposition in the city of Palermo.

Two bulk collectors were installed from the end of April 2021 until mid-February 2023, in
the area of Catania, one in “Parco Gioeni”, an urban park located in the northern part of the city, and
one at San Giovanni la Punta (23,454 inhabitants), a town ~ 6 km north of Catania. Twenty-one and

twenty samples, at a frequency of one sample every thirty-one and thirty-three days, were sampled at
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these two sites, respectively. These were two monitoring sites in urbanised areas with moderate
vehicular traffic. These sampling sites were chosen to characterise anthropogenic, marine, and
volcanic contributions to the chemical composition of atmospheric deposition, given their distance
from the coastline (2.5 km and 5.0 km, respectively) and Mt. Etna's summit craters (26.0 km and
21.5 km, respectively). These collectors were placed also on the roof of air quality monitoring
stations of ARPA Sicilia.

One bulk collector was installed, between the beginning of March 2021 and the end of April
2022, in “Contrada Gabbia”, “Giammoro - Milazzo”, a small settlement surrounded by the industrial
area of Milazzo (ME). Fifteen samples were sampled at a frequency of twenty-eight days. This
monitoring site was chosen to characterise the anthropogenic industrial contribution to atmospheric
deposition in this area.

Three bulk collectors were installed on the roof of air quality monitoring stations of ARPA
Sicilia in the Siracusa area for monitoring the industrial impact on the atmosphere of one of the
largest refineries in Europe. At the “Siracusa” and the “Priolo Gargallo” monitoring sites a total of
forty-six rainwater samples were collected between the beginning of March 2021 and the middle of
February 2023, while at “Augusta” site twelve samples were collected in one year, between March
2021 and the end of February 2022. At all the sites, the sampling frequency was thirty days. A total
of twenty-two samples, with a frequency of thirty-one days, were collected at the Mt. Soro
background area between March 2021 and February 2023.

Table 1 summarises the geographical information of all the sampling sites.
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Table 1 - The collectors' network and information of monitoring sites.

ID site TypeofSite  Position UTMWGSS4  Altitude (mas.l.) E'e‘g:gs: df’(?n';‘ the Dt;fetire‘ze(‘:;;” 'SDL'JZ?“”EGC:’;ESE(‘;S
CIT Citelli Volcanic 335504769 4180074 1688 15 13.3 5.4
ZAF Zafferana Etnea Volcanic 335 508202 4173454 850 15 9.9 10.0
CRT Cratere 2001 Volcanic 33S 500537 4174966 2581 15 17.6 3.6
INT Mt. Intraleo Volcanic 33S 492899 4175099 1514 15 25.4 75
ARC Palermo - Archirafi Urban 33S 357403 4219295 33 22 0.5 147.9
UNI Palermo - Unipa Urban 33S 355032 4218766 42 35 27 150.1
IND  Palermo - Indipendenza Urban 33S 355392 4219342 38 35 17 149.9
BEL Palermo - Belgio Urban 33S 353812 4223960 41 35 34 152.7
CAT Catania Urban 33S 507169 4153592 138 35 2.6 26.0
GLP  S. Giovanni La Punta Urban 335508926 4159074 345 35 53 215
GAB Milazzo Industrial/Urban 33S 527148 4228670 9 35 0.4 57.3
SIR Siracusa Belvedere Industrial/Urban 335 518528 4105315 150 35 35 75.5
AUG Augusta Industrial/Urban 335519569 4119118 5 35 0.1 62.6
PRI Priolo Gargallo Industrial/Urban 33S 516974 4112227 19 35 11 68.4
CES Mt. Soro Rural 33S 470287 4197501 1524 35 16.8 35.0

3.1.2 Laboratory pre-treatment of rainwater samples (soluble fraction)

At the end of the sampling period, the collection bottles were capped and carried to the
laboratory. The quantity of water was measured gravimetrically to calculate the amount of rainwater.
The collected water samples were split into sub-samples. One untreated aliquot (100 mL) was
immediately used for the determination of pH and electric conductivity (EC) (UNI EN ISO
10523:2009; EN 7888:1985). Another untreated aliquot (100 mL) was taken for total alkalinity
determination (expressed as mg(HCOs") L). Subsequently, the remaining rainwater sample was
filtered using a 0.45 um pore size, 47 mm diameter, cellulose nitrate membrane, to remove any solid
material and to stabilise the solution for the subsequent analysis. From the filtered aliquot, two sub-
samples were obtained: (i) 50 mL for major anions (NO3’, SO4*, CI', and F") determinations; 50 mL
acidified sample, with 100 uL of Ultrapure HNOs, for major cations (Na*, K*, NH4", Ca?", Mg?"),
and a large suite of minor and trace elements (Li, Be, B, Al, Si, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, As,

Se, Br, Rb, Sr, Mo, Cd, Sn, Sb, Cs, Ba, Tl, Pb, Bi, U). For selected samples, those in which a
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sufficient volume of water was present, the filtered water not used for the preparation of the above
aliquots, was split into other two sub-samples: (i) determination of the Technology-Critical Elements
— TCEs (Sc, Ge, Te, Y, Nb, Zr, Hf, Th, La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu)
concentrations; (ii) determination of the isotopic composition of B and Sr. All samples were stored
dark and refrigerated (4 °C) until analysis.

During the dry period (no rain in the collectors), dry deposition was recovered following the
method described by Menichini et al. (2006): 300 mL of ultrapure water was used to slowly wash
both the funnel and the sampling bottle, and the obtained solution/suspension of the dry deposition
was treated as described above.

Furthermore, for each site and each sampling period, the bulk collector systems were first
rinsed with 150 mL of 2% w/v HNOj3 (Merck Suprapur) solution and then with 150 mL of deionised
water (Milli-Q). 50 ml of the resulting washing solutions were recovered in 50 ml centrifuge tubes
and refrigerated at 4 °C before being analysed for the concentration determination of minor and trace
elements (Li, B, Al, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, As, Se, Br, Rb, Sr, Mo, Cd, Sn, Sb, Cs, Ba, T,
Pb, and U). As this procedure has never been tried before, only a few (25) of the prepared samples
were analysed and the results will be presented in this thesis. The remaining samples will be
analysed, if possible, after the end of the PhD project.

Sample manipulations were carried out in clean rooms and all plastic wares were washed
with deionised water (Milli-Q). Pre-treatment of the rainwater samples was performed in the
laboratories of the “Dipartimento di Scienze della Terra e del Mare - DiSTeM” of the University of

Palermo.

3.1.3 Laboratory procedure for mineralisation of the insoluble fraction

Cellulose nitrate membranes, with 0.45 um pore size and 47 mm diameter, were used for the

filtration of the rainwater samples. All solid material with a diameter larger than that of the pores was
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retained by the membranes. The filter residue membrane was processed based on the UNI EN
14902:2005 normative and the US Environmental Protection Agency (EPA) Method 3051 (US EPA,
2007). The microwave-assisted method with nitric acid HNO3 (Merck Suprapur) was applied. The
samples were treated at the laboratory of the “Dipartimento di Scienze Agrarie, Alimentari e
Forestali — SAAF” of Palermo, according to the procedure described below. The total weight of the
retained material was calculated by subtracting the original weight of the membrane before filtration
from the weight of the membrane after filtration. For each rainwater sample, more than one
membrane could have been used for the filtration. All membranes used for a water sample were
considered one sample if the total weight (membrane + solid material) was < 0.5 g, otherwise the
same membranes were divided into two or more sub-samples with a maximum weight of 0.5 g.
Mineralisation was performed by a Microwave Digestion System CEM Mars 5 with temperature
control. Twenty-four Polytetrafluoroethylene vessels were used, after being thoroughly cleaned with
2% w/v HNOs; (Merck Suprapur) solution and then rinsed with deionised water (MilliQ). Each
sample was placed inside a vessel, with 4 mL of Ultrapure 67% w/v HNO3 and 3 mL of 32% w/v
Ultrapure H»O,. The vessels were placed in the microwave digestion system, configured with a
program that included a twenty-minute heating ramp up to a temperature of 200 °C and a pressure of
800 psi, forty minutes of holding these conditions, and, finally, a cooling period of twenty minutes.
The mineralised samples were recovered in a 50 mL centrifuge tube; the vessels were washed with
10 mL of deionised water (MilliQ) water and these solutions were added to the sample. The samples
were brought to a final volume of 20 mL using deionised water (MilliQ). The presence of a solid
residue, almost certainly of silicate composition, was observed in many samples. To remove this,
which could be a problem during instrumental analysis, all samples were centrifuged for 3 minutes at
5000 rpm using an ALC 4222 MK II centrifuge. The supernatant was recovered in 15 mL vessel
tubes and subsequently analysed for the determination of minor and trace element concentrations (Li,

B, Al, T1, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, As, Sr, Mo, Ba, and Pb).
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3.1.4 Laboratory Procedure for Technology-Critical Elements (TCEs)

Despite instrumental advancements, accurate determination of Technology-Critical Elements
(including lanthanoids) in rainwater samples remains a challenge. This is mostly because of very low
elemental concentrations ranging from nanograms per litre to low micrograms per litre. Among
various instrumental approaches, inductively coupled plasma mass spectrometry (ICP-MS) is a
powerful technique offering excellent sensitivity and multielement detection capability.
Nevertheless, direct determinations from rainwater by ICP-MS are often hampered by spectral and
non-spectral interferences. Coprecipitation methods have been attractive means for eliminating the
salt matrix and preconcentrating the trace elements in rainwater. Coprecipitation as metal hydroxides
has also an added advantage for ICP-MS since acid dissolution yields metal ions in a slightly acid
solution. Mg(OH), coprecipitation has been popular for TCEs and lanthanoids as it uses Mg?>"
available in seawater (Arslan et al., 2018). In this paragraph, an Mg(OH)> coprecipitation method
using Triethylamine (TEA), an aprotic base, for scavenging the trace elements, the TCEs, and the
lanthanoid from the rainwater will be presented. The coprecipitation with TEA afforded quantitative
scavenging of a large suite of elements, including those that form ammonia complexes, i.e., Cd, Cu,
Co, Ni, and Zn.

The methodology comprises a series of steps that are summarised below. 50 mL of filtered
sample was first spiked with 500 pL of MgCl, x 6H,0 (final concentration in the sample 344 ug L™),
being the starting solution insufficiently rich in magnesium, and with 200 pL of pure (~ 99%) TEA,
to cause the coprecipitation of Mg(OH)2, on whose surface the elements of interest will be adsorbed.
After sitting for fifteen minutes, the colloidal solution was centrifuged at 4800 rpm on an ALC 4218-
D centrifuge for 30 minutes. The supernatant solution was poured off and the precipitate was
dissolved first in 1.5 mL of 7% HNOs3. The solution was recovered in a clean 10 mL centrifuge tube.

1.5 mL of 1% HNOs was poured into the original tube to remove any residue, and the solution was
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recovered in the 10 mL tube. The last step was repeated a second time. 4.0 mL of deionised water
(Milli-Q) was poured into the original tube and the solution was added to the sample. The sample
was brought up to a volume of 10 mL with deionised water (Milli-Q) and refrigerated at 4 °C before

the chemical analysis.

3.3 Chemical analyses

The analytical methods used are summarised in Table 2. Chemical analyses were performed
in the laboratories of the “Dipartimento di Scienze della Terra e del Mare - DiSTeM” of the
University of Palermo, and in the laboratories of the “Istituto Nazionale di Geofisica e Vulcanologia,

section of Palermo.

Table 2 - Methods and instruments for chemical analysis of atmospheric precipitation.

Constituent and parameter Method Instrument Laboratory
. . Water Geochemistry —
Conducti Conductimetry at 25 °C VWR Symphony model 11388-372 N
ucthvity uetimetry ympnony University of Palermo
) . Water Geochemistry —
¥ Potentiometry (glass electrod VWR Symphony model 662-1807 o
Hydrogen ion (H") entiometry (glass electrode) ymphony mode University of Palermo
. B N " Water Geochemistry —
Total Alkalinity m(HCO5) Titration (0.1N) HCI Titrando 888 Metrohm UniversityofPaletr]ZD
lon Chromatograj IC) & R . . . .
. P TSP + . 9 ph}/( ) . Thermo Scientific Dionex ICS-5000+ Istituto Nazionale di Geofisica e
Cations (Na", K7, Mgf ,Ca”",NHy") Inductively coupled optical emission Adilent Technologies 5900 Vil loia — Section of Pal
Spectrometry (|PS-0ES) gl [o] Icanologia cction of Falermo
5 - 2- - _— 5 Istituto Nazionale di Geofisica e
lon Chi 1t IC Thel Scientific Di 1CS-5000+
Anions (F', SO4“, CI, NO3") on Chromatography (IC) rmo Scientific Dionex Vulcanologia — Section of Palermo
Minor and Trace elements Inductively coupled plasma-mass
(Li, Be, B, Al, Ti, V, Cr, Mn, Fe, Co, Ni, spectrometry (ICP-MS) & Agilent Technologies 7800 Istituto Nazionale di Geofisica e
Cu, Zn, As, Se, Br, Rb, Sr, Mo, Inductively coupled optical emission Agilent Technologies 5900 Vulcanologia — Section of Palermo
Cd, Sn, Sh, Cs, Ba, Tl, Pb, Bi, U) Spectrometry (IPS-OES)
Technology Critical Elements - TCEs
(Sc, Ge, Te, Y, Nb, Zr, Hf, Th, Inductively coupled plasma-mass . . Istituto Nazionale di Geofisica e
Agilent Technologies 7800
La, Ce, Pr, Nd, Sm, Eu, Gd, Th, spectrometry (ICP-MS) glent Technologles Vulcanologia — Section of Palermo
Dy, Ho, Er, Tm, Yb, Lu)
High Resolution Multi-collector Inductively . . . .
B & Sr isotopes coupled plasma-mass spectrometry (HR- Thermo Scientific Neptune Plus™ Istitto di Geoscienze e Georisorse (IGG) -

MC-ICP-MS) Consiglio Nazionale delle Ricerche (CNR)

The pH values were determined by a pH meter with a glass electrode (VWR Symphony
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model 662-1807), previously calibrated with buffer solutions (pH 4, 7, and 10). The conductivity of
the samples was measured by a portable Conductimeter with automatic correction of the temperature
(VWR Symphony model 11388-372), previously calibrated with a solution of 84 uS cm™ @20 °C,
similar to the average conductivity expected for the sampled rainwaters.

Total alkalinity, expressed as mg(HCO5") L™, was determined through an automatic titrator
(Titrando 888 Metrohm), using 0.1 N HCI. To determine the concentration of HCOj3™ in very dilute
solutions, such as rainwater, without having to change the concentration of the titrating acid, an
analytical method was developed in which the HC1 was added very slowly to the solution (maximum
of 5 mL min."). The detection limit was 8.0 peq L.

Ton chromatography technique was used for the determination of major anions (NO3", SO4*,
Cl, and F), and major cations (Ca®>", K, Mg*", Na’, NH4") concentrations, with an ion
chromatograph Thermo Scientific Dionex ICS-5000+. The anion chromatograph, equipped with an
anion column (Dionex IonPac AS19-4um), a pre-column (Dionex IonPac AG19-4um), and a
suppressor (ASRS-500 4 mm), worked under a continuous flow of carbonate-bicarbonate eluent
(Na2CO3/NaHCO:s3), for major anions determination (UNI EN ISO 10304-1:2009). The cation
chromatograph, equipped with a cationic column (Dionex IonPac CS16-5um), a pre-column (Dionex
IonPac CG16-5um), and a suppressor (CSRS-500 4 mm), worked under a continuous flow of
Methanesulphonic acid (MSA) for ammonium determination (UNI EN ISO 14911-1:2001). The
detection limits (LOD) (pneq L) were 1 for NO; and SO4*, 0.3 for CI, F and NH4", 0.1 for Ca?",
Mg?*, K, and Na™. Calibration solutions for all the investigated ions were prepared by diluting stock
standard solutions (Merck). Calibration curves were made with 7 calibration levels and precision was
always < 2% for cations, and < 3% for anions, except for fluoride (~ 9%). The accuracy of the
method was checked by analysing certified reference materials of natural waters (Environment
Canada Ontario 99 and NWLON-7) at regular intervals. For further details, the reader is invited to

see Table 3.
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Due to a technical problem with the ion chromatograph used for cation analysis, samples
from the period June 2022 - April 2023, i.e., from series no. 17 to series no. 23, were analysed for
major cations (Na®, K*, Mg®", and Ca?") at the Istituto Nazionale di Geofisica e Vulcanologia by
inductively coupled optical emission spectrometry (IPS-OES) using an ICP-OES Agilent 5900. The
detection limits (LOD) (peq L) were 0.1 for Ca*" and Mg?*, and 0.005 for K and Na®. Each
analytical session involves a calibration routine for all the elements to be quantified, through the
analysis of working standards at increasing concentrations, which can vary in number from a
minimum of 6 to a maximum of 12 to cover 3 to 6 orders of magnitude of concentrations, i.e., from a
few tens of ng L' up to mg L. The calibration curves were evaluated according to various
parameters such as the linear regression (R), the value of the calculated concentration versus the
chemical concentration of each standard, the precision of the value (R. S. D.) and the signal stability
of the internal standard. Different internal standards (Y, Rh, In, Re) were used during the analytical
runs to control the matrix effect and were introduced directly online into the introduction system via
a T-connector that ensures a constant and continuous introduction. For a correct evaluation of the
data, precision and accuracy were always considered. The concentrations of ammonium for these
samples were not determined. For further details, the reader is invited to see Table 3.

Minor and trace elements (Li, Be, B, Al, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, As, Se, Br, Rb, Sr,
Mo, Cd, Sn, Sb, Cs, Ba, Tl, Pb, Bi, U), Technology-Critical Elements - TCEs (Te, Sc, Ge, Y, Nb, Zr,
Hf, Th) and lanthanoids (La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu) were analysed by
inductively coupled plasma-mass spectrometry with an ICP-MS instrument (Agilent Technologies
7800) (UNI EN 16171:2016). The detection limits (LOD) were calculated using the method of blank
variability for each investigated element. The detection limits (ug L) were: 0.20 for Fe, 0.10 for Li,
B, Al, Zn, and Br, 0.05 for Be, Ti, V, Cr, Mn, Ba, and Pb, 0.03 for Ni and Cu, 0.02 for Co, As, Se,
Rb, Sr, and Mo, 0.01 for Cd, Sn, and Sb, 0.005 for Zr, 0.003 for TI and Bi, 0.001 for Y, Te, Cs, and

U, 0.0005 for La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, and Lu, 0.0003 for Ge, 0.0002 for
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Sc, and, finally, 0.0001 for Nb, Hf, and Th.

External multi-element calibrations were performed with standard solutions obtained by
mixing and diluting multi and single-element work solutions (100 mg L', and 1000 mg L',
CertiPUR ICP Standards Merck). The calibration routine was done on selected isotopes for each
element with 11 calibration points prepared daily in 10 mL polyethene tubes by dilution with 2% w/v
HNO; solution, treated as a blank solution. Element contents in the analysed samples were calculated
using the spectrometer software (ICP Mass Hunter, version B.01.01). The sensitivity variations were
monitored by '>Rh, "°In, and '®Re with 10 pg L' concentration as an internal standard added
directly online. The reproducibility of the chemical analysis was verified by 5 replications for each
sample and standard and the R. S. D. were always < 20% for trace elements, and < 30% for ultra-
trace elements. QA/QC for the investigated elements was evaluated by the analysis of four Certified
Reference Materials (SpectraPure SPSSW1 and SPSSW2, Environment Canada TM 27.3, TM 61.2,
TM35), specific to the analysis of trace elements in fresh and rainwater and accuracies between +10
to £20% for B, Cr, Fe, Ni, Zn, As, Se, Te, and Bi, and below than +£10% for the other elements, were
calculated. For further details, the reader is invited to see Table 3. Argon gas of high purity grade
(99.99%) was used as the gas carrier.

The concentration of minor and trace elements in the insoluble fraction solutions (Li, B, Al,
Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, As, Sr, Mo, Ba, Pb) was determined by an inductively coupled
optical emission spectrometry (IPS-OES) using an ICP-OES Agilent 5900. The quality control
procedures were analogous to those described for the ICP-MS. For the detection limits, the accuracy

and the R. S. D. for each element, the reader is invited to see Table 3.

3.4 Laboratory procedure for B and Sr isotopes

Determining the isotopic composition of B and Sr requires precise sample pre-treatment

procedures, especially when working with matrices where these elements are present in low
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concentrations, as in the case of rainwaters. For B, it is crucial to separate it from the matrix to
inhibit the “mass bias” during mass spectrometer analysis (Guerrot et al., 2011). Whereas, for Sr, it is
essential to separate it from rubidium (Rb), which has a naturally weakly radioactive isotope (}’Rb)
with the same atomic weight as the isotope 8’Sr. All laboratory procedures were performed at the
“Istituto di Geoscienze ¢ Georisorse” of the Italian National Research Council (IGG-CNR) in Pisa
(Italy). The preparation of the samples was performed in two cleanrooms, one ISO 6 and the other
ISO 5 (UNI EN ISO 14644-1), using B-free and Sr-free ultrapure reagents. Ultrapure water was
obtained starting from Milli-Q water (resistivity of 18.2 MQ cm'), and subsequent sub-boiled
distillation using Savillex DST-1000; ultrapure HNO3 (2N) solution was obtained starting from
Suprapur HNO3; and two subsequent steps of sub-boiled distillation using Savillex DST-1000;
ultrapure B-free NH4OH (2N) was obtained with the sub-boiled distillation of Ultrapure NH4OH,
adding mannitol to the starting solution to prevent B volatilisation.

The methodology used for the separation of B from the matrix provided a series of steps that
are summarised below. The first step was to take enough previously filtered rainwater (see paragraph
3.1.2 “Laboratory pre-treatment of rainwater samples”). For a successful isotopic analysis, it is
necessary to introduce in column a quantity of B equal to 800 - 1000 ng. Therefore, it was essential
to know the concentration of B in the samples. The concentration of B was determined by analysis of
the filtered and acidified samples, prepared according to the procedure described in paragraph 3.1.2
“Laboratory pre-treatment of rainwater samples”, and analysed according to the methodology
presented in section 3.2 “Chemical analysis”. Speciation of B in aqueous fluids is highly dependent
on pH conditions, and B in solution is found as a borate ion only at pH > 8 (Tonarini et al., 1997).
For the methodology used was necessary to have B in this ionic form, therefore the samples were
conditioned with 1 mL of NH4OH (2N) for 100 mL of sample to raise the pH of the solution to a
value > 10. Six columns in Polytetrafluoroethylene (PTFE), with a volume of 2 mL, were prepared

for the separation of B by anionic exchange. The columns were first washed with a 2% w/v HNO3

65

——
| —



(Merck Suprapur) solution, then rinsed with enough sub-boiled water, and left to dry under a laminar
flow hood. Once dry the columns were placed on a clean Polymethylmethacrylate (PMMA) rack.
The lower portion of each column was then filled with enough amount of an anionic resin
"Amberlite® IRA743 free base”. For this step, a pipette and SB water, previously spiked with
NH4OH (2N) to bring its pH to a value > 8, were used. The columns and the resin have been washed
with 3 mL of HCI (2N); this wash makes the environment inside the columns slightly acidic. To raise
the pH, 2 mL of pH > 8 SB water were then introduced. The resin was then conditioned with 1 mL of
NH4OH (2N) and then with 2 mL of pH > 8 SB water. Then the samples were loaded into the
columns. The sample passed through the anionic resin, which trapped the B in solution as a borate
ion, thus separating it from the matrix. To ensure complete absorption of the borate ion by the resin,
the samples released from the columns in the first step were recovered and loaded back into the
columns. To ensure the removal of all other anions from the resin, the same was then washed again
with 2 mL of pH > 8 SB water, 1 mL of NH4OH (2N), and finally 3 mL of pH > 8 SB water. 15 mL
centrifuge tubes, before being cleaned with HNO3 (2N) and rinsed with plenty of SB water, were put
under the columns. The elution of the borate ion was performed by washing each column with 5 mL
of HNOs3 (2N). In this last step, it was essential not to miss even a drop of sample; the first drop
released from the resin contained almost all the B. The resin first releases the isotope ''B, then the
isotope !B, therefore it was still necessary to recover all 5 mL of the solution.

The first steps of the methodology used for analysing the isotopic composition of Sr were the
same as those illustrated for B. Once the necessary amount of filtered samples had been taken, they
were evaporated. Polytetrafluoroethylene beakers were used to evaporate the samples, and they were
washed according to the procedure illustrated below. After an initial rinse with SB water,
successively 3 mL of HCI (6.60N), 3 mL of HNO3 (2N), and 3 mL of SB water were placed inside
each baker. Between each solution, the bakers were placed on a hot plate under a laminar hood for

approximately 6 hours. After adequate drying on the hot plate, the bakers were ready to be used.
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Evaporation of the samples was carried out on a hot plate, under a laminar hood, at a temperature
between 60 °C and 95 °C. The precipitate from the evaporation was recovered with 2 mL of HNO3
(2N), and this solution was centrifuged for 12 minutes. At this point, ten columns, before being
cleaned with the same procedure used for the columns for B, were prepared for ion exchange
chromatography. An “Eichhorn Strontium Resin” was placed inside each column, and they were
conditioned with 1 mL of HNO3 (2M). The samples were loaded into the columns. Sr was retained
by the resin and the columns were cleaned with the following acid sequence: 1 mL of HNO3z (2M), 3
mL of HNOs (7M), and 0.5 mL of HNO3 (2M). 15 mL centrifuge tubes, previously cleaned with
HNOs (2N) and rinsed with plenty of SB water, were put under the columns. The elution of the

strontium ion was performed by washing each column with 3 mL of HNO3 (0.05M).

3.5 Isotopic analysis

Isotopic analyses were performed in the laboratories of the “Istituto di Geoscienze e
Georisorse” of the Italian National Research Council (IGG-CNR) in Pisa (Italy). A multi-collector
mass spectrometer (Thermo Scientific Neptune Plus™ HR-MC-ICP-MS) was used for B and Sr
isotopic ratios determination. An Argon flow rate of 100 pL minute was set for both element
analyses. The appropriate detectors were positioned such that just the elemental ion of interest can
enter the detector whereas the interfering ions were stopped on one side of the detector slit. To check
that the signal peaks were “flat-top type”, a “mass scan” and a “peak scan” were performed. The
peaks were centred (“peak centre”) and the mass corresponding to the centre of the peak was used
for positioning the collectors. The appropriate positioning of collectors was performed by using four
high-precision “stepper motors”.

For B isotopic ratios analysis, Faraday cups H3-L3 were selected and coupled to an Amplifier
10" Q, to reach the maximum &''B/!°B stability. After B concentration measurements, all the

samples were diluted to a B concentration of = 25 pg L' and bracketed with 25 pg L' solution of
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NIST NBS 951 boric acid standard, similar to the B concentration expected in the rainwater samples.
NIST NBS 951 was made from an original lot of pure H3;BO3 of more than 200 kg in 22 containers,
which was free from impurities and largely homogeneous throughout the lot (except for one
container) (Coplen et al., 2002) and has been chosen as the reference to which the B isotopic ratios
should be reported (8''Bnbsosi = 0%o). Therefore, the given delta notation (8''B) represents the
deviation (%o) from the NIST NBS 951 standard, with a certified 5''B/!°B ratio of 4.0436255 = 0.013
(2Q).

The analytical procedure for B isotope analysis consisted of sample-reference bracketing,
using NIST NBS 951, and an on-peak zero blank correction (Guerrot et al., 2011). A triplicate of
analysis was done for each sample during the same analytical session. The result is given as an
average delta value without further normalisation. Because of the large mass fractionation during
MC-ICP-MS analyses of boron, the instrument was tuned before each analytical session for
maximum stability rather than maximum intensity adjusting the sample gas flow following the
procedure suggested by Foster (2008). A wash time of 250 s after each sample and reference analysis
to overcome the well-known wash-out problem of boron (4/-Ammar et al., 2000). Boron isotopic
ratio analyses were performed in three different rounds. In the first and third rounds H skimmer
cones were used, and a low resolution was set. In the second round Jet sample cones were used, and
a medium resolution was set. The Jet sample cones arrangement significantly enhanced the B signal
sensitivities, compared to the standard cone arrangement (H skimmer cone + standard sample cone).
With the H skimmer cones a signal of 65 mV was measured for the NIST NBS 951 Standard, while
with the Jet sample cones, a signal of 210 mV was achieved. However, the use of Jet sample cones,
and the consequent use of medium resolution, led to a lower stability of the sample gas flow rate. At
non-optimum sample gas flow rates, the B isotopic ratios deviated from the reference value. Another
problem that was considered when setting up the instrument was the “memory effect”. The “memory

effect” is due to the tendency of boron to volatilise in the form of boric acid, which coats the walls of
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the “spray chamber”, thus contaminating the next sample analysed. To reduce this effect an
appropriate washing time before the introduction of each new sample was set. To estimate the error
due to the “memory effect”, a blank solution was analysed. Very low signals were measured for the
blank solution, 1.1 mV and 4.0 mV with the H skimmer cones and the Jet sample cones
configurations, respectively. Several samples of another Standard solution were analysed, [AEA-B-1,
which is a seawater sample from the Ligurian Sea, north of the island of Elba (Italy). It has a B
concentration of 5 mg L' and an isotopic §''B ratio of +38.6%0 + 1.66%0 (2Q) (Gonfantini et al.,
2003).

For Sr isotopic ratios analysis Faraday cups H3-L3 were selected and coupled to an Amplifier
102 Q for Sr mass and 103 Q for Kr and Rb masses. Strontium isotopic ratio analyses were
performed in two different rounds. In the first, H skimmer cones were used, and a low resolution was
set. In the second round Jet sample cones were used, and a medium resolution was set. As observed
for B isotopic analysis, also for Sr the Jet sample cones arrangement significantly enhanced the Sr
signal sensitivities, compared to the standard cone arrangement (H skimmer cone + standard sample
cone). With the H skimmer cones a signal of 2.1 V was measured for the NIST NBS 987 Standard
solution (100 pg L' of Sr), while with the Jet sample cones, a signal of 2.8 V was achieved. For Sr
isotopic analysis a blank solution was analysed, measuring signals from less than 1.0 mV to 4.5 mV,
equal to 0.048 ug L' — 0.216 pg L™ of Sr, which were negligible concentrations for the analysed

samples.

3.6 Quality control assurance

The detection limits, the analytical methods used, the accuracy and the precision values (R. S.
D.) for each investigated element are shown in Table XX. The R. S. D. values are the averages of the
calculated values, for each element, in each analysed sample. Accuracy is not indicated (n.d.) where

it could not be calculated, as the element is absent in the Certified Reference Material (CRM) used.
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Table 3 - Methods, Limit of Detection (LOD), Accuracy, and Relative Standard Deviation (R. S. D.)
for each investigated element. For B and Sr isotopes, accuracy and precision are reported as
absolute values.

Elements Unit Methods LOD Accuracy R.S.D.
F peq L Ic 0.30 +0.5% <10%
cr peq L IC 0.30 +£3.8% <3%

NO; peq L IC 1.00 nd. <3%
S0~ peq L IC 1.00 +£2.3% <3%
HCO5” peq L Titration 8.00 nd. <10%
Na* peq L IC & ICP-OES 0.10 - 0.005 +1.2% <2%
K peq Lt IC & ICP-OES 0.10 - 0.005 +£1.3% <2%
NH,* peq L? IC 0.30 nd. <2%
Mg?* peq Lt IC & ICP-OES 0.10-0.10 +£3.3% <2%
Ca*" peq L IC & ICP-OES 0.10 - 0.10 +1.7% <2%
Li Lt ICP-MS & ICP-OES  0.10 - 2.00 +£5.2% 4.1%
Be Lt ICP-MS 0.05 <10% ~ 5%
B Lt ICP-MS & ICP-OES ~ 0.10- 0.50 +12% 6.0%
Al Lt ICP-MS & ICP-OES ~ 0.10 - 10.0 +5.6% 4.5%
Sc ngL* ICP-MS 0.20 +1.8% 27%
Ti Lt ICP-MS & ICP-OES ~ 0.05 - 1.00 +6.5% 4.1%
\% Lt ICP-MS & ICP-OES ~ 0.05 - 0.90 +0.5% 5.2%
Cr WLt ICP-MS & ICP-OES ~ 0.05- 0.50 +11% 4.4%
Mn Lt ICP-MS & ICP-OES ~ 0.05-0.10 +4.4% 3.8%
Fe Lt ICP-MS & ICP-OES  0.20 - 1.00 +13% 3.4%
Co Lt ICP-MS & ICP-OES ~ 0.02 - 0.60 +5.6% 10%
Ni Lt ICP-MS & ICP-OES ~ 0.03 - 0.60 +14% 5.1%
Cu Lt ICP-MS & ICP-OES ~ 0.03 - 1.00 +£8.2% 3.7%
Zn Lt ICP-MS & ICP-OES ~ 0.10 - 1.00 +15% 3.3%
Ge ngL* ICP-MS 0.30 nd. 29%
As Lt ICP-MS & ICP-OES ~ 0.02 - 3.00 +19% 23%
Se Lt ICP-MS 0.02 10 - 15% 12%
Br Lt ICP-MS 0.10 <10% 14%
Rb Lt ICP-MS 0.02 <10% 15%
Sr Lt ICP-MS & ICP-OES  0.02 - 0.02 +10% 5.4%
\4 ngL* ICP-MS 1.00 +4.9% 6.6%
zr ngL* ICP-MS 5.00 nd. 5.1%
Nb ngL* ICP-MS 0.10 nd. 15%
Mo Lt ICP-MS & ICP-OES ~ 0.02- 0.70 +£6.2% 19%
cd Lt ICP-MS 0.01 <10% 4.6%
sn Lt ICP-MS 0.01 <10% 5.0%
Sh Lt ICP-MS 0.01 <10% 8.1%
Te ngL* ICP-MS 1.00 +14% 21%
Cs Lt ICP-MS 0.001 <10% 2.8%
Ba Lt ICP-MS & ICP-OES ~ 0.05- 0.05 +1.4% 3.5%
La ng L™ ICP-MS 0.50 +0.8% 5.2%
Ce ngL* ICP-MS 0.50 +3.4% 7.2%
Pr ngL* ICP-MS 0.50 +6.5% 12%
Nd ngL* ICP-MS 0.50 +2.9% 13%
Sm ngL* ICP-MS 0.50 +15% 17%
Eu ngL* ICP-MS 0.50 +8.1% 21%
Gd ngL* ICP-MS 0.50 +0.2% 14%
Tb ngL* ICP-MS 0.50 +5.4% 20%
Dy ngL* ICP-MS 0.50 £0.7% 11%
Ho ngL* ICP-MS 0.50 +3.6% 24%
Er ngLt ICP-MS 0.50 +2.0% 13%
Tm ngL* ICP-MS 0.50 +£0.1% 14%
Yb ngL* ICP-MS 0.50 +5.3% 11%
Lu ngL* ICP-MS 0.50 +40% 18%
Hf ngL* ICP-MS 0.10 nd. 20%
Tl Lt ICP-MS 0.003 <10% 3.6%
Pb Lt ICP-MS & ICP-OES  0.05 - 4.00 +8.3% 6.8%
Bi Lt ICP-MS 0.003 10 - 15% 1.2%
Th ngL* ICP-MS 0.10 +£0.7% 21%
u Lt ICP-MS 0.001 <10% 7.8%
3B %o HR-MC-ICP-MS / 0.11%o +0.14%0
¥srsr / HR-MC-ICP-MS / 0.000043 +0.000008
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Different blank solutions were prepared and analysed to control the quality of sampling and
analytical procedures. Every chemical reagent used and every sampling and laboratory material that
comes into contact with the sample can modify the concentration of the elements in the sample.

Regarding the concentration of minor and trace elements in rainwater, three different blank
solutions were prepared:

- Rain method-blank I (R I), an aliquot of 50 mL of filtered (0.45 um) deionised water

(MilliQ), stored in a previously cleaned 50 mL centrifuge tube and then acidified with
200 pL of 65% w/v HNO3 (Merck Suprapur).

- Rain method-blank II (R II), 300 mL of deionised water was poured onto the previously
cleaned bulk collector and 50 mL of this solution, previously filtered (0.45 pm) was
stored in a previously cleaned 50 mL centrifuge tube and then acidified with 200 uL of
65% w/v HNO3 (Merck Suprapur).

- Rain method-blank IIT (R III), 150 mL of deionised water and 150 mL of 2% w/v HNO3
(Merck Suprapur) solution were poured into the filtration system with a previously
installed 0.45 pm membrane filter, and 50 mL of this solution was stored into a
previously cleaned 50 mL centrifuge tube.

Regarding the concentration of minor and trace elements in the insoluble fraction, four

different blank solutions were prepared:

- Membrane method-blank I (MI), 7 mL solution of deionised water (MilliQ), placed into a
previously cleaned vessel, mineralised as a sample, and finally increased to a volume of
20 mL using sufficient MilliQ.

- Membrane method-blank I (M II), 4 mL of ultrapure 67% w/v HNO3 (4 mL), plus 3 mL
of ultrapure H>O> (3 mL), mineralised as a sample, and finally increased to a volume of
20 mL using sufficient MilliQ.

-  Membrane method-blank III (M III), mineralisation of blank membrane filters from
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different manufacturers.
- Membrane method-blank IV (M IV), mineralisation of the membrane filters used for the
preparation of the blank solutions R III.

Concerning the concentration of the Technology-Critical Elements, a blank solution was
prepared by performing the entire procedure, using a deionised water solution (MilliQ), as a
rainwater sample. The blank solution was analysed only for some of the TCEs (Y, La, Ce, Pr, Nd,
Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, and Lu).

As regards the isotopic composition of Sr and B in the rainwater samples, using international
standard solutions of known concentration and isotopic composition (NIST NBS 951 and IAEA B1
for B, and NIST SRM 987 for Sr), different standard solutions were prepared by performing the
entire procedures described for the rainwater samples.

For the NIST NBS 951 and the IAEA B1, standard solutions with a boron concentration of 25
ug L were prepared. The accuracy of the measurement was monitored by twenty-seven replicate
analyses of shelf NIST NBS 951 gave an average 8''B of — 0.04%o + 0.12%0 (20), fifty-six replicate
analyses of NIST NBS 951, after full chemistry, gave an average 8''B of + 0.64%o, and fifteen
replicate analyses of the IAEA standard B1 (seawater), which gave an average §!'B of + 39.76%o +
0.13%o (25). Within run errors on individual runs (n = 3) were in the order of 0.1 + 0.2%0 (20). For
the NIST NBS 987 Standard, solutions diluted to Sr concentrations of 65 pg L' and 100 pg L,
similar to the Sr concentration expected in the rainwater samples, were prepared and analysed. NIST
SRM 987 is recommended for radiogenic and stable strontium-isotope studies as the zero-delta
reference (Moore et al., 1982; Walder & Freedman, 1992). NIST NBS 987 Standard solution was
analysed eleven times. An average value of %’Sr/*°Sr = 0.710291 + 0.000008 (25; n = 11) was
measured. Measured values were adjusted at 0.710248, which is the *’Sr/*®Sr isotopic ratio of the

NIST SRM 987 (McArthur et al., 2000).
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3.6.1 Blank solutions

The main descriptive statistical parameters (minimum, median, maximum, and standard
deviation) for each blank solution, prepared as described before, are shown in the following tables
(Tab. 4, 5, and 6) and figures (Fig. 7, 8, and 9). For each blank solution, the number of samples
analysed is reported, as well as the number of samples in which the element concentration was below
the quantification limit (< LOQ). The results for each sample analysed can be found in
Supplementary materials (Tab. S.8).

As regards the rainwater blank solutions, great variability was observed for all the analysed
elements, both considering the same type of blank solution and between different solutions. In all the
analysed solutions, the concentrations for Ni, Se, Mo, Cd, Sh, Cs, and Tl were usually below the
limit of quantification (Tab. 4). In the blank solution R | the highest median concentrations for Mo
and Sb were measured, while for V, Cr, Mn, Ni, Br, Rb, and Sr the highest median concentrations
were measured in the R Il blank solution. Equal median concentrations of Co were measured in the
blank solutions R | and R II. For the other elements, i.e., Li, B, Al, Ti, Fe, Cu, Zn, As, Se, Cd, Ba,
Pb, and U the highest median concentrations were measured in the R 11l blank solution. For Cs and
Tl equal median values were measured in R | and R 111 blank solutions. Finally, the concentrations of

Sn were determined only in the R 111 solution (Fig. 7).
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Table 4 - Main statistical parameters for minor and trace element concentrations in the blank
solutions R I, R I, and R 111. All values are expressed as pg L.

RI(n=9) Rl (n=4) Rl (n = 10)

Min. Median Max.  Dev. Std. Min. Median Max.  Dev. Std. Min. Median Max. Dev. Std.
Li <L0Q(7)  0.005 0.0500 0.0169 | 0.0130 0.0220 0.0440  0.0147 |<LOQ(4) 0.00800 0.0340 0.0100
B <L0Q (6) 0.0500 1.40 0.442 0.396 1.03 2.19 0.883 |<LOQ(5) 0.106 35.0 12.9

Al <L0Q (1) 0.986 3.19 1.09 131 8.89 10.5 4.29 0.4010 13.1 43.9 18.4
Ti <LOQ(6) 0.00500 0.228 0.0733 | 0.0580 0.163 0.249 0.0823 | 0.0310 0.103 0.810 0.273
V <L0Q (1) 0.0110 0.0970 0.0327 |<LOQ (1) 0.0205 0.100 0.0442 | <LOQ (4) 0.00900 0.0330 0.0100

Cr <LOQ (1) 0.0400 1.49 0.625 0.055 0.0990 0.170 0.0577 | 0.0100  0.0455 0.289 0.100

Mn 0.0146 0.222 0.698 0.224 0.148 0.259 0.855 0.333 0.0240  0.0710 0.267 0.085

Fe 0.05 0.293 3.50 1.47 2.96 5.00 10.0 3.22 0.0100 2.63 22.0 7.13

Co 0.00200  0.0150 0.0260 0.00659 |<LOQ (1)  0.0150 0.0420 0.0181 |<LOQ(6) 0.00500 0.0260 0.00705
Ni <L0Q(2) 0.0495 3.79 1.55 |<LOQ(1) 0.155 0.365 0.146 |[<LOQ/(4) 0.0355 0.495 0.148

Cu <L0Q(2) 0.175 0.663 0.211 ([<LOQ(2) 0.905 8.44 4.00 ([<LOQ(2) 1.80 14.7 5.10
Zn <L0Q (1) 2.36 17.8 5.63 0.849 4.39 17.6 7.60 |<LOQ (1) 4.88 10.7 3.78
As 0.00400 0.00796  0.0241  0.00742 | 0.005 0.00700  0.00700 0.00100 |<LOQ(5) 0.00650 0.0310  0.00831
Se <L0Q(2) 0.0694 0.217 0.0819 |<LOQ (4) n.d. n.d. nd. [<LOQ(4) 0.0780 0.201 0.0670
Br <L0Q(2) 0.160 1.28 0.525 8.68 14.6 27.7 837 |<LOQ(10) n.d. n.d. n.d.
Rb <L0Q(4) 0.00700  0.0259  0.00757 | 0.0230 0.0390 0.0640  0.0214 |<LOQ/(6) 0.00500 0.0300 0.00781
Sr <L0Q (1) 0.0973 271 1.05 0.0840 0.726 1.40 0.622 |<LOQ(1) 0.424 0.962 0.285

Mo <L0Q(3) 0.0931 0.353 0.140 ([<LOQ(3) 0.00500 0.0150  0.00500 | <LOQ(9) 0.00500 0.00500 n.d.
Cd <L0Q(5) 0.00100 0.0118 0.00445 [<LOQ(3) 0.00100 0.0170  0.00800 | <LOQ (4) 0.00400 0.0210  0.00686

Sn n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. <L0Q(9) 0.00500 0.0160 0.00348
Sb <L0Q (1) 0.00964 0.0217 0.00641 | <LOQ(2) 0.00550 0.00900 0.00189 [<LOQ(8) 0.00500 0.00900 0.00149
Cs <L0Q(3) 0.00100 0.00319 0.00102 |<LOQ (4) n.d. n.d. n.d. <LOQ (8) 0.000500 0.00200 0.000632
Ba 0.06 0.452 3.47 1.36 0.177 0.620 0.900 0.365 0.0480 0.454 3.09 0.896
Tl <L0Q(5) 0.00150 0.0160 0.00510 |<LOQ (4) n.d. n.d. nd. |<LOQ(10) n.d. n.d. n.d.
Pb 0.005 0.0110 0.0554 0.0152 0.0120 0.0665 0.296 0.127 0.0110 0.247 0.854 0.295

U <LOQ (5) 0.000500 0.00596 0.00181 | 0.00100  0.00150  0.00200 0.000577 |<LOQ (4) 0.00200 0.00800 0.00272
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Figure 7 - Minor and trace element concentrations (ug L) in the blank solutions R I, R I, and R 111,

As regards the membrane filter blank solutions, great variability was observed for all the
analysed elements, both considering the same type of blank solution and between different solutions.
In all the analysed solutions, the concentrations for Li, B, and Tl were usually below the limit of

quantification. Thallium and boron equal median concentrations were measured in M | and M IV
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solutions, while they were not determined in M Il and M 1l1 solutions. In the blank solution M I
were measured the highest median concentrations for Li and As. The highest median concentration
for Mo was measured in the blank solution M 1ll. The highest median concentrations for the other

analysed elements were measured in the M 1V blank solution (Tab. 5 and Fig. 8).

Table 5 - Main statistical parameters for minor and trace element concentrations in the blank
solutions M I, M 11, M 111, and M 1V. All values are expressed as pg L.

Ml (n=3) Ml (n=4) MIll (n=7) MIV (n =24)
Min. Median Max.  Dev.Std.| Min. Median Max.  Dev.Std.| Min. Median Max.  Dev.Std.| Min. Median Max.  Dev. Std.
Li <l0Q(2) 0.00500 0.398 0227 [<L0Q(2) 0.114 0340  0.167 |<LOQ(4) 0.00500 0.701  0.00500 [<LOQ(15) 0.00500  1.15 0.336
B <LoQ(2) 0.0500 1.87 1.05 |[<L0Q(4) n.d. n.d. nd. [<0Q(7) nd. n.d. nd. |<LOQ(18 0.0500 163 35.5
Al 4,91 32.0 87.0 41.8 11.9 46.9 178 75.8 30.6 62.8 131 30.6 35.3 224 1697 411
Ti 0.258 1.87 2.40 112 0.631 12.2 74.7 33.7 0.544 2.82 7.72 0.544 1.14 30.5 231 57.6
Vv 0.0640 0.335 0.361 0.164 0.140 0.430 0.936 0.335 0.232 0.247 0.491 0.232 0.199 0.659 3.60 0.852
Cr 0.206 0.213 0.260 0.0295 0.150 0.818 2.23 0.877 1.44 2.76 223 1.44 2.28 4.22 27.9 7.79
Mn 0.0730 0.176 2.30 1.26 0.173 0.670 2.87 1.26 0.144 0.669 3.25 0.144 0.443 2.98 17.5 3.78
Fe 1.98 5.30 355 203 259 90.2 179 713 24.2 33.8 75.2 24.2 323 218 1140 300
Co <L0Q(1) 0.0170 0.791 0.450 |<LOQ(3) 0.00500 0.0448 0.0199 0.0363 0.0645 0.503 0.0363 [<LOQ(8) 0.0897 0.988 0.238
Ni 0.343 0.622 1.54 0.627 |<LOQ(1) 0.555 3.92 1.84 0.956 1.58 2.63 0.956 |<LOQ(2) 3.10 7.33 1.88
Cu <LoQ (1) 0.338 0.686 0.336 0.0490 113 2.98 1.22 <L0Q(2) 0.478 248 0.0150 0.511 2.90 18.2 3.59
Zn 5.20 8.92 10.9 2.89 1.90 5.27 8.30 2.62 19.5 26.9 138 19.5 6.90 69.3 196 50.7
As 0.00500  0.0670 0.941 0.524 |<LOQ(1) 0.102 1.51 0.724 0.0182 0.0677 0.136 0.0182 [<LOQ(8) 0.0186 0.465 0.147
Sr 0.179 2.53 3.50 171 0.416 1.45 4.55 1.92 1.23 2.44 13.6 1.23 0.964 4.67 12.7 3.06
Mo <LoQ (1) 0.213 1.50 0.808 |<LOQ(2) 0.148 0.295 0.166 0.301 0.634 1.35 0.301 |<LOQ(2) 0.285 171 0.402
Ba <L0Q(2) 0.000500 0.00100 0.000289|<LOQ(3) 0.00050 0.00100 0.000250| 0.00100 0.00100 0.00700 0.00100 |<LOQ(8) 0.00450  0.111 0.0249
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10*
O MI
10° 1 ; H e MII
~ ! o MIII
510 P | i . MIV
) ‘ s l 8 N ° . §
= 10" 3 ° § . : i
g & (I g | | o .
2 104 18 g ° H : e . 2 H
g ' g ; SN IR
04, © 0 8 8 g!> g g ¢ g g .
2l 8§ ¢ : 8 b
S 1079 o g @ e . . 8 o
e © é 6]
| © [¢] Q@ Q@ a
10 @ o
10"

Figure 8 - Minor and trace element concentrations (g L) in the blank solutions M I, M 11, M 111,
and M V.

As regards the Technology-Critical Elements, it was possible to quantify the concentrations
only for Y and the lanthanoids. The highest median concentrations were measured for La, Ce, Y, Nd,
and Sm, up to one order of magnitude higher than the median concentrations measured for the other

elements (Tab. 6 and Fig. 9).
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Table 6 - Main statistical parameters for some TCE concentrations in the blank solutions. All values
are expressed as ng L.

TCEs Blank (n=3)

Min. Median Max. Dev. Std.
Sc n.d. n.d. n.d. n.d.
Ge n.d. n.d. n.d. n.d.
Y 0.246 0.347 0.419 0.0869
Zr n.d. n.d. n.d. n.d.
Te n.d. n.d. n.d. n.d.
Hf n.d. n.d. n.d. n.d.
Th n.d. n.d. n.d. n.d.
La 0.349 0.551 0.561 0.120
Ce 0.183 0.495 0.795 0.306
Pr 0.0430 0.0470 0.108 0.0364
Nd 0.106 0.296 0.368 0.135
Sm 0.131 0.236 0.288 0.0800

Eu 0.00300 0.00707 0.0160 0.00665
Gd 0.0230 0.0320 0.0340 0.00586
Tb 0.0150 0.0260 0.0290 0.00737
Dy 0.0707 0.0707 0.0707  0.0000
Ho 0.00800  0.0180 0.0230 0.00764
Er 0.0530 0.0860 0.123 0.0350
Tm 0.0200 0.0210 0.0220 0.00100
Yb 0.0970 0.0990 0.181 0.0479

Lu 0.0220 0.0280 0.0290 0.00379
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Figure 9 - Technology-Critical Elements concentrations (ng L) in the blank solutions.
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3.7 Statistical elaborations of the results

The annual volume-weighted mean (VWM) concentration values for major ions, minor and

trace elements, and Technology-Critical Elements, were calculated by using the following equation:

VWM= 2= 6P @),

Y, Pi
where Ci represents the concentration of the specific component in the 'th sample, Pi is the rainfall
depth (L m2) during the ith sampling period and n is the total number of rainfall events (Keresztesi
et al., 2020). This parameter was used to reduce the potential effect of different precipitation
amounts on each ion and each element concentration.

For the comparison with the rainwater samples, the concentrations of minor and trace
elements measured in the insoluble fraction solutions were normalised with respect to the volume of
filtered rain.

According to the electroneutrality principle, the sum of positive and negative charges within
the water sample should be zero. The acceptable range of ion difference in rainwater samples is 10%
or + 200 peq L (Alastuey et al., 1999; Chandra et al., 2005; Laouali et al., 2012). The charge

balance error of each sample was calculated according to the equation:

B. C. (%) = {(EZ22%) —1) x 100} 3).

Y.cations
To estimate the contribution of the marine source and anthropogenic sources toward the
different major ionic species, the non-sea-salt fractions ((X)nss) were calculated by the following

equation:
. N X
(X)nss = (X)rain — ((Na*)rain x [W] N4 (4),
where (X)rain is the concentration of species X in rainwater, and (X)nss is the non-sea salt

contribution of species X in meq L™!' (Loye-Pilot & Martin, 1996). The use of the previous equation

assumes that all the sodium in rainwater comes from the sea and that no chemical fractionation
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occurs between chloride and the other ions after sea salt injection into the atmosphere (D ’Alessandro
etal., 2013).
The neutralisation factors (NFx) of the different chemical components of interest were

estimated using the equation suggested by Possanzini et al. 1988:

NFx = LX] (5),

[nss—S02~ +NO3 ]

where [X] denotes the chemical component of interest, i.e., nss-Ca?*, nss-Mg?*, NH4", etc.

The equilibrium between acidity and alkalinity was evaluated using NP/AP, calculated as:

NP _ nss—Ca?*+ NH} ©6)
AP nss—SO2t+ NO3 '

Through the measured concentrations of each element, it is possible to calculate the

deposition rates by using the following relation:

_CyxxP
Dx = £ (7),

where Cx is the concentration of each element “x” in rain, expressed as peq L™ for major
ions, pug L for minor and trace elements, ng L™ for the Technology-Critical Elements; P is the
amount of precipitation (L m2), and T is the exposition time of the collectors (d).

Relationships between each major ion, minor and trace elements, and each Technology-
Critical Element were investigated using Pearson's correlation coefficients and Principal Component
Analysis (PCA). For each constituent, when the concentrations were below the detection limit,
values equal to the detection limits divided by a factor 2 were considered. A Varimax rotation to a
set of orthogonal axes was selected. Varimax rotation was applied because orthogonal rotation
minimizes the number of variables with high loading on each component and facilitates the
interpretation of results. The purpose of the analysis is to obtain a small number of factors which
account for most of the variability in the variables set. The KMO (Kaiser-Meyer-Olkin) test was

used to test the applicability of Principal Component Analysis to the dataset of this research.
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To investigate the sources of major ions and trace elements in the bulk atmospheric
deposition, a Positive Matrix Factorisation (PFM) model was applied. The PMF model is a
mathematical factor-based receptor model that interprets source types with a robust uncertainty
estimate. PMF can be solved with the Multilinear Engine (ME-2) developed by Paatero (1999) and
implemented in version 5 of US EPA PMF (Khan et al., 2016; Ye et al., 2018; Amato et al., 2024). In
this study, the US EPA PMF v5 was applied to determine the source apportionment of dry and wet
deposition of major ions. This statistical methodology must be used with caution because the
selection of tracers for each source is crucial for the final source apportionment outputs, not only in
terms of number of sources identified but also, consequently, in the source contributions estimates
(Amato et al., 2024). The input data included concentrations of chemical species and equation-based
uncertainties. The equation-based uncertainty includes detection limits and error fractions (10%). If
the concentration was less than or equal to the detection limit (LOD) provided, the uncertainty (Unc)

was calculated using a fixed fraction of the LOD (8):
Unc =2 X LOD (8).
If the concentration was greater than the LOD provided, the uncertainty was calculated using

Equation (9):

Unc = \/(Error Fraction x concentration)? + (0.5 X LOD)? 9).

3.7.1 Charge balance

The concentration of the total cation was slightly higher than that of the total anion for all the
investigated areas (Fig. 10). The charge balances, calculated with equation (3), showed that 41% of
the analysed rainwater samples fall within the acceptable range (+ 200 peq L) for dilute waters. The
anionic species, such as CHsCOO~, HCOO", C,04*, and PO4", contributed by the organic
components (e.g., plant and soil released oxalate) was a possible explanation for the relatively lower

total anion concentration (Chandra et al., 2005).
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4. Results

4.1General overview

This chapter sets out the results from the laboratory analyses of the chemical and isotopic
composition of the atmospheric deposition samples collected in the investigated areas. This chapter
is subdivided into sections, corresponding to the four investigated contexts. In these four sections,
the results of chemical-physical parameters (pH and Electric Conductivity), major ions, minor and
trace elements, among them Technology-Critical Elements (TCEs), and B and Sr isotopic ratios are
reported. The concentrations of beryllium and bismuth, analysed in the soluble fraction of
atmospheric deposition, were not included in the results and commented on in the discussion as they
were almost always below the limit of quantification (< LOQ for 88.7% and 98.7%, respectively).

As described in chapter 3, “Materials and Methods: Sampling, Preparation, and Analysis”,
the minor and trace elements concentrations were measured in three different types of samples:
rainwater; solutions obtained by the mineralisation of membrane filters after filtering and blocking
the insoluble fraction (henceforth, “insoluble fraction”); solution obtained by the recovery of the
soluble fraction of the dry deposition and the materials on the surfaces of the collectors (henceforth,
“recovery”). Therefore, a further subdivision is performed in the minor and trace elements
subsections, which describe the results from (i) the concentrations in the soluble fraction (rainwater);
(ii) the concentrations in the insoluble fraction solutions; (iii) the concentrations in the rinse
solutions.

All the results obtained, and discussed below, can be found in the Supplementary materials:
(i) typology of samples and the number of samples analysed for each typology (Tab. S.1);

(ii) pH, Electric Conductivity, and major ions in rainwater samples (Tab. S.2);
(iii) minor and trace elements in rainwater samples (Tab. S.3);
(iv) minor and trace elements in rinse solutions (Tab. S.4);

(v) minor and trace elements in the insoluble fraction solutions (Tab. S.5);
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(vi) TCEs (Tab. S.6);

(vii) boron and strontium isotopes (Tab. S.7).

4.2 Mt. Etna

The sequential number of samples and their sampling periods, for each monitoring site in the

Etna area, are shown in Table 7.

Table 7 - Sequential number of samples and sampling periods for Citelli, Zafferana Etnea, Cratere
2001 and Intraleo sampling sites.

Site No. Sample Installed Sampled Time Exp. (day) Site No. Sample Installed Sampled Time Exp. (day)
1 02/03/2021 30/03/2021 28 1 02/03/2021 30/03/2021 28
30/03/2021 27/04/2021 28 2 30/03/2021 27/04/2021 28
3 27/04/2021 26/05/2021 29 3 27/04/2021 27/05/2021 30
4 26/05/2021 29/06/2021 34 4 27/05/2021 29/06/2021 33
5 29/06/2021 02/08/2021 34 5 29/06/2021 03/08/2021 35
6 02/08/2021 01/09/2021 30 6 03/08/2021 01/09/2021 29
7 01/09/2021 13/10/2021 42 7 01/09/2021 12/10/2021 41
8 13/10/2021 01/11/2021 19 8 12/10/2021 01/11/2021 20
9 01/11/2021 24/11/2021 23 9 01/11/2021 24/11/2021 23
10 24/11/2021 21/12/2021 27 ﬂ: 10 24/11/2021 21/12/2021 27
= 11 21/12/2021 19/01/2022 29 =] 11 21/12/2021 19/01/2022 29
E 12 19/01/2022 22/02/2022 34 E 12 19/01/2022 23/02/2022 35
© 13 22/02/2022 28/03/2022 34 g 13 23/02/2022 28/03/2022 33
14 28/03/2022 27/04/2022 30 S 14 28/03/2022 27/04/2022 30
15 27/04/2022 24/05/2022 27 15 27/04/2022 24/05/2022 27
16 24/05/2022 14/07/2022 51 16 24/05/2022 14/07/2022 51
17 14/07/2022 23/08/2022 40 17 14/07/2022 24/08/2022 41
18 23/08/2022 27/09/2022 35 18 24/08/2022 27/09/2022 34
19 27/09/2022 25/10/2022 28 19 27/09/2022 26/10/2022 29
20 25/10/2022 21/11/2022 27 20 26/10/2022 21/11/2022 26
21 21/11/2022 19/12/2022 28 21 21/11/2022 19/12/2022 28
22 19/12/2022 24/01/2023 36 22 19/12/2022 25/01/2023 37
23 24/01/2023 28/03/2023 63 23 25/01/2023 13/02/2023 19
Site No. Sample Installed Sampled Time Exp. (day) Site No. Sample Installed Sampled Time Exp. (day)
2 01/04/2021 28/04/2021 27 3 27/04/2021 26/05/2021 29
28/04/2021 27/05/2021 29 4 26/05/2021 29/06/2021 34
4 27/05/2021 30/06/2021 34 5 29/06/2021 03/08/2021 35
5 30/06/2021 03/08/2021 34 6 03/08/2021 01/09/2021 29
6 03/08/2021 01/09/2021 29 7 01/09/2021 13/10/2021 42
7 01/09/2021 13/10/2021 42 8 13/10/2021 01/11/2021 19
= 8 13/10/2021 01/11/2021 19 9 01/11/2021 22/11/2021 21
S 9 01/11/2021 23/11/2021 22 10 22/11/2021 21/12/2021 29
ﬁ 12 23/11/2021 23/02/2022 92 o 11 21/12/2021 19/01/2022 29
E 13 23/02/2022 28/03/2022 33 % 12 19/01/2022 22/02/2022 34
S' 14 28/03/2022 27/04/2022 30 ‘E 13 22/02/2022 28/03/2022 34
15 27/04/2022 24/05/2022 27 é 14 28/03/2022 26/04/2022 29
16 24/05/2022 15/07/2022 52 15 26/04/2022 24/05/2022 28
17 15/07/2022 24/08/2022 40 16 24/05/2022 14/07/2022 51
18 24/08/2022 27/09/2022 34 17 14/07/2022 23/08/2022 40
19 27/09/2022 25/10/2022 28 18 23/08/2022 27/09/2022 35
21 25/10/2022 19/12/2022 55 19 27/09/2022 25/10/2022 28
23 19/12/2022 20/04/2023 122 20 25/10/2022 21/11/2022 27
21 21/11/2022 19/12/2022 28
22 19/12/2022 24/01/2023 36
23 24/01/2023 13/02/2023 20
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4.2.1 Chemical-physical parameters (pH, EC)

4.2.1.1 The acidity of rainwater

The pH values of the rainwater samples collected at four sites at Mt. Etna showed great
variability during the two years of monitoring, ranging from 3.1 to 7.7, with a median value of 5.6.
The frequency distribution of pH in rainwater samples in this study area was bimodal and showed

two different groups: acidic and neutral-alkaline precipitation samples (Fig. 11).

n=2385

Number of cases
[EEY
o

20 30 40 50 6.0 7.0 8.0 9.0
pH

Figure 11 - Frequency distribution of pH in Etna’s rainwater samples (85 cases). The black dashed
line is the median.

The class with the highest frequency lies in the pH range of 5.5 — 6.0, with a frequency value
of ~ 25%. The pH values for each monitoring site in the Mt. Etna area are reported in Table 8 and

shown in Figure 12.
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Table 8 - Statistical parameters for rainwater's pH at Mt. Etna

Study area|  Site Min Max Median Q1 Q3
cIT 31 73 4.4 3.7 73

ZAF 3.4 76 5.7 4.9 6.0

MLEma | or 3.1 7.2 5.5 42 6.2
INT 4.0 7.7 5.6 5.1 5.8

The lowest median pH value was measured at the Citelli site (4.4), while the highest median
pH value was measured at Mt. Intraleo (5.6). Quartiles showed that the rainwater at Citelli had a
strong acid composition, indeed 25% of the samples had a pH value below 3.7, and ~ 64% of the
cases had a pH value below the natural pH of rainwater (5.6). A balance between the number of
samples with a pH below and above 5.6 (~ 48% and 50%, respectively) can be observed in Zafferana
and Cratere 2001. At Mt. Intraleo, on the other hand, the pH was below 5.6 in the ~ 43% of the
samples. Except for Citelli, at all monitoring sites in this area, the highest pH value was measured
during the third sampling period, between 27 April and 26 May 2021. At Citelli, the highest pH
value was measured during the fifth sampling period, between 29 June and 2 August 2021. At Citelli,
Zafferana Etnea, Cratere 2001, and Mt. Intraleo, the lowest pH values were measured during the
following periods: 24 November - 24 December 2021, 14 July - 24 August 2022, 19 December 2022
- 20 April 2023, 21 November - 19 December 2022. Please refer to Table 7 for the correspondence

between the sampling period and the sequential sample number.
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Figure 12 - Frequency distribution of pH in (a) Citelli, (b) Zafferana Etnea, (c) Cratere 2001, and
(d) Mt. Intraleo rainwater samples. The black dashed lines are the median values.

4.2.1.2 The Electric Conductivity (EC) of rainwater

The EC values of the rainwater samples collected at Mt. Etna (four sites), showed great
variability during the two years of monitoring, ranging from 4.5 to 457 puS cm, with a median of
47.9 uS cm™. For a better graphical representation, the Logio of the electric conductivity values were
calculated. The probability distribution was unimodal, and the class with the highest frequency (~
38%) lies in the EC range of 1.4-1.8. Electric conductivity values were generally low in all the
sampling sites, with values below 2 (on a Logio basis) for ~ 76% of the entire population (Fig. 13).

These EC values are typical of rain with a relatively low amount of dissolved ions.
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| n=2385
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Figure 13 - Frequency distribution of EC (Log1o) in Etna’s rainwater samples (85 cases). The black
dashed line is the geometric mean.

The EC values for each monitoring site in the Mt. Etna area are reported in Table 9 and

shown in Figure 14.

Table 9 - Statistical parameters for rainwater’s EC (Logio) and at Mt. Etna.

Study area|  Site Min Max  Median Q1 Q3
CIT 1.36 2.45 181 1.56 1.94
ZAF 0.653 2.20 1.53 1.40 2.09
CRT 1.23 2.66 1.78 1.53 1.74
INT 0.851 2.27 1.43 1.20 2.26

Mt. Etna

The lowest median EC value was measured in the Mt. Intraleo sampling site (1.43), while the
highest median EC value was measured at Citelli (1.81), one of the sampling sites most exposed to
the fallout of volcanic ash. The lowest value was measured in Zafferana (0.699) during the sampling
period of 3 August - 1 September 2021, while the highest value (2.66) was measured in the Cratere
2001 rainwater sample for the period 15 July - 24 August 2022. Very similar values, considering all

the descriptive statistical parameters reported in Table 5, were measured at the Zafferana Etnea and
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the Mt. Intraleo sites. For Citelli and Zafferana Etna, the highest frequencies were measured in the
EC interval 1.4 — 1.6 (~ 27% and ~ 26%, respectively), while at Cratere 2001 in the interval 1.6 — 1.8
(~ 22%), and at Mt. Intraleo in two different intervals, between 1.2 and 1.4 and from 1.6 to 1.8 (~

24%).

(a) | n=22 (b) i n=23
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Figure 14 - Frequency distribution of EC in (a) Citelli, (b) Zafferana Etnea, (c) Cratere 2001, and
(d) Mt. Intraleo rainwater samples. The black dashed lines are the geometric mean values.

4.2.2 Major inorganic ions

A total of 85 rainwater samples were analysed for major ions. A statistical summary of the
major ions in rainwater samples from Mt. Etna is provided in Table 10. Volume-weighted mean and

non-sea-salt concentrations were calculated using equations (2) and (4) reported in section 3.7.
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Twenty-three rainwater samples from Mt. Etna had a pH value below 4.3 and in them, the HCOs-
concentration was zero. In the remaining samples, the HCO3™ concentration was determined in ~
58% of the cases. For NH4" in ~ 11% of the analysed samples, the concentration was below the limit
of quantification, while for NOs, K*, F-, CI,, and SO4* it was 8.2%, 3.5%, 3.5%, 2.4%, and 1.2%,
respectively. In all the analysed samples was possible to quantify the concentrations of Na*, Mg?*,

and Ca?*.

Table 10 - Statistical parameters for major ions (xeq L) in Mt. Etna rainwater samples.

+

Site F cr NO; SO,2 HCO;  Na K* NH, Mg ca®”
Min 0780 <LOQ <LOQ 303 000 978 330 <LOQ 155 324
Max 242 1295  78.3 513 500 684 230 303 347 729

Citelli VWM 678 286 11.8 93.8 23.9 70.9 16.7 54.8 43.9 127
ss (%) 0 28.8 0 9.2 14 100 9.3 0 36.2 25
nss (%) 100 71.2 100 90.8 98.6 0 90.7 100 63.8 975

Min 0.38 307 <LOQ 217 0.00 28.3 140 <LOQ 9.80 9.61

Max 1270 1452 126 267 226 618 341 743 557 1455

Zafferana Etnea VWM 253 123 16.6 65.4 49.9 84.3 11.6 34.6 35.3 89.5
ss (%) 0 79.7 0 156  0.807 100 15.8 0 53.4 4.13

nss (%) 100 20.3 100 84.4 99.2 0 84.2 100 46.6 95.9

Min <LOQ <LOQ <LOQ <LOQ 0.00 232 <LOQ <LOQ 152 50.4

Max 2607 6360 730 11507 274 3912 780 735 1540 7370

Cratere 2001 VWM 289 618 17.2 922 40.0 268 57.4 52.1 107 398
ss (%) 0 50.5 0 35 3.2 100 10.2 0 56.0 3.0
nss (%) 100 49.5 100 96.5 96.8 0 89.8 100 44.0 97.0

Min <LOQ 153 <LOQ 120 000 852 <LOQ <LOQ 940 147
Max 129 456 168 489 533 396 364 566 312 934

Mt. Intraleo VWM 58 842 200 540 383 535 154 307 328 115
ss(%) 0.1 739 000 120 07 100 76 000 364 2.0

nss(%) 999 261 100 880 993 000 924 100 636 980

Chemical abundances are represented by Tukey box plots, for each monitored site (Fig. 15).
The whiskers are drawn from the ends of the box, each extending 1.5 times the width of the box
towards the maximum and minimum values; the values outside of these whiskers are defined as

outliers (Reimann et al., 1997).
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Citelli Zafferana Etnea
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Figure 15 - Major ion concentrations (ueq L) in Mt. Etna’s rainwater samples.

The most concentrated sample, in terms of total dissolved solids (TDS), was collected at the
Cratere 2001, with a value of 19959 peq L™? (618 mg L™), in the sampling period 23 November
2021- 23 February 2022. The less concentrated rainwater sample was collected at Mt. Intraleo, with
a value of 117 peq L™ (3.48 mg L), in the sampling period of 22 November — 21 December 2021.

At Citelli, the relative VWM concentrations of the major anions follow the sequence CI™ >
S04 > F > HCOs > NOs . Similar sequences were observed in the Zafferana Etnea and Mt.
Intraleo sites. In the former the sequence was Cl~ > SO42" > HCO3;™ > F~ > NOs~, while in the latter it
was CI~ > SO4?" > HCOs; > NOs > F. A different sequence was observed for Cratere 2001: SO4* >
ClI" > F > HCOs > NOgs. Therefore, chloride was the main anion, with relative abundances of

59.2%, 43.9%, and 41.6% at Citelli, Zafferana Etnea, and Mt. Intraleo, respectively (Fig 16).
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Nevertheless, the highest chloride VWM concentration was measured at Cratere 2001, with a value
of 618 peq L™ In the Cratere 2001 site, the most abundant anion was sulfate (SO4>"), with a median
VMW concentration of 922 peq L and a relative contribution of 49.4%. Relevant relative
contributions, between 19.4% and 26.7%, were calculated for SO4* in the other Mt. Etna sampling
sites (Fig. 16). Fluoride was relatively abundant in Cratere 2001 and Citelli sampling sites, with
VWM concentrations of 67.8 peq L™ and 289 peq L™, respectively. Lower VMW concentrations,
25.3 peq L™ and 5.82 peq L were calculated for Zafferana Etnea and Mt. Intraleo, respectively (Fig.
16). Although fluoride concentrations were lowest in the Mt. Intraleo samples, their relative
contribution to the anion summation is not negligible (2.9%). A significant relative contribution of
HCOs™ was observed for the Zafferana Etnea and Mt. Intraleo sites, amounting to 17.8% and 18.9%,
respectively. Lower contributions were observed at Citelli (4.9%) and Cratere 2001 (2.1%), (Fig.
16). The highest HCOs" VWM concentration was calculated for the samples collected at Mt. Intraleo
in the period 28 March — 26 April 2022, equal to 18.9 peq L. Nitrate (NO3") showed low relative
contributions, ranging between 0.9% (Cratere 2001) and 9.9% (Mt. Intraleo), with a VMW
concentration of 20.0 peq L™ in the latter (Fig. 16). Please refer to Table 7 for the correspondence

between the sampling period and the sequential sample number.
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Citelli Zafferana Etnea
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NO,
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Cratere 2001 Mt. Intraleo
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SO,

Cl

NO,

Figure 16 - Relative abundances (Eq%) of any major anions in Mt. Etna sampling sites.

As regards major cations, the sequence of relative abundances was Ca%* > Na* > Mg?* >
NH4" > K*, for all the Mt. Etna sampling sites, except for Citelli, where the relative contribution of
NH4* (17.5%) was higher than that of Mg®* (14.0%), and for Cratere 2001, where the relative
contribution of K* (6.5%) was slightly higher than that of NH4" (5.9%). Therefore, calcium was the
main cation, with relative abundances of 40.4%, 35.1%, 45.1%, and 46.5% in Citelli, Zafferana
Etnea, Cratere 2001, and Mt. Intraleo sampling sites, respectively (Fig 17). The highest calcium
VWM concentration was measured at Cratere 2001, with a value of 398 peq L. For the same site,
the highest VMW concentrations for all the major cations were calculated, equal to 268, 107, and
57.4 peq L%, for Na*, Mg?*, and K* respectively. The only exception was the ammonium ion, for

which the highest VWM concentration was calculated for the Citelli site, equal to 54.8 peq L™
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Relevant relative contributions, between 12.2% and 14.0%, were calculated for Mg?*, and
between 5.9% and 17.5% for NH4*. Usually, the less abundant major cation was K*, with a relative

contribution of up to 6.5% (Fig. 17).

Citelli Zafferana Etnea
Na*
Ca2+ a+
Ca2+
< 3—*1(+ \
é: NH,* b
Mg2+ NH4+
Mg2+
Cratere 2001 Mt. Intraleo

a’ Na*
Ca? Ca?*
K+
NH,*
Mg2+ M ngr

Figure 17 - Relative abundances (Eq%) of any major cations in Mt. Etna sampling sites.

4.2.3 Minor and trace elements concentrations

4.2.3.1 Rainwater samples

A summary of statistical parameters of the analysed minor and trace elements in the rainwater
samples from Mt. Etna sampling sites is provided in Table 11, and Figure 18. A total of 85 rainwater
samples were analysed for minor and trace elements; it was not possible to determine the

concentration of Sn and Cs in 80% and in ~ 16% of the cases. For Al, V, Fe, Zn, As, Rb, Sr, Sb, and




Ba, it was always possible to determine the concentration, while for the other elements, it was not

possible to do so in between approximately 1% and 10% of the samples.

Table 11 - Statistical parameters for minor and trace element concentrations (ug L) in Citelli,
Zafferana Etnea, Cratere 2001, and Mt. Intraleo sampling sites. Sample n. is the number of samples
in which the maximum concentration was measured for each element.

Element Li B Al Ti \ Cr Mn Fe Co Ni Cu Zn As
Min <LoQ <LoQ 29.2 0.0810 0.253 0.0310 0.523 2.47 0.0330 0.118 0.307 0.256 0.0720
Max 2.36 8.37 2742 166 7.49 0.741 146 2043 1.69 1.61 47.9 120 1.79
Sample n. 16 05 10 10 10 14 16 10 16 16 16 16 17
= VWM 0.334 2.85 497 17.9 1.64 0.0991 20.2 240 0.281 0.373 9.83 14.0 0.404
S Element Se Br Rb Sr Mo cd Sn Sb Cs Ba Tl Pb u
Min 0.142 <LoQ 0.295 4.66 <LoQ 0.0350 <LoQ 0.0150 <LoQ 0.862 0.0210 <LoQ 0.00300
Max 4.89 146 32.0 102 0.778 1.85 0.0270 193 0.148 89.4 2,71 1.99 0.0810
Sample n. 16 16 16 16 05 16 07 18 16 04 16 07 10
VWM 0.680 18.3 2.09 18.6 0.105 0.246 0.00703 0.164 0.0214 10.7 0.272 0.605 0.0184
Element Li B Al Ti \ Cr Mn Fe Co Ni Cu Zn As
Min <LoQ 1.09 241 <LoQ 0.0790 <LoQ 0.356 0.284 <LoQ <LoQ <LoQ 1.20 0.0300
s Max 9.49 21.9 2402 47.3 11.3 0.302 304 325 1.77 1.03 47.4 50.9 111
E Sample n. 04 05 19 04 04 16 02 04 06 04 04 04 04
] VWM 0.188 3.43 75.3 0.605 0.645 0.0524 9.29 15.5 0.0885 0.166 3.63 6.93 0.171
g Element Se Br Rb Sr Mo cd Sn Sb Cs Ba Tl Pb u
E Min 0.101 <LoQ 0.0420 2.54 <LoQ <LoQ <LoQ 0.0170 <LoQ 0.412 0.0140 <LoQ <LoQ
N Max 13.6 40.5 14.6 251 3.36 0.527 0.0440 0.936 0.309 339 1.35 1.28 0.0350
Sample n. 05 05 04 04 17 04 17 17 04 04 04 05 05
VWM 0.465 12.1 0.725 12.3 0.0902 0.0755 0.00669 0.120 0.0115 4.87 0.113 0.238 0.00434
Element Li B Al Ti v cr Mn Fe Co Ni Cu Zn As
Min 0.0490 1.09 5.33 <LoQ 0.260 0.0220 1.73 241 0.0140 0.0840 0.518 0.162 0.0730
Max 17.4 61.0 57291 25.6 97.2 1.08 1095 3633 10.6 6.80 980 227 113
§ Sample n. 16 23 16 16 16 17 16 16 17 16 12 16 16
?_, VWM 1.10 5.53 3007 2.50 3.09 0.185 69.6 317 0.904 0.768 51.4 20.6 0.934
% Element Se Br Rb Sr Mo cd Sn Sb Cs Ba Tl Pb u
S Min 0.114 1.52 0.177 3.21 0.0210 <LoQ <LoQ 0.0190 <LoQ 1.51 0.0190 <LoQ 0.00200
Max 17.7 549 84.3 1111 19.6 6.98 0.0790 0.565 0.807 110 9.78 243 0.979
Sample n. 17 12 16 16 23 16 16 17 16 16 16 12 12
VWM 2.14 38.0 7.45 61.3 0.504 0.670 0.00936 0.0707 0.0661 14.9 0.682 0.373 0.0802
Element Li B Al Ti \% Cr Mn Fe Co Ni Cu Zn As
Min <LoQ <LoQ 1.81 0.0140 0.0510 0.0220 <LoQ 1.39 <LoQ <LoQ 0.475 1.89 0.0200
Max 0.562 36.4 217 1.08 233 5.55 74.1 80.3 0.595 3.43 27.5 102 0.980
2 Sample n. 16 13 16 16 16 16 03 16 16 16 16 16 16
Tg VWM 0.0869 3.07 24.9 0.154 0.351 0.185 5.00 6.10 0.0556 0.367 2.88 7.81 0.178
E_ Element Se Br Rb Sr Mo cd Sn Sb Cs Ba Tl Pb U
§ Min <LoQ 2.83 0.0270 1.57 <LoQ <LoQ <LoQ 0.0180 <LoQ 0.477 <LoQ <LoQ <LoQ
Max 0.958 71.4 10.7 78.5 0.815 0.295 0.0500 1.64 0.0420 48.6 0.500 0.764 0.0370
Sample n. 16 13 16 16 13 16 13 16 16 16 15 16 05
VWM 0.240 8.98 0.847 10.7 0.0554 0.0673 0.00630 0.192 0.00461 3.75 0.0734 0.111 0.00371

In the Citelli sampling site, the VWM concentrations for minor and trace elements ranged
from 0.007 pg L (Sn) to 497 pg Lt (Al), at Zafferana Etnea from 0.004 ug L™ (U) to 75.3 pg L™
(Al), at Cratere 2001 from 0.009 pg L (Sn) to 3007 pg L (Al), and at Mt. Intraleo from 0.004 pg
Lt (U) to 24.9 pg L (Al). Therefore, the lowest VWM concentrations were calculated for Sn and U,
while the highest VWM concentrations were calculated for Al. For all the analysed elements, the

highest VWM concentrations were calculated for the Cratere 2001 sampling site, except Ti, Sb, and
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Pb, for which the highest values, equal to 17.9 ug L™?, 0.16 pg L, and 0.60 pg L™ were calculated
for Citelli. At the Zafferana Etnea and Mt. Intraleo sites, VWM concentrations were lower than at the
other two sites in the Etna area, in some cases even by two orders of magnitude. The concentrations
of the elements analysed did not only show great differences between the different sites. A relevant
intra-site variability, up to three orders of magnitude, was observed for different periods of sampling

(Fig. 18).
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Figure 18 - Minor and trace element concentrations (ug L) in rainwater samples from the Mt. Etna
area. The elements are ordered from highest to lowest atomic weight.

4.2.3.2 Insoluble fraction

To characterise the chemical composition of the insoluble fraction of the atmospheric

deposition, the material retained by the membrane filters (> 0.45 um) was mineralised according to

the procedure described in paragraph 3.1.3. A summary of statistical parameters of the analysed

minor and trace elements in the solutions derived from the mineralisation of the insoluble fraction is

provided in Table 12 and Figure 19. A total of 85 insoluble fraction solutions were analysed for
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minor and trace element concentrations. It was not possible to determine the concentration of As in
the 3.5% of the samples, of Mo in the 2.3% of the cases, and of B and Co in the 1.2% of the samples.

For the remaining elements, the concentrations were quantified in all the samples.

Table 12 - Statistical parameters for minor and trace element concentrations in the insoluble
fraction solutions of Citelli, Zafferana Etnea, Cratere 2001, and Mt. Intraleo. The concentrations are
in ug L%, except for Al, Ti, Fe, and Zn (mg L™).

Element Li B Al Ti \ Cr Mn Fe Co Ni Cu Zn As
Min 110 9.13 0.814 0.0432 19.6 10.9 16.9 0.790 1.77 8.10 26.3 0.0528 1.97
Max 728 985 1442 106 2725 993 15772 991 302 381 6824 3.57 152
3 Median 45.9 109 114 9.21 337 70.4 1310 98.8 41.2 41.9 292 0.369 16.0
5 Element Se Br Rb Sr Mo Cd Sn Sb Cs Ba Tl Pb U
Min n.d. n.d. n.d. 10.1 1.28 n.d. n.d. n.d. n.d. 16.6 n.d. 6.56 n.d.
Max n.d. n.d. n.d. 11771 27.1 n.d. n.d. n.d. n.d. 5594 n.d. 425 n.d.
Median n.d. n.d. n.d. 1200 6.13 n.d. n.d. n.d. n.d. 691 n.d. 56.6 n.d.
Element Li B Al Ti \ Cr Mn Fe Co Ni Cu Zn As
© Min 2.37 4.36 2.53 0.0842 15.3 6.21 43.0 2.81 1.00 6.35 23.0 0.104 0.964
E Max 331 418 565 37.1 1361 492 8881 474 197 242 3549 3.12 60.9
E Median 24.9 40.8 35.4 2.52 96.2 44.9 434 35.1 12.9 29.7 196 0.330 6.67
: Element Se Br Rb Sr Mo Cd Sn Sb Cs Ba Tl Pb U
= Min n.d. n.d. n.d. 14.1 0.163 n.d. n.d. n.d. n.d. 311 n.d. 5.55 n.d.
N Max n.d. n.d. n.d. 6821 37.2 n.d. n.d. n.d. n.d. 3625 n.d. 291 n.d.
Median n.d. n.d. n.d. 287 4.14 n.d. n.d. n.d. n.d. 180 n.d. 43.6 n.d.
Element Li B Al Ti % Cr Mn Fe Co Ni Cu Zn As
Min 35.6 106 84.6 3.89 211 33.7 1012 84.5 27.6 32.7 338 0.278 13.1
§ Max 897 1550 2167 104 5352 1130 31342 1878 595 476 10672 5.80 379
° Median 188 332 390 25.8 1054 204 5222 363 125 115 1243 0.898 78.9
g Element Se Br Rb Sr Mo Cd Sn Sb Cs Ba Tl Pb U
S Min n.d. n.d. n.d. 569 3.61 n.d. n.d. n.d. n.d. 478 n.d. 35.0 n.d.
Max n.d. n.d. n.d. 16741 59.0 n.d. n.d. n.d. n.d. 9303 n.d. 662 n.d.
Median n.d. n.d. n.d. 3580 13.3 n.d. n.d. n.d. n.d. 2300 n.d. 180 n.d.
Element Li B Al Ti \ Cr Mn Fe Co Ni Cu Zn As
Min 1.28 217 2.86 0.161 6.82 6.73 25.9 3.14 0.574 3.70 12.6 0.0729 0.661
g Max 376 539 574 25.2 1223 581 5677 515 174 237 1216 1.92 69.9
£ Median 17.9 34.1 23.8 0.936 50.7 43.2 281 21.8 7.66 23.4 136 0.311 5.28
f_ Element Se Br Rb Sr Mo Cd Sn Sb Cs Ba Tl Pb U
= Min n.d. n.d. n.d. 16.4 0.302 n.d. n.d. n.d. n.d. 14.9 n.d. 3.42 n.d.
Max n.d. n.d. n.d. 1968 9.61 n.d. n.d. n.d. n.d. 1660 n.d. 256 n.d.
Median n.d. n.d. n.d. 114 1.60 n.d. n.d. n.d. n.d. 128 n.d. 29.3 n.d.

In Citelli site, the median concentrations ranged from 6.13 pg L™ for Mo to 114 mg L™ for
Al, at Zafferana Etnea from 4.14 pg L™ (Mo) to 35.4 mg L (Al), at Cratere 2001 from 13.3 pug L*
(Mo) to 390 mg Lt (Al), and at Mt. Intraleo from 1.60 pg L™ (Mo) to 23.8 mg L (Al). Therefore,
the lowest median concentrations were calculated for Mo, while the highest median concentrations
were calculated for Al. For all the analysed elements, the highest median concentrations were

calculated for the Cratere 2001 sampling site. At the Zafferana Etnea and Mt. Intraleo sites, median
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concentrations were lower than at the other two sites in the Etna area, in some cases even by two

orders of magnitude.
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Figure 19 - Minor and trace element concentrations (ug L) in the Mt. Etna insoluble fraction
solutions. The elements are ordered from highest to lowest atomic weight.

4.2.3.3 Rinse solutions

To determine the concentration of minor and trace elements in the material remaining
adhered to the surfaces of the bulk collector, a rinse aliquot was prepared according to the procedure
described in paragraph 3.1.2. The concentration of the analysed minor and trace elements in the rinse
solutions from Mt. Etna sampling sites, excluding the Cratere 2001 site, is provided in Table 13. A
total of six rinse solutions, two for each site, were analysed for minor and trace element
concentrations. The concentration of Sn was always below the limit of quantification, while it was
not possible to determine the concentration of Br, Li, and Cd in 50%, ~ 32%, and ~ 18% of the

samples, respectively. For the other elements, the concentrations were always quantified.

Table 13 - Minor and trace element concentrations (g L) in Citelli, Zafferana Etnea, and Mt.
Intraleo rinse solutions.

Li B Al Ti \Y Cr Mn Fe Co Ni Cu Zn As

0.180 6.15 507 11.1 1.93 0.0520 10.8 127 0.114  0.0820 283 10.1 0.150

= 0.189 35.8 452 3.88 2.48 0.384 16.1 141 0.116 0.303 23.5 14.1 0.332
5 Se Br Rb Sr Mo Cd Sn Sb Cs Ba Tl Pb u

0.741 329 1.20 10.3 0.0850  0.0570 <LoQ 0.0270  0.0280 11.8 0.203 0.717 0.0470
0.878 <L0Q 6.56 12.1 0.110 0.179 <LoQ 0.263 0.0350 9.56 0.263 3.50 0.0590

Li B Al Ti \Y Cr Mn Fe Co Ni Cu Zn As
. <L0Q 6.50 67.0 219 00620 0.150 1.54 194 00320 0228  0.692 123 0.0430
§ § 0.174 39.1 691 5.77 2.51 0.274 20.9 133 0242 0720 26.5 39.9 0.284
E 5] Se Br Rb Sr Mo cd Sn sb Cs Ba Tl Pb u

0.133 27.6 0.134 0.499 0.0190  0.0230 <LoQ 0.443  0.00300 0.8% 0.0340 0.838  0.00300
2.10 <LoQ 2.30 18.7 0.0990 0.320 <LoQ 0.208 0.0270 24.5 0.0840 6.49 0.120
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Li B Al Ti \Y Cr Mn Fe Co Ni Cu Zn As
<LoQ 5.73 28.7 0.737 0.0830  0.0590 0.692 12.9 0.0120 0.193 2.31 1.17 0.0310

o

§ 0.289 41.7 613 5.94 2.77 0.499 17.8 174 0.186 0.446 28.4 23.0 0.559

ﬁ Se Br Rb Sr Mo Cd Sn Sb Cs Ba Tl Pb u

= 0.142 33.2 0.0940 0.292 0.0230 <LoQ <Ll0Q  0.0110 0.0170 0.265 0.0240 0.347  0.00300
2.10 <Lo0Q 3.85 17.6 0.143 0.659 <LoQ 0.242 0.0510 14.9 0.768 6.06 0.0900

Minor and trace element concentrations in the rinse solutions ranged from 0.003 pg L™ for
uranium and caesium to 691 pg L™ for aluminium. Relevant differences were observed between the
sampling sites and the samples analysed, up to one order of magnitude. For Li, B, Cr, As, Se, Br, Cd,
Cs, and TI the highest mean concentrations were measured at Mt. Intraleo. For Al, Ti, V, Mn, Fe, Cu,
Rb, Sr, and Mo the highest mean concentrations were measured at Citelli, while at Zafferana Etnea

were measured the highest mean concentrations for Co, Ni, Zn, Sb, Ba, Pb, and U.

4.2.4 Technology-Critical Elements (TCEs)

From the Mt. Etna study area, 29 preconcentrated rainwater samples, prepared according to
the procedure illustrated in paragraph 3.1.4, were analysed for the concentrations of the TCEs,
including the lanthanoids. It was not possible to determine the concentration of Nb in 31% of the
sample, of Sc and Lu in the 10% of the cases, of Th and Er in the 6.9% of the samples and for Ge,
Te, Hf, Tb, Dy, Ho, Tm, and Yb in the 3.4% of the samples. For the remaining elements, the
concentrations were quantified in all the samples. A summary of the statistical parameters of the

analysed TCEs is provided in Table 14 and Figure 20.

Table 14 - Statistical parameters for TCE concentrations (ng L) in Citelli, Zafferana Etnea, Cratere
2001, and Mt. Intraleo preconcentrated rainwater samples.

Element Sc Ge Y Zr Nb Te Hf Th La Ce Pr
Min 3.48 3.62 17.9 52.1 0.273 5.24 0.654 0.366 18.2 12.4 3.28
Max 35.3 50.2 757 293 2.63 75.7 4.95 14.6 1276 2208 245
5 Median 5.63 9.19 34.2 125 1.22 20.4 2.52 1.40 56.5 56.7 7.42
5 Element Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
Min 18.4 2.83 1.21 3.33 0.474 2.01 0.412 1.53 0.0710 0.895 0.182
Max 929 124 45.7 154 17.5 117 16.6 45.5 5.56 32.7 4.62
Median 30.3 5.72 1.46 5.29 0.674 3.64 0.766 2.49 0.303 2.07 0.391
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Element Sc Ge Y Zr Nb Te Hf Th La Ce Pr
© Min 0.842 1.05 5.13 5.05 0.0260 2.89 0.0520 0.497 3.77 8.31 1.15
?:_,J Max 5.25 7.57 47.0 241 1.68 31.8 3.58 2.21 95.5 104 15.4
uél Median 2.78 2.99 8.37 50.5 0.642 4.63 0.757 1.00 18.0 15.6 1.71
g Element Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
E Min 4.22 0.767 0.288 0.684 0.0950 0.737 0.127 0.359 0.0620 0.488 0.0400
N Max 66.0 10.3 2.84 8.77 0.988 5.31 1.17 3.34 0.442 2.55 0.415
Median 11.0 1.74 0.557 1.74 0.277 1.69 0.205 0.889 0.142 0.751 0.123
Element Sc Ge Y Zr Nb Te Hf Th La Ce Pr
Min 1.92 2.75 291 10.2 0.160 1.71 0.216 0.224 3.21 5.10 0.576
§ Max 12.7 334 178 280 4.19 117 5.29 3.02 197 326 38.4
2 Median 4.36 5.44 19.5 100 0.926 6.80 0.863 1.43 25.4 22.5 3.81
% Element Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
S Min 2.68 0.591 0.143 0.648 0.0150 0.341 0.0800 0.222 0.0320 0.220 0.155
Max 150 31.8 7.85 27.0 3.95 21.2 3.85 10.2 1.28 7.74 1.34
Median 17.7 3.53 0.974 3.44 0.449 2.60 0.601 1.59 0.229 1.54 0.388
Element Sc Ge Y Zr Nb Te Hf Th La Ce Pr
Min 0.987 0.933 6.86 25.4 0.766 1.55 0.341 1.09 8.32 8.92 1.35
9 Max 4.14 6.18 11.6 181 1.26 30.6 2.64 3.85 21.0 30.1 2.84
f_é Median 2.30 3.25 10.1 98.1 0.847 3.40 1.52 1.56 18.0 16.9 2.24
E. Element Nd Sm Eu Gd Tb Dy Ho Er m Yb Lu
§ Min 6.02 1.42 0.274 1.42 0.188 1.16 0.215 0.629 0.0880 0.627 0.115
Max 11.3 2.48 0.602 2.30 0.315 1.76 0.349 0.967 0.184 0.812 0.246
Median 9.57 2.20 0.534 1.89 0.284 1.40 0.263 0.784 0.111 0.729 0.124

Among the TCEs, the highest concentration was measured for Ce, up to values of 2208 ng L™*
at the Citelli sampling site, and a median concentration of 27.9 ng L* by considering all the sampling
sites. The highest median concentration, instead, was measured for Zr, equal to 93.5 ng L. The
lowest median concentration was measured for Tm (0.111 ng L) at the Mt. Intraleo sampling site.
For Sc (5.63ng L), Ge (9.19ng L), Y (34.2ng LY), Zr (125 ng LY), Nb (1.22 ng LY), Te (20.4 ng
L), and Hf (2.52 ng L™?) the highest median concentrations were measured at the Citelli sampling
site. For Th, similar median concentrations were calculated for Citelli (1.40 ng L) and Cratere 2001
(1.43 ng L) rainwater samples. The median concentrations of lanthanoid follow this order: La > Ce
>Nd >Pr=Sm>Gd>Dy>Yb=Er>Eu>Ho>Tb>Lu= Tm. For all lanthanoids, the highest

concentrations were measured in rainwater samples at the Citelli monitoring site. The sampling site

with the lowest lanthanoid median concentrations was Mt. Intraleo.
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Figure 20 - TCE concentrations (ng L) in Mt. Etna rainwater samples. The elements are ordered
from highest to lowest atomic weight.

4.2.5 Boron and strontium isotopic composition

Boron (8''B/'°B) and Strontium (¥’St/*Sr) isotopic composition were measured in 10
selected rainwater samples. The main statistical parameters (minimum, median, maximum) are given

in Table 15.
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Table 15 - Main statistical parameters for boron (6 //B%s) and strontium (37Sr/29Sr) in Etna’s
rainwater samples. Dev. Std. is the Standard Deviation for boron isotopic composition, while Std.
Err. is the Standard Error for strontium ratio measurements.

Site 87Sr/*esr
Min Median Max Std. Err.
Zafferana Etnea 0.703865 0.708064 0.708144 0.000007
Cratere 2001 0.703728 0.704334 0.708083 0.000007
Intraleo 0.708803 0.709583 0.710363 0.000007
Site 5B (%o)
Min Median Max Dev. Std.
Zafferana Etnea 22.88 38.05 42.90 0.21
Cratere 2001 1.29 16.96 31.51 0.21
Intraleo 30.07 32.05 34.04 0.09

Very low §''B values were measured in some samples from Cratere 2001 (+1.29%o £ 0.21%o)
and Zafferana Etnea (+22.9%o + 0.21%o) sampling sites. The lowest 3!'B median value (+16.96%o +
0.21%o) was measured in Cratere 2001. The highest absolute §!'B value was measured in a rainwater
sample from Zafferana Etnea (+42.90%o0 = 0.21%0). Two replicates for sample no. 4 of Cratere 2001
were analysed for boron isotopic composition, to verify the stability in the measurement of a
repeated sample; 8!''B values of +10.64%o + 0.42%o0 and +11.45%o = 0.07%o were measured. For the
rainwater sample no. 13 of the same survey site, two different aliquots were analysed, obtained from
two separate chemical procedures; 8''B values of +16.96%o + 0.11%o and +16.86%o + 0.15%o were
measured.

Strontium isotopic composition ranged from 0.70373 £ 0.00001 (Cratere 2001) to 0.71036 +
0.00001 (Mt. Intraleo). The lowest and the highest median ®’Sr/%¢Sr ratio were measured for Cratere
2001 (0.70433 £ 0.00001) and Mt. Intraleo (0.70958 + 0.00001) sampling sites, respectively. To
verify the stability in the measurement of a repeated sample, two replicates of the rainwater sample
no. 13 of Cratere 2001 were analysed, obtained from two separate chemical procedures; ®’Sr/%¢Sr

ratios 0f 0.704334 + 0.000009 and 0.704343 + 0.000007 were measured.
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4.3 Palermo and Catania urban areas

The sequential number of samples and their sampling periods, for each monitoring site in the

Etna area, are shown in Table 16.

Table 16 - Sequential number of samples and sampling periods for Archirafi, Unipa, Indipendenza,
and Belgio sampling sites.

Site No. Sample Installed Sampled Time Exp. (day) Site No. Sample Installed Sampled Time Exp. (day)
1 01/03/2021 30/03/2021 29 1 01/03/2021 30/03/2021 29
30/03/2021 26/04/2021 27 2 30/03/2021 26/04/2021 27
3 26/04/2021 27/05/2021 31 3 26/04/2021 27/05/2021 31
4 27/05/2021 28/06/2021 32 4 27/05/2021 28/06/2021 32
5 28/06/2021 02/08/2021 35 5 28/06/2021 02/08/2021 35
6 02/08/2021 03/09/2021 32 6 02/08/2021 03/09/2021 32
7 03/09/2021 11/10/2021 38 7 03/09/2021 11/10/2021 38
8 11/10/2021 25/10/2021 14 8 11/10/2021 03/11/2021 23
8bis 25/10/2021 03/11/2021 9 9 03/11/2021 22/11/2021 19
L‘:@ 9 03/11/2021 22/11/2021 19 .5- 10 22/11/2021 17/12/2021 25
% 10 22/11/2021 13/12/2021 21 S 11 17/12/2021 18/01/2022 32
ét: 11 13/12/2021 18/01/2022 36 ° 12 18/01/2022 25/02/2022 38
g 12 18/01/2022 22/02/2022 35 % 13 25/02/2022 30/03/2022 33
54 13 22/02/2022 30/03/2022 36 E 14 30/03/2022 26/04/2022 27
E“ 14 06/04/2022 26/04/2022 20 15 26/04/2022 23/05/2022 27
15 26/04/2022 23/05/2022 27 16 23/05/2022 20/07/2022 58
16 23/05/2022 20/07/2022 58 17 20/07/2022 23/08/2022 34
17 20/07/2022 23/08/2022 34 18 23/08/2022 28/09/2022 36
18 23/08/2022 28/09/2022 36 19 28/09/2022 27/10/2022 29
19 28/09/2022 25/10/2022 27 20 27/10/2022 23/11/2022 27
20 25/10/2022 23/11/2022 29 21 23/11/2022 20/12/2022 27
21 23/11/2022 20/12/2022 27 22 20/12/2022 26/01/2023 37
22 20/12/2022 01/02/2023 43 23 26/01/2023 16/02/2023 21
23 01/02/2023 16/02/2023 15
Site No. Sample Installed Sampled Time Exp. (day)
Site No. Sample Installed Sampled Time Exp. (day) 1 01/03/2021 30/03/2021 29
1 01/03/2021 30/03/2021 29 2 30/03/2021 26/04/2021 27
30/03/2021 26/04/2021 27 3 26/04/2021 27/05/2021 31
3 26/04/2021 27/05/2021 31 i) 4 27/05/2021 28/06/2021 32
4 27/05/2021 28/06/2021 32 %D 5 28/06/2021 02/08/2021 35
5 28/06/2021 02/08/2021 35 Dv: 6 02/08/2021 03/09/2021 32
6 02/08/2021 03/09/2021 32 2 7 03/09/2021 11/10/2021 38
7 03/09/2021 11/10/2021 38 ;E 8 11/10/2021 03/11/2021 23
. 8 11/10/2021 03/11/2021 23 a 9 03/11/2021 22/11/2021 19
g 9 03/11/2021 22/11/2021 19 10 22/11/2021 17/12/2021 25
= 10 22/11/2021 17/12/2021 25 11 17/12/2021 18/01/2022 32
,qé- 11 17/12/2021 18/01/2022 32 12 18/01/2022 25/02/2022 38
E 12 18/01/2022 25/02/2022 38
I 13 25/02/2022 30/03/2022 33
é 14 30/03/2022 26/04/2022 27
Zﬁ 15 26/04/2022 23/05/2022 27
16 23/05/2022 20/07/2022 58
17 20/07/2022 23/08/2022 34
18 23/08/2022 28/09/2022 36
19 28/09/2022 27/10/2022 29
20 27/10/2022 23/11/2022 27
21 23/11/2022 20/12/2022 27
22 20/12/2022 26/01/2023 37
23 26/01/2023 16/02/2023 21

4.3.1 Chemical-physical parameters (pH, EC)
4.3.1.1 The acidity of rainwater

The pH values of the rainwater samples collected in Palermo (four sites), and Catania (two

sites) showed great variability during the two years of monitoring, respectively ranging from 4.2 to
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7.9, with a median value of 6.6, and between 5.0 to 7.8, with a median of 6.2. The frequency

distributions of pH in rainwater samples were unimodal in Palermo, with the highest frequency (~

38%) in the pH range 6.5 — 7.0 (Fig. 21a), and bimodal in Catania, with the highest frequencies in

the pH range 5.5 — 6.0 (~ 32%) and between 7.0 and 7.5 (~ 20%) (Fig. 21Db).
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Figure 21 - Frequency distribution of pH in Palermo (a - 82 cases) and Catania (b - 41 cases)
rainwater samples. The black dashed lines are the medians.

In both the Palermo and Catania areas, only a few rainwater samples had pH values below

5.6, ~ 5% in the former and ~ 22% in the latter study area. The pH values for each monitoring site in

the Palermo and Catania areas are reported in Table 17 and shown in Figure 22 and Figure 23.

Table 17 - Statistical parameters for rainwater’s pH in the Palermo and Catania urban areas.

Study area|  Site Min Max Median Q1 Q3
ARC 5.2 7.9 6.6 6.0 6.9
Palermo UNI 5.1 7.5 6.6 6.1 7.1
IND 54 7.8 6.7 6.2 7.0
BEL 4.2 1.7 6.5 6.0 6.9
Catania GLP 5.0 7.8 6.2 5.6 6.1
CAT 5.3 7.5 6.2 5.8 6.9
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In Palermo and Catania, no major differences were observed in the pH values measured at the
different monitoring sites. The lowest median value was calculated for Catania and San Giovanni La
Punta (6.2), while median values between 6.5 and 6.7 were calculated for the Palermo sites. At the
Archirafi, Unipa and Indipendenza sites, the lowest pH values were 5.2, 5.1 and 5.4 respectively, all
measured in the rainwater sample from the last sampling period, 26 January - 16 February 2023. The
highest pH values of 7.9 (Archirafi), 7.5 (Unipa), 7.8 (Indipendenza), and 7.7 (Belgio), were
measured in the rainwater of the fourth sampling period (27 May - 28 June 2021) for Archirafi and
Indipendenza, and the fifth sampling period (28 June - 02 August 2021) for the other two sites. The
median pH value calculated for Belgio, which is lower than those of the other sites in the Palermo
area, is caused by a very low pH value of 4.2 measured in the rainwater sample from 03/11/2021 —
22/11/2021. Except for the Archirafi site, where the highest frequency falls between pH values of 6.0
and 6.5 (25%) (Fig. 22a), for the other sites in the Palermo area, the highest frequency falls between
pH values of 6.5 and 7.0 (~ 43% for Unipa and Indipendenza, and ~ 33% for Belgio) (Fig. 22b, c, d).
Except for these differences, homogeneity in the pH values measured at the various monitoring sites
in the Palermo area can also be found in the values calculated for the first and third quartiles. In both
the sampling sites from the Catania areas, the lowest pH values were measured in the last period,
from 26 January to 14 February 2023. The highest pH value (7.8) in the Catania sampling site was
measured in the period 25 May — 14 July 2022, while the highest pH value (7.5) in the San Giovanni
La Punta sampling site was measured in the period 26 May — 30 June 2021. The highest frequency
falls between pH values of 5.5 and 6.0 for both sampling sites (~ 33% and 30% for Catania and San
Giovanni La Punta, respectively). A higher third quartile value (6.9) was calculated for the pH value
of rainwater from the Catania site, compared to the value calculated for the San Giovanni La Punta
site (6.1). Please refer to Table 16 for the correspondence between the sampling period and the

sequential sample number.
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Figure 22 - Frequency distribution of pH in (a) Archirafi, (b) Unipa, (c) Indipendenza, and (d)
Belgio rainwater samples. The black dashed lines are the median values.
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Figure 23 - Frequency distribution of pH in (a) Catania and (b) San Giovanni La Punta rainwater
samples. The black dashed lines are the median values.
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4.3.1.2 The Electric Conductivity (EC) of rainwater

The EC values of the rainwater samples collected in the two urban areas (six sites), showed
great variability during the two years of monitoring, ranging from 10.7 to 305 pS cm™, with a
median of 54.8 uS cm™. For a better graphical representation, the Logo of the electric conductivity
values were calculated. The probability distribution was unimodal for the Palermo area, and bimodal
for the Catania area. In the former, the class with the highest frequency (~ 44%) lies in the EC range
of 1.4 — 1.8, and in the latter lies in the range of 1.2 — 1.4, with a frequency of ~ 22%. The Electric
Conductivity values were generally low in all the sampling sites, with values below 2 (on a Logio
basis) for almost 80% of the entire population (Fig. 24a, b). These EC values are typical of rain with

a relatively low amount of dissolved ions.

(b) n=41

Number of cases
Number of cases

(9]
|
___-____‘--_-.

05 10 15 20 25 3.0 35 05 10 15 20 25 3.0 35
EC EC

Figure 24 - Frequency distribution of EC (Log10) in Palermo (a) and Catania (b) rainwater samples.
The black dashed lines are the geometric means.

The EC values for each monitoring site in the Palermo and Catania urban areas are reported

in Table 18 and shown in Figure 25 and Figure 26.
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Table 18 - Statistical parameters for rainwater’s EC (Log1o) at Palermo and Catania urban areas.

Study area|  Site Min Max  Median Q1 Q3
ARC 1.08 2.33 1.79 1.59 1.73
UNI 1.23 2.26 1.75 1.64 1.96

Palermo

IND 1.38 2.15 1.79 1.53 1.93
BEL 1.04 1.96 1.75 1.41 1.92
CAT 1.04 2.16 1.63 1.36 1.86
GLP 1.04 2.20 1.77 1.30 1.77

Catania

The lowest median EC value was measured in the Catania sampling site (1.63), while the
highest median EC values were measured at the Archirafi and Indipendenza sites (1.79). The lowest
(1.04) values were measured in the Belgio, Catania, and San Giovanni La Punta sampling sites, and
the highest (2.33) at the Archirafi sampling site. Very similar values, considering all the descriptive
statistical parameters reported in Table 18, were measured in the two sampling sites of the Catania
urban area. For the Archirafi sampling sites, the highest frequencies were measured in the EC
intervals 1.6 — 1.8 and 1.8 — 2.0 (25%), at Unipa in the interval 1.6 — 1.8 (~ 35%), at Indipendenza in
the interval 1.4 — 1.6 (~ 30%), and at Belgio in the interval 1.8 — 2.0 (~ 33%). For the Catania
sampling site, the highest frequency was measured in the EC intervals 1.2 — 1.4 and 1.8 — 2.0 (~
19%), while in the San Giovanni sampling site, it lies in the EC interval 1.2 — 1.4, with a frequency

of 25%.
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Figure 25 - Frequency distribution of EC in (a) Archirafi, (b) Unipa, (c) Indipendenza, and (d)
Belgio rainwater samples. The black dashed lines are the geometric mean values.
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Figure 26 - Frequency distribution of EC in (a) Catania, and (b) San Giovanni La Punta rainwater
samples. The black dashed lines are the geometric mean values.
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4.3.2 Major inorganic ions

A summary of statistical parameters of the analysed major ions in rainwater samples from
Palermo and Catania sampling sites is provided in Table 19. Volume-weighted mean and non-sea-
salt concentrations were calculated using equation (2) and (4), respectively. A total of 82 (Palermo
urban area) and 41 (Catania urban area) rainwater samples were analysed for major ions. For the F
the concentration could not be determined in ~ 39% of the samples from the study area of Palermo,
while the percentage was 22% for the study area of Catania. Only one rainwater sample collected at
the Belgio site had a pH value close to 4.3; in this sample, the HCO3™ concentration was determined.
The HCO3™ concentration was not determined in ~ 5% and ~ 24% of the samples from the study area
of Palermo and Catania, respectively. For NH4" the percentages of < LOQ were ~ 27% and ~ 15%
for the two urban areas. For SO4* and NOs, only in the Palermo study area, it was not possible to
determine the concentrations in ~ 5% and ~ 1% of the cases, respectively. In the Catania study area,
it was not possible to quantify the K" concentration in ~ 5% of the samples. Finally, in all the

analysed samples was possible to quantify the concentrations of Cl-, Na*, Mg?*, and Ca?*.
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Table 19 - Statistical parameters for major ions (uzeq L) in Palermo and Catania rainwater
samples.

Site F cr NO;, SOZ HCO, Na' K* NH,” Mg ca®
Min  <LOQ 134 <LOQ <LOQ <LOQ 259 230 <LOQ 318 515
Max  6.00 587 270 328 1059 508 92.9 129 221 1314

Archirafi VWM  0.579 240 23.7 48.7 181 224 9.68 13.2 80.2 218
ss (%) 5.6 100 0 55.9 0.6 100 50.6 0 62.5 4.5
nss (%) 94.4 0 100 441 99.4 0 494 100 37.5 95.5

Min  <LOQ 133 <LOQ <LOQ <LOQ 295 256 <LOQ 317 394
Max  8.00 885 185 332 724 786 150 155 214 949

Unipa VWM  0.937 241 31.8 49.9 154 224 8.27 12.7 83.1 169
ss (%) 3.5 100 0 54.6 0.7 100 59.2 0 60.3 5.8

nss (%) 965 0 100 454 993 0 408 100 397 942
Min  <LOQ 133 455 <LOQ <LOQ 263 340 <LOQ 340 415
Max  7.10 678 293 320 1411 594 244 171 206 1000

Indipendenza VWM 1.13 226 32.1 46.4 192 206 14.1 28.3 82.7 228
ss (%) 2.7 100 0 54.1 0.5 100 31.9 0 55.8 4.0
nss (%) 97.3 0 100 45.9 99.5 0 68.1 100 44.2 96.0

Min <LOQ 39.0 2.78 <LOQ 40.7 48.0 2.56 <LOQ 321 445
Max 15.3 493 231 362 1403 446 139 34.2 197 1428

Belgio VWM 0.451 199 245 44.9 172 178 8.11 8.89 76.0 181
ss(%) 58 99.8 0 48.2 0.5 100 48.0 0 52,5 43

nss (%) 942 0.2 100 51.8 995 0 52.0 100 475 95.7

Site F cr NO; SOZ HCO, Na' K* NH,” Mg ca®

Min  <LOQ 109 550 202 <LOQ 271 <LOQ <LOQ 183 253

Max 321 644 553 733 951 553 145 122 321 1494

Catania VWM 3.84 169 379 677 592 159 949 151 533 137

ss(%) 06 100 000 285 13 100 3.6 000 669 5.1

nss(%) 994 0.0 100 715 987 000 634 100 331 949

Min <LOQ 620 730 221 <LOQ 570 <LOQ <LOQ 182 337

Max 316 360 272 526 674 338 139 186 203 1199

San Giovanni LaPunta VWM 2.63 151 237 514 699 140 732 217 446 126
ss(%) 08 100 000 330 1.0 100 416 000 701 4.9

nss (%) 992 0.0 100 670 990 000 584 100 299 951

Chemical abundances, expressed as peq L™, are represented by Tukey box plots, one set for

each monitored site (Fig. 27).
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Figure 27 - Major ion concentrations (ueq L) in Palermo (four sites) and Catania (two sites)

rainwater samples.

The most saline rainwater sample, in terms of Total Dissolved Solids (TDS), was collected at

the Catania sampling site, with a value of 4165 peq L™ (143 mg L), in the sampling period 14 July
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— 25 August 2022. The less saline rainwater sample was collected in the same site, with a value of
215 peq L™ (6.39 mg L), in the sampling period of 22 November — 20 December 2022. Please refer
to Table 16 for the correspondence between the sampling period and the sequential sample number.
In all the sampling sites, the relative VWM concentrations of the major anions follow the
sequence CI~> HCO3™ > SO+ > NOs~ > F, except for the Catania sampling site, where the relative
contribution of sulfate (20.0%) was higher than that of bicarbonate (17.5%). Therefore, chloride was
the main anion, with relative abundances of 48.6%, 50.6%, 45.5%, 46.2%, 50.1%, and 50.6% in
Archirafi, Unipa, Indipendenza, Belgio, Catania, and San Giovanni La Punta, respectively (Fig. 28).
The highest bicarbonate VWM concentration was measured at Indipendenza, with a value of 192 neq
L?, and the lowest at Catania (59.2 peq L™). The highest chloride VWM concentration was
measured at the Archirafi and the Unipa sampling site, with a value of ~ 241 peq L, the lowest at
San Giovanni La Punta (151 peq L™). Similar relative contributions were observed for sulfate in the
Palermo urban area, up to 10.4% for the Unipa sampling site. Higher relative contributions were
observed for the same ion in the Catania urban area (20.0%, and 17.2% at the Catania and San
Giovanni La Punta sampling sites, respectively). Consequently, the highest VWM concentration was
measured at the Catania sampling site (67.7 peq L™?), and the lowest at Belgio (44.9 peq L™).
Relative contributions between 4.79% (Archirafi), and 11.2% (Catania) were observed for nitrate,
with the highest VMW concentration measured in the Catania sampling site (37.9 peq L), and the
lowest (23.7 peq L) at Unipa and San Giovanni La Punta sampling sites. Fluoride was the less
abundant ion in all the sampling sites. Very low relative contributions, up to 0.226% (Indipendenza)
were observed for the Palermo urban area, with the highest VMW concentration measured at
Indipendenza (1.13 peq L™). Higher relative contributions were observed in the urban area of
Catania, both at the Catania site (1.14%) and the San Giovanni La Punta (0.879%), and VWM

concentrations up to 3.84 peq L in the former.
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Figure 28 - Relative abundances (Eq%) of any major anions in rainwater samples from Palermo and
Catania urban areas.

As regards major cations, the sequence of relative abundances was Na* > Ca?* > Mg?" >
NHs" > K* for the Archirafi, Unipa, Catania, and San Giovanni La Punta sampling sites. A similar
sequence was observed for the Indipendenza and Belgio sampling sites, where the relative

abundances of Ca?" (40.7% and 40.0%) were slightly higher than that of Na* (36.9% and 39.4%)).




Therefore, sodium and calcium were the main cations, with relative abundances of 41.1%, 45.0%,
36.9%, 39.4%, 42.6%, and 40.5% for the former, and 40.0%, 34.0%, 40.7%, 40.0%, 36.7%, and
36.5% for the latter, in Archirafi, Unipa, Indipendenza, Belgio, Catania, and San Giovanni La Punta
sampling sites, respectively (Fig. 29).

The highest calcium VWM concentration was measured at Indipendenza, with a value of 233
peq L7, and the lowest was measured at San Giovanni La Punta (126 peq L™). For sodium, the
highest VWM concentrations were calculated for Archirafi and Unipa sampling sites (224 peq L),
while the lowest was at San Giovanni La Punta (140 peq L™). Very similar relative contributions
were observed for magnesium, between 12.9% (San Giovanni La Punta), and 16.8% (Belgio), with
the lowest VWM concentration (44.6 peq L) measured in the former. The highest VWM
concentration for Mg?* was calculated for the Indipendenza site (84.5 peq L™). Low relative
contributions were calculated for NH.", up to 8.03% at San Giovanni La Punta. Nevertheless, the
highest VWM concentration of this cation was calculated at the Indipendenza sampling site, equal to
28.3 peq L. Potassium relative contributions were very low, up to 2.53% at the Indipendenza and
Catania sampling sites. The highest VMW concentration for K* (14.1 peq L) was calculated for the
Indipendenza site. The lowest K" VMW concentration was calculated for San Giovanni La Punta,

equal to 7.32 peq L™
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Figure 29 - Relative abundances (Eq%) of any major cations in rainwater samples from Palermo
and Catania urban areas.

4.3.3 Minor and trace elements concentrations

4.3.3.1 Rainwater samples

A summary of statistical parameters of the analysed minor and trace elements in the rainwater
samples from Palermo and Catania urban areas is provided in Table 20 and Figure 30. A total of 82

(Palermo urban area) and 41 (Catania urban area) rainwater samples were analysed for minor and




trace elements. In the Palermo rainwater samples, it was not possible to determine the concentration
of Sn and Cs in ~ 66% and in ~ 48% of the cases. For B, Al, V, Cr, Cu, Zn, As, Rb, Sr, Mo, and Sb it
was always possible to determine the concentrations, while for the other elements, it was not possible
to do so in between approximately 1% and 25% of the cases. For the rainwater samples of the
Catania urban area, it was not possible to determine the concentration of Sn and Cs in ~ 56% and ~
37% of the cases, respectively. For B, Al, V, Cr, Fe, Ni, Cu, Zn, As, Rb, Sr, Mo, Sb, Ba, and Tl it
was always possible to determine the concentrations, while for the other elements, it was not possible

to do so in between approximately 1% and 10% of the cases.

Table 20 - Statistical parameters for minor and trace element concentrations (ug L) in the
sampling sites of the Palermo and Catania urban areas. Sample n. is the number of samples in which
the maximum concentration was measured for each element.

Element Li B Al Ti \ Cr Mn Fe Co Ni Cu Zn As
Min <LoQ 3.11 0.680 <LoQ 0.0840 0.0180 <LoQ 0.619 <LoQ 0.0310 0.349 0.380 0.0290
Max 1.64 235 135 1.62 2.54 0.473 24.6 18.1 0.308 1.34 12.4 33.5 0.511
= Sample n. 17 03 16 06 16 06 06 04 06 04 17 06 16
g VWM 0.181 6.18 20.5 0.189 0.371 0.100 1.20 3.51 0.0175 0.244 1.95 6.87 0.0963
E Element Se Br Rb Sr Mo cd Sn Sh Cs Ba Tl Pb u
Min <LoQ <LoQ 0.154 5.76 0.0150 0.00700 <LoQ 0.0750 <LoQ 1.52 <LoQ <LoQ <LoQ
Max 0.421 56.2 10.2 79.4 0.468 0.0630 0.0440 1.28 0.0370 80.9 0.0310 171 0.0650
Sample n. 16 22 17 03 06 07 06 16 17 02 03 06 16
VWM 0.143 25.5 0.525 13.9 0.126 0.0198 0.00629 0.202 0.00317 8.59 0.00611 0.0458 0.00411
Element Li B Al Ti v Cr Mn Fe Co Ni Cu Zn As
Min <LoQ 2.28 1.22 <LoQ 0.0720 0.0220 <LoQ 0.373 <LoQ <LoQ 0.319 1.89 0.00500
Max 0.401 16.5 36.3 1.02 1.63 2.14 44.6 19.7 0.510 2.20 23.2 29.2 0.231
Sample n. 13 13 15 04 04 20 04 04 04 20 04 17 04
‘E VWM 0.126 6.47 7.10 0.133 0.323 0.241 1.08 2.45 0.0142 0.297 1.75 5.64 0.0783
5 Element Se Br Rb Sr Mo Cd Sn Sb Cs Ba Tl Pb u
Min 0.0320 <LoQ 0.0840 4.63 0.0110 <LoQ <LoQ 0.0500 <LoQ 1.88 <LoQ <LoQ <LoQ
Max 0.485 82.3 1.51 68.9 0.269 0.0710 0.0290 1.83 0.00900 114 0.0190 0.292 0.0210
Sample n. 13 13 04 04 04 18 04 18 13 02 23 04 04
VWM 0.137 26.6 0.260 12.2 0.0434 0.0159 0.00535 0.322 0.00213 8.41 0.00607 0.0321 0.00250
Element Li B Al Ti \ Cr Mn Fe Co Ni Cu Zn As
Min <LoQ 2.78 0.942 <LoQ 0.0900 0.0190 <LoQ 0.976 <LoQ 0.0380 0.870 2.46 0.0160
Max 0.661 20.8 105 2.19 1.73 1.07 36.2 70.8 0.429 191 19.1 189 0.472
E Sample n. 03 16 07 03 04 16 04 07 03 16 16 06 17
§ VWM 0.160 6.89 16.1 0.276 0.351 0.121 1.46 8.14 0.0258 0.178 2.61 5.65 0.101
g Element Se Br Rb Sr Mo cd Sn Sb Cs Ba Tl Pb u
-_g Min <LoQ <LoQ 0.125 4.90 0.0170 <LoQ <LoQ 0.0810 <LoQ 118 <LoQ <LoQ <LoQ
Max 0.326 69.6 3.64 77.0 0.679 0.0490 0.0830 0.798 0.0100 27.3 0.0320 0.800 0.0300
Sample n. 11 13 03 04 03 14 03 22 13 03 18 07 03
VWM 0.130 25.5 0.395 13.3 0.0799 0.0147 0.00751 0.224 0.00234 6.05 0.00773 0.0949 0.00315
Element Li B Al Ti \ Cr Mn Fe Co Ni Cu Zn As
Min 0.0300 4.21 1.21 <LoQ 0.0850 0.0330 0.310 1.03 <LoQ 0.0780 0.753 1.31 0.0260
Max 0.654 27.5 50.4 1.59 1.92 29.0 35.5 548 0.328 2.24 17.4 22.4 0.349
Sample n. 04 04 09 04 04 02 04 02 04 06 04 06 04
2 VWM 0.114 6.39 9.03 0.0670 0.320 1.65 211 33.2 0.0370 0.288 2.67 7.34 0.0703
2 Element Se Br Rb Sr Mo cd Sn Sh Cs Ba Tl Pb u
Min <LoQ 5.56 0.125 5.19 0.0260 <LoQ <LoQ 0.0660 <LoQ 137 <LoQ <LoQ <LoQ
Max 0.612 46.7 1.67 88.0 297 0.263 0.0560 1.58 0.00300 42.9 0.0190 0.427 0.0360
Sample n. 04 11 03 04 02 06 06 04 09 02 04 09 05
VWM 0.127 21.7 0.235 11.0 0.220 0.0163 0.00684 0.246 0.000937 7.62 0.00396 0.0737 0.00285
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Element Li B Al Ti \ Cr Mn Fe Co Ni Cu Zn As
Min <LoQ 2.22 3.40 0.0690 0.0720 0.0300 0.0490 1.67 <LoQ 0.0570 0.187 0.939 0.0280
Max 111 34.7 183 4.77 5.04 3.22 98.3 78.8 0.777 3.26 82.9 140 1.44
o Sample n. 17 17 05 04 17 14 17 14 17 17 17 17 17
'g VWM 0.111 6.09 13.2 0.259 0.459 0.185 5.46 6.96 0.0572 0.293 3.79 11.4 0.122
Sv Element Se Br Rb Sr Mo Cd Sn Sb Cs Ba Tl Pb u
Min 0.0330 <LoQ 0.114 3.61 0.00900 <LoQ <LoQ 0.0370 <LoQ 1.04 0.00300 0.0150 <LoQ
Max 3.66 54.1 10.4 161 1.08 0.416 0.0600 4.28 0.0460 29.8 0.525 0.214 0.0560
Sample n. 04 12 17 15 17 17 17 17 17 17 17 03 15
VWM 0.275 20.9 0.616 15.2 0.0722 0.0327 0.00817 0.307 0.00442 4.40 0.0285 0.0573 0.00424
Element Li B Al Ti \ Cr Mn Fe Co Ni Cu Zn As
© Min <LoQ 1.84 1.61 <LoQ 0.101 0.0280 <LoQ 1.48 <LoQ 0.0500 0.180 1.45 0.0410
g Max 0.634 16.5 99.8 211 4.63 0.621 38.2 30.0 0.357 0.768 21.3 29.8 0.839
E Sample n. 04 04 05 03 12 12 05 03 03 03 04 11 04
S VWM 0.0847 4.84 13.1 0.171 0.446 0.0765 2.67 3.94 0.0288 0.182 2.22 8.94 0.107
§ Element Se Br Rb Sr Mo cd Sn Sh Cs Ba Tl Pb u
i% Min <LoQ 2.40 0.108 4.01 0.0130 0.00500 <LoQ 0.0450 <LoQ 1.50 0.000160 <LoQ <LoQ
S Max 6.84 48.5 5.72 120 1.75 0.115 0.159 1.49 0.0150 21.7 0.200 0.128 0.0790
< Sample n. 04 23 17 04 04 11 06 20 17 04 04 03 04
VWM 0.185 18.5 0.430 11.7 0.0813 0.0246 0.00713 0.203 0.00256 4.02 0.0190 0.0464 0.00476

In all Palermo’s sampling sites, the lowest VWM concentrations were calculated for caesium,
between 0.0009 pg L (Belgio) and 0.003 pg L™ (Archirafi), the highest for bromide, with values
from 21.7 pg L (Belgio) and 26.6 pg L™ (Unipa). In the Catania sampling site, the lowest VWM
concentration was calculated for uranium and caesium (0.004 ug L), the highest for bromide (20.9
ug L1, while in the San Giovanni La Punta sampling site, the lowest VWM concentration was
calculated for caesium (0.002 pg L), and the highest for bromide (18.6 pug L™).

For V, Mn, Co, Cu, Zn, As, Se, Rb, Sr, Cd, Cs, and Tl the highest VWM concentrations were
calculated for the Catania sampling site. For Li, Al, and Ba the highest VWM concentrations were
calculated for the Archirafi sampling site, while for Ni, Br, and Sb in the Unipa sampling site, and
Cr, Fe, and Mo in the Belgio sampling site. Finally, the highest VWM concentrations of B, Ti, and
Pb were calculated for the Indipendenza site. The VMW concentrations of Sn were similar in the
Indipendenza and Catania sampling sites. Uranium concentrations were similar in all the sampling
sites. The concentrations of the elements analysed did not only show great differences between the
different sites. A relevant intra-site variability, up to three orders of magnitude, was observed for

different periods of sampling (Fig. 30).
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Figure 30 - Minor and trace element concentrations (ug L) in the rainwater samples from the
Palermo and Catania urban areas. The elements are ordered from highest to lowest atomic weight.

4.3.3.2 Insoluble fraction

As discussed in paragraph 3.1.3, to evaluate the contribution of the insoluble fraction of the
atmospheric deposition, water samples were filtered to separate the insoluble particles (> 0.45 pm).
A statistical summary of the analysed minor and trace elements in the insoluble fraction solutions is
provided in Table 21, and Figure 31. A total of 81 and 41 insoluble fraction solutions were analysed
for minor and trace element concentrations from the Palermo and the Catania urban areas,
respectively. For As, Mo, and Co it was not possible to determine the concentration in the ~ 12%, ~
2%, and ~ 1% of the samples. For the remaining elements, the concentrations were quantified in all
the samples. For the Catania urban area, it was always possible to quantify the concentrations of all

the minor and trace elements, except for As (~ 5%).
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Table 21 - Statistical parameters for minor and trace element concentrations in Archirafi, Unipa,
Indipendenza, Belgio, Catania, and San Giovanni La Punta insoluble fraction solutions. The
concentrations are in pg L, except for Al, Ti, Fe, and Zn (mg L™).

Element Li B Al Ti \ Cr Mn Fe Co Ni Cu Zn As
Min 1.23 6.63 1.01 0.0410 2.37 6.85 38.6 1.74 0.696 6.33 23.6 0.111 0.396
= Max 56.3 879 53.0 2.25 100 125 897 53.7 22.8 64.7 505 1.30 11.4
% Median 10.5 27.2 13.7 0.445 28.9 52.2 251 14.8 5.94 21.9 106 0.509 3.62
<.(‘i Element Se Br Rb Sr Mo Cd Sn Sb Cs Ba Tl Pb U
Min n.d. n.d. n.d. 13.8 0.347 n.d. n.d. n.d. n.d. 16.1 n.d. 11.0 n.d.
Max n.d. n.d. n.d. 323 7.12 n.d. n.d. n.d. n.d. 520 n.d. 134 n.d.
Median n.d. n.d. n.d. 54.8 1.45 n.d. n.d. n.d. n.d. 125 n.d. 36.9 n.d.
Element Li B Al Ti \ Cr Mn Fe Co Ni Cu Zn As
Min 1.60 1.61 1.69 0.0579 3.36 7.35 35.0 1.85 0.395 6.53 30.0 0.125 0.145
Max 172 255 285 19.0 751 313 3870 264 100 162 1691 2.14 37.0
2 Median 19.6 30.3 17.9 0.402 38.9 50.0 269 17.2 7.70 23.7 105 0.392 4.91
S Element Se Br Rb sr Mo cd sn sb Cs Ba Tl Pb u
Min n.d. n.d. n.d. 11.4 0.478 n.d. n.d. n.d. n.d. 22.7 n.d. 6.99 n.d.
Max n.d. n.d. n.d. 2645 10.7 n.d. n.d. n.d. n.d. 1657 n.d. 213 n.d.
Median n.d. n.d. n.d. 50.5 1.76 n.d. n.d. n.d. n.d. 156 n.d. 38.2 n.d.
Element Li B Al Ti \% Cr Mn Fe Co Ni Cu Zn As
Min 176 5.82 2.34 0.0700 4.82 12.1 33.0 2.52 0.730 6.59 53.7 0.188 0.136
E Max 174 387 188 3.42 316 440 2677 174 58.3 223 1166 2.65 39.0
§ Median 24.4 57.7 27.8 0.652 56.0 105 425 27.7 10.6 37.9 251 0.603 8.05
.“9’_ Element Se Br Rb Sr Mo Cd Sn Sb Cs Ba Tl Pb U
E Min n.d. n.d. n.d. 15.7 0.426 n.d. n.d. n.d. n.d. 25.2 n.d. 10.5 n.d.
Max n.d. n.d. n.d. 429 15.3 n.d. n.d. n.d. n.d. 1112 n.d. 399 n.d.
Median n.d. n.d. n.d. 109 4.37 n.d. n.d. n.d. n.d. 247 n.d. 86.8 n.d.
Element Li B Al Ti \ Cr Mn Fe Co Ni Cu Zn As
Min 3.11 4.88 4.23 0.113 10.0 32.7 54.7 511 1.15 117 86.5 0.144 1.42
Max 101 169 104 3.56 240 289 1501 109 42.5 107 1311 1.67 23.4
-h% Median 13.7 37.1 15.8 0.429 34.4 96.9 229 16.7 5.37 23.7 196 0.522 3.59
E Element Se Br Rb Sr Mo cd Sn Sh Cs Ba Tl Pb u
Min n.d. n.d. n.d. 29.5 133 n.d. n.d. n.d. n.d. 336 n.d. 131 n.d.
Max n.d. n.d. n.d. 423 19.8 n.d. n.d. n.d. n.d. 763 n.d. 220 n.d.
Median n.d. n.d. n.d. 57.8 3.74 n.d. n.d. n.d. n.d. 156 n.d. 40.9 n.d.
Element Li B Al Ti \ Cr Mn Fe Co Ni Cu Zn As
Min 117 7.85 3.34 0.268 9.46 7.58 439 3.23 0.553 4.15 32.1 0.0770 0.0349
© Max 388 676 1222 92.1 3344 509 19097 1179 437 259 2999 2.08 63.7
'E Median 25.8 60.8 39.5 2.27 91.2 67.6 589 36.0 14.2 36.9 196 0.479 6.79
5 Element Se Br Rb Sr Mo Cd Sn Sb Cs Ba Tl Pb U
Min n.d. n.d. n.d. 2.33 0.382 n.d. n.d. n.d. n.d. 323 n.d. 4.22 n.d.
Max n.d. n.d. n.d. 12760 12.7 n.d. n.d. n.d. n.d. 3461 n.d. 196 n.d.
Median n.d. n.d. n.d. 325 3.46 n.d. n.d. n.d. n.d. 277 n.d. 43.7 n.d.
© Element Li B Al Ti \ Cr Mn Fe Co Ni Cu Zn As
E Min 9.82 19.8 17.0 1.00 38.8 27.9 26.6 16.6 6.07 15.8 89.9 0.226 2.31
% Max 437 680 1091 77.4 2339 523 18238 898 301 288 3335 9.05 105
E Median 104 178 198 12.1 474 132 2831 176 70.3 82.2 644 1.28 20.6
3 Element se Br Rb sr Mo cd sn sb Cs Ba Tl Pb u
-8 Min n.d. n.d. n.d. 106 1.16 n.d. n.d. n.d. n.d. 125 n.d. 18.8 n.d.
s Max n.d. n.d. n.d. 8550 51.4 n.d. n.d. n.d. n.d. 5549 n.d. 458 n.d.
< Median n.d. n.d. n.d. 1474 9.89 n.d. n.d. n.d. n.d. 1346 n.d. 91.5 n.d.

In the Archirafi sampling site the median concentrations ranged from 1.45 pg L for Mo to
14.8 mg L for Fe, at Unipa from 1.76 pg L™ for Mo to 17.9 mg L™ for Al, from 4.37 pg L (Mo) to
27.8 mg L (Al) at Indipendenza, and from 3.59 pg L™ (As) to 16.7 mg L (Fe) at the Belgio
sampling site. At the Catania sampling site, the median concentrations ranged from 3.46 pg L™ (Mo)

to 39.5 mg L (Al) and at San Giovanni La Punta they ranged from 9.89 pg L™ (Mo) to 198 mg L™
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(Al. Therefore, the lowest median concentrations were calculated for Mo and As, while the highest
median concentrations were calculated for Al and Fe. For all the analysed elements, the highest
median concentrations were calculated for the San Giovanni La Punta sampling site, up to one order
of magnitude higher than the other urban sampling sites. At Archirafi the median concentrations

were generally lower than at the other urban sites.
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Figure 31 - Minor and trace element concentrations (ug L™?) in the insoluble fraction solutions at the
Palermo and Catania urban areas. The elements are ordered from highest to lowest atomic weight.

The concentration of minor and trace elements in the material remaining adhered to the
surfaces of the bulk collector was quantified by analysing a rinse aliquot prepared according to the
procedure described in paragraph 3.1.2. The concentrations of the analysed minor and trace elements
in the rinse solutions from the Palermo and Catania urban areas are provided in Table 22. A total of
seven (Palermo urban area) and four (Catania urban area) rinse solutions, two for each site, except
for Belgio, were analysed for minor and trace element concentrations. The concentration of Sn was
always below the limit of quantification. It was not possible to determine the concentration of Br and

Li in ~ 71% and ~ 57% of the samples and Cs and Ti in ~ 43% of the cases. For the other elements,
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4.3.3.3 Rinse solutions

the concentrations were always quantified.
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Ba Pb

Table 22 - Minor and trace element concentrations (g L) in Archirafi, Unipa, Indipendenza,
Belgio, Catania, and San Giovanni La Punta rinse solutions.

Li B Al Ti \Y Cr Mn Fe Co Ni Cu Zn As
~ <LoQ 7.89 72.4 1.64 0.143 0.110 6.57 21.6 0.0650 0.212 4.38 13.0 0.0280
E 0.757 36.7 421 4.75 1.14 0.570 30.4 172 0.366 0.959 31.7 86.5 0.238
g’ Se Br Rb Sr Mo cd Sn Sb Cs Ba Tl Pb U
0.219 <L0Q 0.158 6.07 0.0230 0.0310 <Lo0Q 0.0820 0.00800 9.63 0.0160 2.38 0.0190
0.657 <L0Q 1.07 17.4 0.0860 0.0970 <Lo0Q 0.441 0.0210 30.1 0.0230 13.1 0.114
[ 127 )
\ J




Li B Al Ti v Cr Mn Fe Co Ni Cu Zn As
<LoQ 7.76 75.2 0.879 0.130 0.143 4.77 35.2 0.0480 0.159 2.43 8.78 0.0390
_g 0.118 39.4 239 2.57 0.501 0.374 16.1 112 0.175 0.639 11.9 315 0.125
5 Se Br Rb Sr Mo Cd Sn Sb Cs Ba Tl Pb U
0.111 1.39 0.0850 3.99 0.0270  0.0190 <LoQ 0.141  0.00500  4.91 <LoQ 2.80 0.0130
0.537 <Lo0Q 0.654 11.5 0.0560 0.106 <LoQ 0.377 0.0130 17.9 0.0140 5.12 0.0540
Li B Al Ti Vv Cr Mn Fe Co Ni Cu Zn As
g <LoQ 5.93 84.5 1.58 0.138 0.189 4.61 27.9 0.128 0.178 3.31 48.7 0.0320
§ 0.195 42.2 477 3.91 1.24 0.725 52.3 223 0.556 1.28 35.1 91.8 0.260
2 Se Br Rb Sr Mo cd Sn Sb Cs Ba Tl Pb U
E 0.222 <LoQ 0.124 4.07 0.132 0.0170 <LoQ 0.100  0.00500 5.32 0.00500 2.12 0.0110
0.938 114 1.45 27.1 0.175 0.211 <LoQ 0.416 0.0140 40.8 0.0150 17.1 0.113
Li B Al Ti \ Cr Mn Fe Co Ni Cu Zn As
-c% <LoQ 5.81 86.5 0.821 0.131 0.231 5.23 30.7 0.0520 0.276 5.80 16.1 0.0330
E Se Br Rb Sr Mo Cd Sn Sb Cs Ba Tl Pb u
0.114 <LoQ 0.0790 4.00 0.0400 0.0250 <LoQ 0.157 0.00500 5.06 0.00500 2.33 0.0120
Li B Al Ti \Y Cr Mn Fe Co Ni Cu Zn As
<LoQ 7.42 64.5 0.654 0.0400 0.106 0.864 19.3 0.0120 0.121 1.00 6.20 0.0240
'% 0.342 46.6 940 5.94 4.32 0.590 74.7 247 0.795 1.01 29.8 85.7 0.393
5 Se Br Rb Sr Mo Cd Sn Sb Cs Ba Tl Pb U
0.133 20.5 <LoQ 0.527  0.00900 <LOQ <L0Q  0.0620  0.00200 1.03 0.00300 121 <L0Q
1.42 1.90 3.90 51.6 0.170 0.235 <LoQ 0.326 0.0270 46.3 0.0850 5.51 0.112
Li B Al Ti \% Cr Mn Fe Co Ni Cu Zn As
E . <LoQ 6.54 58.2 0.889 0.0330 0.109 1.27 200 0.0210 247 19.0 3.05 0.162
E § 0.272 43.6 1037 10.2 4.10 0.435 40.1 227 0.478 0.933 30.6 86.3 0.372
< E Se Br Rb sr Mo cd Sn sb Cs Ba T Pb u
3 0.134 14.3 <LoQ 0.358 0.0150 0.00800 <LOQ 0.119 0.00200 0.762  0.00300 0.772  0.00300
1.39 2.56 2.99 36.1 0.256 0.217 <LoQ 0.219 0.0280 47.5 0.0810 5.11 0.221

Minor and trace element concentrations in the rinse solutions ranged from 0.00200 pg L™ for
caesium to 1037 pg L for aluminium. Relevant differences were observed between the sampling
sites and the samples analysed, up to two orders of magnitude. For a lot of elements, i.e., B, Al, Ti,
V, Mn, Fe, Co, As, Se, Br, Rb, Sr, Cd, Ba, Tl, and U the highest mean concentrations were measured
for the rinse solutions from San Giovanni La Punta. For Cr, Ni, Cu, Zn, Mo, and Pb the highest mean
concentrations were measured at Indipendenza, while at the Archirafi sampling site were measured
the highest mean concentrations for Li and Sh. For Cs equal mean concentrations were measured at

Archirafi and San Giovanni La Punta sampling sites.
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4.3.4 Technology-Critical Elements (TCEs)

Twenty-two (Palermo) and 13 (Catania) preconcentrated rainwater samples were prepared,
according to the procedure illustrated in paragraph 3.1.4, for the determination of the concentrations
of the Technology-Critical Elements, including the lanthanoids. For the Palermo study area, it was
not possible to determine the concentration of Nb in ~ 32% of the sample, of Ge, Hf, Pr, Sm, Gd, Tb,
Dy, Ho, Er, Tm, and Lu, in ~ 18% of the cases, of Sc, Te, and Eu in ~ 14% of the samples, and Zr,
Th, and Yb in ~ 9%, ~ 5%, and ~ 5% of the cases, respectively. For the remaining elements, the
concentrations were quantified in all the samples. For the Catania urban area, it was not possible to
determine the concentration of Nb in ~ 31% of the sample, of Tm in 23% of the cases, of Te in ~ 15
% of the samples, and of Sc, Ge, Hf, Dy, Ho, Er, and Lu in ~ 8% of the cases. For the remaining
elements, the concentrations were quantified in all the samples. A summary of statistical parameters

of the analysed TCEs is provided in Table 23, and Figure 32.

Table 23 - Statistical parameters for TCE concentrations (ng L) in Archirafi, Unipa, Indipendenza,
Belgio, Catania, and San Giovanni La Punta preconcentrated rainwater samples.

Element Sc Ge Y Zr Nb Te Hf Th La Ce Pr
Min 0.419 0.617 2.51 283 1.24 1.43 4.62 0.160 3.73 2.68 1.48
= Max 24.7 16.2 29.1 1620 3.60 3.96 29.3 5.39 52.3 31.7 4.35
g Median 15.9 4.29 8.93 479 1.60 2.49 7.04 1.02 19.9 12.0 2.89
g Element Nd Sm Eu Gd Tbh Dy Ho Er Tm Yb Lu
Min 4.07 0.943 0.311 1.28 0.136 1.23 0.276 0.654 0.0800 0.236 0.120
Max 19.7 4.30 1.06 3.55 0.556 3.87 0.739 2.11 0.302 2.10 0.427
Median 7.22 2.76 0.544 2.30 0.292 1.86 0.427 1.07 0.163 0.542 0.133
Element Sc Ge Y Zr Nb Te Hf Th La Ce Pr
Min 0.496 1.67 2.54 10.7 0.658 1.06 0.316 0.518 4.87 7.79 1.00
Max 13.1 4.84 23.8 285 1.51 6.61 491 3.55 37.3 19.2 3.08
§ Median 7.73 2.33 7.75 120 1.43 1.58 3.09 1.26 16.9 13.8 1.66
S |Element Nd Sm Eu Gd Tb Dy Ho Er m Yb Lu
Min 4.17 0.826 0.176 0.582 0.134 1.03 0.181 0.581 0.0870 0.254 0.0770
Max 12.7 2.96 0.771 2.48 0.313 2.13 0.459 1.08 0.170 0.971 0.213
Median 5.59 1.97 0.351 1.69 0.225 1.41 0.236 0.856 0.118 0.736 0.136
Element Sc Ge Y Zr Nb Te Hf Th La Ce Pr
Min 2.11 1.40 2.06 7.39 0.146 1.60 0.136 0.647 2.45 1.54 0.857
§ Max 7.81 5.76 18.6 324 1.62 2.96 5.89 1.97 22.3 24.3 3.63
§ Median 4.47 1.98 7.34 42.2 0.750 2.57 1.53 1.22 13.9 8.26 1.55
& |Element Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
-_g Min 3.56 0.244 0.161 0.686 0.0620 0.600 0.109 0.344 0.0550 0.338 0.0300
Max 14.4 3.57 0.755 3.02 0.425 2.70 0.446 1.53 0.226 1.08 0.211
Median 4.52 1.44 0.416 1.41 0.229 1.30 0.272 0.845 0.109 0.471 0.114
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Element Sc Ge Y Zr Nb Te Hf Th La Ce Pr
Min 0.216 1.04 4.51 2.48 0.606 1.54 0.0190 0.358 3.86 7.22 0.911
Max 5.60 7.69 48.4 264 0.959 2.54 4.20 0.851 52.9 60.6 7.99
g, Median 2.98 1.75 10.5 176 0.640 2.08 2.69 0.516 23.3 11.8 1.75
K] Element Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
Min 3.81 0.930 0.120 0.865 0.107 0.450 0.142 0.278 0.0610 0.501 0.0450
Max 35.1 7.27 1.67 7.58 0.952 5.53 1.09 3.18 0.390 2.68 0.417
Median 7.50 1.89 0.395 1.48 0.197 1.36 0.258 0.642 0.111 0.773 0.0920
Element Sc Ge Y Zr Nb Te Hf Th La Ce Pr
Min 0.148 0.525 3.24 14.1 0.509 1.06 0.193 0.357 3.78 4.92 0.787
© Max 9.58 11.1 15.1 234 5.15 135 4.72 3.98 32.3 33.0 3.26
'g Median 4.27 3.45 10.6 133 1.08 3.62 2.25 1.45 22.7 15.4 2.58
& Element  Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
Min 3.41 0.919 0.220 0.557 0.110 0.478 0.111 0.425 0.115 0.291 0.0550
Max 19.0 3.24 0.715 2.87 0.381 2.25 0.427 1.45 0.185 1.28 0.208
Median 11.8 2.18 0.557 2.22 0.308 1.79 0.313 0.874 0.137 0.655 0.149
© Element Sc Ge Y Zr Nb Te Hf Th La Ce Pr
§ Min 1.27 1.06 5.47 21.8 0.697 1.11 0.188 0.450 6.44 7.63 1.24
e Max 7.98 5.62 20.5 250 5.40 18.8 4.33 2.84 39.2 30.7 5.48
%‘ Median 2.37 3.71 9.63 139 3.10 3.09 2.35 2.04 22.2 11.6 2.36
§ Element Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
8 Min 4.84 1.23 0.317 1.01 0.164 0.854 0.125 0.514 0.0760 0.336 0.0590
S Max 22.6 4.32 1.00100 3.61 0.549 2.96 0.576 1.75 0.278 1.82 0.370
< Median 10.2 2.14 0.594 2.33 0.286 1.34 0.335 0.735 0.133 0.842 0.138

Among the TCEs, the highest concentration was measured for Zr, up to values of 1620 ng L*
at the Archirafi sampling site, and a median concentration of 182 ng L™ by considering all the
sampling sites. The lowest median concentration was measured for Lu (0.0920 ng L) at the Belgio
sampling site. For Sc (15.9 ng L), Ge (4.29 ng L), Zr (479 ng L), and Hf (7.04 ng L) the highest
median concentrations were measured at the Archirafi sampling site. For Y (10.6 ng L™?) and Te
(3.62 ng L), the highest median concentrations were measured at the Catania sampling site. Finally,
for Nb (3.10 ng L) and Th (2.04 ng L), the highest median concentrations were measured at the
San Giovanni La Punta sampling site. The median concentrations of lanthanoid follow this order: La
>Ce>Nd>Pr=Sm>Gd>Dy>Er=Yb>Eu>Ho=Tb>Tm = Lu. For all lanthanoids, very

similar median concentrations were measured in rainwater samples from the Palermo and Catania

urban areas.
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Figure 32 - TCE concentrations (ng L) in the rainwater samples from the Palermo and Catania
urban areas. The elements are ordered from highest to lowest atomic weight.

4.3.5 Boron and strontium isotopic composition

Boron (5''B/*°B) and Strontium (87Sr/%éSr) isotopic composition were measured in 6 and 4
rainwater samples, for the Palermo and the Catania urban areas, respectively. The main statistical

parameters (minimum, median, maximum) are given in Table 24.
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Table 24 - Main statistical parameters for boron (6*B%s) and strontium (8Sr/2Sr) in the Palermo
and the Catania urban areas rainwater samples. Dev. Std. is the Standard Deviation for boron
isotopic composition, while Std. Err. is the Standard Error for strontium ratio measurements.

Site 87Sr/*esr
Min Median Max Std. Err.
Archirafi 0.708882 0.709002 0.709122 0.000009
Unipa 0.709608 0.709608 0.709608 0.000008
Indipendenza 0.708874 0.708895 0.708916 0.000008
Belgio 0.708858 0.708858 0.708858 0.000008
Catania 0.708495 0.709208 0.709921 0.000007
San Giovanni La Punta| 0.706475 0.706938 0.707401 0.000010
Site 5B (%o)
Min Median Max Dev. Std.
Archirafi 38.32 38.70 39.07 0.21
Unipa 37.93 37.93 37.93 0.09
Indipendenza 25.58 29.88 34.19 0.21
Belgio 28.78 28.78 28.78 0.05
Catania 31.60 35.97 40.33 0.17
San Giovanni La Punta 22.00 25.59 29.17 0.27

Very low B values were measured in some samples from San Giovanni La Punta, up to
+22.00%o0 £ 0.27%o. The lowest 6!'B median value (+25.59%o + 0.27%0) was measured in the same
sampling site. The highest absolute §*'B value was measured in a rainwater sample from Catania
(+40.33%0 = 0.17%o). The highest median 'B value was measured in the rainwater sampled from
Archirafi (+38.70%o £+ 0.21%0). Two replicates for sample no.12 of the Archirafi site were analysed
for boron isotopic composition, to verify the stability in the measurement of a repeated sample; 5'B
values of +38.32%o = 0.26%0 and +38.15%0 + 0.13%0 were measured.

Strontium isotopic composition ranged from 0.706475 + 0.000010 (San Giovanni La Punta)
to 0.709921 + 0.000007 (Catania). The lowest and the highest median &’Sr/%éSr ratios were measured
for San Giovanni La Punta (0.706938 + 0.000010) and Unipa (0.709608 + 0.000008) sampling sites,

respectively.
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4.4 Milazzo and Priolo Gargallo industrial areas

The sequential number of samples and their sampling periods, for each monitoring site in the

Etna area, are shown in Table 25.

Table 25 - Sequential number of samples and sampling periods for Milazzo, Siracusa, Augusta, and
Priolo Gargallo sampling sites.

Site No. Sample Installed Sampled Time Exp. (day) Site No. Sample Installed Sampled Time Exp. (day)
1 01/03/2021 30/03/2021 29 1 01/03/2021 30/03/2021 29
30/03/2021 26/04/2021 27 2 30/03/2021 26/04/2021 27
3 26/04/2021 27/05/2021 31 3 26/04/2021 27/05/2021 31
4 27/05/2021 28/06/2021 32 4 27/05/2021 28/06/2021 32
5 28/06/2021 02/08/2021 35 5 28/06/2021 02/08/2021 35
6 02/08/2021 03/09/2021 32 6 02/08/2021 03/09/2021 32
7 03/09/2021 11/10/2021 38 7 03/09/2021 11/10/2021 38
8 11/10/2021 25/10/2021 14 8 11/10/2021 03/11/2021 23
8bis 25/10/2021 03/11/2021 9 9 03/11/2021 22/11/2021 19
L‘{—g 9 03/11/2021 22/11/2021 19 .E- 10 22/11/2021 17/12/2021 25
=z 10 22/11/2021 13/12/2021 21 5 11 17/12/2021 18/01/2022 32
&.- 11 13/12/2021 18/01/2022 36 ° 12 18/01/2022 25/02/2022 38
g 12 18/01/2022 22/02/2022 35 g 13 25/02/2022 30/03/2022 33
5 13 22/02/2022 30/03/2022 36 E 14 30/03/2022 26/04/2022 27
Z“ 14 06/04/2022 26/04/2022 20 15 26/04/2022 23/05/2022 27
15 26/04/2022 23/05/2022 27 16 23/05/2022 20/07/2022 58
16 23/05/2022 20/07/2022 58 17 20/07/2022 23/08/2022 34
17 20/07/2022 23/08/2022 34 18 23/08/2022 28/09/2022 36
18 23/08/2022 28/09/2022 36 19 28/09/2022 27/10/2022 29
19 28/09/2022 25/10/2022 27 20 27/10/2022 23/11/2022 27
20 25/10/2022 23/11/2022 29 21 23/11/2022 20/12/2022 27
21 23/11/2022 20/12/2022 27 22 20/12/2022 26/01/2023 37
22 20/12/2022 01/02/2023 43 23 26/01/2023 16/02/2023 21
23 01/02/2023 16/02/2023 15
Site No. Sample Installed Sampled Time Exp. (day)
Site No. Sample Installed Sampled Time Exp. (day) 1 01/03/2021 30/03/2021 29
1 01/03/2021 30/03/2021 29 2 30/03/2021 26/04/2021 27
30/03/2021 26/04/2021 27 3 26/04/2021 27/05/2021 31
3 26/04/2021 27/05/2021 31 ° 4 27/05/2021 28/06/2021 32
4 27/05/2021 28/06/2021 32 %O 5 28/06/2021 02/08/2021 35
5 28/06/2021 02/08/2021 35 o 6 02/08/2021 03/09/2021 32
6 02/08/2021 03/09/2021 32 E 7 03/09/2021 11/10/2021 38
7 03/09/2021 11/10/2021 38 ,;‘3 8 11/10/2021 03/11/2021 23
< 8 11/10/2021 03/11/2021 23 A~ 9 03/11/2021 22/11/2021 19
g 9 03/11/2021 22/11/2021 19 10 22/11/2021 17/12/2021 25
= 10 22/11/2021 17/12/2021 25 11 17/12/2021 18/01/2022 32
_09)- 11 17/12/2021 18/01/2022 32 12 18/01/2022 25/02/2022 38
E 12 18/01/2022 25/02/2022 38
° 13 25/02/2022 30/03/2022 33
£ 14 30/03/2022 26/04/2022 27
§ 15 26/04/2022 23/05/2022 27
16 23/05/2022 20/07/2022 58
17 20/07/2022 23/08/2022 34
18 23/08/2022 28/09/2022 36
19 28/09/2022 27/10/2022 29
20 27/10/2022 23/11/2022 27
21 23/11/2022 20/12/2022 27
22 20/12/2022 26/01/2023 37
23 26/01/2023 16/02/2023 21

4.4.1 Chemical-physical parameters (pH, EC)

4.4.1.1 The acidity of rainwater

The pH values of the rainwater samples collected in Milazzo (one site), and Priolo Gargallo

(three sites) showed great variability during the two years of monitoring, respectively ranging from
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5.0 to 7.8, with a median value of 6.5, and between 5.2 to 7.6, with a median of 6.5. The frequency
distributions of pH in rainwater samples were bimodal in Milazzo, with the highest frequencies in
the pH range 5.0 — 5.5 (20%) and between 7.0 and 7.5 (20%) (Fig. 33a), and unimodal in Priolo

Gargallo study area, with the highest frequency in the pH range 6.5 — 7.5 (~ 52%) (Fig. 33b).
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Figure 33 - Frequency distribution of pH in Milazzo (a - 15 cases) and Priolo Gargallo (b - 58
cases) rainwater samples. The black dashed lines are the medians.

In both the Milazzo and Priolo Gargallo study areas, only a few rainwater samples had pH
values below 5.6, ~ 33% in the former and ~ 14% in the latter study area, respectively. The pH
values for each monitoring site in the Priolo Gargallo industrial area are reported in Table 26 and

shown in Figure 34.

135

——
| —



Table 26 - Statistical parameters for rainwater’s pH in the Milazzo and Priolo Gargallo industrial

areas.
Study area| Site Min Max Median Q1 Q3
Milazzo | GAB 5.0 7.8 6.5 5.5 7.0
Priolo SIR 5.2 7.6 6.7 6.1 6.8
Gargallo AUG 53 7.2 6.3 5.7 7.0
PRI 5.5 7.5 6.6 5.8 6.8

No major differences were observed in the pH values measured at the different monitoring
sites. The lowest median value was calculated for Augusta (6.3), while the highest at Siracusa (6.7).
The lowest pH value at Milazzo was measured in the rainwater sample from the period 02/11/2021 —
23/11/2021, and the highest in the sample from the period 28/04/2021 — 27/05/2021. At the Siracusa,
Augusta, and Priolo Gargallo sampling sites, the lowest pH values were 5.2, 5.3 and 5.5 respectively,
measured in the rainwater samples from the period 22/12/2021 — 20/01/2022 at Siracusa, and from
the period 07/09/2021 — 12/10/2021 at Augusta and Priolo Gargallo. At the same sampling sites, the
highest pH values of 7.6, 7.2, and 7.5, were measured in the rainwater samples from the periods
26/05/2021 — 29/06/2021, 31/03/2021 — 27/04/2021, and 29/03/2022 — 28/04/2022, respectively.
Please refer to Table 25 for the correspondence between the sampling period and the sequential
sample number. At Siracusa the highest frequency falls in the pH ranges 6.0 — 6.5 (~ 26%) and 7.0 —
7.5 (~ 26%), at Augusta in the pH range 5.5 — 6.0 (~ 33%), and at Priolo Gargallo in the pH range
55 — 6.0 (~ 30%) (Fig. 32a, b, ¢). A lower first quartile pH value (5.7) was calculated for the
rainwaters from the Augusta site, compared to the values calculated for Siracusa (6.1) and Priolo

Gargallo (5.8) sampling sites, but higher than those calculated for Milazzo (5.5).
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Figure 34 - Frequency distribution of pH in (a) Siracusa, (b) Augusta, and (c) Priolo Gargallo
rainwater samples. The black dashed lines are the median values.

4.4.1.2 The Electric Conductivity (EC) of rainwater

The EC values of the rainwater samples collected in the two industrial areas, showed great
variability during the two years of monitoring, ranging from 5.8 to 1032 uS cm, with a median of
64.4 uS cm™. For a better graphical representation, the Logao of the electric conductivity values were
calculated. The probability distribution was unimodal for the Priolo Gargallo industrial area, and the
class with the highest frequency (~ 45%) lies in the EC range of 1.8 — 2.2. The Electric Conductivity
values were generally low in all the sampling sites, with values below 2 (on a Log1o basis) for almost
66% of the entire population (Fig. 35a, b). These EC values are typical of rain with a relatively low

amount of dissolved ions.
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Figure 35 - Frequency distribution of EC (Log10) in Milazzo (a) and Priolo Gargallo (b) rainwater
samples. The black dashed lines are the geometric means.

The EC values for each monitoring site in the Priolo Gargallo industrial area are reported in

Table 27 and shown in Figure 36.

Table 27 - Statistical parameters for rainwater’s EC (Logio) at Milazzo and Priolo Gargallo
industrial areas.

Study area| Site Min Max  Median Q1 Q3
Milazzo | GAB 0.763 2.18 1.70 1.34 2.09
SIR 1.04 2.27 1.88 151 191

AUG 1.20 2.39 1.89 1.73 2.04
PRI 0.959 2.30 1.88 1.52 2.03

Priolo
Gargallo

The lowest value was measured at Milazzo and the highest at Augusta. The lowest median
EC value was measured in the Milazzo sampling site (1.70), while the highest median EC value was
measured at the Augusta sites (1.89). Very similar values, considering all the descriptive statistical

parameters reported in Table 23, were calculated for all the sampling sites of the Priolo Gargallo
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industrial area. Lower values were measured and calculated for the Milazzo site. For the Siracusa
sampling sites, the highest frequencies were measured in the EC intervals 1.8 — 2.0 and 2.0 — 2.2 (~
22%), at Augusta in the interval 2.0 — 2.2 (~ 33%), and at Priolo Gargallo in the interval 1.8 — 2.0 (~

22%).

(a) i n=23 (b) i n=12
1 1
54 1
|
wv
&4 !
] 1
(8]
— 1
o 3 A
o
€
5 2
=2
1 -
0 T T T T
05 10 15 20 25 30 35 05 10 15 20 25 30 35
EC EC
6
(c) | n=23

Number of samples
w

05 10 15 20 25 3.0 35
EC

Figure 36 - Frequency distribution of EC in (a) Siracusa, (b) Augusta, and (c) Priolo Gargallo
rainwater samples. The black dashed lines are the geometric mean values.

4.4.2 Major inorganic ions

A summary of statistical parameters of the analysed major ions in rainwater samples from
Milazzo and Priolo Gargallo industrial areas is provided in Table 28. Volume-weighted mean and

non-sea-salt concentrations were calculated using equation (2) and (4), respectively. A total of 14
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(Milazzo) and 58 (Priolo Gargallo industrial area) rainwater samples were analysed for major ions.
For the NH4" the concentration could not be determined in ~ 29% of the samples from Milazzo,
while the percentage was ~ 14% for the study area of Priolo Gargallo. Although no rainwater sample
had a pH below 4.3, the concentration of HCOs  was < LOQ in ~ 23% and ~ 20% of the samples
from Milazzo and Priolo Gargallo, respectively. The determination of the bicarbonate ion
concentration was not performed in 1 sample collected in the Milazzo area and 3 samples (sampling
period no. 12) from the Priolo Gargallo industrial area. For F the percentages of < LOQ were ~ 29%
and ~ 22% for the two industrial areas, while for K* they were ~ 14% and ~ 3.5%. Only for the study
area of Milazzo, it was not possible to quantify the concentration of SO4> and CI" in ~ 7% of the
rainwater samples. Finally, in all the analysed samples was possible to quantify the concentrations of

Na*, Mg?*, and Ca?".

Table 28 - Statistical parameters for major ions (uzeq L) in Milazzo and Priolo Gargallo rainwater
samples.

Site F cr NO;, SO HCO; Na' K NH,” Mg ca®
Min  <LOQ <LOQ 850 <LOQ <LOQ 752 <LOQ <LOQ 278 48.3
Max  12.9 776 229 508 500 684 775 63.5 233 1638

Milazzo VWM 1.99 312 285 77.9 63.1 294 11.0 15.5 85.7 165
ss (%) 2.2 100 0 459 2.2 100 58.2 0 76.8 78

nss (%)  97.8 0 100 54.1 97.8 0 41.8 100 23.2 92.2

Site F cr NO;, SO7 HCO;, Na' K* NH,” Mg ca*

Min <LOQ 305 1.26 332 <LOQ 430 <LOQ <LOQ 264 458
Max  61.0 4650 682 1890 1344 2140 858 378 547 1520

Siracusa VWM 196 349 323 930 136 303 102 339 821 218
ss(%) 22 100 0 39.6 11 100 651 0 825 6.1

nss (%)  97.8 0 100 604 989 0 34.9 100 17.5 93.9
Min <LOQ 116 880 463 <LOQ 116 <LOQ <LOQ 427 578
Max 138 1668 100 373 1673 1479 580 275 335 607

Augusta VWM  0.608 380 26.2 82.8 62.5 331 27.1 34.6 94.0 139
ss (%) 7.9 100 0 48.6 2.5 100 26.7 0 78.8 10.4
nss (%) 921 0 100 51.4 97.5 0 73.3 100 21.2 89.6

Min <LOQ 29.7 4.70 245 <LOQ 38.1 2.80 <LOQ 24.3 26.6

Max 36.9 6890 871 1920 1087 6050 246 75.8 1470 3316

Priolo Gargallo VWM 2.20 445 36.8 101 84.0 386 14.6 14.7 104 187
ss (%) 2.6 100 0 46.4 2.2 100 57.6 0 83.2 9.0

nss (%) 974 0 100 53.6 97.8 0 42.4 100 16.8 91.0
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Chemical abundances, expressed as peq L™, are represented by Tukey box plots, one set for

each monitored site (Fig. 37).

Milazzo Siracusa
Ca?" - H o« o Ca?" R
Mg fmnl Mg o
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Figure 37 - Major ion concentrations (ueq L) in Milazzo (one site) and Priolo Gargallo (three
sites) rainwater samples.

The most saline rainwater sample, in terms of Total Dissolved Solids (TDS), was collected at
the Priolo Gargallo sampling site, with a value of 20800 peq L™ (625 mg L), in the sampling period
20/01/2022 — 24/02/2022. The less saline rainwater sample was collected in the same site, with a
value of 258 peq L™ (7.79 mg L), in the sampling period of 02/11/2021 — 23/11/2021. Please refer

to Table 25 for the correspondence between the sampling period and the sequential sample number.
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In all the sampling sites, the relative VWM concentrations of the major anions follow the
sequence ClI~> SO4* > HCOs > NOs > F, except for Siracusa, where the relative contribution of
HCOs™ (22.2%) was higher than that of SO4>~ (15.2%). Therefore, chloride was the main anion in all
the sampling sites, with relative abundances of 64.5%, 57.0%, 68.8%, and 66.5%, in Milazzo,
Siracusa, Augusta, and Priolo Gargallo sampling sites, respectively (Fig. 38). The highest chloride
VWM concentration was measured at the Priolo Gargallo sampling site, with a value of 445 peq L™,
the lowest at Milazzo (312 peq L™). Bicarbonate relative abundances were 13.1%, 22.2%, 11.3%,
and 12.5%, in Milazzo, Siracusa, Augusta, and Priolo Gargallo sampling sites, respectively (Fig. 37).
The highest bicarbonate VWM concentration was measured at Siracusa, with a value of 136 peq L™,
and the lowest at the Augusta and Milazzo sampling sites (~ 63 peq L™?). Similar relative
contributions were observed for sulfate in both industrial areas, up to 16.1% for the Milazzo
sampling site. The highest sulfate VWM concentration was measured at the Priolo Gargallo
sampling site (101 peq L), and the lowest was at Milazzo (77.9 peq L™). Relative contributions
between 4.75% (Augusta), and 5.90% (Milazzo) were observed for nitrate. Nevertheless, the highest
nitrate VMW concentration was measured at Priolo Gargallo (36.8 peq L), and the lowest (26.2 peq
L'1) at Augusta. Fluoride was the less abundant ion in all the sampling sites. Very low relative
contributions, up to 0.431% (Siracusa) were observed, with the highest VMW concentration

measured at Priolo Gargallo (2.20 peq L™), and the lowest at Augusta (0.608 peq L™).
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Figure 38 - Relative abundances (Eq%) of any major anions in the rainwater samples from Milazzo
and Priolo Gargallo industrial areas.

As regards major cations, the sequence of relative abundances was Na* > Ca?* > Mg?* >
NHs" > K*, for all the sampling sites, except Priolo Gargallo where the relative contribution of K*
(2.07%) was equal to that of NH4". Therefore, sodium was the main cation, with relative abundances
of 51.5%, 46.8%, 52.9%, and 54.7%, in Milazzo, Siracusa, Augusta, and Priolo Gargallo sampling
sites, respectively (Fig. 39). The highest sodium VWM concentration was measured at Priolo
Gargallo, with a value of 386 peq L™, and the lowest was measured at Milazzo (294 peq L™Y). For
calcium, the highest VWM concentration was measured at Siracusa (218 peq L), and the lowest at
Augusta (139 peq L™?). Very similar relative contributions were observed for magnesium, between
12.7% (Siracusa), and 15.0% (Milazzo and Augusta), with the lowest VWM concentration (82.1 peq
L1) calculated for the former, while the highest (104 peq L), was calculated for the Priolo Gargallo

sampling site. The highest relative contribution for ammonium was calculated at Augusta (5.52%),
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with a VWM concentration of 34.6 peq L. The lowest VWM concentration was calculated for
Priolo Gargallo (14.7 peq L™). Potassium relative contributions were very low, up to 4.33% at
Augusta, where the highest VMW concentration was calculated (27.1 peq L™). The lowest potassium

VMW concentration was calculated for Siracusa, equal to 10.2 peq L.

Milazzo Siracusa
CaZ+
Na*
Mg2+
NH," k- NH, K*
Augusta Priolo Gargallo

Ca2+

Mg2+ : ;

NH," .

Figure 39 - Relative abundances (Eq%) of any major cations in the rainwater samples from Milazzo
and Priolo Gargallo industrial areas.

4.4.3 Minor and trace elements concentrations

4.4.3.1 Rainwater samples

A summary of statistical parameters of the analysed minor and trace elements in the rainwater
samples from the Milazzo and Priolo Gargallo industrial areas is provided in Table 29, and Figure
40. A total of 14 (Milazzo) and 57 (Catania urban area) rainwater samples were analysed for minor

and trace elements. In the Milazzo rainwater samples, it was not possible to determine the
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concentration of Sn, Cs, and Pb in ~ 93%, ~ 64%, and ~ 43% of the cases. For Li, B, Al, V, Cr, Ni,
Cu, Zn, As, Br, Rb, Sr, Mo, Cd, Sh, Ba, and TI it was always possible to determine the
concentrations, while for the other elements, it was not possible to do so in between approximately
7% and 29% of the cases. For the rainwater samples of the Priolo Gargallo industrial area, it was not
possible to determine the concentration of Sn and Cs in ~ 67% and ~ 46% of the cases, respectively.
For B, Al, V, Cr, Fe, Ni, Cu, Zn, As, Rb, Sr, Sbh, and Ba it was always possible to determine the
concentrations, while for the other elements, it was not possible to do so in between approximately

2% and 17% of the cases.

Table 29 - Statistical parameters for minor and trace element concentrations (ug L) in the
sampling sites of the Milazzo and Priolo Gargallo industrial areas. Sample n. is the number of
samples in which the maximum concentration was measured for each element.

Element Li B Al Ti \ Cr Mn Fe Co Ni Cu Zn As
Min <LoQ 1.04 1.81 <LoQ 0.159 0.0380 <LoQ 113 0.00400 0.105 0.251 3.70 0.0240
Max 2.60 64.9 69.5 5.23 9.36 2.32 55.2 53.6 0.895 13.1 32.8 189 1.03
© Sample n. 12 12 12 05 12 13 04 13 13 12 12 12 12
§ VWM 0.167 7.25 12.9 0.183 0.820 0.220 1.71 4.18 0.0563 0.738 1.93 39.1 0.158
g Element Se Br Rb Sr Mo Cd Sn Sh Cs Ba Tl Pb u
Min <LoQ <LoQ 0.0820 4.43 <LoQ <LoQ <LoQ 0.0770 <LoQ 2.47 <LoQ <LoQ <LoQ
Max 3.23 233 4.05 181 2.88 0.160 0.0350 9.08 0.0180 135 0.154 0.272 0.132
Sample n. 12 12 12 12 12 12 12 12 20 15 12 03 12
VWM 0.187 39.9 0.374 17.7 0.0902 0.0168 0.00878 0.568 0.00246 13.1 0.0106 0.0630 0.00654
Element Li B Al Ti v Cr Mn Fe Co Ni Cu Zn As
Min 0.0680 5.37 0.259 0.0100 0.202 0.0250 0.769 0.163 0.00800 0.0260 0.555 7.21 0.0360
Max 0.966 18.9 96.9 3.02 1.56 0.396 38.0 53.3 0.749 1.36 30.0 1185 0.367
© Sample n. 12 04 05 05 05 05 04 02 04 04 12 12 04
g VWM 0.151 7.19 7.23 0.131 0.410 0.0516 3.62 4.15 0.0569 0.290 2.91 159 0.0832
::: Element Se Br Rb Sr Mo Cd Sn Sh Cs Ba T Pb u
Min 0.0470 4.23 0.107 7.51 0.0140 0.0110 <LoQ 0.0670 <LoQ 2.97 <LoQ <LoQ <LoQ
Max 1.43 150 3.99 56.4 0.567 0.164 0.0430 0.358 0.0140 15.5 0.137 0.692 0.0350
Sample n. 05 10 04 04 04 12 02 02 12 04 05 2 02
VWM 0.170 37.9 0.326 19.8 0.0478 0.0245 0.00688 0.148 0.00277 5.57 0.00980 0.153 0.00362
Element Li B Al Ti \ Cr Mn Fe Co Ni Cu Zn As
Min <LoQ 1.44 1.50 <LoQ 0.0950 0.0190 <LoQ 0.982 <LoQ 0.0310 0.146 133 0.0250
° Max 0.664 28.3 200 29.9 5.14 0.654 38.1 205 0.351 1.92 322 58.4 0.410
Tnvn Sample n. 20 20 05 05 20 03 04 05 03 20 20 20 20
&E VWM 0.159 6.98 8.45 0.142 0.514 0.0748 1.92 3.28 0.0332 0.254 221 6.38 0.0827
o Element Se Br Rb Sr Mo cd Sn Sb Cs Ba Tl Pb u
§ Min <LoQ <LoQ 0.0670 3.88 0.0140 <LoQ <LoQ 0.0240 <LoQ 112 <LoQ <LoQ <Loq
Max 1.36 128 3.05 138 0.388 0.0590 0.0430 32.7 0.0270 202 0.0460 0.264 0.0320
Sample n. 05 21 20 07 20 10 20 07 20 07 05 14 20
VWM 0.205 44.2 0.333 26.1 0.0551 0.0167 0.00640 2.87 0.00205 19.9 0.00849 0.0615 0.00334
Element Li B Al Ti \ Cr Mn Fe Co Ni Cu n As
Min 0.0310 291 0.112 <LoQ 0.288 0.0490 0.225 <LoQ <LoQ 0.0850 0.491 1.10 0.0580
Max 0.482 17.8 37.6 0.214 2.61 2.54 7.67 22.3 0.110 2.82 6.64 26.6 0.437
° Sample n. 03 03 09 07 04 03 12 13 13 03 07 13 03
N vwm 0.151 6.61 9.83 0.0892 0.824 0.155 3.88 5.37 0.0510 0.709 2.24 10.5 0.156
3 Element Se Br Rb Sr Mo cd Sn Sh Cs Ba Tl Pb u
Min <LoQ 6.15 0.0940 5.05 0.0350 0.00700 <LoQ 0.0350 <LoQ 2.00 0.00500 <LoQ <LoQ
Max 0.506 67.2 1.52 111 1.24 0.0650 0.0120 0.511 0.0120 324 0.0460 1.18 0.0240
Sample n. 03 13 03 03 03 13 07 13 07 03 01 13 03
VWM 0.155 29.7 0.257 17.0 0.153 0.0259 0.00572 0.139 0.00179 8.19 0.0159 0.122 0.00179
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In Milazzo, the lowest VWM concentration was calculated for Cs and U (0.00179 pg L),
and the highest for bromide (29.7 pg L™). In all the sampling sites from the Priolo Gargallo
industrial area, the lowest VWM concentrations were calculated for Cs (between 0.00205 and
0.00277 pg L), while the highest for bromide (between 37.9 to 44.2 pug L™). For V, Mn, Fe, Mo,
Cd, and TI the highest VWM concentrations were calculated for Milazzo. For Li, B, Al, Ti, Cr, Ni,
As, Rb, Sn, and U were calculated for Siracusa, for Co, Cu, Zn, Cs, and Pb in the Augusta sampling
sites and, finally, for Se, Br, Sr, Sh, and Ba for the Priolo Gargallo sampling site. The concentrations
of the elements analysed did not only show great differences between the different sites. A relevant
intra-site variability, up to three orders of magnitude, was observed for different periods of sampling

(Fig. 40).
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Figure 40 - Minor and trace element concentrations (g L) in the rainwater samples from the
Milazzo and Priolo Gargallo industrial areas. The elements are ordered from highest to lowest
atomic weight.
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4.4.3.2 Insoluble fraction

To characterise the chemical composition of the insoluble fraction of the atmospheric
deposition, the material retained by the membrane filters (> 0.45 um) was mineralised according to
the procedure described in paragraph 3.1.3. A summary of statistical parameters of the analysed
minor and trace elements in the insoluble fraction solutions is provided in Table 30, and Figure 41. A
total of 14 and 58 insoluble fraction solutions were analysed for minor and trace element
concentrations from the Milazzo and the Priolo Gargallo industrial areas, respectively. It was not
possible to determine the concentration in the ~ 14%, and ~ 7% of the samples. For the remaining

elements, the concentrations were quantified in all the samples.

Table 30 - Statistical parameters for minor and trace element concentrations in the insoluble
fraction solutions at Milazzo, Siracusa, Augusta, and Priolo Gargallo. The concentrations are in pg
L1, except for Al, Ti, Fe, and Zn (mg L).

Element Li B Al Ti \ Cr Mn Fe Co Ni Cu Zn As
Min 2.77 6.40 3.29 0.131 8.11 125 68.8 3.07 0.946 11.2 219 0.0502 1.62
° Max 166 298 345 25.4 924 347 5077 308 115 180 1522 175 39.9
‘E Median 24.6 75.0 28.3 1.00 107 147 434 35.6 12.4 60.4 185 0.429 15.1
E Element Se Br Rb Sr Mo Cd Sn Sb Cs Ba Tl Pb U
Min n.d. n.d. n.d. 2.55 0.789 n.d. n.d. n.d. n.d. 29.5 n.d. 3.56 n.d.
Max n.d. n.d. n.d. 3703 15.0 n.d. n.d. n.d. n.d. 2658 n.d. 177 n.d.
Median n.d. n.d. n.d. 66.7 9.03 n.d. n.d. n.d. nd. 251 n.d. 76.4 n.d.
Element Li B Al Ti \% Cr Mn Fe Co Ni Cu Zn As
Min 2.15 4.12 3.49 0.146 8.32 833 40.1 311 1.15 7.92 36.4 0.139 2.92
© Max 265 407 620 48.9 1715 413 8553 529 219 311 1445 7.72 84.1
é Median 35.5 71.4 45.5 1.89 128 95.8 999 47.6 21.6 62.5 216 0.890 21.7
g Element Se Br Rb Sr Mo cd Sn Sb Cs Ba Tl Pb u
Min n.d. n.d. n.d. 216 0.421 n.d. n.d. n.d. n.d. 315 n.d. 7.55 n.d.
Max n.d. n.d. n.d. 6138 17.7 n.d. n.d. n.d. n.d. 4304 n.d. 575 n.d.
Median n.d. n.d. n.d. 267 3.57 n.d. n.d. n.d. n.d. 458 n.d. 66.9 n.d.
Element Li B Al Ti % Cr Mn Fe Co Ni Cu Zn As
Min 0.966 5.52 161 0.138 5.19 24.0 22.8 1.53 0.770 3.42 183 0.0890 3.24
© Max 142 188 155 12.7 422 345 2208 145 58.7 118 464 837 58.8
§ Median 52.1 112 76.7 2.73 182 110 898 69.7 26.2 61.4 279 1.38 17.0
:?a Element Se Br Rb Sr Mo Cd Sn Sb Cs Ba Tl Pb U
Min n.d. n.d. n.d. 35.8 0.405 n.d. n.d. n.d. n.d. 22.8 n.d. 4.23 n.d.
Max n.d. n.d. n.d. 1879 11.3 n.d. n.d. n.d. n.d. 1171 n.d. 279 n.d.
Median n.d. n.d. n.d. 364 5.30 n.d. n.d. n.d. n.d. 499 n.d. 71.5 n.d.
Element Li B Al Ti \ Cr Mn Fe Co Ni Cu Zn As
° Min 173 4.90 3.79 0.0788 6.48 7.34 22.7 2.01 0.857 5.92 17.8 0.101 0.402
= Max 358 811 1045 97.5 3088 502 16351 993 386 276 2751 2.25 65.9
g Median 24.1 49.3 33.6 1.28 79.1 63.5 550 319 14.1 50.8 158 0.601 16.1
Z Element Se Br Rb Sr Mo Cd Sn Sb Cs Ba Tl Pb U
'6._9' Min n.d. n.d. n.d. 28.7 0.118 n.d. n.d. n.d. n.d. 334 n.d. 3.28 n.d.
Max n.d. n.d. n.d. 11256 32.0 n.d. n.d. n.d. n.d. 3123 n.d. 186 n.d.
Median n.d. n.d. n.d. 134 2.62 n.d. n.d. n.d. n.d. 217 n.d. 42.0 n.d.
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In the Milazzo sampling site the median concentrations ranged from 9.03 pg L™ for Mo to
35.6 mg L™ for Fe, at Siracusa from 3.57 pg L™ for Mo to 47.6 mg L™* for Fe, from 5.30 pg L (Mo)
to 77.6 mg L (Al) at Augusta, and from 2.62 pg L™ (Mo) to 33.6 mg L (Al) at the Priolo Gargallo
sampling site. Therefore, the lowest median concentrations were calculated for Mo, while the highest
median concentrations were calculated for Al and Fe. For many of the analysed elements, the highest
median concentrations were calculated for the Augusta sampling site. Exceptions were Cr, Mo, and
Pb, for which the highest median values were calculated at Milazzo, and Mn, Ni, and As, for which
the highest median values were calculated for the Siracusa sampling site. At Priolo Gargallo the

median concentrations were generally lower than at the other industrial sites.
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Figure 41 - Minor and trace element concentrations (ug L) in the Milazzo and Priolo Gargallo
insoluble fraction solutions. The elements are ordered from highest to lowest atomic weight.

4.4.3.3 Rinse solutions

To determine the concentration of minor and trace elements in the material remaining
adhered to the surfaces of the bulk collector, a rinse aliquot was prepared according to the procedure
described in paragraph 3.1.2. The concentrations of the analysed minor and trace elements in the
rinse solutions from the Milazzo and Priolo Gargallo industrial areas are provided in Table 31. Only
one and five rinse solutions from Milazzo and Priolo Gargallo industrial areas were analysed for
minor and trace element concentrations. The concentration of Sn was always below the limit of
quantification. For the sample from Milazzo, it was not possible to quantify the concentration also
for Li, Co, Cd, Tl, and U. For the samples from the Priolo Gargallo study area, it was not possible to
determine the concentration of Li, Br and Tl in 60% of the cases, of Cs in 40% of the samples, and of

Rb and U in 20% of the samples. For the other elements, the concentrations were always quantified.
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Table 31 - Minor and trace element concentrations (g L) in Milazzo, Siracusa, Augusta, and
Priolo Gargallo rinse solutions.

Li B Al Ti \ Cr Mn Fe Co Ni Cu Zn As
E <L0Q 5.03 17.6 0.381 0.0940  0.0800 0.570 9.78 <LoQ 0.0730 0.599 6.17 0.0270
é Se Br Rb Sr Mo Cd Sn Sb Cs Ba Tl Pb u
0.132 233 0.0130 2.43 0.0250 <LoQ <LoQ 0.0570 0.00200  0.643 <LoQ 0.895 <LoQ
Li B Al Ti Vv Cr Mn Fe Co Ni Cu Zn As
<LoQ 8.13 95.6 1.86 0.112 0.210 173 26.3 0.0220 0.188 1.20 12.9 0.0260
% 0.090 331 360 2.90 2.25 0.376 26.8 97.0 0.274 1.64 11.9 141 0.249
g Se Br Rb Sr Mo Cd Sn Sb Cs Ba Tl Pb u
0.336 <LoQ 0.0560 1.53 0.0260  0.0290 <LoQ 0.110  0.00500 2.05 0.00500 3.35 0.0130
0.852 1.08 0.936 19.1 0.0870 0.125 <LoQ 0.190 0.0100 114 0.0200 3.84 0.0820
Li B Al Ti \ Cr Mn Fe Co Ni Cu Zn As
% <LoQ 4.32 40.6 0.520 0.0590  0.0690 0.936 10.6 0.0170 0.139 0.935 14.5 0.00600
;BD Se Br Rb Sr Mo Cd Sn Sb Cs Ba Tl Pb u
0.130 <LoQ 0.0200 1.80 0.0100  0.0100 <LoQ 0.0660 0.00100  0.880 <LoQ 2.21 0.00400
Li B Al Ti \Y Cr Mn Fe Co Ni Cu Zn As
<LoQ 5.48 24.1 0.341 0.0490 0.136 0.807 13.4 0.00900  0.133 0.887 4.23 0.0180
g ?;D 0.204 43.1 511 3.97 1.79 0.406 33.7 139 0.405 1.07 18.0 68.9 0.236
& 5 Se Br Rb Sr Mo Cd Sn Sb Cs Ba Tl Pb U
0.141 4.55 <LoQ 0.616 0.0150  0.0110 <LoQ 0.0440 <LoQ 0.615 <LoQ 0.703 <Lo0Q
1.19 <LoQ 1.41 219 0.0970 0.122 <LoQ 0.219 0.0150 28.1 0.0280 3.92 0.100

Minor and trace element concentrations in the rinse solutions ranged from 0.00100 pg L™ for
caesium to 511 pg L* for aluminium. Relevant differences were observed between the sampling sites
and the samples analysed, up to two orders of magnitude. The highest mean concentrations for each
minor and trace element were measured at Siracusa or Priolo Gargallo sampling sites. Lower
concentrations were measured for the rinse solutions from Milazzo and Augusta. Specifically, for Li,
B, Al, Mn, Fe, Co, Cu, Se, Rb, Sr, Cs, Tl, and U the highest mean concentration were measured at
Priolo Gargallo, while for the other elements at Siracusa. The only exception was Br for which the

highest concentration was measured at the Milazzo sampling site.
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4.4.4 Technology-Critical Elements concentrations

Seven (Milazzo) and 19 (Priolo Gargallo) preconcentrated rainwater samples, prepared
according to the procedure illustrated in paragraph 3.1.4, were analysed for the determination of the
concentrations of the Technology-Critical Elements, including the lanthanoids. For the Milazzo
sampling site, it was not possible to determine the concentration of Th in only one sample (14.3%),
For the remaining elements, the concentrations were quantified in all the samples. For the Priolo
Gargallo industrial area, it was not possible to determine the concentration of Nb in 20% of the
sample, of Te and Lu in 15% of the cases, of Hf, Dy, Ho, Er, and Tm in 10 % of the samples, and of
Sc, Ge, Y, Zr, Th, Pr, Sm, Eu, Gd, and Tb in 5% of the cases. For La, Ce, Nd, and Yb, the
concentrations were quantified in all the samples.

A summary of the statistical parameters of the analysed TCEs is provided in Table 32, and

Figure 42.

Table 32 - Statistical parameters for TCE concentrations (ng L) in Milazzo, Siracusa, Augusta, and
Priolo Gargallo preconcentrated rainwater samples.

Element Sc Ge Y Zr Nb Te Hf Th La Ce Pr
Min 1.11 1.24 3.38 11.8 0.0430 1.56 0.124 0.0930 3.16 4.62 0.574
° Max 6.40 7.24 19.7 392 2.16 6.91 6.43 2.79 25.9 22.8 3.54
E Median 2.65 2.86 6.40 98.7 0.535 191 1.96 0.276 13.8 8.07 1.24
s Element Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
Min 2.58 0.685 0.168 0.590 0.0310 0.465 0.115 0.320 0.0360 0.365 0.00500
Max 15.1 3.13 0.781 3.52 0.477 2.45 0.552 1.39 0.241 1.54 0.260
Median 5.09 1.35 0.317 1.32 0.159 0.900 0.172 0.518 0.0890 0.695 0.0960
Element Sc Ge Y Zr Nb Te Hf Th La Ce Pr
Min 1.62 1.42 2.11 51.3 0.511 1.58 1.26 0.0500 9.68 7.85 0.738
© Max 12.8 5.47 12.8 290 1.10 7.67 4.37 2.36 69.7 16.3 2.50
"3’ Median 5.10 2.83 10.6 160 0.895 3.26 2.50 1.18 26.6 11.7 1.67
g Element  Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
Min 2.30 0.611 0.244 0.527 0.00200 0.330 0.0660 0.220 0.0320 0.272 0.0990
Max 11.3 3.52 0.583 2.20 0.322 2.02 0.421 1.28 0.182 0.933 0.302
Median 8.72 1.63 0.426 1.59 0.207 1.30 0.295 0.775 0.0985 0.748 0.158
Element Sc Ge Y Zr Nb Te Hf Th La Ce Pr
Min 2.34 1.66 8.44 14.4 0.0820 1.52 0.157 0.616 17.0 11.5 1.70
© Max 5.98 4.16 17.9 217 1.79 4.28 4.48 3.79 51.9 24.7 3.27
g Median 3.97 2.84 13.8 155 0.820 2.50 2.62 2.26 31.3 19.7 2.57
:{ Element Nd Sm Eu Gd Tb Dy Ho Er m Yb Lu
Min 7.30 171 0.415 1.57 0.206 1.20 0.254 0.666 0.0740 0.525 0.0640
Max 14.8 3.82 0.697 3.11 0.400 2.59 0.455 1.34 0.206 1.27 0.282
Median 10.6 2.20 0.533 2.28 0.307 1.93 0.396 0.945 0.170 0.744 0.115
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Element Sc Ge Y Zr Nb Te Hf Th La Ce Pr
Min 1.32 0.862 4.17 259 0.396 1.08 0.239 0.0740 15.4 11.2 0.750
% Max 9.88 3.09 16.1 247 1.30 5.17 4.08 5.17 376 198 2.77
;: Median 5.06 1.88 8.78 118 0.763 1.92 2.11 0.727 44.0 18.0 1.71
2 Element Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
E Min 4.31 0.806 0.351 0.880 0.0650 0.619 0.144 0.276 0.0600 0.372 0.0330
Max 11.9 3.27 0.705 2.42 0.384 2.07 0.409 1.07 0.138 0.847 0.215
Median 7.98 1.45 0.457 1.65 0.222 1.28 0.231 0.845 0.0980 0.601 0.146

Among the TCEs, the highest concentration was measured for Zr, up to values of 392 ng L™
at the Milazzo sampling site, and a median concentration of 133 ng L™ by considering all the
sampling sites. Nevertheless, the higher median concentration (160 ng L) was calculated for the
Siracusa sampling site The lowest median concentration was measured for Tm (0.0890 ng L) at the
Milazzo sampling site. For Sc (5.10 ng L), Nb (0.895 ng L), and Te (3.26 ng L) the highest
median concentrations were measured at the Siracusa sampling site. For Y (13.8 ng L), Hf (2.62 ng
L), and Th (2.26 ng L), the highest median concentrations were measured at the Augusta sampling
site. Finally, for Ge (2.86 ng L), the highest median concentration was measured at the Milazzo
sampling site. The median concentrations of lanthanoid follow this order: La > Ce > Nd > Pr ~ Sm >

Gd > Dy > Er = Yb > Eu> Ho = Tb > Tm = Lu. For all lanthanoids, similar median concentrations

were measured in rainwater samples from the two industrial areas.
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Figure 42 - TCE concentrations (ng L) in the rainwater samples from the Milazzo and Priolo
Gargallo industrial areas. The elements are ordered from highest to lowest atomic weight.

4.4.5 Boron and strontium isotopic composition

Boron (5''B/*°B) and Strontium (87Sr/8®Sr) isotopic composition were measured in 2 and 3
rainwater samples, respectively for the Milazzo and the Priolo Gargallo industrial areas. The main

statistical parameters (minimum, median, maximum) are given in Table 33.

Table 33 - Main statistical parameters for boron (6**B8%.) and strontium (87Sr/éSr) in the Milazzo
and the Priolo Gargallo industrial areas rainwater samples. Dev. Std. is the Standard Deviation for
boron isotopic composition, while Std. Err. is the Standard Error for strontium ratio measurements.

Site 7Sresr
Min Median Max Std. Err.
Milazzo 0.708768 0.708946 0.709125 0.000009
Siracusa 0.708572 0.708631 0.708690 0.000011
Priolo Gargallo 0.709919 0.709919 0.709919 0.000007
Site 5B (%o)
Min Median Max Dev. Std.
Milazzo 30.91 32.30 33.68 0.08
Siracusa 27.41 31.86 36.32 0.19
Priolo Gargallo 37.82 37.82 37.82 0.23

The lowest 5B values were measured in the samples from Siracusa, up to +27.41%o +
0.19%o. The lowest 5''B median value (+31.86%o + 0.19%o0) was measured in the same sampling site.

The highest absolute §''B value was measured in the rainwater sample from Priolo Gargallo
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(+37.82%0 £ 0.23%o).

Strontium isotopic composition ranged from 0.708557 + 0.000011 (Siracusa) to 0.709919 +
0.000007 (Priolo Gargallo). The lowest and the highest median 8’Sr/%Sr ratios were measured for
Siracusa (0.708572 + 0.000011) and Priolo Gargallo (0.709923 + 0.000007) sampling sites,
respectively. To verify the stability in the measurement of a repeated sample, two replicates of the
rainwater sample no. 4 of the Siracusa site were analysed; ¥’Sr/*®Sr ratios of 0.708572 + 0.000011
and 0.708557 = 0.000015 were measured. Two replicates of the rainwater sample no. 13 of the Priolo
Gargallo site were prepared with two different chemical procedures and were analysed for the

strontium isotopic composition. 3’Sr/%Sr ratios of 0.709919 = 0.000005 and 0.709926 + 0.000008

were measured.

4.5 Mt. Soro (Nebrodi) background area

The sequential number of samples and their sampling periods, for each monitoring site in the

Etna area, are shown in Table 34.

Table 34 - Sequential number of samples and sampling periods for the Mt. Soro sampling site.

Site No. Sample Installed Sampled Time Exp. (day)
1 04/03/2021 30/03/2021 26
2 30/03/2021 28/04/2021 29
3 28/04/2021 27/05/2021 29
4 27/05/2021 30/06/2021 34
5 30/06/2021 01/08/2021 32
6 01/08/2021 / /
7 21/09/2021 13/10/2021 22
8 13/10/2021 01/11/2021 19
9 01/11/2021 22/11/2021 21
° 10 22/11/2021 21/12/2021 29
§ 11 21/12/2021 18/01/2022 28
E’ 12 18/01/2022 24/02/2022 37
13 24/02/2022 29/03/2022 33
14 29/03/2022 26/04/2022 28
15 26/04/2022 25/05/2022 29
16 25/05/2022 23/08/2022 90
17 23/08/2022 27/09/2022 35
18 27/09/2022 27/10/2022 30
19 27/10/2022 21/11/2022 25
20 21/11/2022 20/12/2022 29
21 20/12/2022 24/01/2023 35
22 24/01/2023 13/02/2023 20
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4.5.1 Chemical-physical parameters (pH, EC)
4.5.1.1 The acidity of rainwater

The pH values of the rainwater samples collected in the Mt. Soro sampling site showed great
variability during the two years of monitoring, ranging from 4.5 to 7.6, with a median value of 6.2.
The pH values are reported in Table 35 and shown in Figure 43. The frequency distribution of pH
was unimodal, with the highest frequency in the pH range 6.0 — 6.5 (~ 32%) (Fig. 43). In the Mt.

Soro background study area, only a few rainwater samples had pH values below 5.6 (~ 10%).

Table 35 - Statistical parameters for rainwater’s pH in the Mt. Soro background area.

Study area| Site Min Max Median Q1 Q3
Mt. Soro CES 4.5 7.6 6.2 59 7.2

Number of cases

20 3.0 40 50 6.0 7.0 80 9.0
pH

Figure 43 - Frequency distribution of pH in Mt. Soro (22 samples) rainwater samples. The black
dashed line is the median.
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The lowest pH value at the Mt. Soro sampling site was measured in the rainwater sample
from the last sampling period (24/01/2023 — 13/02/2023), the highest in sample no. 03 (period

28/04/2021 — 27/05/2021).

4.5.1.2 The Electric Conductivity (EC) of rainwater

The EC values of the rainwater samples collected in the Mt. Soro background area, showed
great variability during the two years of monitoring, ranging from 8.4 to 121 uS cm, with a median
of 27.2 uS cm™. For a better graphical representation, the Logio of the electric conductivity values
were calculated. The statistical parameters for the EC are reported in Table 36 and the measured

values are shown in Figure 44.

Table 36 - Statistical parameters for rainwater’s EC (Logio) at Mt. Soro background area.

Study area|  Site Min Max  Median Q1 Q3
Mt. Soro CES 0.924 2.08 1.43 1.18 1.83

The probability distribution was unimodal and the class with the highest frequency (~ 23%)
lies in the EC range of 1.4 — 1.6. The Electric Conductivity values were generally low, with values
below 2 (on a Logio basis) for almost 95% of the entire population (Fig. 44). These EC values are

typical of rain with a relatively low amount of dissolved ions.
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n=22

Number of cases

05 10 15 20 25 3.0 35
EC

Figure 44 - Frequency distribution of EC (Log10) in Mt. Soro rainwater samples (22 cases). The
black dashed line is the geometric mean.

4.5.2 Major inorganic ions

A summary of statistical parameters of the analysed major ions in rainwater samples from the
Mt. Soro background area is provided in Table 37. Volume-weighted mean and non-sea-salt
concentrations were calculated using equation (2) and (4), respectively. A total of 21 rainwater
samples were analysed for major ions. For F~ the concentration could not be determined in ~ 38% of
the samples. No rain sample had a pH below 4.3, nevertheless for HCO3™ the percentage of < LOQ
was ~ 19%. For NHs" and SO4% the < LOQ was ~ 10%. For NO3z and CI" it was not possible to
quantify the concentrations in ~ 5% of the rainwater samples. Finally, in all the analysed samples

was possible to quantify the concentrations of K*, Na*, Mg?*, and Ca?".

Table 37 - Statistical parameters for major ions (ueq L) in Mt. Soro rainwater samples.

Site F cr NO;, SO HCO;  Na' K NH,” Mg ca®
Min  <LOQ <LOQ <LOQ <LOQ <LOQ 340 307 <LOQ  15.1 17.7
Max  32.8 383 285 158 1166 363 139 141 304 2068

Mt. Soro VWM 2.06 101 25.6 37.6 162 114 8.42 29.8 38.8 121
ss (%) 0.8 100 0 36.9 0.3 100 29.6 0 65.9 41
nss (%)  99.2 0 100 63.1 99.7 0 70.4 100 34.1 95.9
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Chemical abundances, expressed as peq L™, are represented by a Tukey box plot (Fig. 45).

Mount Soro
Ca?" I e .
Mg?* - HH oo
NH," 1 }—[El °
K+ - }—m o o
Na* -
HCO, - e -
SO 1 -
NO, =
Cl - — - .
10*  10° 100 10° 10° 10°

Concentrations (ueq L)

Figure 45 - Major ion concentrations (ueq L) in Mt. Soro rainwater samples.

The most saline rainwater sample, in terms of Total Dissolved Solids (TDS), with a value of
4230 peq Lt (130 mg L), was collected in the sampling period no. 04 (27/05/2021 — 30/06/2021)
The less saline rainwater sample, with a value of 255 peq L (8.12 mg L), was collected in the
sampling period no. 23 (24/01/2023 — 13/12/2023).

The relative VWM concentrations of the major anions follow the sequence HCO3;™ > CI™ >
SO4* > NOs™ > F . Therefore, bicarbonate was the main anion, with a relative abundance of 49.3%
(Fig. 46), and a VWM concentration of 162 peq L™. The relative contributions were 30.7%, 14.5%,
7.82%, and 0.629%, while the VWM concentrations were 101 peq L™, 37.6 peq L?, 25.6 peq L™,

and 2.06 peq L%, for CI-, SO4%, NOg', and F, respectively.
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Figure 46 - Relative abundances (Eq%) of major anions and cations in the rainwater samples from
the Mt. Soro background area.

As regards major cations, the sequence of relative abundances was Ca?* > Na* > Mg?* >
NHs" > K*. Therefore, calcium was the main cation, with relative abundances of 38.8% (Fig. 46),
and a VWM concentration of 121 peq L. The relative contributions were 36.6%, 12.4%, 9.53%, and
2.70%, while the VWM concentrations were 114 peq L, 38.8 ueq L™, 29.8 peq L, and 8.42 peq L

! for Na*, Mg?*, NH4", and K*, respectively.

4.5.3 Minor and trace elements concentrations

4.5.3.1 Rainwater samples

A summary of statistical parameters of the analysed minor and trace elements in the rainwater
samples from the Mt. Soro background area is provided in Table 38, and Figure 47. A total of 21
rainwater samples were analysed for minor and trace elements. It was not possible to determine the
concentration of Sn and Cs in ~ 76% and in ~ 29% of the cases. For B, Al, V, Cr, Ni, Cu, Zn, As, RD,
Se, Sh, and Ba it was always possible to determine the concentrations, while for the other elements,

it was not possible to do so in between approximately 5% and 19% of the cases.
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Table 38 - Statistical parameters for minor and trace element concentrations (ug L) in the
sampling site of Mt. Soro. Sample n. is the number of samples in which the maximum concentration
was measured for each element.

Element Li B Al Ti \ Cr Mn Fe Co Ni Cu Zn As
Min <LoQ 0.578 0.556 <LoQ 0.108 0.0170 <LoQ <LoQ <LoQ 0.0280 0.0360 1.99 0.0230
Max 111 30.2 123 0.618 231 0.369 11.4 16.5 0.176 1.26 6.68 25.7 0.464
° Sample n. 03 04 12 09 04 14 13 17 14 04 04 07 04
é VWM 0.0692 3.69 11.3 0.190 0.293 0.0647 2.86 5.22 0.0323 0.328 1.77 7.49 0.0790
5’ Element Se Br Rb Sr Mo Cd sn Sb Cs Ba Tl Pb u
Min <LoQ <LoQ 0.0770 2.67 <LoQ <LoQ <LoQ 0.0270 <LoQ 1.02 <LoQ <LoQ <LoQ
Max 0.824 37.9 1.69 94.2 0.311 0.0720 0.0600 0.913 0.0130 24.7 0.124 0.970 0.0220
Sample n. 12 04 04 04 04 12 09 04 04 04 12 09 04
VWM 0.155 12.3 0.232 9.84 0.0347 0.0217 0.00925 0.103 0.00252 3.62 0.0137 0.0878 0.00234

The lowest VWM concentration was calculated for U (0.00234 pg L), and the highest for
bromide (12.3 pug L). A relevant intra-site variability, up to two orders of magnitude, was observed

for different periods of sampling (Fig. 47).
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Figure 47 - Minor and trace element concentrations (pg L) in Mt. Soro rainwater samples.

4.5.3.2 Insoluble fraction

To characterise the chemical composition of the insoluble fraction of the atmospheric
deposition, the material retained by the membrane filters (> 0.45 um) was mineralised according to
the procedure described in paragraph 3.1.3. A summary of statistical parameters of the analysed
minor and trace elements in the insoluble fraction solutions is provided in Table 39, and Figure 48. A
total of 21 insoluble fraction solutions were analysed for minor and trace element concentrations.

Only for Mo (~ 14%), and As (~ 10%) it was not possible to determine the concentration in some
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samples. For the remaining elements, the concentrations were quantified in all the samples. The

median concentrations ranged from 2.47 pg L™ for Mo to 30.7 mg L™ for Al

Table 39 - Statistical parameters for minor and trace element concentrations in the insoluble
fraction solutions of Mt. Soro. The concentrations are in pg L™, except for Al, Ti, Fe, and Zn (mg L

Y

Element Li B Al Ti \ Cr Mn Fe Co Ni Cu Zn As
Min 2.55 2.10 3.74 0.120 8.08 10.8 29.8 3.39 0.605 5.92 171 0.0749 0.221

° Max 360 567 1161 789 2852 514 15360 889 317 253 2976 3.94 62.2
E Median 18.0 41.0 30.7 0.653 49.6 79.3 357 24.6 7.19 24.3 121 0.420 7.59

§' Element Se Br Rb Sr Mo Cd Sn Sb Cs Ba Tl Pb U
Min 13.9 0.327 n.d. n.d. n.d. n.d. 221 n.d. 5.08 n.d. n.d. n.d. n.d.

Max 13081 24.8 n.d. n.d. n.d. n.d. 6774 n.d. 188 n.d. n.d. n.d. n.d.

Median n.d. n.d. n.d. 64.3 2.47 n.d. n.d. n.d. n.d. 140 n.d. 26.2 n.d.

Concentrations (pg L)
=)

Li B Al Ti V Cr Mn Fe Co Ni Cu Zn As Sr Mo Ba Pb

Figure 48 - Minor and trace element concentrations (ug L) in the insoluble fraction solutions of
Mt. Soro.

4.5.3.3 Rinse solutions

The concentration of minor and trace elements in the material remaining adhered to the
surfaces of the bulk collector was quantified by analysing a rinse aliquot prepared according to the
procedure described in paragraph 3.1.2. The concentrations of the analysed minor and trace elements
in the rinse solutions from the Mt. Soro background area are provided in Table 40. Two rinse
solutions were analysed for minor and trace element concentrations. It was not possible to quantify
the concentration of Li and Sn, and of Co, TI, and U it was possible to do that only for one sample.

For the other elements, it was always possible to determine the concentrations.
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Table 40 - Statistical parameters for minor and trace element concentrations (g L) in Mt. Soro
rinse solutions.

Li B Al Ti \ Cr Mn Fe Co Ni Cu Zn As
<LoQ 8.31 23.8 0.367 0.0170 0.152 1.10 12.9 0.00500  0.189 1.05 17.6 0.0150
E <LoQ 41.0 198 1.12 0.290 0.164 21.3 46.5 0.145 0.575 9.79 44.0 0.105
g’ Se Br Rb Sr Mo Cd Sn Sb Cs Ba Tl Pb u
0.0800 2.76 0.0220 0.903 0.0250  0.0240 <LoQ 0.132  0.00100 1.462 <LoQ 0.362 <LoQ
0.469 2.24 1.13 11.7 0.0240 0.158 <LoQ 0.176 0.0100 17.5 0.0160 2.73 0.0420

At the Mt. Soro site, the concentrations for minor and trace elements in the rinse solutions
were between 0.0100 pg L™ for Cs to 198 pg Lt for Al. High concentrations were also measured for

B, Fe, Mn, and Zn.

4.5.4 Technology-Critical Elements concentrations

Eight preconcentrated rainwater samples were prepared, according to the procedure
illustrated in paragraph 3.1.4, for the determination of the concentrations of the Technology-Critical
Elements, including the lanthanoids. It was not possible to determine the concentration of Nb, Ge,
and Tm in ~ 38%, 25%, and 25% of the samples, respectively. For Y, Te, Hf, Ce, Pr, Sm, Eu, Gd,
Th, Dy, Ho, Er, Yb, and Lu, it was not possible to quantify the concentrations in only one sample
(12.5%). For the remaining elements, the concentrations were quantified in all the samples. A

summary of the statistical parameters of the analysed TCEs is provided in Table 41, and Figure 49.

Table 41 - Statistical parameters for TCE concentrations (ng L) in the Mt. Soro preconcentrated
rainwater samples.

Element Sc Ge Y Zr Nb Te Hf Th La Ce Pr
Min 0.482 0.834 5.58 2.02 0.250 0.815 0.109 0.153 1.46 6.93 0.802
° Max 4.99 5.18 22.9 202 2.18 4.24 3.73 7.89 35.7 42.9 4.59
E Median 1.75 1.08 9.85 22.1 0.315 1.85 0.299 1.41 9.89 17.3 2.14
g Element Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
Min 2.40 0.722 0.259 0.911 0.141 0.613 0.123 0.451 0.0570 0.344 0.0380
Max 21.9 5.50 1.39 5.57 0.681 3.39 0.701 1.47 0.249 1.65 0.282
Median 7.10 1.83 0.478 1.63 0.213 1.50 0.258 0.732 0.0945 0.606 0.113
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Among the TCEs, the highest concentration was measured for Zr, up to values of 202 ng L™
and a median concentration of 22.1 ng L. The lowest median concentration was measured for Tm
(0.0945 ng L1). The median concentrations of lanthanoid follow this order: La > Ce > Nd > Pr = Sm
>Gd>Dy>Er=Yb>Eu>Ho=Tb>Tm= Lu. A great variability, up to two orders of magnitude

for Zr, was observed during the two years of monitoring.
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Figure 49 - TCE concentrations (ng L) in the Mt. Soro sampling site.

4.5.5 Boron and strontium isotopic composition

Boron (81B/B) and Strontium (87Sr/®%Sr) isotopic composition were measured in 4
rainwater samples. The main statistical parameters (minimum, median, maximum) are given in Table

42.

Table 42 - Main statistical parameters for boron (6''B%.) and strontium (8/Sr/%Sr) in the Mt. Soro
rainwater samples. Dev. Std. is the Standard Deviation for boron isotopic composition, while Std.
Err. is the Standard Error for strontium ratio measurements.

Site 87Sresr
Min Median Max Std. Err.
Mount Soro 0.707193 0.709031 0.709283 0.000010
Site 5B (%o)
Min Median Max Dev. Std.
Mount Soro 22.61 39.37 40.33 0.17
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The 8B values were between +22.61 and +40.33 + 0.17%o, with a median value of +39.40 +
0.17%0. To verify the stability in the measurement of a repeated sample, two replicates of the
rainwater sample no.12 were analysed; 5''B values of +38.30%o + 0.14%o and +38.85%0 + 0.23%o
were measured.

Strontium isotopic composition ranged from 0.707193 to 0.709283 = 0.000010, with a

median of 0.709031 + 0.000010.
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5. Discussion

5.1 Buffering of the natural acidity of rainwater

The acidity of natural pristine rainwater in the background atmosphere is mainly controlled
by the dissociation of dissolved atmospheric CO2. Assuming an equilibrium at 25 °C between pure
water and atmospheric CO2, with a partial pressure of 10*° atm, the equilibrium pH of the solution
will be ~ 5.60. Anthropogenic emissions are considered the main acidifying agent of rainwater
(Seinfeld & Pandis, 1998) although some natural processes may also contribute (e.g., acid gases of
volcanic emissions - Calabrese et al., 2011). Organic acid produced by biomass burning may also
contribute to the lowering of the pH of rainwater (Berner & Berner, 1987; Brugnone et al., 2020).
High acidities in precipitation could enhance the mobility of trace metals, by increasing the stability
of their aqueous species. On the contrary, in the Mediterranean area, as well as in other areas with an
extensive presence of geogenic dust, mainly deriving from limestone formations (Al-Momani et al.,
2008; D’Alessandro et al., 2013), rainwater is prevailingly alkaline due to the titration of the acidity
by the carbonate particles (Al-Momani et al., 2008; D Alessandro et al., 2013; Brugnone et al., 2020;
2023a). The wash-out of below-cloud alkaline aerosols neutralises natural rainwater acidity
(D’Alessandro et al., 2013; Amodio et al., 2014; Brugnone et al., 2023a). Previous authors
evidenced widespread acid-rain neutralisation by atmospheric carbonate dust over the entire
Mediterranean basin, induced by the frequent arrival of Saharan dust (Al-Momani et al., 1995;
Guerzoni et al., 1999; Galy-Lacaux et al., 2009; Laouali et al., 2012). Therefore, the chemical
composition of water droplets reflects the direction taken by the acid-base titration.

The rainwater samples were divided into two groups: alkaline and acidic. In the Mt. Etna
study area, the acidic group accounted approximately for 51% of the entire population, and this was
probably the result of the interaction with volcanic-derived CO2, SO, and especially with halogen

gases (HCI, HF, HBr). The consequence was the formation of sulfuric, hydrochloric, and
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hydrofluoric acids. Conversely, the alkaline group accounted approximately for 49% of the entire
population. In the Palermo urban area, only 4.9% of the population belonged to the acidic group,
while in the Catania urban area, the percentage of samples belonging to this group was 29%. These
results highlight a strong neutralisation of the natural acidity of rainwater during the wash-out of
below-cloud alkaline aerosols. The differences observed between the Palermo area and the Catania
area may be explained by a greater contribution of gaseous species able to produce a decrease in the
pH of rainwater, both attributable to anthropogenic sources and, in some periods, also to the volcanic
source (Mt. Etna), in the latter more than in the former. Another explanation can be sought in the
different geological contexts in which the two study areas fall. As illustrated in section 2.3 "Palermo
and Catania urban areas"”, indeed, in the Palermo area there are extensive carbonate and limestone
outcrops, while in the Catania area, the prevalent lithology (excluding volcanic rocks) is that of
marly clays. In the Milazzo and Priolo Gargallo industrial areas, only 18% of the rainwater samples
belonged to the acidic group. The observed acidity of these samples was due to the influence of
anthropogenic (urban and/or industrial) NOx and SOx gaseous pollutants, deriving from a
combination of local and regional sources (Xing et al., 2017; Brugnone et al., 2023a). The results
observed for these two industrial areas agree with those observed by Brugnone et al. (2023a) in the
same areas (20%). Finally, in the Mt. Soro background area, only one of the twenty-two rainwater
samples collected (~ 5%) had a pH value below 5.6. This study area is mainly characterised by
flysch successions with prevailing clayey lithology and the absence of acidifying sources.

By using equation (5) in section 3.6, the neutralisation factors of the acidity of rainwater were
calculated for each study area and different cations (K*, NH4*, Mg?*, and Ca?"). As regards the Mt.
Etna study area, values obtained from the VWM concentrations ranged from 0.06 to 0.21 for K™,
from 0.06 to 0.52 for NH4*, from 0.11 to 0.44 for Mg?*, and from 0.42 to 1.56 for Ca?* (Fig. 50a).
For each major cation, the lowest neutralisation factor was calculated for the Cratere 2001 site and

the highest for the Mt. Intraleo sampling site. The results suggest that Ca?* was the major
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neutralising agent in the area. Furthermore, the neutralisation of the acidity of the rainwater samples
from the Cratere 2001 sampling site was only partial due to the very high concentration of nss-
sulfate, which showed a VWM concentration of 889 peq L. In the Palermo urban area, the
neutralisation factors were between 0.10 and 0.18 for K*, 0.13 and 0.36 for NH4", 1.02 and 1.11 for
Mg?*, and between 2.07 and 3.01 for Ca?* (Fig 50b). In the Catania urban area, the neutralisation
factors were between 0.09 and 0.10 for K*, between 0.14 and 0.37 for NH4*, 0.50 and 0.59 for Mg?*,
and between 1.30 and 1.68 for Ca?* (Fig. 50b). Higher neutralisation ratios were calculated for the
study area of Palermo, than for the Mt. Etna and the Catania areas, especially for Mg?* and Ca?*. The
main contribution of Mg?* and Ca?* to the rainwater of the Palermo urban area originated from the
erosion of the extensive outcrops of carbonate rocks and soils. As regards the Milazzo and the Priolo
Gargallo industrial areas, the neutralisation factors ranged from 0.08 to 0.25 for K*, from 0.11 to
0.32 for NH4*, from 0.66 to 0.86 for Mg?*, and from 1.28 to 1.74 for Ca?* (Fig. 50c). Brugnone et al.
(2023a) observed similar ratios in the same industrial areas, in a different period of study. Finally, for
the Mt. Soro background area, neutralisation factors of 0.13, 0.47, 0.61, and 1.92 were calculated for

K*, NHs*, Mg?*, and Ca?*, respectively (Fig 50d).
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Figure 50 - Neutralisation factors for K*, NHs*, Mg?*, and Ca?* in Mt. Etna (a), Palermo and
Catania (b), Milazzo and Priolo Gargallo (c), and Mt. Soro (d) study areas.

Considering the results from all study areas, it can be observed that Ca?" and Mg?" were the
two species that contributed the most to the neutralisation of rainwater acidity. For Ca?*, seasonal
variability in the magnitude of the neutralisation factors was observed, with the maximum effect
observed during periods with frequent high-intensity winds from southern directions and a reduced
number of precipitation events. During periods characterised by low rainfall, soils with reduced
moisture levels are affected by strong erosive processes, particularly if high-intensity winds occur
during dry periods.

Therefore, in this research, Ca** and Mg?" were considered the primary neutralising
components of rainwater (NP), while nssSO4> and NOs acted as the primary acidifying components

of rain (AP) (Huang et al., 2008). The equilibrium between acidity and alkalinity (NP/AP) was
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evaluated using equation (6) in section 3.6. The results are shown in Figure 51. In the Mt. Etna study
area, the ratio NP/AP varied from 0.54 (Cratere 2001) to 2.00 (Mt. Intraleo). For the Palermo urban
area from 3.09 (Unipa) to 4.12 (Archirafi), while for the Catania urban area from 1.80 (Catania) to
2.27 (San Giovanni La Punta). For Milazzo and Priolo Gargallo industrial areas, the NP/AP ratios
were between 2.11 (Priolo Gargallo) and 2.40 (Siracusa). Finally, in the Mt. Soro background area,

the NP/AP ratio was 2.53.

4.5

NP/AP

Figure 51 - Neutralising/acidifying component ratios in all the sampling sites.

As observed for the neutralisation factors, the neutralisation of the acidity of the rainwater
samples from the Cratere 2001 sampling site was only partial. Nevertheless, the lowest median pH
value was recorded at the Citelli site (4.4) and not at the Cratere 2001 site (5.5), highlighting a
greater influence by volcanic acidic species such as HCI, HF, and HBr on the rainwater chemistry of
the former rather than the latter study site. The stronger neutralisation of Mt. Etna’s rainwater acidity
was observed for the Mt. Intraleo site. The site of Citelli was on the downwind sector, the Mt.
Intraleo site on the up-wind flank and can be considered as representative of the local background.
The measured pH values confirm earlier findings (Aiuppa et al., 2006; Calabrese et al., 2011), that

the prevailing wind direction plays a key role in the chemical composition of rainwater. In other
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words, pH measurement provides clues on the degree of interaction, evidencing that volcanic
emissions of Mt. Etna have a strong influence on the acidity of rainwater. Overall, the most intense
neutralisation of rainwater acidity was observed for the urban area of Palermo, the study area most
influenced by the outcrop of rocks and soils with a carbonate composition. The results confirm the
buffering role of the natural acidity of rainwater by the atmospheric geogenic particulate matter (with
a high content of Ca?* and Mg?*), which represents a significant source of CCNSs of raindrops. Also,
NH4* can act as a neutralisation factor, and it was derived mainly from anthropogenic sources, such
as agricultural practices. It would be important to distinguish whether ammonia dissolves in
rainwater as a gas or as solid particles of (NH4)2SO4 or NH4Cl since the effects are opposite in the
two cases (Dongarra & Francofonte, 1995).

A weak positive Pearson correlation (R = 0.291, p-value < 0.0001) was observed between
Ca?" and SO4* (Fig. 52a) and between pH and Ca?* (R = 0.243, p-value < 0.0001), (Fig. 52b). No

correlation was found between pH and SO4* (R = 0.037, p-value = 0.5324), (Fig. 52c).

(a) (b) (c)
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pH
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R =0.291; p-value <0.0001 R =0.243; p-value <0.0001 R =0.037; p-value = 0.5324
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Figure 52 - Pearson correlations between (a) Ca?* and SO4> (ueq L) and between pH and (b) Ca?*
(ueq L), and (c) SO4% (ueq L™D).

Rainwater samples characterised by a high load of SO4*", for which we could expect

relatively low pH values, usually also show a high load of Ca?*, thus suggesting that the residual
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acidity from SO,-derived SOs* was neutralised by the high load of Ca?"; contrarily, low

concentrations of Ca?* correspond to low pH values because of limited buffering effects.

5.2 Major constituents in rainwater

5.2.1 Sources apportionment

All the rainwater samples were characterised by variable amounts of dissolved ions. Great
variability was observed between different monitoring sites, and intra-site variability during the
study period. The scatter plots in Figure 53a show the total dissolved solids, expressed as peq L, for
each sample, related to the amount of rainfall (L m™) in each sampling period. A weak inverse
correlation between the two parameters was observed (R = 0.272; p-value < 0.001). Instead, a
stronger correlation between the TDS (ueq L™?) and the EC (uS cm™) was found (R = 0.571; p-value
< 0.001) (Fig. 53b). Therefore, an increase in the amount of substances in solution was reflected in
an increase in the electrical conductivity value. This makes it possible to have, employing a simple
measurement carried out directly in the field, an initial idea of the total concentration of dissolved

elements in solution.
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Figure 53 — (a) Total Dissolved Solids (TDS - xeq L) versus rain amount (L m?) and (b) versus EC
(us cm?y for the Mt. Etna, Palermo, Catania, Milazzo, Priolo Gargallo, and Mt. Soro study areas.

The bar plots in Figure 54 show the volume-weighted mean concentrations (ueq L) of major
anions (a) and cations (b) in the rainwater samples of each study area. Fluoride concentrations in the
study areas of Palermo, Catania, Milazzo, Priolo Gargallo, and Mt. Soro have been multiplied by a

factor of 10 for better graphical display.
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Figure 54 - Sum of the volume-weighted mean (VWM) concentrations (xeq L) for (a) major anions
and (b) major cations in all the study areas. Fluoride concentrations in the study areas of Palermo,
Catania, Milazzo, Priolo Gargallo, and Mt. Soro have been multiplied by a factor of 10.

The highest average VWM concentrations of fluoride (97.0 peq L™?) and sulfate (284 peq L)
were calculated for the Mt. Etna area, one order of magnitude higher than the other study areas. This
can be explained considering that Mt. Etna is a fluoride source orders of magnitude greater than any
other natural or anthropogenic source in the Sicilian Island (Bellomo et al., 2003, 2007; Calabrese et
al., 2011; Brugnone et al., 2020), and its concentration in rainwater decreases rapidly moving away

from the volcanic source. For chloride, the highest VWM concentration (403 peq L) was calculated
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for the Cratere 2001 sampling site. High VWM concentrations of chloride were calculated also for
the coastal sites of the Palermo urban area, and Milazzo and Priolo Gargallo industrial areas. For
chloride, different sources can be considered, such as marine, volcanic, and anthropogenic inputs.
For bicarbonate, the highest value was calculated for the Palermo study area (192 peq L) further
underscoring the geogenic carbonate source of the area. Similar VWM concentrations were
calculated for nitrate in the Milazzo sampling site (28.5 peq L™) and Priolo Gargallo industrial area
(31.8 peq LY, followed by the Palermo urban area, with an average value of 28.0 peq L™ This
reflects a clear anthropogenic derivation for nitrate (from NOx emissions).

Sodium was the main cation in the rainwater samples of the two industrial areas, Milazzo and
Priolo Gargallo, with VWM concentrations of 294 peq L™ and 340 peq L™, respectively. Its origin
can be ascribed, mainly, to the sea salt contribution. For the Palermo urban area, the main cations
were sodium (209 peq L) and calcium (200 peq L™?). Calcium origin can be ascribed to several
sources, the main one being geogenic (re-suspended dust from carbonate rocks). The remaining
cations showed low VWM concentrations, up to 107 peq L™ (Cratere 2001), 54.8 peq L (Citelli),
and 57.4 peq L (Cratere 2001) for magnesium, ammonium, and potassium, respectively.

Known sources of Na* and CI" in the atmosphere are sea salt (Thurston & Spengler, 1985),
and crustal aerosols (Calabrese et al., 2011; Brugnone et al., 2023a). Typically, sodium is used as a
reference to determine the sea-salt component in aerosol particles since the water-soluble Na* is
assumed to originate solely from seawater (Chesselet et al., 1972). Seawater influence is highlighted
in Figure 55, where nearly all rainwater samples show Na*/CI" ratios similar to that of seawater, with

a high linear positive correlation (R = 0.879; p-value < 0.0001).

176

——
| —



¥ Mt Etna
¥ Palermo
¢ Catania
O Milazzo
P Priolo Gargallo
103 7 @ Mt Soro
== SW ratio
:\
—
o 5 *
S 10°-
N
—
© *
1 /
10 ,
7/
7/
/
0oV R =0.879; p-value <0.0001
1 O T T T
0 1 2 3 4
10 10 10 10 10

Na* (ueq L)

Figure 55 - Correlation between Na* and CI- (ueq L) in the rainwater samples.

Therefore, the high load of Na* and CI in all the study areas was due, mainly, to their
closeness to the coast. Indeed, the highest VWM concentrations for both sodium and chloride were
calculated for the Milazzo and Priolo Gargallo industrial areas, located at an average distance from
the coast of 0.4 and 1.5 km, respectively. Conversely, the lowest VWM concentrations for these two
species were calculated for the Catania urban area (average distance from the coast of 4.0 km) and
the Mt. Soro sampling site (17 km away from the coast). This evidence indicates that sea-derived
CCN strongly contributed to the chemical composition of the rainwater. Some samples of the
Palermo urban area showed a general tendency towards a Na* excess with respect to the seawater
ratio. The sodium excess can be attributed to a geogenic contribution or human activities, such as
emissions from cement or detergent factories. On the contrary, other samples, mainly for the Mt.
Etna study area, showed an excess in chloride, which likely suggests an important volcanic

contribution in the form of gaseous HCI emissions.
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Figure 56 - Correlation between Na* and Mg?*. Ca?*, and HCOs (ueq L) in the Palermo rainwater
samples.

In the Na* vs. Mg?*, Ca?*, and HCOs™ diagrams (Fig. 56), samples from the Palermo urban
area showed that these major ions were enriched relative to the marine contribution calculated from
the Na'/ion ratios, highlighting the great contribution of the geogenic source to the chemical
composition of the rainwater. Indeed, these three species (Mg?*, Ca?*, and HCOs") derived mainly
from the weathering of the carbonate rocks which crop out extensively in the study area. The
terrigenous contribution to the chemical composition of rainwater was linked also to Saharan dust
species, e.g., calcite, dolomite, gypsum, illite, smectite, and palygorskite (Alaimo & Ferla, 1979;
Badalamenti et al., 1984). Seasonally, several tons of dust particles are carried by southerly winds
from the Sahara Desert reaching the entire Mediterranean basin and sometimes much of the
European continent. Only for Mg the marine source becomes prevailing in some of the collected
samples which show a Na*/Mg?* ratio close to that of seawater.

In the CI" vs. SO4* diagram, Mt. Etna rainwater samples plot in an intermediate position
between the CI/S ratios typical of Mt. Etna’s plume, suggesting the involvement of the volcanic

source (Fig. 57). Chloride/sulfur ratios in the Etna’s plume are from Aiuppa et al. (2004).
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Figure 57 - Correlation between ClI- and SO4? (ueq L) in the Mt. Etna rainwater samples. The two
red dotted lines are representative of the ratios between the two species in Etna's plume during quiet
periods (ratio 0.1) and eruptive periods (ratio 7.6).

In addition to the marine and volcanic sources, sulfate may derive from different
anthropogenic sources. Non-sea-salt and non-volcanic sulfate, and nitrate, can be attributed mainly to
local fossil fuel combustion sources (Mphepya et al., 2004; Tan et al., 2014; Ye et al., 2018), but also
the long-range transport from most heavily industrialised parts of Europe. They result from
emissions of gaseous sulfur dioxide (SO2) and gaseous NOx during the combustion of fossil fuels
(oil, coal, and diesel) and sulphide ore smelting. Gaseous NOx is emitted also as nitrogen oxide (NO)
from natural (such as biomass burning), as well as other anthropogenic sources (vehicular traffic and
household combustion). In the atmosphere, gaseous SO is oxidised to sulfate, while NOx can be
oxidised to nitrate (NO3z). As observed by Brugnone et al. (2023a), both the Milazzo and Priolo
Gargallo industrial areas have important sources of anthropogenic sulfur species (SOx) and nitrogen
species (NOx), which could explain the higher sulfate and nitrate concentrations in these two study
areas compared to the others. The positive linear correlation between nitrate and sulfate (R = 0.650;
p-value < 0.0001), shown in Figure 58, corroborates the hypothesis that these species can be partially

attributed to the same fossil fuel combustion sources. The linear positive correlation between the two
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species was higher for the Milazzo and the Priolo Gargallo industrial areas, with a correlation

coefficient R = 0.939 (p-value < 0.001).
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Figure 58 - Correlation between NOs™ and SO4? (ueq L) in rainwater samples. The dotted line is the
ratio 1:1 between the two species.

The sulfate enrichments were related to contributions from non-anthropogenic sources. The
high sulfate concentrations in the Etna area are not matched by high nitrate concentrations, the
sources being quite distinct: predominantly volcanic and partly marine for the former, anthropogenic
for the latter. Nitrate enrichments observed for some samples from the urban area of Palermo were
related to the emission of nitrogen species by vehicular traffic and domestic heating.

Fluoride concentrations were generally low in all the monitoring sites, except for the Mt. Etna
study area. Gaseous fluoride compounds may derive from anthropogenic sources, but volcanic
emissions from Mt. Etna represent an important natural source of this ion, emitted in a very soluble
form (mainly HF), allowing a rapid removal from the atmosphere close to the emission points by
rainwater (Pennisi et al., 1998). Bellomo et al. (2007) reported that of the ~ 200 Mg of fluoride (as

HFg) emitted daily by Mt. Etna, 1.6 £ 2.7 Mg are deposited by wet and dry deposition. Longer dry
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spells may favour its travel to sampling sites further away from Mt. Etna. Additionally, condensation
and reaction of HF on the surface of ash particles is a very effective scavenging mechanism
(Oskarsson, 1980; Witham et al., 2005; Bellomo et al., 2007). The good positive correlation between
fluoride and sulfate for the Mt. Etna rainwater (R = 0.838; p-value < 0.0001) strengthens the

hypothesis of a common volcanic origin (Fig. 59).
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Figure 59 - Correlation between F- and SO4> (ueq L) in Mt. Etna rainwater samples.

Considering all study areas, seawater can be considered a minor source of fluoride due to the
very low correlation with Na* (R = 0.242; p-value = 0.0001) (Tab. 43). Additionally, the Na/F ratio,
on an equivalent basis, was equal to 100, very different from that for seawater (8720). Coal burning,
ceramic industries, and cement production are the main human activities that emit fluoride into the
atmosphere in urban and industrial areas (Niren et al., 2001).

The highest VWM concentration of K* was calculated for the Cratere 2001 sampling site
(57.4 peq L), while the lowest was calculated for the San Giovanni La Punta site (7.32 peq L™).
Multiple sources may be considered for potassium in rainwater: volcanic, terrigenous, marine, and

anthropogenic (agricultural activities).
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Ammonium resulted from anthropogenic emissions of gaseous ammonia (NH3) and
particulates containing NH4*, principally related to agricultural activities. Quite similar VWM
concentrations of NH4" were calculated for all the study areas, with the highest value at the Citelli
site (54.8 peq L), and the lowest at the Belgio sampling site (8.9 peq L™). The good positive
correlation between K* and NH4* (R = 0.744; p-value < 0.0001) (Tab. 43), could testify to a common

source, at least to some extent.

5.2.2 Sea salt and non-sea salt fractions

To discriminate the contribution of the marine source from other sources, the non-sea-salt
fractions ((X)nss) were calculated using equation (4) in section 3.6. The use of the previous equation
assumes that all the sodium in rainwater comes from the sea and that no chemical fractionation
occurs between chloride and the other ions after sea salt injection into the atmosphere (D Alessandro
et al., 2013). This assumption was not always true, especially for the Mt. Etna sampling sites, where
a volcanic contribution for sodium was observed. For this reason, in some cases, the sea salt
contribution for some elements (e.g., chloride) was greater than 100%; in these cases, a value of
100% was imposed.

For Na* (100%), CI- (88.8%), and Mg?* (62.5%) the predominant source was marine, for
NH4* (100%), NOs™ (100%), HCOs (98.7%), F (97.7%), Ca®* (94.8%), SO (64.5%), and K*

(63.5%) the prevalent source was non-marine (Fig. 60).
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Figure 60 - Non-sea-salt (orange) and sea-salt (blue) fractions (%) for each major ion.

Among the sampling sites, a large difference in the marine and non-marine fractions of
individual ionic species, and a clear correlation between distance from the coast and the altitude can
be observed. For all the monitoring sites, chloride was derived exclusively from sea salt contribution.
Exceptions were the Mt. Etna sampling sites, for which the marine contribution varied from 28.8% at
Citelli to 79.7% at Zafferana Etnea. The former was the site most exposed to the volcanic source,
due to both its short distance from Etna's summit craters (5.4 km) and the direction of dispersion of
volcanic products; the latter was the site located closest to the sea (9.9 km), and the greatest distance
from Etna's summit craters (10.0 km). The nss-chloride in the Etna area had a clear volcanic origin.
Similar considerations can be made for magnesium and sulfate. For the Etna sites, an average
relative contribution from the marine source of 45.5% and 10.1% were calculated for Mg** and SO4*"
, respectively, in contrast to the other monitoring sites, where average ss-Mg*" and ss-SO4* fractions
of 68.7% and 44.7% were calculated. Especially for sulfate, the predominant source at the Etna sites
was once again represented by volcanic emissions. Rainwater from the Etna area showed the lowest
ss-fraction content for all the major ions. In contrast, the sites of Milazzo and Augusta showed the

greatest contribution from the marine source.
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5.2.3 Statistical analysis of major ions

5.2.3.1 Pearson correlation coefficients

The Pearson’s correlation coefficients for each major ion, for each rainwater sample (n =

301), were calculated, and reported in Table 43.

Table 43 - Pearson’s correlation coefficients for major ions in rainwater. Bold values have p-value <

0.0001.

F cr NO; SO, HCO;  Na K'  NH,S Mg ca
F 0603 0024 0815 -0.046 0242 0417 0200 0370  0.339
cr 0.603 0628 0620 -0.003 0879 0431 0145 0831 0559
NO, | 0024 0628 0650 0482 0621 0303 0149 0712 0.739
so,> | 0815 0.620 0.650 0047 0273 0234 0046 0298 0.291
HCO, | -0.046 -0.003 0482  0.047 0036 0277 0243 0164 0.348
Na* 0242 0879 0621 0273 -0.036 0521 0407 0910 0.668
K* 0417 0431 0303 0234 0277 0521 0.744 0.727  0.705
NH,” | 0200 0145 0149 0046 0243 0407 0.744 0628 0558
Mg?* | 0370 0831 0712 0298 0164 0910 0727 0.628 0.863

ca?* | 0339 0559 0739 0291 0348 0668 0705 0558  0.863

Fluoride was correlated with sulfate (0.815), and partially with chloride (0.603). Chloride
was correlated especially with sodium (0.879) and magnesium (0.831). Nitrate was correlated with
calcium (0.739), magnesium (0.712), and partially with sulfate (0.650). No strong correlation was
found for bicarbonate. The stronger correlations for potassium were with ammonium (0.744),

magnesium (0.727) and calcium (0.705).

5.2.3.2 Principal Component Analysis (PCA)

Relationships between major ions may be also estimated through the Principal Component

Analysis (PCA). For each ion, when the concentrations were below the detection limit, values equal
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to the detection limits (LOD) divided by a factor 2 were considered. It was decided to make the
statistical analysis for each study context, separately. The results followed by Varimax rotation to a

set of orthogonal axes for a total of 301 rainwater samples are presented in Tables 44a, b, ¢, and d.

185

——
| —



Table 44 - The results from Principal Component Analysis (PCA) for Mt. Etna (a), Palermo and
Catania (b), Milazzo and Priolo Gargallo (c), and Mt. Soro (d) rainwater samples. Factors loadings

greater than 0.700 are in bold.

(a) Variable PC1 PC2 PC3 (b) Variable PC1 PC2 PC3
F 0.207 0.952 -0.006 F 0.514 0.025 -0.112
cr 0.273 0.891 -0.053 cr 0.044 0.987 0.068
NO;3 0.113 0.066 0.905 NO;3 0.826 0.135 -0.084
S0,” 0.000 0.914 -0.173 S0,” 0.832 0.262 0.038
HCO;3 0.023 0.228 -0.422 HCO3 0.772 -0.145 0.006
Na" 0.910 0.219 -0.149 Na* -0.002 0.990 0.032
K* 0.925 0.191 0.194 K* 0.714 0.018 0.376
NH," 0.739 -0.001 0.348 NH," -0.012 0.101 0.969
|\/|gz+ 0.969 0.189 0.033 Mg2+ 0.703 0.611 0.150
ca* 0.960 0.077 -0.117 ca* 0.901 0.011 0.104
Variance (%) 47.9 22.7 11.0 Variance (%) 43.9 21.9 10.6
(c) Variable PC1 PC2 PC3 (d) Variable PC1 PC2 PC3
F 0.226 0.114 0.873 F 0.010 0.888 0.001
cr 0.974 -0.036 0.038 cr 0.275 0.919 -0.049
NO; 0.899 -0.028 0.269 NO3 0.928 0.259 0.181
S0, 0.917 0.096 0.284 S0, 0.406 0.414 -0.563
HCOs -0.107 0.793 0.329 HCOj5 0.346 0.062 0.714
Na* 0.966 -0.021 -0.051 Na* 0.429 0.846 -0.039
K* 0.364 0.813 0.003 K* 0.898 0.223 0.269
NH," -0.058 0.830 -0.041 NH," 0.901 0.110 -0.295
Mg 0.974 0.094 0.038 Mg 0.928 0.350 0.000
ca’* 0.787 0.228 0.361 ca’* 0.957 0.158 0.176
Variance (%) 56.0 20.7 8.53 Variance (%) 58.9 18.3 9.36

The KMO (Kaiser-Meyer-Olkin) test returned values of 0.687, 0.619, 0.748, and 0.648 for

Mt. Etna, Palermo and Catania, Milazzo and Priolo Gargallo, and Mt. Soro study areas, respectively.
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Bartlett's sphericity test had a significance value of < 0.001, confirming the applicability of PCA, for
each dataset analysed. For each context, three principal components (PC) were extracted, explaining
81.6%, 76.4%, 85.2%, and 86.6% of the total variances.

For the Mt. Etna volcanic area, the PC1 accounts for 47.9% of the total variance and has high
loadings for Mg?*, Ca?*, Na*, K*, and NH4". For the first four cations, a main geogenic origin may be
assumed, linked to the deposition or resuspension of ash and other volcanic products and their
dissolution in rainwater. For sodium, especially in the Zafferana Etnea sampling site, due to its minor
distance from the coastline, a marine contribution cannot be excluded. For NH4*, and partially also
for K*, an anthropogenic source, i.e., agricultural practices, may be assumed. Sulfate, chloride, and
fluoride had higher loadings in the principal component 2. This component accounts for 22.7% of the
total variance. VVolcanic emissions of SO2, HCI, and HF were the main sources for these ionic species
in the rainwater of the Etna area. Nitrate was loaded only in PC3 (11.0% of the total variance); an
anthropogenic origin may be assumed for this anion.

For the Palermo and Catania urban areas, the PC1 accounts for 43.9% of the total variance
and has high loadings for Ca?*, HCOs, SO.*, NOs, Mg? and K*. For the first two species, a
prevalent geogenic origin may be assumed, although a small part of the calcium may also be derived
from the marine source. Sulfate and nitrate had an anthropogenic origin, deriving from urban
vehicular and household emissions of gaseous SOx and NOx. Sulfate may be derived also from the
marine source, especially for the Palermo urban area, while a small contribution from the volcanic
source may be hypothesized for the Catania urban area. Finally, for Mg?* and K* marine and
geogenic sources were mainly responsible for their emission into the atmosphere. The PC2 accounts
for 21.9% of the total variance and has high loadings for chloride and sodium, clearly of marine
origin. Nitrate was loaded only in PC3 (10.6% of the total variance). For the two urban areas, the
nitrate has an almost exclusively anthropogenic origin, deriving directly from agricultural activities

or the secondary transformation of gaseous NOX.
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For the Milazzo and the Priolo Gargallo industrial areas, the PC1 accounts for 56.0% of the
total variance and has high loadings for Cl-, Mg?*, Na*, SO4*, NOs", and Ca?*. A main marine origin
can be assumed for the first three species, as confirmed by the Na*/Cl- (0.884) and the Na*/Mg?*
(3.12) ratios, close to those of seawater. Sulfate and nitrate had an anthropogenic origin, related to
the emissions of NOx and SOx arising from the industrial activities in the two study areas (Brugnone
et al., 2023b). For Ca?* a prevalent geogenic, and partially marine contribution, may be called upon.
Bicarbonate, ammonium, and potassium had the higher loadings in the PC2, which accounts for
20.7% of the total variance. A common anthropogenic source, i.e., agricultural practices, may be
assumed for NH4* and K*. Potassium could also be partly of geogenic origin, and this would explain
the bicarbonate loading in this component. Fluoride was loaded only in PC3 (8.53% of the total
variance). Gaseous and particulate fluoride may be derived from anthropogenic emissions, such as
ceramic and brick factories for the Milazzo area, and cement factories for the Priolo Gargallo area
(Brugnone et al., 2023a). Fluoride concentrations in the two study areas were usually very low and
often below the instrumental quantification limit. However, peaks of concentrations (up to 138 peq
L) were measured in the Priolo Gargallo area during the paroxysmal events that characterised
Etna's volcanic activity between 2021 and 2022. Several times, Etna’s plume and volcanic ash were
dispersed southwards by winds at high altitudes, contributing to the chemical composition of
rainwater even at great distances from emission centres. The high correlation coefficient between
fluoride and nss-sulfate (volcanic and/or anthropogenic) reinforces the previous hypothesis. Similar
scientific evidence, for these two areas, has been identified by Brugnone et al. (2020, 2023a).

Finally, for the Mt. Soro background area, the PC1 accounts for 58.9% of the total variance
and had high loadings for Ca?*, Mg?*, NOs, NH4", and K*. Geogenic source for the first two cations,
and anthropogenic source (i.e., agricultural practices) for the remaining ions, may be assumed. The
PC2 accounts for 18.3% of the total variance and had a high load of Na*, CI, and F". Sodium and

chloride had a common marine source, as verified by the high correlation coefficient (R = 0.936; p-
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value < 0.0001). In addition, chloride may have, at least partly, a volcanic origin. Fluoride, which
was loaded into this component and showed a high correlation coefficient with chloride (R = 0.747;
p-value = 0.002) could had the same origin. Two times, during the monitoring period, the plume and
volcanic products of Etna were dispersed north/west, reaching the area of Mt. Soro. In particular,
during Etna’s paroxysmal eruption of 10 February 2022, fine ash fell into the bulk collector installed
on this site. In the rainwater sample no. 12, covering the period 18 January - 24 February 2022, the
highest concentrations of chloride (383 peq L) and fluoride (32.8 peq L) were measured, for the
latter an order of magnitude greater than the concentrations measured in the other samples.

Bicarbonate was loaded in PC3 (9.36% of the total variance) and had a geogenic origin.

5.2.3.3 Positive Matrix Factorization (PMF) analysis

Major ions were added to improve the model calculation in the EPA PMF analysis. Initially,
PMF factors were resolved using the numbers from 100 runs. The number of factors was changed to
optimise the goodness-of-fit parameter Q over the theoretical Q (Qrobust/Qexpected < 2), and the
strong and weak variables were determined with the signal-to-noise (S/N) ratio (Khan et al., 2016;
Ye et al., 2018; Amato et al., 2024). The PMF analysis was conducted separately for each sampling
site. The results are reported in Table 45. Ammonium was determined in 219 of the 301 rainwater
samples collected during this research. For samples in which the ammonium concentration was not
measured, a value equal to the median of the values measured at each sampling site was used. For
the Citelli sampling site, bicarbonate was not considered because the S/N ratio was very low, equal
to 0.30. For the Zafferana Etnea, Mt. Intraleo, and Cratere 2001 sampling sites, bicarbonate was set

to a weak category, due to S/N ratios equal to 0.6, 0.7, and 0.9, respectively.
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Table 45 - The results from Positive Matrix Factorization (PMF) analysis for each sampling site.
The values are in %. BB and biomass burn = Biomass burning; Sec = Secondary formation;
Cer/Cem = Ceramic and/or cement industries. Bold values are the maximum for each ion in each

sampling site.
Site  Factor  Source F cl NO; SO HCO, Na K'  NH,” Mg* ca**
1 Volcanic 54.5 68.3 / 6.10 / 134 8.70 0.80 16.3 /
2 Marine / 24.6 9.20 16.1 / 60.3 / 13.8 19.2 6.80
E 3 Geogenic 43.9 / / 28.2 / 21.5 34.2 / 435 61.8
O 4 Anthropogenic / / 62.1 2.30 / / 7.20 0.10 1.80 /
5 Agricultural 1.60 / 10.3 2.70 / / 5.50 76.5 6.00 7.30
6 BB/Sec / 7.10 18.4 44.5 / 4.90 44.4 8.90 13.3 24.1
Site  Factor  Source F cl  NO; SO, HCO; Na' K'  NH,” M¢* ca*’
1 Volcanic 90.7 32.1 125 / / 23.3 41.8 / 32.4 23.7
o 2 BB/Sec / / 4.60 32.9 / 8.60 33.7 3.40 12.1 12.2
g9 3 Geogenic 1.70  6.20 / 159 100 114 / / 178 350
% i 4 Agricultural 7.60 155 20.7 / / 5.20 20.9 75.1 20.0 27.3
N 5 Anthropogenic / 105 62.1 34.3 / 5.60 2.80 6.10 / 1.80
6 Marine / 35.7 0.10 16.9 / 46.0 0.80 15.3 17.7 /
Site  Factor  Source = CI  NO; SO/~ HCO, Na' K NHS Mg* ca®
. 1 Volcanic 56.5 29.1 / 67.9 50.2 / 2.00 0.50 0.60 2.60
= 2 Agricultural 0.20 0.10 1.30 0.10 32.3 5.30 12.8 7.7 6.10 2.70
ﬁ 3 Marine 26.4 45.7 / 29.0 / 38.6 37.6 2.50 34.0 28.3
% 4 BB/Others 16.8 24.3 2.30 2.30 / 17.3 / 5.90 3.50 /
Is) 5 Anthropogenic / 0.40 95.4 0.40 17.5 0.10 5.20 1.80 1.30 3.70
6 Geogenic 0.20 0.40 1.00 0.3 / 38.7 42.4 11.7 54.5 62.7
Site  Factor  Source F cl  NO; SO HCO, Na' K'  NH,Y Mg® ca”
1 Agricultural / 1.00 / 7.70 / / 61.9 56.6 16.5 /
3 2 Anthropogenic ~ 4.00 / 72.9 231 3.60 21.2 / 324 18.4 18.2
g 3 Geogenic / 7.30 11.8 475 13.9 / 24.1 / 33.9 70.2
= 4 Others 215 34.0 1.40 14.4 82.6 / / 114 2.50 11.6
§ 5 Volcanic 74.4 0.50 13.2 1.10 / / 14.0 / 7.70 /
6 Marine / 57.2 0.70 6.10 / 78.8 / / 21.0 /
Site  Factor  Source F cl  NO;y S0,% HCO; Na' K" NH,S Mg® ca®
1 Anthropogenic / 3.70 59.1 52.8 28.0 5.00 / / / 15.7
= 2 Biomass burn ~ 1.60 / 18.1 0.40 / 0.10 54.8 / 9.80 /
= 3 Agricultural / 4.60 0.40 175 / 4.60 / 88.9 5.40 2.20
o 4 Others 84.8 11.3 22.4 / 6.60 9.70 / 3.10 9.40 5.60
< 5 Marine 104 80.4 / 104 / 77.3 19.0 8.00 45.9 7.90
6 Geogenic 3.20 / / 18.9 65.4 3.30 26.2 / 29.5 68.5
Site  Factor Source F cl NO; SO, HCO; Na' K NH,” Mg® ca*
1 Geogenic 1.20 7.50 3.90 / 77.9 12.2 5.30 5.10 45.5 60.6
© 2 Agricultural 184 / / 18.7 / 0.90 / 90.1 111 15.0
i3 3 Others 76.0 8.10 15.1 / 6.10 9.00 21.3 4.90 1.40 /
:C) 4 Biomass burn  3.20 3.40 / 21.6 6.40 0.50 73.4 / / 11.9
5 Anthropogenic  1.10 5.90 71.1 42.3 9.60 4.00 / / / 11.0
6 Marine 0.10 75.1 9.80 17.4 / 73.3 / / 42.0 1.40
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Site  Factor  Source F cl  NO; S0,% HCO; Na" K'  NH, Mg® ca®
o 1 Agricultural ~ 0.30 9.10 2.10 / / 8.30 19.8 747 13.2 14.3

5 2  Biomasshun 202 460 320 / 310 430 492 020 850 /
2 3 Others 670 120 540 1470 181  3.40 / 6.60 940 149

2 4 Marine / 718 720 239 170 706 890 180  37.0 /
E 5 Anthropogenic  12.5 6.60 52.2 61.3 18.3 5.50 / / 7.90 21.9
6 Geogenic / 670 1.10 / 588 7.90 221 050 240 489
Site  Factor  Source F cl  NO; S0, HCO; Na' K" NH, Mg® ca
1 Geogenic 231 110 155 550 565 / 0.60 / 369 471
2 Marine / 581 180 107 820 677 137 160 351 650

3 3 Agricuttural 110 126 130 380 490 740 570 920  7.00 /
a 4 Anthropogenic ~ 8.60 8.30 32.7 50.4 / 1.60 3.80 5.10 7.70 311
5  Biomassbun 900 126 352 020 211 122 761 130 134 141
6 Others 582 730 135 295 920 111 / / / 1.20
Site  Factor  Source = c NO; SO HCO, Na' K" NH,Y Mg® ca”
1 Volcanic 77.6 / / 103 167 650 114 200 110 176

© 2 Biomasshun  / 261 830 165 720 530 57.9 / 5.40 /
c 3 Geogenic 010 170 285 197 700 280 / / 185 459
g 4 Marine / 64.4 / 119 330 657 / 216 267 210
5  Anthropogenic 223 790 589 386 230 161 040 420 258 257
6 Agricultural / / 430 300 050 360 303 721 126  8.80
Site  Factor  Source F Cl  NO; SO0, HCO; Na' K'  NH,Y Mg® ca*
_ 1  Anthropogenic 7.10 354 606 368 7.80 249 0.0 / 360 268
§ I 2 Volcanic 869 560 199 289 150 440 342 100 135  20.1
35 3 Biomasshun  0.20 / 220 540 170 210 486 300 580 030
o E 4 Agricutural 240 860 7.80 810 830 8.0 / 928 100 920
8 5 Marine 330 502 460 115 030 559  5.90 / 247 320
6 Geogenic 010 010 490 930 668 480 111 310 101 405
Site  Factor  Source F Ccl  NO; SO, HCO, Na' K'  NH,S Mg® ca”

1 Agricultural / 950 140 280  1.00 / 720 774 590 /
o 2 Cer/Cem 560 070  6.90 / 3.10 / 0.10 / 130  4.60
N 3 Marine 189  80.1 / 262 180 775 / 126 475 230
s 4  Biomassbun  / 020 271 / 460 179 604 870 163 184
5 Geogenic 151 950 134 181 825 / 323 / 185 470
6 Anthropogenic  10.0 / 38.5 27.7 7.00 4.70 / 1.30 10.6 27.7
Site  Factor  Source F Ccl  NO;y SO~ HCO;, Na' K'  NH,” M¢* ca*

1 Agricutural 650 140 030 174 450 210 / 886  4.70 /
© 2 Marine 040 797 106 259 / 759 241 / 50.9  7.60
§ 3 Anthropogenic / / 77.0 32.7 / 3.10 6.20 2.10 14.9 30.2
£ 4  Biomassbun 620 780 010 213 343 370 586 090 168 203
@ 5 Geogenic / 106 090 770 592 123 460 850 910 405
6 Volcanic 869 040 111 107 210 300 650 / 370 150
Site  Factor  Source F Cl  NO; SO, HCO; Na' K'  NH,Y Mg® ca”
1 Volcanic 87.3 / / 390 340  1.90 / 126 270  9.60
© 2 Geogenic 106  6.10 / 365 934 060 429 200 174 374
§ 3 Anthropogenic / 0.10 68.1 13.2 / 1.70 / / 4.80 30.8
§’ 4 Marine / 831 191 384 310 785 / / 676 139
5 Agricuftural ~ 1.30 / / 7.90 / 14.9 / 769 020 450
6 Biomass burn ~ 0.80 10.7 12.8 / 0.10 2.40 57.1 8.50 7.40 3.80
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Site  Factor  Source F Cl NO;y SO/~ HCO; Na K'  NH, Mg" ca*
1 Marine 147 849 070 267 / 832 141 / 60.1 123
2 Anthropogenic  / 130 485 181 480  3.90 / 180 133 389
3 Volcanic 733 780 740 510 / 870  0.80 / 650  5.00
4 Agricultural / / / 10.3 / 1.00 16.3 91.6 2.10 /
5
6

Priolo
Gargallo

Biomass burn  0.10 5.50 43.3 23.9 2.10 3.20 62.1 0.40 8.80 3.00
Geogenic 11.9 0.50 / 16.0 93.1 / 6.70 6.20 9.20 40.8

Site  Factor  Source F cl  NO; S0, HCO;, Na' K*  NH,S Mg® ca”

1 Marine / 36.4 / 8.10 2.00 35.8 16.7 2.80 21.2 8.30

o 2 Geogenic 14.2 5.30 29.4 / / 20.1 61.4 13.6 445 69.5

% 3 Others 3.50 1.10 / / 79.1 / 3.60 5.00 1.00 1.80
4 4 Volcanic 77.3 22.7 / 7.00 / 11.0 6.60 2.70 6.10 /
= 5  AgriculturalSec  / 720 181 378 / / 11.7 760  5.80 /

6 Anthropogenic ~ 4.90 27.4 52.5 47.0 18.9 33.0 / / 214 20.4

The main sources identified by the model PMF are marine, geogenic, volcanic, agricultural,
anthropogenic, and biomass combustion. In some cases (Citelli and Mt. Soro), and for some ions
(sulfate and ammonium), secondary chemical reactions may have contributed, at least in part, to the
concentration of the same ions in the atmosphere. For the Milazzo site, moreover, a well-defined
industrial contribution has been isolated, connected to the production activities of ceramics and
cement, insistent in the study area. The contribution of other sources, such as long-range transport
and secondary chemical transformation, cannot be excluded for almost all monitoring sites. The
following factor profiles, one for the regional background area of Mt. Soro (Fig. 61), one for the
local background site of Mt. Intraleo (Fig. 62), one for the urban context (Indipendenza — Fig. 63),
one for the industrial area of Priolo Gargallo (Fig. 64), one for the industrial area of Milazzo (Fig.
65) and, finally, one for the volcanic area (Cratere 2001 — Fig. 66), show that: (i) sodium and
chloride were the distinctive ionic species of the marine source; (ii) crustal/geogenic source was
identified by high load of calcium and usually also bicarbonate and magnesium; (iii) fluoride and
sometimes chloride and sulfate were the distinctive ions of the volcanic source; (iv) ammonium was
the marker of emissions related to agricultural activities; (v) potassium was the marker of the
biomass burning; (vi) anthropogenic emissions were characterised by high load of nitrate and sulfate;

(vii) in the Milazzo industrial area, the higher than background concentrations of fluoride have been
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attributed to emissions from the ceramic and cement production industries, thus being able to

discriminate this specific source on a local scale.

Base Factor Profiles - Run 50 Legend: ® % of Species
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Figure 61 - Factor profiles (% of species and concentrations) obtained from the US Environmental
Protection Agency (EPA) PMF model in the Mt. Soro sampling site.
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Base Factor Profiles - Run 29 Legend: ® % of Species
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Figure 62 - Factor profiles (% of species and concentrations) obtained from the US Environmental
Protection Agency (EPA) PMF model in the Mt. Intraleo sampling site.
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Base Factor Profiles - Run 100 Legend: ® 9% of Species
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Figure 63 - Factor profiles (% of species and concentrations) obtained from the US Environmental
Protection Agency (EPA) PMF model in the Indipendenza sampling site.
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Figure 64 - Factor profiles (% of species and concentrations) obtained from the US Environmental
Protection Agency (EPA) PMF model in the Priolo Gargallo sampling site.
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Figure 65 - Factor profiles (% of species and concentrations) obtained from the US Environmental
Protection Agency (EPA) PMF model in the Milazzo sampling site.
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Figure 66 - Factor profiles (% of species and concentrations) obtained from the US Environmental
Protection Agency (EPA) PMF model in Cratere 2001 sampling site.

For sodium and chloride, the main source was sea-salt aerosols in all the coastal sites, i.e.,
Palermo and Catania urban areas and Milazzo and Priolo Gargallo industrial areas. The highest
marine contribution for sodium was estimated for the Priolo Gargallo sampling site (83.2%), while

the lowest was for the Mt. Soro sampling site (35.8%), (Fig. 67). Other sources for sodium were
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agricultural practices, up to 14.9% at Augusta, anthropogenic activities, up to 33.0% at Mt. Soro,
biomass burning, up to 17.9% at Milazzo, geogenic materials, up to 38.7% at Cratere 2001, and
volcanic emissions, up to 23.3% at Zafferana Etnea. The highest marine contribution for chloride
was estimated for the Priolo Gargallo sampling site (84.9%), while the lowest was for the Citelli
sampling site (24.6%), (Fig. 68). Other sources for chloride were agricultural practices, up to 15.5%
at Zafferana Etnea, anthropogenic activities, up to 35.4% at San Giovanni La Punta, biomass
burning, up to 26.1% at Catania, geogenic materials, up to 10.6% at Siracusa, and volcanic

emissions, up to 68.3% at Citelli.

Sodium
= Agricultural == Biomass burning = Marine == Ceramic/Cement
= Anthropogenic == Geogenic = Volcanic == Others
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Figure 67 - Sodium contributes (%) for each main source and each sampling site calculated from the
US Environmental Protection Agency (EPA) PMF model.
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Chloride
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Figure 68 - Chloride contributes (%) for each main source and each sampling site calculated from
the US Environmental Protection Agency (EPA) PMF model.

For magnesium, the main source was sea-salt aerosols in many of the sampling sites, ranging
from 17.7% (Zafferana Etnea) to 67.6% (Augusta). Other sources of magnesium were agricultural
practices, up to 20.0% at Zafferana Etnea, anthropogenic activities, up to 36.0% at San Giovanni La
Punta, biomass burning, up to 16.8% at Siracusa, geogenic materials, up to 54.5% at Cratere 2001,
and volcanic emissions, up to 32.4% at Zafferana Etnea. At the Milazzo sampling site, 1.3% of
magnesium emissions could come from industrial activities related to the production of ceramics and

cement (Fig. 69).
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Magnesium
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Figure 69 - Magnesium contributes (%) for each main source and each sampling site calculated
from the US Environmental Protection Agency (EPA) PMF model.

For potassium, the main source was biomass burning at many of the sampling sites, with
relative contributions up to 73.4% for the Unipa sampling site. No contributions attributable to this
source were estimated for the Mt. Soro, Cratere 2001, and Mt. Intraleo sampling sites. In the first
two sites, the main source of potassium was the geogenic materials (61.4% and 42.4%, respectively).
At the Mt. Intraleo sampling site, the main source was agricultural practices (61.9%). Other sources
for potassium were anthropogenic activities, up to 7.2% at Citelli, sea salt aerosols, with
contributions up to 37.6% at Cratere 2001, and volcanic emissions, up to 41.8% at Zafferana Etnea

(Fig. 70).
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Potassium
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Figure 70 - Potassium contributes (%) for each main source and each sampling site calculated from
the US Environmental Protection Agency (EPA) PMF model.

For ammonium, the main source was related to agricultural practices, for which contributions
between 56.6% (Mt. Intraleo) to 92.0% (Belgio) were estimated (Fig. 71). A relevant anthropogenic
contribution was estimated for the Mt. Intraleo sampling site (32.4%), while geogenic contributions
reached values up to 11.7% and 13.6% at Cratere 2001 and Mt. Soro sampling sites, respectively.
Marine contributions were very low, up to 21.6% at the Catania sampling site, while volcanic

relative contribution was important in the sampling site of Augusta (12.6%).
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Ammonium
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Figure 71 - Ammonium contributes (%) for each main source and each sampling site calculated from
the US Environmental Protection Agency (EPA) PMF model.

For calcium and bicarbonate, the main source was related to the uplift and dispersion of
geogenic materials, with relative contributions between 35.0% (Zafferana Etnea) and 69.5% (Mt.
Soro) for the former and up to 100% (Zafferana Etnea) for the latter. Other sources for calcium were
anthropogenic activities, up to 38.9% at Priolo Gargallo, biomass burning, up to 24.1% at Citelli, sea
salt aerosols, with relative contributions up to 28.3% at Cratere 2001, and volcanic emissions, up to
23.7% at Zafferana Etnea. At the Milazzo sampling site, 4.6% of calcium concentration could come
from industrial activities related to the production of ceramics and cement (Fig. 72). Other sources
for bicarbonate were anthropogenic activities, up to 28.0% at the Archirafi sampling site, volcanic
emissions, up to 50.2% at Cratere 2001, biomass burning, up to 34.3% at Siracusa, and agricultural
activities, with relative contributions up to 32.3% at Cratere 2001. For the Mt. Intraleo sampling site,
other sources, not well recognised, were responsible for 82.6% of the total contribution of
bicarbonate. At the Milazzo sampling site, 3.1% of the bicarbonate concentration could come from

industrial activities related to the production of ceramics and cement (Fig. 73).

203

——
| —



Calcium
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Figure 72 - Calcium contributes (%) for each main source and each sampling site calculated from
the US Environmental Protection Agency (EPA) PMF model.
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Figure 73 - Bicarbonate contributes (%) for each main source and each sampling site calculated
from the US Environmental Protection Agency (EPA) PMF model.

For fluoride, the main source was the volcanic emissions in many of the sampling sites, with
relative contributions up to 90.7% for the Zafferana Etnea sampling site (Fig. 74). No volcanic
contributions were estimated for the Palermo urban area and the Milazzo sampling site, for which the
main sources of fluoride were the industrial activities related to the production of ceramics and

cement. Agricultural activities contributed to 18.4% of the fluoride concentration in the Unipa




sampling site. Anthropogenic contributions were relevant for the Indipendenza (12.5%) and the
Catania (22.3%) sampling sites. Biomass burning was an important source of fluoride in the
Indipendenza (20.2%) and the Cratere 2001 (16.8%) sampling sites. Other sources for fluoride were
geogenic materials, up to 43.9% at Citelli, and sea salt contributions, up to 26.4% at Cratere 2001.
Other sources, not well recognised, were responsible for the emissions of fluoride in the urban area

of Palermo, with a mean relative contribution of 71.5%.
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Figure 74 - Fluoride contributes (%) for each main source and each sampling site calculated from
the US Environmental Protection Agency (EPA) PMF model.

For sulfate and nitrate, the main source was related to the anthropogenic activities, with
relative contributions between 0.4% (Cratere 2001) and 61.3% (Indipendenza) for the former and
between 32.7% (Belgio) and 95.4% (Cratere 2001) for the latter. Other sources for sulfate were sea
salt aerosols, up to 38.4% at Augusta, geogenic materials, up to 47.5% at Mt. Intraleo sampling site,
biomass burning, with relative contributions of up to 44.5% at Citelli, agricultural activities, up to
37.8% at Mt. Soro, and volcanic emissions, with relative contributions up to 67.9% at the Cratere
2001 sampling site (Fig. 75). Other sources for nitrate were biomass burning, up to 35.2% at Belgio,

sea salt aerosols, geogenic materials, with relative contributions up to 29.4% at Mt. Soro, agricultural
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activities, up to 20.7% at Zafferana Etnea, volcanic emissions, up to 19.9% at San Giovanni La
Punta, and sea salt aerosols, with relative contributions up to 19.1% at Augusta. At the Milazzo
sampling site, 6.9% of nitrate concentration could come from industrial activities related to the
production of ceramics and cement. Long-range transport and secondary chemical transformations

could explain the contribution of up to 22.4% of the total nitrate in the Palermo urban area (Fig. 76).

Sulphate
= Agricultural == Biomass burning == Marine == Ceramic/Cement
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Figure 75 - Sulfate contributes (%) for each main source and each sampling site calculated from the
US Environmental Protection Agency (EPA) PMF model.
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Figure 76 - Nitrate contributes (%) for each main source and each sampling site calculated from the
US Environmental Protection Agency (EPA) PMF model.
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In conclusion, the large quantities of Na*, CI- and partly Mg?* found in the coastal sites of
both urban and industrial areas can be attributed to the marine source. The imprint of this source was
also present, albeit attenuated, in the Etna and background sites. Another very influential and
spatially widespread natural source was the geogenic one, to which the concentrations of Ca?",
HCOs™ and, to some extent, Mg?* and K* can be attributed. The last natural source, able to condition
the chemical composition of atmospheric deposition in the Etna sites, in those of the urban area of
Catania, in those of the industrial area of Priolo Gargallo and, occasionally, also in the Mt. Soro
background site, was the volcanic source. Its contribution was observed for all the ionic species
analysed, especially for F, CI, and SOs%. Remarkable was the contribution of anthropogenic
sources, such as biomass combustion, from which derived part of the quantities of K* found in
rainwater, agricultural activities, responsible for the emission of nitrogen species found in rainwater
as NH4", urban emissions (domestic heating, vehicular traffic) and industrial emissions of NOx and
SOx, from which derived part of the NOs™ and SO4> concentrations found in rainwater. At a very
specific industrial activity, the production of ceramics and cement can be attributed the F~ found in
the rainwater in the Milazzo area. It was not possible to discriminate the contribution of other natural
and anthropogenic sources, for which the term “others” was chosen, such as the transport of dust of

Saharan origin and the long-range transport of particulate matter.

5.2.4 Atmospheric deposition fluxes for major ions

Rainwater is an effective means of transport of elements to the earth’s surface. The chemical
flux of major ions (ueq m? d*) can be determined by knowing the concentrations (peq L?), the
exposure time (d) of the collector, and the amount of precipitation (L m). The average deposition
rates of the major ions during the study period were computed for each site using equation (7) in
section 3.6, and the results are shown in Figure 77. Atmospheric deposition values followed the

concentrations of each ion but also depended on the precipitation amounts.
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Figure 77 - Average daily deposition rate (ueq m? d-!) for each site and each ion.

Fluoride depositions were low in all the sampling sites, with average values between 1.12 neq
m?2 d* for the site of Belgio, and 6.53 peq m? d* for the site of Mt. Soro. Exceptions are the sites in
the Etna area, for which average values were two orders of magnitude higher than for the other sites.
Average values decreased with distance from the active craters, highlighting a prevalent volcanic
contribution for this ion to bulk deposition in this area. The deposition rate in the most exposed site
(Cratere 2001) was 681 peq m? d, one order of magnitude higher than the less exposed site of this
area, i.e., Mt. Intraleo, for which an average deposition flux of 15.4 peq m? d was calculated. The
higher average value calculated for the Mt. Soro site compared to the other sites can be explained by
the anomalies in concentrations measured for this ion during the discussed above paroxysmal events
of Mt. Etna.

Similar results were observed for chloride. Not considering the Mt. Etna sites, the highest
average deposition flux was calculated for the site of Priolo Gargallo (1203 peq m? d1), one of the
most exposed to the contribution of sea-salt aerosols. Deposition fluxes decline moving away from

the sea and with increasing altitude, decreasing to an average value of 364 peq m? d* at the Mt. Soro
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sampling site. The sites of San Giovanni La Punta do not follow this rule, indeed, a higher chloride
average deposition value (449 peq m? d?) than at the Catania site (390 peq m? d2), located at a lower
elevation and closer to the coastline, was calculated. As demonstrated above, this site was affected,
at least in part, by the influence of Etna's emissions, also for this ion. The average chloride
deposition fluxes reached values up to 1315 peq m? d* at the Cratere 2001 sampling site. A similar
value was calculated for the Citelli site (1041 pueq m? d*). The marine influence was treasurable for
these sites, therefore the main contribution derived from the dissolution of gaseous volcanic HCI in
rainwater. The lowest average value was calculated for the Mt. Intraleo site (201 peq m? d1), due to
the limited exposure to both marine and volcanic sources.

For sodium the main source was the seawater contribution and the average deposition fluxes
were between 119 peq m? d* (Mt. Intraleo) and 1040 pueq m? d* (Priolo Gargallo). For this ion, the
volcanic contribution was less significant and, therefore, deposition fluxes comparable to those of
other sites less exposed to the marine source have been calculated for the remaining Etna sites.

For sulfate, similar deposition fluxes were calculated for the urban area of Palermo and
Catania, between 94.2 and 132 peq m? d. A common source, i.e., urban emissions of SOx, was
supposed. Higher values were calculated for the two industrial areas, between 225 and 244 peq m? d-
! related to the urban and industrial emissions of SOx. The highest deposition flux was calculated
for the Cratere 2001 site, equal to 2567 peq m? d, the site most exposed to the volcanic emissions of
gaseous SO..

Similar deposition fluxes were calculated for nitrate in the two urban areas, with values
between 46.1 and 67.4 peq m? d1. Slightly high values were calculated for the two industrial areas,
up to 81.7 peq m? d* for the site of Milazzo. Nitrogen oxides urban emissions for the Palermo and
Catania areas, and urban and industrial emissions for the Priolo Gargallo and Milazzo areas, were the

main sources of nitrate in the rainwater. Since volcanic emissions were a negligible source of
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nitrogen oxides into the atmosphere, low values were calculated for the Etna sites, with an average of
46.7 peq m? d*. The highest average value was calculated for the Mt. Soro site, 90.4 peq m? d.

The lowest deposition fluxes for K* were calculated in the two urban areas, with values from
16.5 peq m? d* (Unipa) to 29.1 peq m? d* (Indipendenza). For these areas, the main sources were
geogenic and marine. Probably, for the Indipendenza sampling site, an anthropogenic source may be
hypothesised, considering the low ss-K* fraction (31.9%). A slightly high flux was calculated for the
Mt. Soro background area, equal to 31.9 pueq m? d*; dissolution of geogenic material was the main
source of K* in the area. The highest deposition fluxes for this ion were calculated for the industrial
areas (between 26.6 and 75.2 peq m? dl) and the Mt. Etna area (up to 102 peq m? d¥?).
Anthropogenic, geogenic, and partially marine sources were involved in the two industrial areas,
while a prevalent volcanic origin can be assumed for the Etna area.

Similar results were observed for NH.", for which the lowest deposition fluxes were
calculated in the two urban areas, with values from 27.2 pueq m? d* (Unipa) to 65.6 neq m? d* (San
Giovanni La Punta). A higher flux was calculated for the Mt. Soro background area, equal to 126
peq m? d?l, and for the Citelli sampling site (201 peq m? d?). Anthropogenic sources, i.e.,
agricultural practices, were the main contributors to ammonium in the two urban areas and the
background area.

For Mg?*, the lowest deposition fluxes were calculated for the sites of Mt. Intraleo (73.6 peq
m? d1), Catania (116 peq m? d!) and San Giovanni La Punta (126 peq m? d%). Similar values were
calculated for the remaining study areas, with average values between 143 peq m? d* (Mt. Soro) and
274 peq m? d* (Priolo Gargallo industrial area). Marine and geogenic inputs were involved for this
ion.

Similar results were observed for HCO3™ and Ca?*. The highest deposition fluxes for both ions
were calculated for the study areas most affected by the outcrop of rocks and soils with carbonate

composition. Average values of 425, 355, 242, 209, 168, and 161 peq m? d* were calculated for
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HCOs for the Mt. Soro, Palermo, Milazzo, Priolo Gargallo, Mt. Etna, and Catania study areas,
respectively. For Ca®" average values of 441, 405, 481, 436, 461, and 278 peq m? d* were calculated
for the same areas. The anomalous deposition flux for Ca?* in the Etna area was related to the highest
average value (768 peq m? dl), the maximum calculated in our research, for the Cratere 2001 site.

Probably, this flux was linked to the volcanic ash deposition and dissolution in the rainwater.

5.3 Soluble minor and trace elements in rainwater

5.3.1 Concentrations in blank solutions

Three different blank solutions (R I, R I, and R 111) were prepared as described in section 3.6
“Quality control assurance”. The raw concentrations measured in the various types of blanks, as
reported in paragraph 3.6.1, were strongly influenced by the volume of the solution used to prepare
them. For this reason, the measured concentrations were normalised to the original solution volume
of 0.05 L for R I and 0.30 L for R Il and R I1l. In this way, the weight contribution (ug) of each
minor and trace element was calculated for each type of blank solution.

For all the analysed elements, the lowest median contributions were calculated for the R |
blank solution, except for Se and Mo (R Il for the former and both R Il and R Il blanks for the
latter). The highest median contributions for Li, B, Ti, V, Cr, Mn, Fe, Co, Ni, As, Br, Rb, Sr, Sb, Cs,
and Ba were calculated for the blank solution R 1, while for the remaining elements for the blank
solution R I11. Equal median contributions were calculated for Tl in the blank solutions R Il and R
Il.

Comparison of the median amounts of each element present in each of the blanks with the
median amounts of the same elements present in the rainwater samples revealed that: (i) the relative
contribution of the blank solution R I was less than 1.00% for each element, except for Mo, which
was 2.81%; (ii) the relative contribution of the blank solution R 11 was less than 1.00% for V, As, Se,

Sr, Mo, Cd, and Sb, less than 5.00% for Li, B, Mn, Co, Cu, Rb, Ba, and TI, less than 10.0% for Ni,
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Zn, and U, and greater than 10.0%, up to 18.5%, for Al, Ti, Cr, Fe, Br, Cs, and Pb; (iii) the relative
contribution of the blank solution R 111 was less than 1.00% for Li, B, V, Mn, As, Br, Rb, Sr, Mo,
and Sb, less than 5.00% for Co, Ni, Se, Cs, Cs, Ba, and TI, less than 10.0% for Ti, Cr, Fe, Cu, Zn,
and U, and greater than 10.0% only for Al (17.3%) and Pb (68.7%). These results are shown

graphically in Figure 78.
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Figure 78 - Quantity, in weight (pg), for each minor and trace element, found in the blank solutions
R I, R II, R 1I, and in the rainwater samples.

Based on the findings, it was decided not to subtract the concentrations of the blank solutions
from the concentrations measured in the collected samples. Nevertheless, further investigation will
have to be carried out to clarify the sources of contamination of the blank solutions for some

problematic elements such as Al and Pb.

5.3.2 Comparison between the study areas
To emphasize the differences among the different sites, minor and trace element volume-
weighted mean (VWM) concentrations in the rainwater samples were normalised with respect to
their VWM values in the samples from the background site of Mt. Soro. In Figure 79, the dissolved
constituents were ordered from the most to the least abundant element in the most enriched study

area (Mt. Etna) with respect to the background site.
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Figure 79 - Normalised minor and trace element concentrations for Mt. Etna, Palermo, Catania,
Milazzo, and Priolo Gargallo study areas. The green line is the reference of Mt. Soro.

The greatest enrichments were observed for the Etna study area for most of the elements
analysed, i.e., Ti, Al, Tl, V, Cd, Li, Br, Cs, Mo, Fe, Ba, Co, Cu, Rb, Mn, U, Sn, Se and Pb. For Sb,

Sr, and Zn, the highest enrichments were calculated for the industrial area of Priolo Gargallo, for Cr
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in the urban area of Palermo, and for As in the industrial area of Milazzo. Similar enrichments for
the two urban areas (Palermo and Catania) and the two industrial areas (Milazzo and Priolo
Gargallo) were calculated for B. Going into the specifics for each study area, it was observed that for
all elements, except B and Zn, higher concentrations were measured in rainwater from the Etna area
than from the background site (Mt. Soro). For the Palermo area, the highest enrichments were
calculated for Cr (15.2), Mo (3.6), Fe (3.2), Sb (2.4), Li (2.3), and Br (2.0). Conversely, lower
concentrations were recorded for other elements, specifically Pb, Ni, Cs, Zn, Cd, Sn, Se, Mn, Tl and
Co, compared to the background site. Similar evidence emerged for the urban area of Catania, for
which the highest enrichments were calculated for Cd (3.8), Sb (2.5), Mo (2.4), and V (2.0). In this
case, only for Sn, Ni, Ba, Pb and Co lower concentrations were measured compared to the
background site. For the industrial area of Milazzo, the highest enrichments were calculated for Mo
(4.7), Cr (4.5), V (3.6), Ni (2.4), Br (2.4), Li (2.3), and As (2.0), while lower concentrations were
measured than at the Mt. Soro site for Rb, Se, Cs, Sn, Ti, and Co. Finally, for the industrial area of
Priolo Gargallo, the highest enrichments were calculated for Sb (12), Zn (9.1), Cr (3.3), Br (3.3), V
(2.5), Li (2.5), Ba (2.5), Mo (2.0), and B (2.0), while lower concentrations were measured than at the
Mt. Soro site for Cd, Mn, Sn, Tl, and Co.

From these results, it was possible to draw some preliminary insights into the main sources
contributing to the chemistry of rainwater with the emission of certain elements. It was not surprising
that refractory elements typical of volcanic emissions, i.e., Ti, Al, Tl, and V were highly enriched in
the rainwater of Etna sites. Rainwater samples with low pH values (3.0 < pH < 4.5) were frequent in
the Mt. Etna area and some metals such as Al and Fe became a significant portion of the total
dissolved species, suggesting an efficient dissolution process of the solid phase (volcanic ash and
particulate matter) by acid rainwater. The exceptions were the samples from the Mt. Intraleo site, as
this is located upwind of the preferred direction of dispersion of gaseous and solid products of

volcanic activity. Indeed, these samples had similar concentrations of many minor and trace elements
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compared to the background site of Mt. Soro (not shown). Comparable contents of Sr at all study
areas point to a prevalent geogenic dust origin of this element, likely in the form of resuspended
volcanic ash or soil dust both from local and regional sources. The enrichment observed for Cr, Mo,
Fe, and Sb in the urban and industrial areas reflected the contribution of anthropogenic emissions.
Especially for Sb and Zn, a very important local source must be identified for the Priolo Gargallo
industrial area, considering the concentrations that were even an order of magnitude higher for these
two elements than for the other study areas. The enrichments for Br in all the study areas may be

attributed to the contribution of sea-salt aerosols and volcanic emissions as regards the Mt. Etna area.

5.3.3 Statistical analysis of soluble minor and trace elements

5.3.3.1 Pearson correlation coefficients

The Pearson’s correlation coefficients for each minor and trace element, for each rainwater

sample (n = 301), were calculated, and reported in Table 46.
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Table 46 - Pearson’s correlation coefficients for minor and trace elements in rainwater. Bold values

have p-value < 0.0001.

Li

Al

Ti

\

Cr

Mn

Fe Co

Ni

Cu Zn As

Se

Br

Rb

Sr Mo

Cd

Sn

Sb

Cs

Ba

Tl

Pb

U

B [0.556
0.760
Ti |0.053
0.750
0.005
0.258
-0.004
0.767
0.656
0.665
0.004
0.937
0.819
0.189
0.930
0.940
0.786
0.823
0.143
0.020
0.921
0.406
0.828
0.124

0.563

0.556

0.421

0.512
0.092
0.081
0.060
0.502
0.346
0.543
0.077
0.464
0.460
0.555
0.485
0.650
0.542

0.313
0.224
0.500
0.326
0.432
0.043
0.370

0.760
0.421

-0.036 0.074

0.424
0.000
0.402
-0.002
0.761
0.958
0.566
-0.025
0.784
0.695
0.106
0.759
0.798
0.424
0.887
0.204
-0.016
0.682
0.275
0.596
0.247
0.855

0.053

0.750

-0.029

-0.070

-0.036 0.512

0.074 0.424
0.090
0.090
0.017 0.024
0.574 0.065
0.083 0.016
0.152 0.644
0.063 0.185
0.133 0.675
-0.009
0.117 0.628
0.124 0.849
0.180
0.051 0.863
0.065 0.789
0.008 0.966
0.083 0.657
0.052 0.322
0.004 0.043
0.127 0.803
0.065 0.343
0.101 0.879

0.416 0.037

0.125

0.130

0.005
0.092
0.000
0.017
0.024

0.012
0.897
0.082
0.004
0.061

-0.011

0.007
0.115
0.013
0.006
0.031
0.150
0.003
0.023
0.011
0.061
0.119
0.003
0.080
0.013

0.258
0.081
0.402
0.574
0.065
0.012

-0.017

0.427
0.466
0.304

-0.029

0.413
0.289
0.008
0.229
0.297
0.001
0.437
0.213

-0.015

0.351
0.216
0.307
0.624
0.689

-0.004 0.767

0.060
-0.002
0.083
0.016
0.897
-0.017

0.017
-0.008
0.012
0.008
-0.020
-0.045
0.005
-0.021
0.029
0.132
-0.017
0.050
0.002
-0.005
0.095
-0.024
0.026
0.010

0.502
0.761
0.152
0.644
0.082
0.427
0.017

0.678
0.859

-0.020

0.828
0.888
0.069
0.823
0.805
0.623
0.876
0.341

-0.013

0.835
0.344
0.822
0.324
0.607

0.656
0.346
0.958
0.063
0.185
0.004
0.466
-0.008
0.678

0.460
-0.026
0.731
0.531
0.068
0.597
0.667
0.206
0.787
0.261
-0.017
0.560
0.230
0.429
0.299
0.918

0.665 0.004 0.937

0.543
0.566
0.133
0.675
0.061
0.304
0.012
0.859
0.460

0.051
0.679
0.854
0.111
0.720
0.728
0.643
0.775
0.371
0.072
0.751
0.307
0.815
0.312
0.418

0.077 0.464

-0.025 0.784
-0.029 0.117
-0.009 0.628
-0.011 0.007
-0.029 0.413

0.008 -0.020

-0.020 0.828
-0.026 0.731

0.051 0.679
-0.036

-0.036
-0.049 0.818

0.234 0.094

-0.041 0.875
-0.002 0.878
-0.008 0.649
-0.024 0.858
-0.022 0.247

0.028 -0.002

-0.042 0.928
-0.032 0.365
-0.035 0.827

0.055 0.264

-0.019 0.652

0.819
0.460
0.695
0.124
0.849
0.115
0.289

0.888
0.531
0.854

0.818

0.100
0.926
0.847
0.824
0.885
0.238

0.910
0.348
0.959
0.241
0.443

0.189
0.555
0.106
-0.070
0.180
0.013
0.008

-0.045 0.005

0.069
0.068
0.111

-0.049 0.234

0.094
0.100

0.102
0.234
0.198
0.116
0.021

-0.014 0.162

0.119
0.082
0.133
-0.061
0.134

0.930
0.485
0.759
0.051
0.863
0.006
0.229

-0.021

0.823
0.597
0.720

-0.041

0.875
0.926
0.102

0.925
0.863
0.877
0.097

-0.012

0.923
0.372
0.911
0.116
0.494

0.940 0.786

0.650
0.798
0.065
0.789
0.031
0.297
0.029
0.805
0.667
0.728

0.878
0.847
0.234
0.925

0.803
0.873
0.272
0.123
0.898
0.470
0.842
0.146
0.621

0.542
0.424
0.008
0.966
0.150
0.001
0.132
0.623
0.206
0.643

-0.002 -0.008

0.649
0.824
0.198
0.863
0.803

0.634
0.189
0.041
0.812
0.386
0.851
-0.013
0.139

0.823
0.444
0.887
0.083
0.657
0.003
0.437

0.876
0.787
0.775

0.858
0.885
0.116
0.877
0.873
0.634

0.284

0.845
0.328
0.857
0.305
0.711

0.143
0.313
0.204
0.052
0.322
0.023
0.213

-0.017 0.050

0.341
0.261
0.371

-0.024 -0.022

0.247
0.238
0.021
0.097
0.272
0.189
0.284

-0.017 -0.001

0.311
0.119
0.260
0.297
0.341

0.020
0.224

-0.016

0.004
0.043
0.011

-0.015

0.002

-0.013
-0.017

0.072
0.028

-0.002
-0.014

0.162

-0.012

0.123
0.041

-0.017
-0.001

-0.017

0.551

-0.011
-0.029

0.060

0.921
0.500
0.682
0.127
0.803
0.061
0.351

-0.005

0.835
0.560
0.751

-0.042

0.928
0.910
0.119
0.923
0.898
0.812
0.845
0.311

-0.017

0.496
0.937
0.253
0.500

0.406
0.326
0.275
0.065
0.343
0.119
0.216
0.095
0.344
0.230
0.307

-0.032

0.365
0.348
0.082
0.372
0.470
0.386
0.328
0.119
0.551
0.496

0.354
0.118
0.343

0.828
0.432
0.596
0.101
0.879
0.003
0.307

-0.024

0.822
0.429
0.815

-0.035

0.827
0.959
0.133
0.911
0.842
0.851
0.857
0.260

-0.011

0.937
0.354

0.242
0.378

0.124
0.043
0.247
0.416
0.037
0.080
0.624
0.026
0.324
0.299
0.312
0.055
0.264
0.241
-0.061
0.116
0.146
-0.013
0.305
0.297
-0.029
0.253
0.118
0.242

0.409

0.563
0.370
0.855
0.125
0.130
0.013
0.689
0.010
0.607
0.918
0.418

-0.019

0.652
0.443
0.134
0.494
0.621
0.139
0.711
0.341
0.060
0.500
0.343
0.378
0.409

For Li, the best correlations were with Sr (0.940), As (0.937), Rb (0.930), and Cs (0.921).
Strontium was well correlated with Li and Rb (0.925). Rubidium was correlated, as well as with Li
and Sr, also with Se (0.926), Cs (0.923), and TI (0.911). Arsenic was well correlated with Cs (0.928),
and the latter was well correlated with TI (0.923) and Se (0.910). For Se, the stronger correlations
were with Rb, Cs, and Tl (0.959). Boron was well correlated only with Sr (0.650). Aluminium was
well correlated with Ni (0.985), Cd (0.887), and U (0.855), and nickel was correlated with U (0.918).
Cadmium was well correlated with many trace elements: Al, Se (0.885), Rb (0.877), Co (0.876), Sr
(0.873), As (0.858), Tl (0.857), Cs (0.845), and Li (0.823). For Co, the stronger correlations were
with Se (0.888), Cd, Cu (0.859), Cs (0.835), As (0.828), Rb (0.823), Tl (0.822), and Sr (0.805).
Copper was well correlated with Co, Se (0.854), and Tl (0.815). A good correlation, but not strong,

was found between B and Sr (0.650). The stronger correlation for Ti was with Mn (0.574), and the

latter was well correlated with U (0.689) and Pb (0.624). For V the best correlations were with Mo
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(0.966), Tl (0.879), Rb (0.863), Se (0.849), and Cs (0.803). Strong correlations were found between
Mo and V, Rb (0.863), Tl (0.851), Se (0.824), Cs (0.812), and Sr (0.803). Chromium was correlated
only with iron (0.897). Bromide was well correlated only with B (0.555), and Sb was correlated with
Ba (0.551), but the correlations were not strong. No strong correlations were found between Sn, Zn,

and other elements.

5.3.3.2 Principal Component Analysis (PCA)

Relationships between minor and trace elements may be also estimated through the Principal
Component Analysis (PCA). For each element, when the concentrations were below the detection
limit, values equal to the detection limits (LOD) divided by a factor 2 were considered. It was
decided to make the statistical analysis for each study context, separately.

The KMO (Kaiser-Meyer-Olkin) test returned values of 0.830, 0.830, and 0.756 for the
volcanic area of Mt. Etna, the two urban areas of Palermo and Catania, and the two industrial areas
of Milazzo and Priolo Gargallo. The Bartlett's sphericity test had a significance value of < 0.001,
confirming the applicability of PCA, for each of these datasets. The same analysis of the correlation
matrix applied to the Mt. Soro background area dataset showed that the matrix cannot be definitively
positive and therefore the principal component analysis cannot be applied to this dataset.

The results followed by Varimax rotation to a set of orthogonal axes for a total of 300
rainwater samples are presented in Tables 473, b, and c. Five principal components were selected for
the Mt. Etna area, and the two urban areas, explaining 88.4% and 76.3% of the total variance of the
dataset, respectively. Six principal components were found for the urban and industrial areas,

explaining 75.2% of the total variance.
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Table 47 - The results from Principal Component Analysis (PCA) for Mt. Etna (a), Palermo and
Catania (b), and Milazzo and Priolo Gargallo (c) rainwater samples. Factors loadings greater than
0.700 are in bold.

(a) Variable PC1 PC2 PC3 PC4 PC5
Li 0.834 0.444 -0.004 -0.078 0.028
B 0.749 0.412 -0.080 0.136 0.405
Al 0.494 0.830 0.041 0.010 -0.018
Ti 0.047 -0.108 0.865 -0.018 0.087
\ 0.976 -0.105 0.006 -0.029 0.036
Cr 0.034 0.095 -0.041 0.163 0.885
Mn 0.865 0.482 0.035 -0.060 0.045
Fe 0.063 0.446 0.801 0.139 0.019
Co 0.640 0.747 0.132 -0.003 0.014
Ni 0.714 0.493 0.071 0.334 0.295
Cu 0.267 0.941 0.063 0.050 -0.004
Zn 0.746 0.255 0.062 0.316 0.310
As 0.236 0.123 0.192 0.859 0.061
Se 0.741 0.542 0.090 0.101 0.024
Br 0.915 0.254 0.046 0.195 0.110
Rb 0.847 0.395 0.125 0.199 0.083
Sr 0.924 0.346 -0.037 -0.073 0.054
Mo 0.975 -0.068 -0.078 -0.083 0.048
Cd 0.738 0.606 0.082 0.119 -0.023
Sn 0.017 -0.061 0.089 0.857 0.055
Sb 0.133 -0.137 0.161 -0.055 0.811
Cs 0.893 0.310 0.125 0.141 0.006
Ba 0.636 0.278 0.198 -0.024 0.099
T 0.948 0.157 0.093 0.173 -0.012
Pb 0.009 0.254 0.723 0.357 0.015
U 0.182 0.928 0.274 0.038 -0.011
Variance (%) 58.1 11.4 8.54 5.50 4.82
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(b) Variable PC1 PC2 PC3 PC4 PC5
Li 0.385 0.625 0.182 0.012 0.141
B 0.312 0.652 0.261 0.046 0.489
Al 0.150 0.623 0.150 -0.034 -0.535
Ti 0.398 0.485 0.548 -0.021 -0.352
\Y 0.352 0.842 0.166 0.192 -0.059
Cr -0.016 -0.031 0.011 0.987 -0.004

Mn 0.545 0.392 0.613 0.020 -0.190
Fe 0.019 0.013 0.098 0.969 -0.075
Co 0.435 0.371 0.712 0.164 -0.162
Ni 0.460 0.206 0.626 0.268 0.180
Cu 0.695 0.522 0.400 0.034 -0.037
Zn 0.885 0.063 0.308 0.000 0.134
As 0.602 0.708 0.075 0.101 0.082
Se 0.422 0.636 -0.023 0.024 -0.391
Br 0.062 0.090 -0.076 -0.080 0.723
Rb 0.542 0.573 0.150 0.026 0.055
Sr 0.186 0.855 0.233 0.065 0.095
Mo 0.141 0.510 0.100 0.775 -0.073
Cd 0.847 0.059 0.258 0.042 -0.015
Sn 0.150 0.224 0.635 0.092 0.086
Sh 0.629 0.381 0.165 0.018 0.260
Cs 0.770 0.226 -0.044 -0.024 0.105
Ba -0.036 0.418 0.090 0.301 0.130
Tl 0.873 0.354 0.056 0.051 -0.144
Pb -0.086 -0.015 0.789 -0.030 -0.087
U 0.114 0.885 0.150 0.024 -0.060
Variance (%) 45.2 10.4 7.90 6.97 5.76
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(c) Variable PC1 PC2 PC3 PC4 PC5 PC6
Li 0.935 0.039 -0.012 0.261 0.025 0.108
B 0.879 -0.054 -0.041 -0.019 0.049 0.341
Al 0.334 0.865 0.137 -0.055 0.037 0.035
Ti 0.038 0.956 0.069 -0.004 -0.033 -0.063
\/ 0.815 0.141 0.004 -0.115 0.079 0.341
Cr 0.395 -0.059 0.402 -0.339 -0.034 0.216
Mn 0.032 0.318 0.821 0.138 0.008 -0.090
Fe 0.063 0.908 0.249 0.008 -0.067 0.065
Co 0.112 0.144 0.894 0.143 -0.059 0.057
Ni 0.788 -0.019 0.048 0.093 0.031 0.004
Cu 0.571 0.138 0.409 0.405 0.153 0.308
Zn 0.093 -0.118 0.066 0.833 -0.043 -0.020
As 0.865 0.051 0.122 0.018 0.103 0.220
Se 0.849 0.334 0.188 0.162 0.058 -0.033
Br 0.655 -0.160 -0.311 0.212 -0.100 0.050
Rb 0.712 0.127 0.362 0.087 0.077 0.407
Sr 0.702 0.087 0.131 -0.105 0.549 0.090
Mo 0.936 0.042 0.122 -0.035 0.068 0.067
Cd 0.629 0.054 0.169 0.674 0.018 0.076
Sn 0.350 0.072 0.170 0.071 0.064 0.783
Sb 0.155 -0.024 -0.094 0.026 0.904 0.162
Cs 0.295 -0.022 -0.146 0.241 0.076 0.793
Ba 0.047 -0.011 0.025 -0.068 0.934 -0.043
Tl 0.686 0.182 0.323 0.279 0.061 0.110
Pb 0.039 0.036 0.068 0.649 -0.089 0.161
U 0.877 0.195 0.012 -0.082 0.100 0.137
Variance (%) 40.4 12.4 8.60 542 4.63 3.77

For the Mt. Etna volcanic area, the PC1 accounts for 58.1% of the total variance and has high
loadings (> 0.900) for V, Mo, TI, Sr, Br, Cs, Mn, Rb, and Li. The volcanic source was responsible
for the emissions of TI, and partially Br. Bromide and Cs could arise from the marine source.
Vanadium, Sr, Mn, and Li are usually derived from the dissolution of soil and resuspended mineral
particles (Guerzoni et al., 1999; Loya-Gonzalez et al., 2020). Anthropogenic activities, such as
agricultural practices, may be responsible for the emissions of Mo and Rb (Nunziata, 2023). The
PC2 accounts for 11.4% of the total variance and has high loadings for Cu, U, Al, and Co, probably

associated with anthropogenic emissions (Amodio et al., 2014; Moreda-Pifieiro et al., 2017). For Cu,
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volcanic emissions might have contributed (Calabrese et al., 2011). The PC3 accounts for 8.54% of
the total variance and has high loadings for Ti, Fe, and Pb. Volcanic emissions for Ti and Fe
(Calabrese et al., 2011), and vehicular emissions for both Fe and Pb (Amodio et al., 2014; Moreda-
Pifeiro et al., 2017; Loya-Gonzalez et al., 2020) could be considered. Arsenic and Sn were loaded in
PC4, which accounts for 5.50% of the total variance, while Cr and Sb were loaded in PC5 (4.82% of
the total variance). These elements were related to the long-range transport of atmospheric particles
emitted by anthropogenic sources.

For the two urban areas, the first component (PC1), which is associated with Zn, Cd, Tl, and
Cs, explains 45.2% of the total variance. Vehicular emissions were the main source of Zn (tyre wear
emissions) and Cd in both the urban areas (Dongarra et al., 2007; Varrica & Alaimo, 2023), while TI
and Cs derived from Mt. Etna’s volcanic emissions, able to influence the chemical composition of
rainwater in the urban area of Catania as well. The second component (PC2) explained 10.4% of the
total variance and was associated with crustal elements like Al, V, and Sr. The PC3 accounts for
7.90% of the dataset variance and has high loadings for Pb and Co, both derived from anthropogenic
sources, such as vehicular emissions (Amodio et al., 2014; Moreda-Pifieiro et al., 2017). The PC4
accounts for 6.97% of the total variance and has high loadings for Cr, Fe, and Mo. For the first two
elements, a crustal origin could be assumed, although Fe can also derive from brake wear emissions
(Amato et al., 2024), while Mo could result from vehicular emissions. In the PC5 only Br was loaded
with a high loading (0.723) and this component is connected to the marine source.

For the two industrial areas, the first component (PC1), which is associated with Mo, Li, B,
U, As, Se, V, Ni, Rb, and Sr, explains 40.4% of the total variance. The PC2 accounts for 12.4% of
the dataset variance and has high loadings of crustal elements, i.e., Ti, Fe, and Al. The PC3 accounts
for 8.60% of the total variance and has high loadings of Mn and Co, both associated with
anthropogenic emissions, such as metallurgical industry emissions (Amodio et al., 2014; Loya-

Gonzalez et al., 2020). Zinc was loaded in PC4, which accounts for 5.42% of the total dataset
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variance (tyre wear emissions). The fifth component (PC5), which is associated with Ba and Sb,
explains 4.63% of the total variance. These elements were probably derived from urban vehicular
emissions, especially form brake wear. Caesium and Sn were loaded in PC6 (3.77% of the total

variance).

5.3.4 Atmospheric deposition fluxes for minor and trace elements
Atmospheric deposition fluxes (ug m?2 d?) were calculated by using equation (7). The
median values for each minor and trace element and each sampling site are reported in Table 48 and
Figure 80. In the latter, the elements are in decreasing order based on the median flux at the Cratere

2001 site.

Table 48 - Median bulk atmospheric deposition fluxes (ug m d-) for minor and trace elements.

Li B Al Ti \ Cr Mn Fe Co Ni Cu Zn As

ug m2d? ug m2d? ug m2d?t ug m2d? ug m2d? ug m2d?t ug m2 gt ug m2d? ug m2d? ug m2dt ug m2d?t ug m2d? ug m2d?t
CES 0.270 12.6 17.0 0.490 0.910 0.167 7.79 16.5 0.130 0.544 4.76 12.8 0.204
ARC 0.256 9.30 19.5 0.198 0.588 0.130 0.922 4.71 0.0235 0.216 2.74 8.66 0.163
UNI 0.241 11.4 12.3 0.146 0.637 0.151 1.64 2.85 0.0295 0.238 2.57 8.68 0.173
IND 0.264 12.6 11.2 0.362 0.604 0.164 0.846 6.19 0.0355 0.276 4.24 7.38 0.195
BEL 0.255 14.4 8.42 0.122 0.709 0.235 3.36 3.38 0.0370 0.510 4.12 13.4 0.172
SIR 0.229 10.1 15.9 0.220 1.39 0.204 0.967 4.62 0.0225 0.774 3.76 24.3 0.244
AUG 0.354 13.6 4.79 0.111 0.840 0.0694 5.77 2.96 0.113 0.566 5.54 219 0.165
PRI 0.188 10.5 13.5 0.159 0.976 0.123 0.487 3.82 0.0163 0.436 2.99 9.91 0.157
GAB 0.361 17.9 17.6 0.256 1.97 0.296 10.8 9.15 0.162 1.69 4.87 23.8 0.419
CIT 0.503 5.32 621 2.32 2.24 0.300 37.5 67.5 0.463 0.844 25.9 29.5 0.618
ZAF 0.255 9.06 101 0.966 1.24 0.170 16.6 15.9 0.293 0.480 7.32 20.6 0.380
CRT 0.715 8.24 674 1.08 3.16 0.224 54.6 32.7 0.698 0.817 21.4 32.6 0.732
INT 0.175 5.38 18.4 0.313 0.431 0.115 4.95 9.16 0.0871 0.332 4.74 12.6 0.139
CAT 0.181 8.48 15.7 0.200 0.651 0.107 2.58 6.01 0.0433 0.451 3.25 17.0 0.164
GLP 0.167 6.99 20.3 0.251 1.04 0.146 1.35 6.65 0.0223 0.286 3.47 12.8 0.228

Se Br Rb Sr Mo Cd Sn Sb Cs Ba Tl Pb U

ug m2d? ug m2d? ug m2d? ug m2 gt ug m2 gt ug midt ug m2dt ug m2d? ug m2d? ug m2d? ug m2 gt ug m2 gt ug midt
CES 0.462 43.8 0.819 31.7 0.0993 0.0717 0.0924 0.278 0.00908 13.2 0.0201 0.121 0.0118
ARC 0.261 32.0 0.613 24.0 0.108 0.0184 0.0137 0.272 0.00669 10.0 0.0104 0.0487  0.00606
UNI 0.247 47.3 0.519 20.7 0.0892 0.0264  0.00399 0.257 0.00750 9.91 0.0131 0.0428  0.00467
IND 0.236 46.2 0.827 26.2 0.168 0.0253 0.0120 0.339 0.00843 12.7 0.0107 0.0445  0.00559
BEL 0.363 41.6 0.593 26.5 0.167 0.0231  0.00868 0.538 0.00325 12.0 0.00898  0.0310  0.00489
SIR 0.341 27.0 0.649 30.3 0.131 0.0308 0.0195 0.495 0.00763 10.6 0.0189 0.0508  0.00708
AUG 0.295 58.0 0.615 29.7 0.0968 0.0489  0.00395 0.182 0.00695 8.65 0.0209 0.191 0.00435
PRI 0.378 24.4 0.553 33.8 0.119 0.0213 0.0221 0.360 0.00577 9.77 0.0102 0.111 0.00588
GAB 0.605 65.6 0.854 49.8 0.383 0.0806 0.0252 0.346 0.00733 19.0 0.0314 0.224 0.0109
CIT 1.51 48.1 5.81 31.6 0.165 0.554 0.0404 0.269 0.0390 16.9 0.669 0.998 0.0391
ZAF 1.20 32.7 1.60 28.5 0.164 0.162 0.0640 0.301 0.0321 10.2 0.169 0.163 0.00911
CRT 2.83 39.4 6.26 71.9 0.261 0.516 0.0886 0.146 0.0691 21.2 0.679 0.279 0.0315
INT 0.268 13.3 0.487 13.2 0.0515 0.0543 0.0202 0.242 0.00769 6.64 0.0241 0.0970  0.00622
CAT 0.279 22.1 0.923 20.0 0.106 0.0441 0.0118 0.335 0.00627 9.29 0.0238 0.0310  0.00616
GLP 0.408 17.0 0.911 24.1 0.142 0.0325  0.00726 0.382 0.00432 7.94 0.0194 0.0411  0.00732
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Figure 80 - Median atmospheric deposition fluxes (ug m d*) for each sampling site.

Significantly different levels were found in the atmospheric bulk deposition of the studied
territories during the sampling periods. Trace element deposition values varied within one or two
orders of magnitudes, especially for Al, Ti, Mn, Fe, Cd, and Pb, in all the sampling sites.

Different values were not only observed between sampling periods but also between
monitoring sites. For the background area of Monte Soro, the urban area of Palermo, the industrial
area of Milazzo, the Siracusa, the Priolo Gargallo, and the Catania sampling sites, the highest median
deposition rates were calculated for Br and Sr. For the former, the marine contribution was prevalent,
while for Sr crustal, marine, and volcanic sources could be considered, except for the Palermo urban
area and the Milazzo industrial area where the volcanic contributions were not significant. At the
Augusta sampling site, the highest median fluxes were calculated for Zn, Br, and Sr. Anthropogenic
emissions, such as vehicular transport and metallurgic industry emissions could be responsible for
the high Zn fluxes at this site. Very different results were observed for sites in the Etna area. At all
sites, the element for which the highest median depositions were calculated was Al. In second place

was Br at the Zafferana and Mt. Intraleo sites, Fe at the Citelli site, and Sr at the Cratere 2001 site.
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These results can be explained by calling into question the role of the acidity of rainwater in
solubilising certain poorly soluble elements such as Al and Fe. The rainwater from these monitoring
sites, with the partial exception of the Mt. Intraleo site, had lower average pH values than those from
the other study areas. The reason for this is to be found in the interaction of rainwater with acid gases
of volcanic origin such as SO., HCI, HF, and HBr emitted in large quantities from the summit
craters. The volcanic source's contribution to the enrichment of rainwater in many trace elements,
such as Al, Fe, Mn, Cu, Ti, Co, Tl, Cd, Sn, Cs, and U, was very impactful but cannot explain alone
the observed differences in atmospheric deposition values between monitoring sites. Therefore, it
was not surprising that for many of the investigated elements, i.e., Al, Sr, Mn, Zn, Ba, Rb, V, Se, As,
Li, Co, Tl, Sn, Cs, U the highest deposition rates were calculated in the Cratere 2001 sampling site,
while for Fe, Cu, Ti, Tl, Cd, and Pb, the highest fluxes were obtained for the Citelli rainwater
samples.

In the industrial area of Milazzo, the highest deposition fluxes of Br, B, Ni, Mo, and Cr were
found. The first two elements were from marine source, while Ni, Mo, and Cr were derived from
domestic heating plants, vehicular emissions and, according to Brugnone et al. (2023b), also from
the emissions of the industrial hub, especially those related to the activities of the steel plant. For Ni,
an important contribution could come from the nearby San Filippo del Mela power plant, located
about 4 km east of the monitoring site, which burns fuel oil to produce electricity, a recognised
source for this element (Loya-Gonzalez et al., 2020). During 2019, from the industrial hub of
Milazzo, emission fluxes equal to 586 kg yr! and 188 kg yr! were reported by the regional
environmental protection agency (Agenzia Regionale per la Protezione dell’Ambiente — ARPA) for
Ni and Cr, respectively (Abita & Basirico, 2023). Finally, in the urban area of Palermo, specifically
in the Belgio sampling site, the highest flux of Sb was calculated. A widely recognised source for
this element in urban areas is the wear of vehicle brakes, and this monitoring site was located near

one of the busiest crossroads of the city. The elements for which the lowest median depositions were
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calculated were TI, Sn, Cs, and U, at all monitoring sites. The exceptions were the Etnean sites of
Citelli, Zafferana Etnea and Cratere 2001 where, due to the influence of the volcanic source, which

was also responsible for the emission of this element, the fluxes were found to be higher.

5.4 Insoluble constituents in bulk atmospheric depositions

The concentration of seventeen minor and trace elements was measured in 300 solutions
derived from the microwave-assisted mineralisation of the atmospheric deposition insoluble fraction.
Therefore, the chemical composition of insoluble atmospheric particulate matter in rainwater, which

also contributes to the total content of the bulk atmospheric deposition, was characterised.

5.4.1 Concentration of minor and trace elements in blank samples

Four different blank solutions (M I, M Il, M I1l, and M V) were prepared as described in
section 3.6. Considering all the samples and the median values of each element analysed, it could be
observed that the concentrations in the blank solutions were always much lower than the

concentrations in the samples (Fig. 81).
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Figure 81 - Raw minor and trace element concentrations (ug L) in blank solutions M I, M 11, M 11l,
M IV and in the insoluble fraction solutions.
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For Li, B, Al, V, Mn, Fe, Co, Ba, and Pb, the concentration measured in the various blanks
always corresponded to less than 1% of that measured in the samples. For Ti, Cu, As, and Sr this was
always less than 5%, while it was always less than 10% for Cr and Ni. The only elements for which
the contamination of the blanks was more significant were Mo and Zn. In the M I11 blank solution, a
median concentration of Mo corresponding to ~ 17% of that measured in the samples under
investigation was measured, while in the M IV blank solution, a median concentration of Zn
corresponding to ~ 13% of that measured in the samples was measured. Since the contribution of
blank solutions was almost always negligible for all the elements analysed, it was decided not to

subtract the concentrations of the blanks from those of the samples.

5.4.2 Concentration of minor and trace elements in the insoluble

fraction

The measured concentrations were used to calculate the volume-normalised concentrations of
minor and trace elements in the insoluble fraction. The normalised concentrations for each element,
divided into the four contexts studied (volcanic, urban, industrial, and background) are illustrated in

Figure 82.
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Figure 82 - Volume normalised concentrations (ug L) for Li, B, Al, Ti, V, Cr (a), Mn, Fe, Co, Ni,
Cu, Zn (b), and As, Sr, Mo, Ba, Pb (c) in the insoluble fraction solutions from the different studied
contexts.

The elements for which the highest concentrations were measured were Al and Fe, with
values up to 100 mg L and 79.4 mg L%, respectively. In contrast, the least concentrated elements
were As and Mo, for which concentrations of up to 20.1 pg L™ and 4.25 pg L™ were measured. For
almost all monitoring sites, the order of abundance of the elements analysed was as follows: Al > Fe
>Ti>Mn>Sr>Ba>Cu>2Zn>V >B>Cr>Li>Pb>Ni>Co>As>Mo.

Considering each sampling site, for all elements analysed, the highest median concentrations

were measured at the Cratere 2001 site, and the lowest at the Archirafi sampling site. The exceptions
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were Zn and Pb, for which the highest median concentrations of 34.6 ug L™ and 1.87 pg L™ were
recorded at the Siracusa site, and Zn, Cu, Ba, and Pb, for which the lowest median concentrations,
equal to 2.08 pug L, 0.908 pg L2, 1.26 pg L2, and 0.252 pg L, respectively, were measured in the
Zafferana Etnea (for the first two elements) and Mt. Soro sampling sites (for the remaining
elements).

Considering the median values for the four contexts studied, it can be observed that the
highest concentrations for Li (0.720 pg L), Al (1389 pug L), Ti (81.1 pug L), V (3.18 pug L), Mn
(16.9 pug L), Fe (1138 pg L), Co (0.430 pg LY, Cu (6.37 pg L), Sr (11.8 pg L™?), and Ba (7.52
ug L), were measured in the volcanic area, while for B (1.26 pg L), Cr (1.77 pg L), Ni (1.10 g
LY, Zn (21.1 pg L), As (0.265 pg L), Mo (0.0740 pg L), and Pb (1.19 pg L), in the industrial
areas. The lowest median concentrations were always measured in the background site of Mt. Soro.

The scientific evidence produced showed that the elements that concentrate in the solid phase
during the interaction between atmospheric particulate matter and rainwater were mainly poorly
soluble elements such as Fe, Al, Ti, Mn, and Sr. The differences in the concentrations of these
elements in the samples collected in different natural and anthropogenic contexts could be attributed
to the variety of sources insisting in different areas and, therefore, to the different chemical and/or
mineralogical composition of the atmospheric particulate matter emitted. The contributions of the
volcanic source and the anthropogenic source, both urban and industrial, were evidenced by the
concentrations measured in the samples from the different study areas. In the volcanic area,
atmospheric particulate matter consisted mainly of volcanic ash emitted in large quantities,
especially during the paroxysmal events that characterised Mt. Etna’s activity between 2021 and
2022. This particulate matter was particularly rich in elements such as Al, Fe, and Ti, which were
only partially soluble at the pH of rainwater and therefore concentrated in the residual solid material.
Industrial activities could be responsible for the emission of atmospheric particulate matter rich in

elements, including heavy metals, such as Zn, Cr, Ni, and Pb. At the Mt. Intraleo site, not exposed to
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the fallout of volcanic eruption products, and Mt. Soro, an area recognised as a local-scale
background, lower concentrations were measured than at the other monitoring sites. Finally,

intermediate concentrations were recorded in samples from the urban areas of Palermo and Catania.

5.4.3 Deposition fluxes of minor and trace elements of the insoluble

fraction

Atmospheric deposition fluxes (ug m2 d?) were calculated by using equation (7). The
median values for each minor and trace element and each sampling site are reported in Table 49 and
Figure 83. In the latter, the elements are ordered from the one with the highest to the lowest median

flux at the Cratere 2001 site.

Table 49 - Median bulk atmospheric deposition fluxes (ug m2 d) for minor and trace elements in
the insoluble fraction solutions.

Li B Al Ti \" Cr Mn Fe Co Ni Cu Zn As Sr Mo Ba Pb
ug m2dt ug m2dt ug m2dt ug m2dt ugmz q4t ug m2dt ug m2dt ug m2dt ug m2dt ug m2dt ug m2dt ug m2dt ug md? ug m2d?t ug m2dt ug m2dt ug m2dt
CES 0.305 0.844 517 143 0.830 1.288 7.45 414 0.158 0.500 2.07 6.94 0.126 1.34 0.0362 2.70 0.443
ARC 0.186 0.433 209 6.62 0.485 0.901 4.21 225 0.0951  0.290 1.66 7.02 0.0515 0.789  0.0195 2.06 0.767
UNI 0.424  0.710 511 10.7 0.970 1.06 6.33 471 0.182  0.520 2.53 7.01 0.105 0.895  0.0272 3.38 0.640
IND 0.372 1.22 454 13.2 0.935 2.12 8.28 476 0.252 0.708 5.08 12.0 0.165 1.53 0.0649 4.24 1.29
BEL 0.241  0.595 260 6.28 0.585 138 4.20 294 0.111  0.395 3.13 7.16 00720 0.731 0.0664  2.25 0.724
SIR 0.676 1.90 1002 40.5 3.07 2.68 15.4 1127 0.500 2.05 4.55 21.7 0.426 4.99 0.0786 7.13 1.65
AUG 0.813 191 1206 51.9 3.24 237 16.9 1173 0.493 138 4.92 33.1 0.350 7.88 0.134 8.92 175
PRI 0.690 1.39 931 33.7 2.24 1.61 11.0 949 0.435 1.28 4.37 12.5 0.369 2.88 0.0684 6.70 1.39
GAB 0.442 1.48 498 16.9 1.92 2.66 8.50 597 0.207 1.07 3.13 6.78 0.249 1.76 0.178 4.48 1.30
CIT 0.956 1.87 2217 157 5.34 1.10 249 1812 0.741 0.799 6.63 6.66 0.266 17.2 0.108 10.7 0.940
ZAF 0.436 0.714 884 61.2 3.38 0.917 13.8 872 0.348 0.569 3.87 5.13 0.144 5.82 0.0989 6.91 0.664
CRT 2.49 4.74 6203 400 16.4 2.36 73.8 5590 1.80 1.57 22.8 13.7 1.10 56.1 0.180 339 2.42
INT 0.450 0.776 571 18.2 1.17 0.846 6.68 526 0.184 0.447 2.85 6.25 0.131 2.25 0.0326 3.03 0.536
CAT 0.629 127 962 53.2 2.25 1.30 13.7 907 0375 0712 4.89 10.1 0.149 6.29 0.0670  7.32 133
GLP 1.53 2.73 2869 157 6.75 2.68 39.6 2860 1.08 1.40 10.1 24.9 0.389 17.1 0.157 18.6 2.25
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Figure 83 - Median atmospheric deposition fluxes (ug m d-*) for minor and trace elements in the
insoluble fraction solutions.

Significantly different levels, up to two orders of magnitudes, were found in the atmospheric
bulk deposition of the studied territories during the sampling periods. Different values were not only
observed between sampling periods but also between monitoring sites. At all monitoring sites, the
highest deposition fluxes were calculated for Al and Fe, the most insoluble of the analysed elements.
Instead, the lowest fluxes were calculated for the most soluble elements, i.e., As and Mo. For almost
all the elements analysed, except Cr, Ni, and Zn, the highest depositions were calculated for the
Cratere 2001 site. The other two sites for which the highest deposition values were calculated were
Citelli and San Giovanni La Punta. These were the sites most affected by volcanic ash deposition
during Etna's 2021-2022 paroxysm sequence. Thus, the products of volcanic activity may constitute
a non-negligible fraction of atmospheric deposition, contributing a large suite of minor and trace
elements. For some elements, Zn, Ni, and Cr, the contribution of volcanic activity was negligible
compared to the contribution of industrial emissions; this explains why the highest fluxes for these

elements were calculated in the Priolo Gargallo industrial area.
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5.4.4 Comparison between soluble and insoluble fractions

Comparison of the concentrations of minor and trace elements measured in the rainwater and
those of the same elements measured in the insoluble solid fraction showed great differences. Based
on these, the elements analysed were sorted in order of relative solubility (Fig. 84). The greatest
differences were observed for Fe, Ti, Al, and Pb for which 129, 112, ~ 44, and ~ 13 times higher
concentrations were measured in the solid insoluble fraction instead of the liquid fraction. Therefore,
these elements, during the rainwater-atmospheric particulate interaction process tend to go into
solution only partially and concentrate, in contrast, in the solid phase. Other elements, i.e., Ni, Cu,
As, and Zn showed similar concentrations between the two different aliquots and, therefore, tend to
distribute evenly between the solid and liquid phases. Finally, for Ba, Mo, Sr, and B higher
concentrations were measured in the soluble fraction instead of the insoluble one, highlighting the
high solubility of these elements, which were concentrated in rainwater and depleted in the residual

solid phase.
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Figure 84 - Concentrations (ug L) of minor and trace elements in the insoluble and in the soluble
fraction solutions. The elements were sorted according to the difference between the two aliquots
analysed.
The relative contribution (%) of each of the two phases to the total concentration of each

element is shown in Figure 85. For the less soluble elements, i.e., Fe, Ti, Al, and Pb, the insoluble

fraction constituted 99.2%, 99.1%, 97.8%, and 92.7% of the total concentration, respectively. For the
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more soluble elements, i.e., Mo, Sr, and B, the contribution of the insoluble fraction was only 36.5%,
15.1%, and 13.7% of the total concentrations. A distribution close to 50-50% between the two

fractions was observed for the remaining elements.
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Figure 85 - Relative contributions (%) of minor and trace elements in the insoluble and the soluble
fractions.

These ratios were not the same for all monitoring sites. Indeed, it was observed that at Etna
sites, such as Cratere 2001 and Citelli, the ratio between the concentration in the soluble fraction and
that in the insoluble fraction was higher than at the other monitoring sites. For example, for
aluminium, a relative contribution of the soluble fraction of 11.2% and 25.8% was calculated for
these two sites, in contrast to the other sites, where an average contribution of 2.37% was calculated.
Similar results were observed for Fe, for which a higher relative contribution of the soluble fraction
(3.31%) was calculated for the Citelli site than the average of the other monitoring sites (1.01%). The
various mineralogical phases in the particulate matter are solubilised in an acid solution, like natural
rainwater (pH = 5.6), to varying degrees. It has been shown experimentally (Wieland & Stumm,
1992; Guerzoni et al., 1999) that the degree of dissolution of both iron and aluminium silicates, such

as Kaolinite, is strongly dependent not only on the temperature and acidity conditions of the solution
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but also on the abundance of particulate reacting with the solution. Factors controlling Fe and Al
solubilities include the differences in the Fe and Al soluble fractions among emission sources (e.g.,
mineral dust versus anthropogenic aerosol) and atmospheric processes of Fe-Al-bearing particles
(Mahowald et al., 2018; Ito et al., 2021). In addition, numerous studies revealed that the factors have
size dependencies because fine aerosol particles yield higher soluble fractions of Fe and Al than
coarse aerosol particles (Baker et al., 2020; Kurisu et al., 2021; Sakata et al., 2023). The particle size
of Fe-Al-containing particles and the mineralogical phases in which iron and aluminium were found
in atmospheric deposition in the study areas will be the subject of future studies. Finally, iron in
spherical fly ash particles is almost insoluble in water, even when co-existing with sulfate.
Dissolution and oxidation of Fe in spherical fly ash are blocked by the small surface of the sphere
and the structure of Fe dispersion in other insoluble aluminosilicates (Ueda et al., 2023).

The results showed that the measurement of the concentration of some poorly soluble
elements in rainwater can be of fundamental importance in qualitative and quantitative studies of
atmospheric deposition. If the contribution of the solid fraction is not considered, significant
underestimates in the calculation of total atmospheric deposition of minor and trace elements occur.
It is crucial to identify the two contributions of deposition to estimate their absolute amounts and
understand the mobility of the elements. The more soluble the species, the easier it is for them to be
transferred to the plants and animals in the region. Thus, these analyses play a significant role in

modelling the movement of elements in the environment and their potential impact on human health.

5.5 Bulk depositions comparison with previous research

Numerous researchers have been interested in characterising the chemical composition of
bulk atmospheric deposition, to assess the state of environmental pollution of the atmosphere in
terms of concentration and transport of trace elements, particularly heavy elements. Fernandez-Olmo

et al., in 2015, carried out a comparison of the composition of bulk atmospheric deposition in Spain
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with results reported by various authors for other sites worldwide, dividing them into four different
categories according to the environmental characteristics of the sites: urban, industrial, rural, and
volcanic. In all these works, the techniques foreseen by the norms UNI EN 14902:2005 and EN
15841:2009 were used regarding the collection of samples to measure the concentration of trace
elements in both the soluble (rainwater) and insoluble fractions (mineralisation of the solid material
retained by the membrane filter). Therefore, the results reported by all these authors are comparable
with those produced during this PhD project, excluding the contribution of the rinse solutions. To the
results reported in this work (Fernandez-Olmo et al., 2015) the following data were added:
deposition at a rural site in Cuba (Morera-Gomez et al., 2019) and the results of previous research on
atmospheric deposition on Mount Etna (Calabrese et al., 2011). Overall, the mean daily bulk
depositions (ug m? d*) of 19 urban, 5 industrial, 12 rural, and 5 volcanic sites were compared with
the results of this PhD research (Fig. 86a, b, ¢, and d). The elements considered were As, Cu, Cr, Ti,
Mn, Ni, Pb, V, Mo, and Zn. The number of samples in which depositions were calculated for each

context is shown in the same figure.
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Figure 86 - Comparison of the mean bulk atmospheric depositions (ug m2 d1) calculated for the
samples in this PhD research with values reported by various authors at other urban (a), industrial
(b), rural (c), and volcanic (d) sites. The values from previous research are represented by boxes and
whiskers. The two whiskers represent the minimum and maximum values, the box encloses the first
quartile, the median, and the third quartile. The number of values used for each box is indicated. The
values of this research are represented by the rhombuses.

For urban sites, generally lower atmospheric deposition values were calculated in this
research than for the other compared sites. For Pb deposition values up to two orders of magnitude
lower were calculated for samples from the urban areas of Palermo and Catania. Lower values, -
255% on a median basis, were also calculated for Mn. Smaller differences, between -17% (Mo) and -
91% (Cr), were observed for the other elements. The only element for which higher atmospheric
deposition values were calculated than for the comparison sites was Ti (+49%). Similar results were
observed in the industrial context. The only element for which higher deposition fluxes were
calculated in the Sicilian samples than those of the other industrial areas considered in the
comparison was Ti (+63% on a median basis). A roughly equal median value was calculated for V (-
12%). For all other elements, much lower atmospheric deposition values than for the comparison

sites were calculated for the Sicilian samples, with differences even of one or two orders of
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magnitude, as in the case of Pb (-1947%). For the rural area of Mt. Soro, atmospheric deposition
values greater than the median of the rural areas taken as reference were calculated for all elements,
with differences ranging from +36% (Zn) to +73% (Ti). Exceptions were only Mo (-28%) and again
Pb (-128%). Finally, as regards the Etna sites, median values of atmospheric deposition almost equal
to those calculated by Calabrese et al., 2011 were calculated for Pb (-2%) and As (+8%). For all
other elements, higher deposition fluxes were calculated than in the previous research, with
differences ranging from +32% (Zn) to +99% (Ti).

The previous data used for comparison were from studies conducted between 1999 and 2013,
except for values from Morera-Gomez et al. (2019) relating to samples acquired between 2014 and
2016. This comparison has to consider that, in line with the EU’s commitments under the Air
Convention (UNECE, Air, 2021; UNECE, Protocol on heavy metals, 2021), specific legislation led
to reductions in emissions of heavy metals across Europe from 1990 levels. Between 1990 and 2021,
As, Cr, Ni, Pb, and Zn emissions decreased by 90%, 69%, 79%, 95%, and 48%, respectively. The
only element for which emissions have remained more or less constant over this period is Cu (+4%).
Between 2016 and 2021, emissions have continued to decline, with As, Cu, Cr, Ni, and Pb,
emissions decreasing by 18%, 4%, 8%, 14%, and 5% across the EU-27 Member States. In the same
period, Zn emissions had increased by 4%. In 2021, Germany, Italy and Poland contributed most to
heavy metal emissions in the EU (EEA-Report-04/2023).

In summary, in the Sicilian urban and industrial areas, the atmospheric depositions of most of
the elements considered were lower than those calculated at other world sites in similar contexts,
especially for elements such as Pb, Zn and Mn. The only element enriched in the atmospheric
deposition of these areas was Ti. Deposition values from the Mt. Soro background site were higher
than those from the rural comparison sites for almost all elements, except for Mo and Pb. Similar
results were observed for the Etna area, with equal or greater deposition fluxes calculated for the

samples of this research than for those considered for comparison. Contributions from the intense
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paroxysmal activity that characterised Etna during the study period could explain the higher fluxes

observed for highly volatile elements such as Cr, Ti and V.

5.6 Minor and trace element concentrations in rinse solutions

Rinse solution samples were prepared, as described in paragraph 3.1.3, for the chemical
characterisation of materials present on the surface of the bulk collector, which had either not been
washed away by the rainwater as it was not soluble or had been deposited after the last rain event
before sampling. Twenty-five samples were selected for minor and trace elements determinations,
two for each monitoring site, except for the Belgio, Milazzo and Augusta sites for which only one
sample was analysed. No samples from the Cratere 2001 site were analysed as part of the PhD
research. Fourteen samples were from the period no. 08 (period from 11 October to 03 November
2021), characterised by heavy rainfall in all study areas, with amounts ranging from 107 mm at
Palermo to 229 mm for the sites in the industrial area of Priolo Gargallo, in the Etna area and those
in the urban area of Catania. Sampling was carried out a few hours (less than 36 hours) after the last
rainfall for each monitoring site. The remaining eleven samples were from the period no. 15 (from
26 April to 25 May 2022), characterised by low rainfall, with quantities between 10.8 mm and 67.3
mm at the various monitoring sites, except for Citelli (196 mm) and Zafferana Etnea (145 mm),
where rainfall was more abundant. Based on rainfall values measured by automatic weather stations
of the “Presidenza della Regione Siciliana Dipartimento della Protezione Civile”
(https://www.protezionecivilesicilia.it:8443/aegis/map/map2d), we know that the last rainfall
occurred between 09 and 11 May 2022 at all the sampling sites, therefore approximately fifteen days
before sampling.

The concentrations of Sn were always below the limit of detection. For all other elements,
much higher concentrations were measured in the driest period compared to the wettest one (Fig.

87).
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Figure 87 - Minor and trace element concentration ratios between the two sampling periods for
which rinse solution samples were analysed.

Concentrations were between 1 and 5 times higher in period no. 15 than in the period no. 08
for Sb, Ni, Ti, Cr, Mo, Cs, Fe, Pb, and Cu. Ratios between 5 and 10 times have been calculated for
Zn, Tl, Se, Al, B, As, Sr, Co, U, and V. Finally, ratios of 10.7, 11.0, 11.5, 13.7, and 16.7 were
calculated between the concentrations of the two periods for Mn, Ba, Cd, Li, and Rb, respectively.
Different results were obtained for Br, often below the detection limit in the samples of period no.
15, while a median concentration of 11.6 ug L™ was calculated for the samples of period no. 08.

The ability of rainwater to leach the solid materials on the surfaces of the bulk collector due
to the dry deposition was revealed. These preliminary results show that the concentration of trace
elements in this fraction may not be negligible during long periods without precipitation,
characterised only by dry deposition. In the absence of rainfall able to dissolve the deposited
elements, without recovery of this material, an underestimation of their concentration could also

occur in the soluble fraction.

5.7 Relative contributions to Sicilian bulk atmospheric deposition

The atmospheric deposition fluxes were calculated for the soluble fraction, the insoluble

fraction, and the rinse solution of the material deposited on the inner sides of the bulk collector. A
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comparison of the calculated values for the three fractions can be made to estimate the relative
contribution of each in determining the bulk atmospheric deposition. The elements considered were
Li, B, Al, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, As, Sr, Mo, Ba, and Pb, i.e., those analysed in all three
different matrices. The comparison was made for the two samples, no.08 and no.15, for which the
three different aliquots were analysed.

The results (Fig. 88a) showed that, during the period with a long rain-free phase before
sampling, the insoluble fraction constituted most of the atmospheric bulk deposition for all elements
considered, except for B, Sr, Mo, and Ba, with relative contributions of up to 98.4% for Ti and Fe.
For B the relative contribution from the rinse solution was higher than the other fractions, with a
value of 51.9%. Non-negligible contributions were associated with the same fraction for Pb (39.6%),
Zn (37.2%), and Cu (30.5%). On the other hand, during the rainy period up to a few hours before
sampling, for Ti, Fe, Al, Cr, Li, Pb, Ni, Co, V, and As, the largest contribution to bulk atmospheric
deposition came from the insoluble fraction, with relative contributions of up to 98.0% for the first
two elements, and for the remaining elements from the soluble fraction. The relative contributions
from the recovery fraction were almost negligible, with a maximum value of 9.37% for Pb (Fig.

88h).
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Figure 88 - Trace element median relative contributions (%) to bulk atmospheric depositions from
the insoluble, the soluble and the recovery fractions, in two different periods (a = wet; b = dry).

Although it was not possible to analyse all the rinse solutions, the scientific evidence of this
PhD highlights the contribution of the dissolution of dry deposition to the chemical composition of
the bulk atmospheric deposition. Failure to recover this solid fraction may result in an
underestimation of bulk atmospheric deposition fluxes if they are calculated considering only the
concentration of the target elements in the soluble and insoluble fractions. This was especially true
when sampling was carried out several days after the last rainfall, as the dry deposition that occurred
during this time was not dissolved by the rain, remaining confined to the sides of the bulk collector.

On the other hand, if the last rain occurred a few days before sampling, only the insoluble fraction of




the dry deposition remained confined on the sides of the bulk collector. This was the reason why the
relative contributions to the bulk atmospheric depositions of this fraction were higher in the former

case than in the latter.

5.8 Volcanic impact on bulk atmospheric depositions in eastern Sicily

Mt. Etna is known as one of the largest global contributors of magmatic gases such as CO»,
SO3, and halogens (HF, HCI, HBr) to the atmosphere (Allard et al., 1991; Allard, 1997; Bruno et al.,
1996; Caltabiano et al., 2004; Aiuppa et al., 2005). Detailed research on Mt. Etna demonstrated that
volatile heavy metals, such as Bi, Cu, Cd, Sn, Zn, Tl, and Te are also strongly enriched in its gaseous
emissions (Gauthier & Le Cloarec, 1998). To delineate the influence of Mount Etna on the
composition of atmospheric deposition in the eastern sector of Sicily, the median flux values of four
key elements, namely fluoride, aluminium, thallium, and tellurium, were evaluated. The considered
deposition values are the sum of soluble and insoluble fractions. However, for fluoride, which is
highly soluble, the median deposition was only calculated for the soluble fraction. For the considered
elements, the highest median deposition values were observed at the Citelli and Cratere 2001 sites
(Fig. 89a, b, c, and d). These sites are closest to Etna's summit craters and are more exposed to
volcanic plume dispersion and ash fallout and, therefore the most affected by the volcanic source.
High levels of deposition of the four elements have also been observed at the Zafferana Etnea site. It
is worth noting the high flows of Al calculated for the urban area of Catania and for those of the
industrial area of Priolo Gargallo, were comparable to or slightly higher than the value observed at
Zafferana Etnea. Especially during the first year of the study, these sites were frequently affected by
the fallout of volcanic ash emitted during the long sequence of paroxysms that characterised Etna’s
activity between December 2020 and February 2022 (Fig. 91). Aluminium is a refractory element
that was likely released by the dissolution of volcanic ashes interacting with the rainwater.

Furthermore, it is important to consider the contribution of Al from both crustal and anthropogenic
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sources. The lowest fluxes were calculated for the Intraleo, Mt. Soro and Milazzo sites. Due to the
direction of the prevailing winds (blowing from the western quadrants), these areas were downwind
of the volcanic emissions. The median fluoride deposition, slightly higher than the other sites not
affected by the volcanic source, observed at the Milazzo site was previously explained by the

emissions from ceramic and cement production in this industrial area.
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Figure 89 - Median bulk atmospheric depositions of (a) fluoride (peq m2 d-1),(b) aluminium (ug m
d), (c) tellurium (ug m2 d1), and (d) thallium (ug m2 d-?) in the monitoring sites of the eastern
Sicily. The Logio of the deposition fluxes were used for the graphic representation.
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During the volcanic paroxysmal event that occurred between 10 and 11 February 2022, winds
blew from the south/south-east. This resulted in ash fallout affecting the north slope of Mt. Etna and
the south slope of Mt. Nebrodi. Ash deposits also reached the Mt. Soro site. The median flux values,
as shown in Figures 89a, b, ¢, and d, do not show anomalies associated with this event. This is
because median values are not influenced by single extremely anomalous values. To evidence the
short-time impact of the volcanic source, the time trends of deposition values calculated at this site
for fluoride, aluminium, tellurium, and thallium are shown in Figures 90a, b, ¢, and d. During the
sampling period no. 12, which covers the interval of 18 January - 24 February 2022, a strong
anomaly was observed in the atmospheric deposition values of the considered elements, with values
more than one order of magnitude greater than the median. Median deposition values of 1.46 peq m
d?, 0.459 mg m? d*?, 3.32 ng m? d?, and 0.0196 pg m? d* were calculated for F-, Al, Te, and TI,
excluding the outlier value of sample no. 12, where deposition values reached 73.0 peq m2d*, 17.6
mg m?d?, 15.1 ng m? d?, and 0.278 pug m? d* were calculated for the same elements. Volcanic
emissions may have affected deposition values in other sampling periods, such as periods 7 and 9. In
these periods, deposition values higher than the median values were calculated, and in the case of Te,
the maximum deposition value for the entire study (30.3 ng m2 d*) was observed. Etna's activity
during these months (September - November 2021) was characterised by frequent paroxysms. An in-
depth study of atmospheric circulation at high altitudes during these events could help explain the
calculated atmospheric deposition values.

In summary, the chemical composition and the flux values of atmospheric deposition were
affected by the volcanic emissions from Etna over a very large area of eastern Sicily. This volcanic
impact was observed not only at sites closest to the summit craters but also at sites tens of kilometres
away from them, and even at the rural site of Mt. Soro, which is nearly all the time upwind of

volcanic emissions.
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Figure 90 - Bulk atmospheric depositions of (a) fluoride (peq m2 d1),(b) aluminium (mg m=2 d), (c)
tellurium (ng m2 d1), and (c) thallium (ug m2 d-?) in the Mt. Soro monitoring site. The medians were
calculated excluding the anomalous value of sample no. 12.

5.8.1 Impact of Etna's paroxysmal sequence of 2021-2022

Mt. Etna's volcanic activity was characterised by a long series of 60 paroxysmal events at the
Sud East Crater, from 13 December 2020, up to 21 February 2022. The last two episodes of lesser
intensity occurred in May 2022. A graphic representation of the sequence of paroxysms and the

atmospheric deposition samples affected by the fallout of volcanic ash is presented in Figure 91.
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is indicated. The red diamonds indicate the samples where ash was found as a constituent of the
atmospheric deposition.

During paroxysms, high lava fountains and pyroclastic clouds were produced, resulting in the
fallout of volcanic products (ash and lapilli) even at great distances from the point of emission. In
several periods, the sampling sites in the Etna area, except for Mt. Intraleo, the sites in the urban area
of Catania, and those in the industrial area of Priolo Gargallo, were affected by the fallout of
volcanic ash, which thus accounted for a significant fraction of bulk atmospheric deposition during
the first year of research. On one occasion, following the paroxysm of 10 February 2022, ash from
Etna reached the Mt. Soro background site (sample no. 12).

To characterise, both qualitatively and quantitatively, the contribution of volcanic ash in the
chemical composition of atmospheric deposition, a comparison was made between the daily
depositions of the previously mentioned monitoring sites (Citelli, Zafferana Etnea, Cratere 2001,
Catania, San Giovanni La Punta, Siracusa, and Priolo Gargallo), in the period characterised by
abundant ash deposition and the period when it was less abundant or absent. Therefore, the dataset

was divided into two periods: the first between 10 March 2021 and 25 February 2022, and the
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second between the latter date and the end of the study (20 April 2023). The comparison was made
considering the concentration of minor and trace elements in both the soluble and insoluble fractions.

Concerning the soluble fraction, for many elements, there was a reduction in deposition
fluxes between the first and second periods (Fig. 92). The largest negative variations, for all the
elements, except for Cr, Zn, As, and Br, were observed for the Zafferana Etnea sampling site, up to -
65.4% and -68.6% for Mn and Cs, respectively. At the Citelli site, a strong reduction in the
deposition flux was observed for Mo (-66.3%), Sn (-46.0%), V (-34.7%), Ba (-33.5%), and U (-
33.2%). At Catania and Priolo Gargallo sampling sites, the biggest reductions were observed for Mn,
with values of -60.8% and -67.9%, respectively. At San Giovanni La Punta, the largest reduction was
observed for Co (-75.6%). No significative variations were observed at the Siracusa sampling site,
with values up to -38.3% for Zn. The case of the Cratere 2001 site was peculiar; for all minor and
trace elements, except for B (-20.1%) and Sb (-44.7%) there was an increase in flux values between
the first and second period, with values up to +3544% and +5532% for Fe and Al, respectively. The
cause was traced to the variation in the acidity of rainwater at the same site: from a median pH value
of 5.81 to a median value of 4.66 between the first and second study periods. Indeed, it is known
from the literature (Cimino & Toscano, 1998), that the dissolution of many trace elements from
volcanic ash is more intense as the acidity of the interacting rainwater increases. This explained the
sharp increase in concentrations and deposition fluxes of normally poorly soluble elements such as
Fe and Al. The impact of volcanic ash on the composition of the soluble fraction of atmospheric bulk
deposition was very significant at the Mt. Soro background site. For many elements, in sampling no.
12, higher deposition fluxes were calculated than the median of the remaining periods, with

enrichments of up to +1591% for Al (276 pg m2 d* vs 16.3 ug m2d*).
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Figure 92 - Variations (%) of minor and trace element daily deposition fluxes, for the soluble
fraction, between the period characterised by abundant ash deposition and the period when it was
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Concerning the insoluble fraction, at the Cratere 2001 site, the only element for which a
reduction in the deposition value was observed was Cu (-27.1%). For the other elements, the fluxes
between the two periods were comparable or higher in the latter than in the former. Similar results in
the Siracusa site, where in the second period only Ti, Co, and Sr deposition fluxes were slightly (up
to -18.4%) lower than in the first period. For the other sampling sites, a strong reduction in the
insoluble fraction deposition fluxes was observed for almost all the analysed elements, up to -789%
for Mn at the Zafferana Etnea sampling site (Fig. 93). This site was the one for which the biggest
reductions in trace element deposition fluxes were observed. These changes were caused by a
reduction in bulk atmospheric deposition, which in the first period consisted mainly of volcanic ash.
The enrichments observed in the soluble fraction of the atmospheric deposition at the Mt. Soro
background site due to the Etna paroxysm of 10 February 2022 were also observed in the insoluble
fraction, with enrichments of up to +16458% for Sr, by comparing the deposition fluxes calculated

for this sample with the median of the other periods (195 pg m2d* vs 1.18 pg m2 d2).
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In conclusion, Etna's paroxysmal activity had a strong influence on the quantity and chemical
composition of bulk atmospheric deposition at sites affected by volcanic ash fallout. The greatest
differences were observed in the deposition fluxes of trace elements in the insoluble fraction. The
site where the greatest differences were observed, both considering the soluble and insoluble fraction
was Zafferana Etnea. The concentration and thus the daily atmospheric deposition values of trace
elements in the soluble fraction were greatly influenced also by the acidity conditions of the

rainwater with which atmospheric particulate, especially volcanic ash, interacted.

5.9 Technology-Critical Elements

The massive requirements of some trace elements led to their extensive extraction from the
lithosphere and resulted in their worldwide dispersion and remobilisation within the atmosphere and
the biosphere. Indeed, recent studies draw attention to a group of trace elements known as
Technology-Critical Elements (TCEs), including tellurium (Te), germanium (Ge), gallium (Ga),
indium (In), niobium (Nb), tantalum (Ta), the platinum group elements (PGEs: Pt, Pd, Rh, Os, Ir,
Ru), and the rare earth elements (YREEs: La, Ce, Pr, Nd, Sm, Eu, Gd, Th, Dy, Y, Ho, Er, Tm, Yb,

Lu) (Cobelo-Garcia et al., 2015).

5.9.1 Concentration of YREEs in blank samples

A blank solution was prepared as described in section 3.6 “Quality control assurance”.
Considering all the samples (3) and the median values of each element analysed, it could be observed
that the concentrations in the blank solutions were always much lower than the concentrations in the

samples (Fig. 94).
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Figure 94 - Raw YREESs concentrations (ng L) in blank solution and analysed rainwater samples.

Since the contribution of blank solutions was almost always negligible for all the elements

analysed, it was decided not to subtract the concentrations of the blanks from those of the samples.

5.9.2 YREEs

It has recently been recognised that REEs in atmospheric particles and rainwater have a
significant impact on the geochemical cycle of REEs in the hydrosphere (Greaves et al., 1994; Yang
et al., 2007; Klaver et al., 2014; Inguaggiato et al., 2015, 2016; Zhu et al., 2016). The presence of
REEs in rainwater is to be found in the multiple interactions between rain droplets and airborne
particulates (Speirs et al., 2023). Hence, a deep investigation into REE patterns and their distribution
could give useful insights into the origin and fate of the particulate matter (PM). REE patterns should
be normalized to make them comparable with other case studies. Normalisation to the Post-Archean
Australian Shales (PAAS, McLennan, 1989) has become one of the most used normalisations to
identify element sources, especially when dealing with particles whose composition is potentially

similar to the UCC values. REE patterns (Fig. 95) showed a common behaviour with a slight

252

——
| —



enrichment in Middle-REE (MREE, from Sm to Dy) with high normalised-concentrations in Eu and
Gd. Almost all samples showed also high values in normalised-Y, whereas only in the Palermo urban
sites do these values reach the highest peaks. Conversely, samples from the industrial sites showed
the highest REE normalised concentrations in La, which in a few observations reached values even
larger by a few orders of magnitude. Samples from the Etnean area (excluding the Mt. Intraleo
sampling site) showed an almost flat pattern, with the only positive anomalies in Euand Y.

To investigate the potential interaction of rain droplets with volcanic ash/particulate, the
chondrite (Anders & Grevesse, 1989) normalised-REE concentrations were compared to the
concentrations of Etna’s source rocks. These REE concentrations were estimated as average values
from alkaline lavas and tephra data reported by Correale et al. (2014) and references therein (Fig.
96). The main trends presented by the Mt. Etna sampling sites seem to follow the main trend of
Etna’s source rock, with noticeable positive anomalies in Y and a few exceptions of negative
anomalies in Ce and Eu in the less concentrated samples. Mt. Intraleo sampling site, already
identified as the less affected by volcanic phenomena, showed more consistent patterns in the whole
period of sampling instead. However, all their chondrite-normalised patterns presented right-dipping
behaviours, indicating a relative enrichment of normalised-LREEs (Light-REES) concentration over

normalised-HREEs (Heavy-REEs), in agreement with the main trend of the area.
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Figure 96 - Chondrite-normalised pattern of 14 Lanthanoids plus Yttrium. Average Etna’s data are
reported by Correale et al. (2014).

To better understand the relative behaviour of LREEs compared to HREES, their relationship
with other parameters was explored. Since in literature the Middle REEs are arbitrarily split into two
groups, it was decided to use the Nd/Yb molar ratio as an indicator of the abundance of light-over-
heavy-REEs. As shown in Figure 97a, the Nd/Yb molar ratio showed a slight correlation (R = 0.60,
p-value < 0.0001) with the total sum of REEs, indicating that the more concentrated samples were
also the sample with the higher content in LREESs. This correlation factor rises (from 0.60 to .080)
when only the volcanic samples were considered. In Figure 97b the total sum of REESs versus the pH
was plotted. It was easy to notice that the more acidic the waters, the more they are enriched in
metals. Further, the volcanic rainwater was trendily the most acidic one. A potential cause was given

by the higher intensity of leaching of volcanic ashes by the acidic rainwater, which results in rising
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REE content. Also, the increase of the Nd/YYb molar ratio was driven directly from the intensity of

the weathering, due to the higher relative content of LREES in Mt. Etna volcanic ash.
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Figure 917 — (a) Nd/Yb molar ratio vs REE total concentration (ng L™). The black continuous line is
the best logarithmic fit for all the samples. The Red dashed line is the best logarithmic fit for
volcanic samples only. (b) pH vs REE total concentration (ng L™?).

To recognise the sources of some light REEs, the behaviour of some light REEs was
investigated more by assessing the anomaly values. The true Ce anomaly in these samples was
discriminated from apparent anomalies, caused by an eventual La enrichment, by comparing
(Pr/Pr*)SN and (Ce/Ce*)SN in the binary plot proposed by Bau & Dulski (1996) (Fig. 98). In the
graph, the “real” negative Ce anomalies are represented by positive Pr/Pr* and negative Ce/Ce*
values (field 111b). In this study most samples fall in the field of I1la that could be related to a positive
La anomaly, able to generate false Ce negative anomalies in normalised patterns. Only a few samples
show a positive Ce anomaly, and they were related to urban or volcanic sources. Samples related to
the two industrial areas generally fall in the Ila field (positive La, negative Ce) with the lowest
values in Ce/Ce*. La anomalies, instead, were estimated according to Lawrence et al. (2006). In

Figure 99, La/La*SN is plotted versus the total content of La. Although urban and background
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samples do not show any peculiar trend, it was worth noticing the peculiar and different trends of
industrial and volcanic samples. Indeed, the latter does not show any relevant increment of La
anomalies towards the highest La concentration, indicating an equal enrichment for all LREEs, as
can be expected from leaching processes. Conversely, industrial samples displayed a very strong
increase in La anomalies, suggesting a non-natural input of this element. A possible candidate for a
La source was the cracking catalyst of petrol (Kulkarni et al., 2007), but this does not fully explain
the anomaly. If the cracking catalyst was the source, a positive Ce anomaly would also be expected,

however, there were no Ce anomalies.
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Figure 928 — (Ce/Ce*)SN vs (Pr/Pr*)SN graph. Field I: neither CeSN nor LaSN anomaly; field Ila:
positive LaSN anomaly, no CeSN anomaly; field I1b: negative LaSN anomaly, no CeSN anomaly;
field Illa: positive CeSN anomaly; field I1lb: negative CeSN anomaly.
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Figure 99 - La anomalies versus La concentrations (ng L™1).

5.9.3 Other TCE concentrations

The concentrations of other TCEs, i.e., Sc, Ge, Zr, Nb, Te, Hf, and Th were measured in the
preconcentrated samples. The normalised median concentrations with respect to the median value of

the background area of Mt. Soro, are shown in Figure 100.
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Catania, Milazzo, and Priolo Gargallo study areas. The green line is the reference of Mt. Soro.

The volcanic signature was clearly recognisable in the high Te enrichments in the Etna area
compared to the background site (ratio of 4.8) and the other study areas. Indeed, Te is a highly
volatile element, typically enriched in volcanic emissions. Furthermore, it was not surprising that
even in the samples from the Catania area and those from the Priolo Gargallo industrial area, which
were influenced by the volcanic source, especially during the paroxysmal events, there was an
enrichment of Te, with ratios compared to the background site of 1.9 and 1.4, respectively. Tellurium
concentrations were also measured in non-preconcentrated rainwater samples. Considering the
samples from Mt. Soro, Palermo, and the industrial area of Milazzo, i.e., the survey sites less or less
or not at all influenced by the volcanic source, only in ~ 19% of the cases was the concentration
higher than the quantifiable limit (> LOQ). Conversely, considering the rainwater samples most
influenced by Etna's volcanic emissions, i.e., three of the four sites in the Etna area (Citelli,
Zafferana Etnea, and Cratere 2001), the Mt. Intraleo site, the two sites in the urban area of Catania

(Catania and San Giovanni La Punta), and the three sites of the industrial area of Priolo Gargallo
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(Siracusa, Augusta, and Priolo Gargallo) it was possible to quantify the concentration of Te in ~
75%, ~ 52%, ~ 51%, and ~ 30% of the cases, respectively. Another element very enriched in Mt.
Etna rainwater samples was Ge (ratio of 4.8). A strong positive correlation was found between Te
and Ge (R = 0.773, p-value < 0.001), therefore Ge could also be a tracer of the volcanic source.

Very strong enrichments of Hf (ratio of 12) and Zr (ratio of 9.3) were calculated for the urban
area of Palermo. Also, in the urban area of Catania and the industrial areas of Priolo Gargallo and
Milazzo were observed strong enrichments of these elements with respect to the background site of
Mt. Soro. Lower enrichments were calculated for the volcanic area of Mt. Etna. These two elements
were strongly correlated with each other, with a Pearson correlation coefficient of 0.983 (significant
correlation at the 0.01 level, 26). A good Pearson correlation was observed also between Hf and Sc
(R = 0.585, p-value < 0.001), and between Zr and Sc (R = 0.615, p-value < 0.001). This agreed with
what was observed in the normalised concentrations; indeed, the highest Sc enrichment was also
observed for the urban area of Palermo (median concentration 4.4 higher than the Mt. Soro
background site). Therefore, a common source for these three elements may be supposed. No
correlations were found between Hf and Zr and other trace elements; instead, high positive
correlations were found between Sc and Mn (R = 0.635, p-value < 0.001), Cd (R = 0.622, p-value
<0.001), and Al (R = 0.599, p-value < 0.001). An important contribution for Mn and Cd derived
from vehicular emissions; Al was a tracer of the crustal source. For Nb the highest normalised
median concentrations were calculated in the urban area of Catania (6.6), and the urban area of
Palermo (3.5). This element was correlated with Sc (R = 0.411, p-value < 0.001), Hf (R = 0.401, p-
value < 0.001), and Zr (R = 0.375, p-value < 0.001). It was well correlated also with Sn (R = 0.575,
p-value < 0.001). Finally, for Th, higher concentrations were measured in the rainwater samples
from the Mt. Soro background area, instead of the other survey areas, except for Catania. This

element was well correlated only with Pb (R = 0.575, p-value < 0.001).
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To summarise, the signature of the volcanic source was recognisable by the high
concentrations of Te and Ge in the rainwater, especially in the sites most exposed to the dispersion of
volcanic gases and ash. Strong positive correlations were recognised between Hf, Zr, Sc and partly
Nb. The highest concentrations of the first two elements were recorded in the two urban and two
industrial areas. Anthropogenic sources were the main suspects for the emission of these elements.
The highest concentrations of Th were recorded in the urban area of Catania and at the Mt. Soro

background site.

5.10 Boron and strontium isotopic composition

At present, the low concentrations of boron in rainwater, usually between 0.2 and 300 pg L™
(Fogg & Duce, 1985; Miyata et al., 2000), have restricted the use of its isotopes to trace the origin of
boron in the atmosphere. Thus, the atmospheric boron cycle is poorly known and complex. The
strontium isotope system (87Sr/®®Sr) was often used to help constrain the different sources of
atmospheric Sr (Pearce et al., 2015), and has been successfully used as source tracers for sediment
provenance, chemical weathering, and long-range transport of aerosols (e.g., Négrel & Roy, 1998;
Derry & Chadwick, 2007; Négrel et al., 2007; Xu et al., 2012).

In this PhD research, for the first time, boron and strontium isotopic ratios were measured in
29 Sicilian rainwater samples. In the rainwater samples from the urban areas of Palermo and Catania,
the B concentrations were between 8.02 and 27.5 ug L, with a median concentration of 15.8 ug L™,
while Sr concentrations were between 15.9 and 120 ug L, with a median concentration of 68.8 g
L. The 5B ranged between +22.0%o and +40.3%o, with a median value of +32.9%o; the 8’Sr/%®Sr
ranged between 0.70647 and 0.70992, with a median value of 0.70888. Boron concentrations
between 11.8 and 19.5 ug L™ (median of 14.0 pug L) and §*'B from +27.4%o to +37.8%o (median of
+33.7%0) were measured in the investigated industrial areas. Strontium concentrations between 20.1

and 64.8 pg L (median concentration of 34.3 pg L), and ’Sr/88Sr ratios from 0.70857 to 0.70992
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(median of 0.70877) were measured in the same areas. In the rural area of Mt. Soro, the B
concentrations were between 4.55 and 30.2 pg L™, with a median concentration of 9.10 ug L™; the
Sr concentrations were between 9.88 and 94.2 pg L™, with a median concentration of 30.9 pg L™.
The B and Sr isotopic values were slightly equal in the Mt. Soro rainwater samples, ranging from
+38.3 to +40.3%o for B, and from 0.70885 to 0.70928 for Sr, except for one sample, no. 12, for
which a lower 8''B value of +22.6%0 and an &’Sr/%Sr ratio of 0.70719 were measured. Finally, B
concentrations between 4.56 and 21.9 pg L%, with a median value of 8.80 pg L?, and Sr
concentrations between 9.67 and 541 pg L™, with a median value of 57.8 ug L™, were measured in
the rainwater samples from Mt. Etna. Boron isotopic values from +1.3 and +42.9%o, with a median
value of +26.5%o, and &'Sr/%®Sr ratios from 0.70373 and 0.71036, with a median value of 0.70721,
were measured in the same survey sites. The 8'!B values and the 8’Sr/®Sr ratios for each study

context are shown in Figures 101a and b.
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Figure 94 - (a) Boron (6*'B) and (b) strontium isotopic composition (87Sr/®Sr in Mt. Etna, urban
areas, industrial areas, and Mt. Soro rainwater samples. In the box plots, the whiskers coincide with
IQR*1.5, the box edges are the first and third quantiles, and the centre lines are the medians. The
number of samples used for the construction of the box plots is indicated.
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Previous data on 8'!B in rainwater are sparse but show a wide range of variability. Spivack
(1986), measured a $''B range from +0.8 to +35%o over the Pacific Ocean; Xiao et al. (1992),
measured a 3B of +16.7%o in Qinghai, China; Eisenhut & Heumann (1997), and Barth (1998)
measured a value of +13.1%o in southeast Germany. In marine rainwater from the North Pacific,
Miyata et al. (2000) measured §''B from +18.9 to +34.7%o. Higher 6*'B values, between +30.5 and
+45%o, were measured by Chetelat et al. (2005) in French Guiana. The boron isotopic composition of
instantaneous rain samples from Nepal ranged from -1.5 to +26.0%o, while Californian rainwater had
very positive §'B of +19.8 and +26.0%o (Rose & Koga, 2006). Zhao & Liu (2010) measured 5B in
Guiyang City, China, rainwater samples from +2.0 to 30%o. Finally, Millot et al. (2010), in rainwater
samples from coastline and inland locations, measured 5'B between -3.3 and +40.6%o. Previous data
on strontium isotopic composition in rainwater samples come from studies carried out in two regions
of the planet, France, and China, and show a wide range of variability. Négrel & Roy (1998) and
Pearce et al. (2015) measured 8Sr/%Sr ratios between 0.70920 and 0.71625 and between 0.70796
and 0.71093 in rainwater samples from the Massif Central and Paris, France. Strontium radiogenic
isotopic ratios between 0.70793 and 0.70908, and between 0.70768 and 0.71009 were measured by
Han & Liu (2006) and by Han et al. (2012) in Guiyang, China, respectively. In Beijing, China, Xu &
Han (2009) and Xu et al. (2012) measured ’Sr/%Sr ratios from 0.70912 and 0.71036, and between
0.70920 and 0.71090, respectively. Xu et al. (2009) measured very high 8/Sr/%Sr ratios, between
0.71025 and 0.71302 in rainwater samples from Lanzhou, Northwest China, Finally, Han et al.
(2010), in a Karst virgin forest, in the region of Maolan, Southwest China, measured 8/Sr/®Sr ratios
between 0.70746 and 0.71275. Therefore, the §*B and the Sr/%Sr values measured in the rainwater
samples analysed in this PhD research fall within the ranges of values previously measured in other
areas of the world. Extreme were the Sr isotopic ratios measured in the samples from the Etna area;
to the best of my knowledge, never have such low 87Sr/88Sr ratios, as low as 0.70373, been measured

in rainwater.
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The B concentrations (ug L™?) versus 8B values (%o), and the Sr concentrations (pg L™)

versus 87Sr/88Sr ratios are plotted in Figures 102a and b. There seems to be an inverse relationship

between 8B and B concentrations and between 87Sr/%Sr ratios and Sr concentrations. These results

are similar to that described by Millot et al. (2010) for B and by Négrel & Roy (1998) for Sr.
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Figure 95 — (a) 6*B (%o.) values and 8/Sr/2¢Sr ratios plotted as a function of B and Sr concentrations
(ug L%, log scale), in Sicilian rainwater samples. 5*B (%) isotopic composition for carbonates is
from Millot et al. (2010), and for Mt. Etna whole rocks is from Pennisi et al. (2000). 87Sr/8¢Sr ratios
for carbonates are from Han et al. (2012) and Xu et al. (2012), and for Mt. Etna whole rocks are

from Liotta et al. (2017).

Ocean seawater has an 8B isotopic composition of +39.5%0 (Fogg & Duce, 1985), but

through empirical rain-vapour isotopic fractionations, different authors predicted a seawater-derived

atmosphere having a 8!'B between +45.0 and +50.0%o (Chetelat et al., 2005; Zhao & Liu, 2010).

Present-day seawater has an ®Sr/®®Sr isotope ratio equal to 0.70917 (Dia et al., 1992). A non-

negligible contribution from the marine source would seem evident, as many rainwater samples, both

from rural and urban coastal sites, had a median §''B isotopic composition and an 8’Sr/%Sr isotope

ratio very close to that of seawater. Going into more detail, in these areas, the median 5B and

87Sr/8Sr values closest to the isotopic composition of seawater were calculated at the Mt. Soro
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(+39.4%o0 and 0.70903), Archirafi (+38.7%o and 0.70900), Unipa (+37.9%0 and 0.70961), and Catania
(+36.0%o and 0.70921) survey sites. Very high median 5'B and 8’Sr/®Sr values were also calculated
for the Zafferana Etnea (+38.1%0 and 0.70806) and the Priolo Gargallo (37.8%0 and 0.70992)
sampling sites. Although the role of sea-salt degassing as the major source of B in the atmosphere is
still debated, several authors have estimated a marine contribution to atmospheric B of between 60%
(Park & Schlesinger, 2002) and 80% (Fogg & Duce, 1985; Chetelat et al., 2005). The values of 5''B
measured in the rainwater samples, supported by the results on the chemical composition, suggest
that sea-salt degassing could be the prevalent source of B in the atmosphere of the previously
mentioned sampling sites. The enrichment of B with respect to the B/Na* ratio (by mass) in seawater
(Fig. 103a), and the distribution of the samples in the 8Sr/®Sr versus CI/Na* (mol/mol), highlight

that sea-salt aerosol was not the only source of B and Sr in the atmosphere (Fig. 103b).
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Figure 103 — (a) Boron versus sodium concentrations (ug L) and (b) 8Sr/28Sr versus Cl/Na*
(mol/mol) in the analysed rainwater samples.

From previous works, Sr isotopes are expected to provide insights into the sources (and their
mixtures) of base cations in rainwater, particularly Ca, which is not well-constrained from

concentration data alone. Notwithstanding, no strong correlation (R = 0.377; p-value = 0.0837) was
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found between Sr and Ca in the analysed rainwater samples (Fig. 104a), and no simple binary mixing
correlation was found between 8/Sr/®Sr ratios and Ca/Sr ratios (Fig. 104b). Accordingly, numerous
sources, both local and remote, natural, and anthropogenic inputs, should be responsible for the

variation of the Sr isotope and the related element ratios.
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Figure 964 — (a) Strontium versus calcium concentrations (umol L) and (b) ’Sr/%6Sr versus Ca/Sr
(molar ratio) for all the study areas. 8Sr/8¢Sr ratios for carbonates are from Han et al. (2012) and
Xu et al. (2012), and for Mt. Etna whole rocks are from Liotta et al. (2017).

Another source for B and Sr, easily distinguishable from the others, was the volcanic one.
Very low 8B and 87Sr/%Sr isotope ratio values were measured in the rainwater samples of Cratere
2001 (from +1.3 to +31.5%0 and from 0.70373 to 0.70808), and of San Giovanni La Punta (from
+22.0 to +29.2%0 and from 0.70647 to 0.70740), with median 3*'B values of +17.0 and +25.6%o, and
median 8Sr/®°Sr ratios of 0.70433 and 0.70649, respectively. Although few data on fumarolic
condensates of hydrothermal and volcanic systems exist (overall 5!'B ranges from -9.3 to +21.4%o;
Kanzaki et al., 1979; Nomura et al., 1982; Palmer & Sturchio, 1990), data on the B/*°B ratio in the
volcanic atmosphere (i.e., gas) are extremely scarce. 5''B values between -5.2 to +25.8%o were
measured by Pennisi et al. (2000) in Mt. Etna groundwaters. Strontium isotope ratios between

0.703226 and 0.703910 were measured in Mt. Etna groundwaters by Pennisi et al. (2000) and Liotta
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et al. (2017). The data available in the literature are sufficient to attribute Etna's volcanic source as
the major contributor to B and Sr emissions in the atmospheres of these two monitoring sites.
Although the rainwater chemistry of the Zafferana Etnea site was partly influenced by the volcanic
source, as discussed in the previous chapters, the !B and the 8Sr/%Sr values measured at this site
showed a strong contribution from the marine source. It is important to highlight the “anomalous”
values measured for both boron and strontium isotopes in sample no. 12 at the Mt. Soro background
site, equal to +22.6%0 and 0.70719, respectively. Even for this sample, a large part of these two
elements was derived from volcanic emissions from Etna; indeed, this sample was collected after the
paroxysm of 10 February 2022, whose ash also fell on this area.

The last important natural source for Sr was the geogenic one, especially associated with
carbonate dissolution and soil dust, for which & Sr/%Sr ratios between 0.7076 (Han et al., 2012) and
0.7092 (Pearce et al., 2015), and between 0.7111 (Xu & Han, 2009) and 0.7115 (Xu et al., 2012),
were measured, respectively.

Low median 8B values were measured in Belgio (+28.8%o), Indipendenza (+29.9%o),
Siracusa (+31.9%0), and Milazzo (+32.3%0) sampling sites. Several authors (Fogg & Duce, 1985;
Park & Schlesinger, 2002; Chetelat et al., 2005; Millot et al., 2010; Zhao & Liu, 2010) estimated
that the contribution of anthropogenic input to the atmospheric boron might be up to 40%. The main
anthropogenic inputs for B are biomass and coal burning, use of fertilizers, power plant emissions,
and urban aerosols. Boron is widely used as an additive or stuff in many fields including detergent,
fertilizer, glass, ceramics, and cosmetics (Zhou & Liu, 2010). The same anthropogenic sources may
be responsible for the emissions of Sr. For household and automobile exhaust, 8Sr/®Sr ratios
between 0.7083 and 0.7334 and from 0.7077 to 0.7083 were reported by Négrel et al. (2007). Han et
al. (2012) reported an 8'Sr/®®Sr ratio of 0.7076 from fossil fuel combustion. Finally, Négrel &
Deschamps (1996) reported 87Sr/%°Sr ratios between 0.7079 and 0.7087 for fertilisers. Accordingly,

gaseous, and particulate anthropogenic contributions may be locally or regionally important. The
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chemical composition of the rainwater samples in the above-mentioned sampling sites was
influenced by sea-salt aerosols, biomass burning (especially for K*), urban emissions (vehicular
traffic and household), and industrial activities, such as power plant production, refining of fossil
fuels, and ceramics production (the latter only for the Milazzo industrial area). Therefore, the §'B
isotopic composition and the 87Sr/Sr ratios of rainwater samples from the above-mentioned survey
sites could be explained by mixing two or more of the above-mentioned sources.

The relationship between the isotopic composition of B and Sr in Sicilian rainwater is shown
in Figure 105. Samples conditioned by volcanic emissions are recognisable, characterised by 5''B
below +30%o. and 8’Sr/®Sr below 0.7075. The “anomalous” sample from the Mt. Soro background
site is also evident. The samples influenced by the marine source fall close to its representative point

(grey star). The contribution of the anthropogenic sources is masked by the natural contributions.
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Figure 105 - 6B (%o) versus 8'Sr/®Sr isotopic ratios in the analysed rainwater samples. 6*B (%o)
isotopic composition for carbonates is from Millot et al. (2010), and for Mt. Etna whole rocks is

from Pennisi et al. (2000). 8'Sr/8Sr ratios for carbonates are from Han et al. (2012) and Xu et al.
(2012), and for Mt. Etna whole rocks are from Liotta et al. (2017).

To summarise, these results provide the first comprehensive study of B and Sr isotopes in

Sicilian rainwaters. Sea-salt aerosols, volcanic emissions, and anthropogenic emissions were the
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main sources of B and Sr in the study area atmospheres. To the best of my knowledge, these are the
first measurements of B and Sr isotopes in rainwater samples affected by the volcanic source. Since
the Sr isotope ratios of these possible sources for the rainwaters collected in Sicily have not been
characterised, it is difficult to identify the relative contributions for each source for Sr based on its
ratio only. The use of other isotope systematic, maybe Pb, could help in discriminating the other
sources. This framework could be used in future studies to illustrate how these data for rainwater
samples can add to the global understanding of geochemical processes in hydrology. Finally, this
work also adds to the potential for the use of B and Sr isotopes as environmental tracers, especially

for the volcanic source.
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6. Conclusions

Atmospheric deposition is a major way in which various chemicals enter terrestrial and
aquatic ecosystems. These chemicals include sea spray, geogenic dust, anthropogenic particulate
matter, polycyclic aromatic hydrocarbons, and volcanic ash. Recently, research on atmospheric
deposition has increased significantly. This is due to its important contribution to explaining
pollution phenomena in various environmental compartments. It also allows for evaluating the
impacts of pollution sources at both short and long distances, as well as conducting long-term studies
to perform health impact assessments on the exposed population.

This PhD study aims to enhance our understanding of the geochemical properties of
atmospheric deposition in the Mediterranean basin. The study characterises physical-chemical
parameters, major ions, trace and ultra-trace elements, and B and Sr isotopic ratios of bulk
atmospheric depositions in four different areas with diverse environmental conditions. These areas
include volcanic, urban, industrial, and rural environments, each with varying sources of gaseous
species and atmospheric particulate matter. As these areas are located in the middle of the
Mediterranean Basin, they are influenced by both local-scale and regional-scale sources such as
marine, geogenic (Saharan dust), and anthropogenic sources related to European-scale emissions.

The acidity of rainwater is often neutralised by naturally occurring cations, particularly nss-
Ca?" and nss-Mg?*. However, rainwater can be further acidified by nss-SO4*" and NO3". In the Mt.
Etna region, volcanic halogens like HCI, HF, and HBr contribute to rainwater's high acidity levels.
This makes it harder to neutralise the acidity of rainwater in this area. The most effective
neutralisation of rainwater acidity was observed in Palermo, an urban area where rocks and soils
with carbonate composition are prevalent. The results confirm the buffering role of the natural
acidity of rainwater by the atmospheric geogenic particulate matter (with a high content of Ca?* and

Mg?"), which represents a significant source of CCNSs of raindrops.
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The study investigated the concentrations and deposition fluxes of major ions in the soluble
fraction of bulk atmospheric deposition. The results showed that the Mt. Etna area had significantly
higher concentrations and deposition fluxes of most of the investigated ions (F, SO4*, CI, Mg?*,
NH4*, and K*) compared to other study areas. This indicates a large contribution of volcanic activity
to rainwater in the Mt. Etna sampling sites, as well as, although to a lesser extent, in the urban area
of Catania, the industrial area of Priolo Gargallo, and occasionally in the Mt. Soro rural site. Another
significant contributor of ions was the marine source. Statistical techniques such as PCA and PMF
were used to identify the contributors of various ions. Sodium and partly CI- and Mg?* were found to
be derived from the dissolution of sea-salt aerosols, especially in coastal urban and industrial areas.
For Ca?", HCOs’, and to some extent Mg?* and K*, the main contributor was the dissolution of
crustal materials, with the highest concentrations and deposition fluxes found in the Palermo study
area, which is characterised by carbonate rocks and soils. Anthropogenic sources, such as biomass
combustion, agricultural activities, urban emissions, and industrial emissions of NOx and SOX,
contributed to the nitrogen species (NHs* and NO3), K*, and SO4> concentrations found in
rainwater. The production of ceramics and cement was identified as the primary source of F~ found in
rainwater in the Milazzo area.

The study investigated the distribution of trace elements between the soluble and insoluble
fractions of atmospheric deposition by determining their concentration and deposition fluxes in both
fractions. The study conducted on the soluble fraction of atmospheric deposition at Mt. Etna sites
showed that elements commonly found in volcanic emissions such as Ti, Al, Tl, Te, and V were
highly enriched. Rainwater samples with low pH values (ranging from 3.0 to 4.5) were frequent in
the area, and metals such as Al and Fe contributed significantly to the total dissolved species,
indicating that the solid phase (volcanic ash and particulate matter) had efficiently dissolved in acid
rainwater. The comparable amounts of Sr found in all study areas suggested that this element

originated from geogenic dust, likely in the form of resuspended volcanic ash or soil dust from both
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local and regional sources. The urban and industrial areas showed enrichment of Cr, Mo, Fe, and Sb,
reflecting the contribution of anthropogenic emissions (brake wear emissions). The Priolo Gargallo
industrial area, in particular, was identified as a critical source of Sb and Zn (brake and tyre wear
emissions), with deposition fluxes for these two elements even an order of magnitude higher than for
the other study areas. Finally, bromide was attributed to a combination of sea-salt aerosols and
volcanic emissions. The study found that the abundance order of the analysed elements in the
insoluble fraction was as follows: Al >Fe>Ti>Mn>Sr>Ba>Cu>Zn>V>B>Cr>Li>Pb>
Ni > Co > As > Mo. This means that elements like Fe, Ti, Al, and Pb that are poorly soluble were
concentrated in the solid phase when atmospheric particulate matter interacted with rainwater. On
the other hand, highly soluble elements like Mo, Sr, and B were dissolved in rainwater and had lower
concentrations in this fraction. Some trace element concentrations were measured in the solutions
obtained from the material deposited on the sides of the bulk collector. During the dry period, the
concentrations were higher compared to the wettest period, with up to 15 times increase for elements
such as Mn, Ba, Cd, Li, and Rb. The more soluble the species, the easier it is for them to be
transferred to the plants and animals in the region, with potential impact also on human health.

The trace element concentrations of three solutions were compared to determine the
composition of atmospheric bulk deposition. The results showed that during a long rain-free phase
before sampling, the majority of atmospheric bulk deposition was made up of the insoluble fraction
for all elements except for B, Sr, Mo, and Ba. Titanium and Fe had the highest relative contributions
of up to 98.4%. In contrast, during a rainy period up to a few hours before sampling, the largest
contribution to bulk atmospheric deposition for Ti, Fe, Al, Cr, Li, Pb, Ni, Co, V, and As came from
the insoluble fraction, with relative contributions of up to 98.0% for Ti and Fe, and for the remaining
elements from the soluble fraction. The recovery fraction made almost no contribution, with a
maximum value of 9.37% for Pb. The results showed that the dissolution of dry deposition

contributed to the chemical composition of bulk atmospheric deposition. Failure to recover this solid
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fraction can lead to an underestimation of bulk atmospheric deposition fluxes, especially when
sampling is carried out several days after the last rainfall. During this time, dry deposition remains
confined to the sides of the bulk collector and is not dissolved by the rain.

During the period from 13 December 2020 to 21 February 2022, Mt. Etna experienced a long
sequence of paroxysms that led to abundant ash deposition. To understand the impact of this
volcanic ash on the chemical composition of atmospheric deposition, a comparison was made
between the daily depositions at selected sites during periods of abundant ash deposition and periods
when it was less abundant or absent. The selected sites were Citelli, Zafferana Etnea, Cratere 2001,
Catania, San Giovanni La Punta, Siracusa, and Priolo Gargallo. The concentration of minor and trace
elements in both the soluble and insoluble fractions was considered for the comparison. The results
showed that Etna's paroxysmal activity had a significant impact on the chemical composition and
quantity of bulk atmospheric deposition at the sites affected by volcanic ash fallout. The differences
in deposition fluxes of trace elements in the insoluble fraction were particularly significant. The site
where the greatest differences were observed was Zafferana Etnea, both in the soluble and insoluble
fractions. The acidity conditions of the rainwater with which atmospheric particulate, especially
volcanic ash, interacted, also greatly influenced the concentration and daily atmospheric deposition
values of trace elements in the soluble fraction.

The study analysed the concentration of TCEs (Sc, Zr, Nb, Ge, Y, Te, Hf, Th, La, Ce, Pr, Nd,
Sm, Eu, Gd, Th, Dy, Ho, Er, Tm, Yb, and Lu) in rainwater samples that were preconcentrated. The
research revealed that the urban areas had the highest concentrations of Sc, Zr, Nb, and Hf, while the
rainwater of the Etna area had the highest concentrations of Ge, Y, and Te. The concentration of Th
was found to be similar in all the studied environments. The study also highlighted that rainwater
from Mt. Etna had the highest concentrations of all lanthanoids. These findings suggest that volcanic

sources and the leaching of volcanic ash can enrich rainwater with these elements. This is significant
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since these elements are usually present in low concentrations in rainwater and are difficult to
quantify.

Finally, B and Sr isotopic ratios were measured in some of the atmospheric deposition
samples collected during the research. This provided the first comprehensive study of B and Sr
isotopes in Sicilian rainwaters. The study found that sea salt aerosols, anthropogenic emissions, and
volcanic emissions were the primary sources of B in the study area atmospheres. On the other hand,
geogenic dust was probably the main source of Sr, although the most clearly distinguishable
contributions were marine and volcanic. These are the first measurements of B and Sr isotopes in an
atmosphere influenced by the volcanic source. This framework could be used in future studies to
illustrate how these data for rainwater samples can add to the global understanding of geochemical
processes in hydrology. Finally, this work also adds to the potential for the use of B and Sr isotopes
as environmental tracers.

The research conducted for this PhD study has provided new insights into the chemical and
isotopic compositions of the bulk atmospheric deposition in the Mediterranean Basin. By closely
examining the characteristics of different sources present in the study areas and analysing the soluble
and insoluble components of atmospheric deposition, as well as the concentrations of TCEs in
rainwater and the B and Sr isotopic compositions, this work presents a valuable tool for future

investigations into atmospheric deposition in diverse environments and various purposes.
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Table S. 1 - Number of samples analysed for each aliquot. For each element, the number of samples
in which it was measured is indicated. RAIN UN = rain untreated; RAIN F = filtered rainwater;
RAIN FA = filtered and acidified rainwater; MEM = mineralised membrane; REC = rinse solutions;
PC = preconcentrated samples; RAIN B = rainwater blanks; MEM B = membrane blanks; REC B =
recovery blanks; PC B = preconcentrated blanks.

Aliquot RAINUN RAINF RAINFA MEM REC PC RAINB MEMB RECB PCB
Total n. 301 301 300 300 25 9 27 38 4 3
F / 301 / / / / / / / /
cr / 301 / / / / / / / /
NOy / 301 / / / / / / / /
S0% / 301 / / / / / / / /
HCOy 297 / / / / / / / / /
H 301 / / / / / / / / /
Na® / 301 / 300 / / / / / /
K* / / 301 300 / / / / / /
NH,* / / 219 / / / / / / /
Mg* / / 301 300 / / / / / /
ca’* / / 301 300 / / / / / /
Li / / 301 300 25 / 23 38 4 /
B / / 301 300 25 / 23 38 4 /
Al / / 301 300 25 / 23 38 4 /
sc / / / / / 9 / / / /
Ti / / 301 300 25 / 23 38 4 /
v / / 301 300 25 / 23 38 4 /
cr / / 301 300 25 / 22 38 4 /
Mn / / 301 300 25 / 23 38 4 /
Fe / / 301 300 25 / 23 38 4 /
Co / / 301 300 25 / 23 38 4 /
Ni / / 301 300 25 / 23 38 4 /
Ccu / / 301 300 25 / 23 38 4 /
Zn / / 301 300 25 / 23 38 4 /
Ge / / / / / 98 / / / /
As / / 301 300 25 / 23 38 4 /
Se / / 301 / 25 / 23 38 4 /
Br / / 301 / 25 / 19 38 4 /
Rb / / 301 / 25 / 23 38 4 /
Sr / / 301 300 25 / 23 38 4 /
v / / / / / 98 / / / 3
zr / / / / / 9 / / / /
Nb / / / / / 98 / / / /
Mo / / 301 300 25 / 23 38 4 /
cd / / 301 / 25 / 23 38 4 /
sn / / 301 / 25 / 10 38 / /
sb / / 301 / 25 / 23 38 4 /
Te / / 301 / / / / / / /
Cs / / 301 / 25 / 23 38 4 /
Ba / / 301 300 25 / 22 38 4 /
La / / / / / % / / / 3
Ce / / / / / 9 22 / / 3
Pr / / / / / 98 / / / 3
Nd / / / / / 98 / / / 3
Sm / / / / / 98 / / / 3
Eu / / / / / 98 / / / 3
Gd / / / / / 98 / / / 3
Tb / / / / / 98 / / / 3
Dy / / / / / 9 / / / 3
Ho / / / / / 98 / / / 3
Er / / / / / 98 / / / 3
Tm / / / / / 98 / / / 3
Yb / / / / / 98 / / / 3
Lu / / / / / 98 / / / 3
Hf / / / / / 98 / / / /
T / / 301 / 25 / 23 38 4 /
Pb / / 301 300 25 / 23 38 4 /
Th / / / / / 9 / / / /
U / / 301 / 25 / 23 38 4 /
5B 29 / / / / / / / / /
Ssrfesr 29 / / / / / / / / /




Table S. 2 - pH, Electric Conductivity — EC (uS cm™) and major ions concentrations (ug L™?) in rainwater samples for all the sampling sites.

] ] ] N Alkalinity as R . R ot ot
Sample pH EC F Cl NO3 SO, ) Na K NH,4 Mg Ca

HCO;

LS cmt Hg L g L? g L? g L g L? g L g L g L g L? g L?
CIT 01_Rain 571 37.2 1965 6553 <LOQ 6480 3990 1865 979 <LOQ 690 4641
CIT 02_Rain 6.44 63.4 1186 8573 212 8011 2320 1109 825 <LOQ 911 8278
CIT 03_Rain 6.50 68.3 1991 8946 1219 11774 5290 1117 1835 2108 1099 7921
CIT 04_Rain 6.09 29.7 1303 <LOQ 1569 4406 2170 1121 1352 699 632 3853
CIT 05_Rain 7.34 103 2489 5542 1854 24624 <LOQ 3718 6794 3101 1799 13127
CIT 06_Rain 5.98 28.8 1423 3525 1042 15326 <LOQ 2496 1247 2562 800 6036
CIT 07_Rain 3.11 64.0 1001 7295 973 5352 0.00 837 508 534 294 1261
CIT 08_Rain 5.42 33.7 1467 7551 434 4099 4050 2905 606 270 744 3641
CIT 09_Rain 4.43 35.3 200 3997 1029 2285 4150 1778 129 347 295 707

CIT 10_Rain 3.07 386 4598 45958 174 3254 0.00 1622 805 52.7 980 1772
CIT 11_Rain 3.14 140 1490 10757 831 5760 0.00 1277 520 145 401 966

CIT 12_Rain 6.42 23.4 469 4757 1370 3648 <LOQ 2576 411 206 525 2345
CIT 13_Rain 4.14 38.9 14.8 5297 663 3619 4210 1934 473 216 241 649

CIT 14_Rain 6.07 88.5 2550 14626 2561 15336 <LOQ 2693 1103 633 1635 14613
CIT 15_Rain 4.64 23.9 154 2915 812 2371 <LOQ 1090 383 5467 453 1972
CIT 16_Rain 5.73 240 3773 35812 4855 22646 <LOQ 9451 8989 3908 4273 11028

1 -1 -1 -1

CIT 17_Rain 3.39 148 779 10920 2703 7603 0.00 1017 1570 n.d. 427 2143
CIT 18_Rain 3.09 280 4507 23771 1246 5251 0.00 1348 910 n.d. 660 2218
CIT 19_Rain 3.89 46.8 1062 4991 806 2597 0.00 225 570 n.d. 335 1500
CIT 20_Rain 3.80 109 1425 8218 676 2746 0.00 722 850 n.d. 485 2028
CIT 21_Rain 3.86 42.4 855 6088 446 1454 0.00 847 270 n.d. 191 790
CIT 22_Rain 4.20 136 1991 15737 763 12346 0.00 5015 1620 n.d. 1129 3768
CIT 23_Rain 3.57 84.0 222 6596 632 4243 0.00 1501 340 n.d. 281 1613

284

—
| —



Alkalinity as

Sample pH EC F Cr NO;’ 0,” i Na* K* NH,” Mg ca®
HCO;z
LS cm’! g L? g L? g L? g L? g L? g L? g L g L g L? g L
ZAF 01_Rain 6.14 33.8 386 3280 <LOQ 11486 3910 1548 955 <LOQ 675 4576
ZAF 02_Rain 7.10 43.2 49.4 4459 234 3010 2850 2026 695 996 693 3971
ZAF 03_Rain 7.65 75.5 255 4718 3379 12816 <LOQ 2058 5701 4214 1458 9184
ZAF 04_Rain 6.16 146 24130 51550 7800 3862 <LOQ 14213 13327 13406 6854 29160
ZAF 05_Rain 591 138 17129 19262 2734 1199 4280 6141 5941 1149 3379 13054
ZAF 06_Rain 6.39 4.50 169 1090 2083 2688 3610 750 1439 389 336 3252
ZAF 07_Rain 3.45 35.2 355 3568 1730 4046 0.00 1240 325 469 271 1128
ZAF 08_Rain 5.68 19.9 58.9 3064 750 1382 2200 1571 207 163 397 1124
ZAF 09_Rain 5.26 24.9 24.7 2510 750 1330 2150 1589 121 272 226 545
ZAF 10_Rain 4.16 18.1 260 2627 <LOQ 1042 0.00 777 54.7 66.3 121 248
ZAF 11_Rain 3.70 52.3 211 5574 2046 3658 0.00 2070 379 763 413 994
ZAF 12_Rain 5.71 55.9 3116 7491 2672 9552 <LOQ 4968 1177 602 999 5030
ZAF 13_Rain 5.30 16.1 7.22 4416 905 2750 2170 2523 137 507 346 521
ZAF 14 _Rain 6.91 33.9 133 3862 2703 8851 10090 2233 633 1214 927 9453
ZAF 15 _Rain 5.92 27.7 34.2 3117 1445 2054 8890 2206 184 1464 433 2122
ZAF 16_Rain 6.59 53.4 654 1523 2294 8712 5470 1953 2467 1073 793 4048
ZAF 17_Rain 3.42 159 929 8438 1990 5803 0.00 651 530 n.d. 175 838
ZAF 18 Rain 3.76 86.4 492 10210 2883 4459 0.00 4292 400 n.d. 626 1393
ZAF 19 Rain 4.55 49.0 334 6078 2629 3605 <LOQ 1541 440 n.d. 519 2610
ZAF 20_Rain 5.43 30.6 72.2 3014 2065 2333 <LOQ 1081 240 n.d. 338 2670
ZAF 21_Rain 5.24 12.1 60.8 2247 701 1080 <LOQ 1058 80.0 n.d. 171 613
ZAF 22_Rain 5.47 344 146 5410 738 1814 <LOQ 2938 130 n.d. 437 1285
ZAF 23 Rain 6.03 24.3 17.1 4367 260 1267 13780 2647 100 n.d. 307 193
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Alkalinity as

Sample pH EC F Ccr NO;” SO~ i Na* K* NH,” Mg ca®’
HCO,
S cm ! g L? g L? g L? g L? g L? g L g L* g L g L g L?
TDF 02_Rain 7.04 43.2 821 2702 292 6086 8820 1222 673 <LOQ 503 5531
TDF 03_Rain 7.24 60.9 401 2442 4526 5818 2220 1308 1360 <LOQ 740 7861
TDF 04_Rain 5.81 16.6 7277 38021 350 61555 9370 12384 11237 10693 4083 22455
TDF 05_Rain 5.82 184 5757 20349 218 38957 7760 10133 9461 5029 2457 13170
TDF 06_Rain 7.04 19.6 591 3926 1581 5626 5520 2289 1001 <LOQ 897 9545
TDF 07_Rain  3.46 77.1 1112 6979 1637 8366 0.00 1274 782 1501 442 2723
TDF 08_Rain 5.76 11.9 60.8 1338 267 912 2130 621 164 51.0 306 1010
TDF 09_Rain 5.67 21.9 22.8 1388 856 1195 2210 922 <LOQ 185 187 1220
TDF 12_Rain 3.92 658 40660 225780 <LOQ 189600 0.00 71070 19538 1307 11402 58517
TDF 13_Rain 4.66 127 7938 12010 1023 52699 4110 8257 4203 622 2520 10637
TDF 14 Rain 6.49 177 3813 13224 2561 34238 6590 4812 2796 380 1926 20898
TDF 15 Rain 5.66 58.5 49541 142689 <LOQ 552341 16720 1387 559 209 502 6707
TDF 16 Rain  5.33 339 <LOQ <LOQ <LOQ <LOQ 5410 89976 30494 13258 18941 147695
TDF 17_Rain 3.36 457 8436.0 61972 3677 34531 0.00 30340 10450 n.d. 2231 9845
TDF 18 Rain 4.45 32.8 703.0 2148 918 4570 <LOQ 641 310 n.d. 247 1140
TDF 19 Rain  4.14 49.8 646.0 1828 1451 7733 0.00 533 220 nd. 236 1663
TDF 21_Rain 5.16 36.6 870.2 4800 887 3528 <LOQ 1696 390 n.d. 405 2025
TDF 23 Rain 3.12 420 15225 68817 1903 45614 0.00 12261 6080 n.d. 4704 17523
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Alkalinity as

Sample pH EC F cr NO;’ & _ Na* K* NH,” Mg  ca®
HCO4
S cm ! Ve L? g L? g L? g L? g L g L* g L g L g L g L?
INT 03_Rain 7.72 48.9 134.9 3007 681 7512 12240 1184 3013 <LOQ 913 8100
INT 04_Rain 7.31 74.1 150.0 4210 3794 11875 <LOQ 1660 13696 10219 2482 6476
INT 05_Rain 7.56 137 2453 5137 4543 10238 <LOQ 2041 14217 3689 2889 11378
INT 06_Rain 7.16 8.20 34.2 543 1724 1310 4240 536 407 683 338 3234
INT 07_Rain 5.07 159 <LOQ 1104 1550 2002 <LOQ 771 <LOQ 571 204 1305
INT 08_Rain 5.79 17.2 214.7 2542  <LOQ 1190 <LOQ 706 246 <LOQ 305 1535
INT 09_Rain 5.52 114 5.70 824 843 922 2490 552 <LOQ <LOQ 164 1016
INT 10_Rain 511 7.10 17.1 1257 304 576 <LOQ 826 31.3 57.8 116 295
INT 11_Rain 4.59 214 36.1 3657 676 1200 <LOQ 2045 184 196 391 938
INT 12_Rain 5.68 37.8 825 16188 2449 7008 4130 7337 606 843 1050 2405
INT 13_Rain 4.14 59.0 251 7934 1860 4133 4120 1904 426 808 370 1495
INT 14_Rain 7.47 68.2 74.1 2052 2691 7690 32510 1599 594 778 868 13108
INT 15_Rain 5.63 58.2 177 9163 1544 7368 5310 812 461 687 657 6429
INT 16_Rain 4.95 187 <LOQ 13472 10441 23477 <LOQ 9117 6815 2963 3833 18717
INT 17_Rain 6.14 27.4 41.8 724 1928 2482 5440 196 210 n.d. 155 980
INT 18_Rain 5.58 17.7 15.2 1523 1271 1378 <LOQ 841 90.0 n.d. 184 1030
INT 19_Rain 5.97 14.7 17.1 639 1358 1099 <LOQ 238 150 n.d. 161 1283
INT 20_Rain 5.64 13.9 15.2 1164 837 1171 <LOQ 636 80 n.d. 210 1095
INT 21_Rain 4.02 44.9 188 6106 601 1330 0.00 1000 280 n.d. 182 860
INT 22_Rain 5.76 60.1 15.2 9830 1011 2088 <LOQ 6189 280 n.d. 778 1450
INT 23 Rain 4.67 17.4 114 1402 1135 1382 5530 588 40.0 n.d. 150 430
[ 287 ]



Alkalinity as

Sample pH EC F Cr NO;’ 0,° i Na* K* NH,” Mg ca®’
HCO;z

LS cm’ g L? g L? g L? g L? g L? g L g L* g L* g L? g L*

ARC 01_Rain 6.96 305 <LOQ 5676 157 <LOQ 5000 3229 119 <LOQ 826 3481
ARC 02_Rain 7.15 595 <LOQ 4693 447 3278 16730 2532 434 <LOQ 1138 8801
ARC 03_Rain 7.54 117 <LOQ 4704 3840 1834 29650 3098 3634 <LOQ 2721 26338
ARC 04_Rain 7.93 97.3 70 7533 16734 15749 64600 3892 2043 <LOQ 1450 17042
ARC 05_Rain 7.68 89.1 <LOQ 7363 439 4694 52730 4234 1345 <LOQ 1799 24810
ARC 06_Rain 5.61 14.9 114 5772 10224 6307 50460 3485 1060 <LOQ 1135 9772
ARC 07_Rain 6.73 66.3 32 3997 2145 2755 22480 2479 368 <LOQ 812 8413
ARC 08 A_Rain  6.04 115 <LOQ 5169 1414 1733 4200 3061 297 340 726 1886
ARC 08 B_Rain  5.90 31.3 68 3479 2071 2736 <LOQ 1815 262 955 633 1976
ARC 09_Rain 5.97 33.9 <LOQ 2240 1693 1718 6240 1417 129 461 391 2491
ARC 10_Rain 5.66 75.8 <LOQ 15989 632 2290 4130 9350 305 153 1223 1032
ARC 11_Rain 6.31 576 <LOQ 15301 1606 3221 7000 8993 297 <LOQ 1513 3407
ARC 12_Rain 6.82 118 <LOQ 20839 2840 4147 9270 11684 727 609 1820 4669
ARC 13_Rain 6.48 109 39.9 18740 3801 4930 7630 10909 958 945 1605 4305
ARC 14 _Rain 6.78 39.1 <LOQ 3823 1259 1944 7320 2491 192 186 648 2689
ARC 15_Rain 6.10 37.3  <LOQ 476 1370 1747 15340 596 164 50.5 611 4956
ARC 16_Rain 7.40 215 <LOQ 13739 <LOQ 9317 62670 8876 1103 2325 2176 20910
ARC 17_Rain 7.44 62.0 17.1 4913 5679 3106 6240 4990 2165 n.d. 1003 5186
ARC 18_Rain 7.02 62.3 30.4 2769 1228 1733 25900 2003 150 n.d. 634 4673
ARC 19 _Rain 6.80 40.4 13.3 2521 1736 1474 9800 1797 90.0 n.d. 541 3028
ARC 20_Rain 5.95 43.1 7.60 6759 1327 1565 7970 4735 285 n.d. 759 2148
ARC 21_Rain 6.30 81.1 20.9 9777 2647 2851 24240 5996 405 n.d. 1146 8173
ARC 22_Rain 6.02 109 7.60 18407 1730 2981 9860 11045 480 n.d. 1521 3815
ARC 23 Rain 5.21 73.9 30.4 13852 763 2486 <LOQ 8540 310 n.d. 1091 1095
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Alkalinity as

Sample pH EC F Cr NO;’ 0,” i Na* K* NH,” Mg ca®
HCO;z
LS cm’! g L? g L? g L? g L? g L? g L? g L g L g L? g L
UNI 01_Rain 6.61 23.8 <LOQ 5084 124 <LOQ 3630 2767 100 <LOQ 704 1586
UNI 02_Rain 7.31 53.3 <LOQ 3958 3143 3466 15400 2045 229 411 1008 7576
UNI 03_Rain 7.07 75.5 85.5 7803 11451 8789 38690 4017 2813 1561 1784 11469
UNI 04_Rain 7.34 108 152.0 6017 1854 15926 34770 3344 5861 2798 1970 19017
UNI 05_Rain 7.49 394 <LOQ 5850 2530 2635 23940 3190 940 <LOQ 1941 10179
UNI 06_Rain 7.12 16.8 47.5 4193 7769 3682 43010 2749 696 <LOQ 702 6066
UNI 07_Rain 6.57 54.3 60.8 3951 3001 2558 11950 2537 352 <LOQ 968 5557
UNI 08_Rain 6.19 22.2 <LOQ 3806 1128 1637 4860 2330 262 287 582 1531
UNI 09_Rain 6.05 214 <LOQ 2166 1891 1819 3310 1364 117 286 390 2455
UNI 10_Rain 6.03 441 9.50 14491 626 2035 2170 8597 266 143 1103 790
UNI 11_Rain 6.19 674 <LOQ 12496 1370 2501 4180 7360 235 <LOQ 1164 1850
UNI 12_Rain 6.87 113 38.0 17111 2939 3686 8530 10235 637 680 1747 4830
UNI 13_Rain 6.56 183 88.0 31414 6925 8453 3380 18069 1345 1647 2631 5457
UNI 14_Rain 6.81 49.8 28.5 7285 1798 2842 14060 4480 297 222 1247 5613
UNI 15_Rain 6.64 740 <LOQ 472 1885 2477 30240 679 192 101 775 9246
UNI 16_Rain 6.97 107 <LOQ 11339 7496 6907 14660 6622 1744 240 1574 9379
UNI 17_Rain 6.99 88.1 24.7 6042 8196 3398 44160 4113 510 n.d. 1368 5860
UNI 18_Rain 6.98 441 30.4 2421 3243 2069 14410 1689 140 n.d. 808 3925
UNI 19_Rain 6.54 445 9.50 3472 2548 1963 13790 2202 130 n.d. 859 4100
UNI 20_Rain 5.90 55.6 9.50 9837 849 1752 5320 6072 250 n.d. 874 1395
UNI 21_Rain 6.03 82.4 24.7 10749 2982 2870 12930 6513 330 n.d. 1086 4348
UNI 22_Rain 6.05 111 26.6 19188 1742 3384 9350 11574 490 n.d. 1617 2855
UNI 23 _Rain 5.08 61.4 17.1 10888 918 2371 <LOQ 6646 190 n.d. 870 823
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Alkalinity as

Sample pH EC F Cr NO;’ 0,” i Na* K* NH,” Mg ca®
HCO;z
LS cm’! g L? g L? g L? g L? g L? g L? g L g L g L? g L
IND 01_Rain 6.88 276 <LOQ 5123 1277  <LOQ 10850 2734 916 447 836 2701
IND 02_Rain 7.33 70.0 49.4 4158 282 395 7580 2232 1517 3087 1196 9749
IND 03_Rain 7.06 95.1 101 5975 17558 971 47580 3737 9529 <LOQ 2532 16408
IND 04_Rain 7.83 112 135 6284 18141 15379 86090 3101 3832 <LOQ 1906 20034
IND 05_Rain 7.51 27.5 28.5 4743 2530 2726 27270 2449 812 <LOQ 1685 11694
IND 06_Rain 6.59 23.9 95.0 3018 6107 4349 37770 2378 1302 575 1055 6854
IND 07_Rain 6.21 514 105 3383 2672 2342 9940 2192 387 318 854 4491
IND 08_Rain 6.08 26.8 <LOQ 3873 1209 1714 3920 2369 305 303 589 1509
IND 09_Rain 6.08 28.1 <LOQ 1999 1674 1694 2520 1279 133 316 418 2132
IND 10_Rain 6.04 33.8 <LOQ 13909 558 1958 4150 8280 266 177 1093 832
IND 11_Rain 6.53 67.3 <LOQ 12212 1352 2674 <LOQ 6900 657 1210 1242 2325
IND 12_Rain 6.81 355 20.9 14839 2164 3082 13370 8625 567 451 1771 5491
IND 13_Rain 6.82 125 18.4 24062 4607 6307 10990 13671 1279 1052 2264 6920
IND 14_Rain 6.63 68.4 <LOQ 6837 6758 3096 17720 4285 555 521 1114 10623
IND 15_Rain 6.43 73.3 49.4 472 1159 2165 29440 605 641 96.2 856 9645
IND 16_Rain 7.11 113 95.0 13266 5654 7714 14520 7864 2471 2059 1772 10559
IND 17_Rain 6.94 141 38.0 4079 6008 6677 49250 2848 1060 n.d. 1256 19258
IND 18_Rain 6.84 64.1 38.0 2144 2226 1968 30320 1434 410 n.d. 718 8213
IND 19_Rain 6.73 48.2 13.3 2964 2406 1666 15290 1813 780 n.d. 807 4423
IND 20_Rain 6.73 41.9 13.3 10615 521 1824 5870 6106 240 n.d. 882 2010
IND 21_Rain 6.08 33.9 22.8 10029 1947 2458 15220 5987 430 n.d. 1097 4618
IND 22_Rain 6.15 108 9.50 18002 1897 2923 13340 10478 440 n.d. 1553 3985
IND 23_Rain 5.35 60.9 24.7 10114 899 2208 6530 5950 220 n.d. 949 1878
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Alkalinity as

Sample pH EC F Cr NO;’ 0,% i Na* K* NH,” Mg ca®’
HCO;
LS cm’ g L? g L? g L? g L? g L? g L g L g L g L* g L
BEL 01_Rain 6.70 226 <LOQ 4256 173 <LOQ 18270 2291 100 139 823 2455
BEL 02_Rain 7.36 56.1 26.6 3617 2815 2933 19450 1858 368 255 1399 9443
BEL 03_Rain 6.59 88.0 43.7 8193 13714 1282 55210 4093 5417 <LOQ 1644 12618
BEL 04_Rain 6.91 92.0 291 6472 14291 17395 85600 3542 325 <LOQ 2179 22156
BEL 05_Rain 7.72 55.6 70.3 10384 5468 7229 65690 6110 310 <LOQ 2423 28615
BEL 06_Rain 6.20 11.3 158 3213 5642 5035 40190 2473 1247 <LOQ 1010 7174
BEL 07_Rain 5.79 28.3 <LOQ 3053 2387 1800 7750 1921 325 <LOQ 635 3094
BEL 08_Rain 6.05 21.7 <LOQ 3419 880 1608 4100 1967 227 281 556 1449
BEL 09_Rain 4.16 79.1 <LOQ 5627 1618 3259 2480 1104 152 617 395 2154
BEL 10_Rain 5.94 26.9 <LOQ 12120 428 1766 4070 7162 297 86.7 969 892
BEL 11_Rain 6.40 59.1 <LOQ 16224 1600 3355 9300 9499 454 <LOQ 1820 4429
BEL 12_Rain 6.82 95.8 24.7 17502 2077 3326 13200 10258 719 326 1894 5291
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Alkalinity as

Sample pH EC F Ccr NO;’ 0% i Na* K* NH,” Mg ca®’
HCO;
LS cm’ Ve L? g L? g L? g L? g L g L* g L g L g L g L?
CAT 03_Rain 7.14 70.0 <LOQ 10355 7589 9010 37070 2343 3744 1608 1108 10649
CAT 04_Rain 6.74 127 6099 8130 1130 15221 28520 3804 5651 168 2085 18893
CAT 05_Rain 6.16 60.4 3183 2531 5865 8328 14020 2608 2199 <LOQ 1002 9584
CAT 06_Rain 1.27 23.9 219 4686 7440 6898 32000 3202 1009 <LOQ 1150 13802
CAT 07 _Rain 5.38 11.2 43.7 2286 1618 2285 <LOQ 1426 <LOQ <LOQ 303 1331
CAT 08 _Rain 5.92 175 <LOQ 2897 533 1037 2130 1670 203 189 365 649
CAT 09_Rain 5.56 29.7 <LOQ 2989 930 1325 2150 1950 109 167 304 1136
CAT 10_Rain 5.79 13.8 251 3799 843 2155 <LOQ 2374 199 284 352 1106
CAT 11 _Rain 5.59 10.7 66.5 7988 2691 4896 2200 3818 731 420 756 2244
CAT 12_Rain 6.19 105 173 22862 6820 10128 4120 12719 1517 1209 1907 7114
CAT 13 Rain  5.56 73.4 103 12386 1717 4277 2120 7004 579 767 849 1371
CAT 14 Rain 7.52 124 <LOQ 3475 6832 8059 33070 1985 493 441 1149 16309
CAT 15 Rain 6.66 160 192 14953 10720 20026 58030 7351 2549 609 2523 29944
CAT 16_Rain 7.81 44.4 <LOQ 387 1259 1651 14450 623 5052 2196 1116 4657
CAT 17_Rain 6.50 305 1372 18268 34255 35165 10720 9996 3430 n.d. 3946 25530
CAT 18 Rain 6.89 65.4 76.0 5815 5258 3984 5610 4096 420 n.d. 855 3963
CAT 19 Rain 7.05 19.6 30.4 1750 2821 1776 5380 1232 170 n.d. 471 2803
CAT 20_Rain 5.98 58.7 135 4363 4365 4315 11540 2479 430 n.d. 725 6288
CAT 21 Rain  5.47 16.5 15.2 2215 670 970 <LOQ 1524 110 n.d. 225 663
CAT 22_Rain 5.78 39.2 36.1 5179 1314 1795 <LOQ 3424 370 n.d. 526 2530
CAT 23 _Rain 5.01 72.5 7.60 13749 341 2390 <LOQ 8670 350 n.d. 1023 508
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Alkalinity as

Sample pH EC F cr NO;’ 0.~ i Na* K* NH,” Mg ca®’
HCO;

S cm ! g L? g L? g L? g L? g L? g L g L* g L g L g L?

GLP 03_Rain 7.24 63.1 424 5282 7849 8069 21100 2350 3208 763 1088 8986
GLP 04_Rain 7.53 155 6004 11179 16833 25224 30000 5703 5425 <LOQ 2493 24026
GLP 05_Rain 6.34 46.7 273 2815 4538 7186 21440 2108 1945 <LOQ 921 9276
GLP 06_Rain 7.16 21.7 485 4803 4545 6710 12230 1877 817 699 923 9020
GLP 07_Rain 5.19 23.7 129 2361 1705 3058 <LOQ 1311  <LOQ 381 292 1607
GLP 08_Rain 5.99 202 <LOQ 2996 719 1176 2230 1732 211 241 413 1130
GLP 09_Rain 5.81 28.2 <LOQ 2943 1029 1378 2190 1838 109 109 322 1377
GLP 10_Rain 5.72 10.7 112 2432 694 1483 2160 1622 102 214 253 904
GLP 11_Rain 5.59 20.7 34.2 3728 1469 3086 <LOQ 2128 239 252 364 1214
GLP 12_Rain 6.77 146 110 9692 3931 6672 37540 5796 563 <LOQ 1020 17335
GLP 13_Rain 6.14 61.5 7.60 9763 1550 3701 <LOQ 5660 547 930 804 2026
GLP 14 _Rain 7.48 71.8 <LOQ 4004 5679 7838 41090 2176 528 42.9 1089 17192
GLP 15_Rain 6.60 30.0 <LOQ 2574 1835 2794 11770 1527 262 3362 562 4753
GLP 17_Rain 7.44 121 466 4746 5524 8986 26860 2557 2050 n.d. 1097 14058
GLP 18 Rain 6.84 79.9 129 6983 6250 4301 11400 4401 540 n.d. 865 5973
GLP 19_Rain 7.20 39.7 39.9 2311 4328 2155 8630 1460 250 n.d. 532 3828
GLP 20_Rain 6.04 50.7 105 3589 3038 3240 9940 1511 410 n.d. 504 4765
GLP 21_Rain 5.67 18.2 22.8 2201 670 1061 <LOQ 1412 130 n.d. 223 965
GLP 22_Rain 5.80 38.8 24.7 4856 1252 1694 5370 3135 130 n.d. 471 1873
GLP 23 Rain 5.33 65.3 13.3 12794 453 2443 <LOQ 7773 380 n.d. 937 675
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Alkalinity as

Sample pH EC F Cr NO;’ 0,> i Na* K* NH,” Mg ca®
HCO;

LS cm’ g L g L? g L? g L? g L? g L? g L g L? g L g L

GAB 01_Rain 6.75 41.7 70.0 10678 1364 3379 2810 5911 337 427 1237 3354
GAB 02_Rain 7.27 53.3 85.5 8347 3714 6422 20040 4860 942 <LOQ 1572 12763
GAB 03_Rain 7.77 126 245 7444 14198 24384 25600 5543 3029 889 2867 32834
GAB 04_Rain 7.25 196 <LOQ <LOQ 2461 2126 n.d. 2984 547 <LOQ 496 3415
GAB 05_Rain 5.50 7.50 41.8 2968 1395 <LOQ 2170 3487 448 <LOQ 545 2322
GAB 06_Rain 6.92 580 <LOQ 2517 1420 1373 3640 1771 <LOQ <LOQ 342 1962
GAB 07_Rain 5.76 65.2 85.5 12155 2877 6062 <LOQ 7503 <LOQ 490 1118 3146
GAB 08_Rain 6.16 206 <LOQ 2858 707 1714 3580 1730 250 248 405 1549
GAB09_Rain  4.95 244 95.0 3827 1445 2477 2150 2206 141 264 378 1335
GAB 10_Rain 5.51 70.4 19.0 20697 527 3739 <LOQ 12213 387 121 1506 968
GAB 11_Rain 5.08 457 <LOQ 8201 750 2568 2180 4531 297 309 661 982
GAB 12_Rain 7.55 94.3 26.6 27335 1854 5520 2490 15709 669 466 1993 3327
GAB 13_Rain 5.06 150 23.0 27537 3584 7286 <LOQ 15732 970 1146 1978 2389
GAB 14 Rain 7.33 136 76.0 23568 4073 10526 30500 13637 833 341 2344 13375
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Alkalinity as

Sample pH EC F Cr NO;’ 0,” i Na* K* NH,” Mg ca®
HCO;z
LS cm’! g L? g L? g L? g L? g L? g L? g L g L g L? g L
SIR 01_Rain 6.76 66.6 81.7 10284 2164 4910 19120 4281 825 323 1275 8943
SIR 02_Rain 7.40 84.8 64.6 14033 657 7344 20380 5917 1185 359 1653 11805
SIR 03_Rain 7.04 n.d. 41.8 8481 78.4 10421 30940 3332 2680 1244 1208 7927
SIR 04_Rain 7.58 109 673 6841 1727 15384 57260 3342 3357 <LOQ 1635 15891
SIR 05_Rain 7.12 57.4 431 7352 565 10560 81990 3736 3158 6824 1874 14171
SIR 06_Rain 6.73 114 931 3404 3825 4080 13160 2270 461 <LOQ 581 6938
SIR 07_Rain 5.29 127  <LOQ 2251 2083 3202 <LOQ 1543  <LOQ 393 325 2114
SIR 08_Rain 5.60 29.7 <LOQ 5687 527 1925 2270 3204 250 298 601 946
SIR 09_Rain 6.43 26.2 <LOQ 4317 1252 1728 <LOQ 2636 113 289 373 1016
SIR 10_Rain 5.71 17.1 118 4093 477 1594 3610 2553 121 143 355 1585
SIR 11_Rain 5.18 39.3 19.0 5467 1296 3461 2140 3197 285 216 519 2565
SIR 12_Rain 7.19 186 1159 165075 42284 90720 n.d. 49220 3022 <LOQ 6728 30461
SIR 13_Rain 6.37 154 13.1 27097 3732 8510 7460 15566 1177 1142 2000 5445
SIR 14_Rain 7.44 186 114 11907 7979 14357 59270 7089 985 338 1613 27517
SIR 15_Rain 6.38 30.2 28.5 1083 1730 3091 15010 989 211 4004 504 5613
SIR 16_Rain 6.93 50.7 76.0 1629 7074 3926 5500 1185 450 830 815 6443
SIR 17_Rain 6.93 116 91.2 4136 6752 7402 36380 3181 550 n.d. 770 16105
SIR 18_Rain 7.02 107 39.9 11033 3677 5174 26830 6639 470 n.d. 975 9503
SIR 19_Rain 6.95 43.7 26.6 4430 4173 3922 15870 2835 230 n.d. 575 6520
SIR 20_Rain 6.15 98.3 245 6152 6609 9562 13950 4004 430 n.d. 872 9830
SIR 21_Rain 6.04 97.7 13.3 32081 868 5683 7830 18298 750 n.d. 2225 3743
SIR 22_Rain 6.27 123 43.7 8722 3726 6494 29130 5583 380 n.d. 876 10840
SIR 23_Rain 5.30 93.3 114 19408 285 3197 <LOQ 11390 340 n.d. 1350 918
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Alkalinity as

Sample pH EC F Cr NO;’ 0,% i Na* K* NH,” Mg ca®’
HCO;

LS cm’ g L? g L? g L? g L? g L? g L g L g L g L* g L

AUG01_Rain  6.71 55.8 39.9 12805 2294 4910 10890 5237 718 490 1333 4635
AUG 02_Rain  7.19 106 95.0 18936 6219 8822 18960 7599 10774 2421 2029 12156
AUG 03_Rain  6.85 76.6 36.1 14413 838 8722 22650 5926 2943 <LOQ 1601 7307
AUG 04_Rain  7.16 134 128 14225 1133 17918 102080 6508 22681 4964 2130 10810
AUG 05_Rain  6.23 79.2 2622 6060 1228 8952 30530 4043 3960 2103 1434 10510
AUG 06_Rain  6.64 159 <LOQ 4129 3317 3509 5640 2668 383 <LOQ 525 3587
AUG 07_Rain  5.28 495 <LOQ 8406 2145 4109 <LOQ 5173 <LOQ 452 734 1673
AUG 08_Rain  5.72 48.7 <LOQ 10086 546 2261 2640 5704 332 216 920 1158
AUG 09_Rain  5.92 725 <LOQ 8289 936 2222 <LOQ 5023 336 728 715 2663
AUG 10_Rain  5.61 243 <LOQ 59196 1432 9643 <LOQ 34010 1298 320 4122 2190
AUG 11_Rain  6.26 104 <LOQ 26128 2499 7344 13920 15479 1501 1904 2054 3828
AUG 12 Rain  5.53 112 38.0 52185 3819 15408 n.d. 30360 3488 2941 4059 7194
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Alkalinity as

Sample pH EC F Cr NO;’ 0,” i Na* K* NH,” Mg ca®
HCO;z

LS cm’! g L? g L? g L? g L? g L? g L? g L g L g L? g L

PRI 01_Rain 7.05 47.8 81.7 8921 1972 3878 11120 3624 446 78.2 1135 5465
PRI 02_Rain 7.27 130 68.4 15208 6863 9144 35900 6341 1184 145 1887 17321
PRI 03_Rain 6.90 61.9 55.1 6639 8773 10858 66310 2774 1764 <LOQ 1113 9566
PRI 04_Rain 7.35 94.0 155 5350 14384 12240 39820 2537 2411 461 1344 15369
PRI 05_Rain 6.82 70.9 15.1 5705 8971 7315 41170 3035 1604 <LOQ 1197 10393
PRI 06_Rain 6.85 9.10 70.3 2801 3367 3240 10390 1999 375 338 507 5423
PRI 07_Rain 5.51 27.2  <LOQ 2446 1978 3456 <LOQ 1617 641 328 383 1643
PRI 08_Rain 5.61 16.3 <LOQ 5034 298 1709 2130 2845 246 214 556 675
PRI 09_Rain 5.54 24.3 39.9 2805 924 1176 <LOQ 1796 109 109 299 533
PRI 10_Rain 5.86 215 283 4331 1004 2482 4140 3192 196 360 417 1926
PRI 11_Rain 5.76 432 <LOQ 5432 1786 3662 2910 3013 356 396 509 3246
PRI 12_Rain 7.37 1032 701 244595 54002 92160 n.d. 139150 9630 <LOQ 18081 66453
PRI 13_Rain 6.32 199 325 35990 5363 11491 2300 20965 1392 1367 2614 6240
PRI 14_Rain 7.45 113 72.2 7863 3515 6845 30280 4940 493 170 1300 14816
PRI 15_Rain 6.50 76.4 41.8 2229 2381 5520 27380 1566 250 268 846 10563
PRI 16_Rain 6.30 38.0 <LOQ 1054 6219 2328 <LOQ 876 274 30.3 530 4277
PRI 17_Rain 6.96 109 143 4651 10521 8736 15510 3413 440 n.d. 907 10910
PRI 18_Rain 7.09 83.6 38.0 11477 3044 4426 9140 7080 310 n.d. 998 4148
PRI 19_Rain 6.62 28.0 24.7 2173 2666 2549 7790 1497 170 n.d. 399 3630
PRI 20_Rain 6.88 165 144 14289 16709 20957 41750 8689 2570 n.d. 2407 21213
PRI 21_Rain 5.60 161 19.0 39490 818 6192 <LOQ 21227 900 n.d. 2563 1763
PRI 22_Rain 6.10 80.2 24.7 8215 1972 3826 14930 4895 560 n.d. 708 5855
PRI 23_Rain 5.53 132 7.60 29927 291 4214 <LOQ 16600 600 n.d. 1988 905
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Alkalinity as

Sample pH EC F cr NO;  SO,” i Na* K" NH,” Mg ca®’
HCO;

LS cm’ g L g L? g L g L? g L g L? g L? g L? g L? g L?

CES 01_Rain 6.17 154 <LOQ 2489 <LOQ <LOQ 3790 4054 413 <LOQ 462 2953
CES 02_Rain 7.18 335 <LOQ 2478 1593 2275 3220 2917 576 1063 714 6287
CES 03_Rain 7.63 87.4 39.9 6578 8798 7574 13810 5794 1531 2533 2717 18229
CES 04_Rain 7.27 121 177 9270 17689 1858 41110 7126 5422 2547 3740 41449
CES 05_Rain 6.65 840 <LOQ <LOQ 1333 <LOQ 2650 1984 385 <LOQ 371 2849
CES 07_Rain 6.21 27.2 39.9 4225 1259 2246 <LOQ 2461 325 306 413 1523
CES 08_Rain 6.12 16.0 <LOQ 1299 657 1531 6730 782 301 978 293 992
CES 09_Rain 6.24 35.1 45.6 2222 2189 2395 <LOQ 1511 246 1090 320 1976
CES 10_Rain 5.93 111  <LOQ 4335 651 984 2160 2712 133 109 392 868
CES 11_Rain 5.89 10.1 <LOQ 4615 825 1613 2260 2576 196 462 412 681
CES 12_Rain 6.29 57.9 623 13597 2009 4205 2170 8349 633 529 1081 1970
CES 13_Rain 5.60 28.2 61.4 3713 2288 2587 2190 2100 145 614 376 1790
CES 14_Rain 6.85 715 <LOQ 5907 2765 4243 8350 4161 411 438 868 5675
CES 15_Rain 5.69 23.0 <LOQ 1225 1556 2381 9350 2013 270 147 471 3964
CES 17_Rain 5.88 535 43.7 3227 2176 2477 71100 2239 170 n.d. 364 1720
CES 18_Rain 6.90 33.7 24.7 2563 2691 1958 35850 1773 180 n.d. 361 2848
CES 19 Rain 6.12 22.8 19.0 2414 1364 1517 <LOQ 1749 150 n.d. 266 940
CES 20_Rain 6.79 9.70 3.80 1732 725 965 6500 1168 190 n.d. 186 743
CES 21_Rain 7.12 145 13.3 3184 800 1267 8950 2108 170 n.d. 303 1098
CES 22_Rain 6.16 78.9 7.60 10583 5475 2448 9800 6737 450 n.d. 921 2875
CES 23_Rain 4.46 24.5 7.60 2872 1172 1435 <LOQ 1896 120 n.d. 265 355
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Table S. 3 - Minor and trace element concentrations (ug L) in rainwater samples for all the sampling sites.

Sample Li B Al Ti \% Cr Mn Fe Co Ni Cu Zn As
Lt Lt Lt Lt Lt Lt Lt Lt Lt Lt Lt Lt Lt
CIT 01_Rain 114 1.81 441 0113 1.36 0.0650 357 479 0.380 0.168 167 5.10 0.0880
CIT 02_Rain 0.163 371 56.8 0118 1.33 0.0630 292 2.47 0.0960 0.265 0.307 0.256 0176
CIT 03_Rain 0.749 468 344 100 203 0.460 513 143 0.607 0.666 9.40 130 0.461
CIT04_Rain 0.364 328 835 0.438 1.24 0.0950 25.9 8.46 0.209 0.682 3.88 17.0 0317
CIT 05_Rain 1.62 8.37 292 0.732 557 0.105 0.523 8.64 0.0520 0161 279 228 117
CIT 06_Rain 0.198 528 305 0.0810 1.64 0.0420 446 3.47 0.0330 0118 7.90 221 0.564
CIT 07_Rain 0.101 347 373 2.36 0823 0.0780 106 143 0.195 0478 170 117 0.727
CIT 08_Rain 1.16 377 393 0.191 353 0.0560 378 3.77 0.283 0134 213 224 0176
CIT 09_Rain 0.0440 5.68 99.8 0.281 0.448 0.0480 584 131 0.0930 0.347 1.98 891 0.189
CIT 10_Rain 0.381 365 2,740 166 7.49 0.0640 524 2,040 114 0977 261 118 1.40
CIT 11_Rain 0.183 0.897 835 425 1.95 0.0800 180 474 0.432 0.266 16.4 852 0.197
CIT 12_Rain 0.145 215 122 0.168 0588 0.0340 115 2.92 0.150 0.187 3.22 170 0.0720
CIT 13 Rain 0.0870 212 86.9 0336 0333 0.143 961 28.1 0.224 0.146 8.51 275 0.438
CIT 14_Rain 0.404 301 337 0118 1.49 0.741 478 265 0.628 0938 2.54 6.74 0422
CIT 15_Rain <LOQ <LOQ 85.9 0.0850 0378 0.0310 5.19 3.07 0.0640 0214 426 7.91 0.151
CIT 16_Rain 2.36 7.67 1,380 1.44 153 0.0470 146 439 1.69 161 479 120 1.46
CIT 17_Rain 0.274 462 437 121 0672 0.155 195 317 0.226 0.692 26.8 66.0 1.79
CIT 18_Rain 0.356 485 1,420 99.8 420 0.258 342 937 0570 0615 155 445 0.742
CIT 19_Rain 0123 1.36 376 2.96 0.496 0.139 123 343 0.161 0.380 6.68 373 0.231
CIT 20_Rain 0.202 301 497 106 113 0312 177 234 0.201 0.453 159 344 0.501
CIT21_Rain 0.0500 0.967 127 1.98 0.253 0.0310 5.08 545 0.0600 0.153 535 121 0277
CIT 22_Rain 0.789 348 1,980 2.33 1.96 0.223 470 436 0.695 0527 323 442 0134
CIT 23_Rain 0.225 218 152 0.743 0.405 0.128 653 40.2 0.0980 0.505 9.23 29.3 0.190
Sample Se Br Rb Sr Mo Cd Sn Sh Cs Ba Tl Pb U
Lt Lt Lt Lt To] g Lt Lt Lt Lt To] g Lt Lt Lt
CIT 01_Rain 0.588 5.89 132 383 0.243 0.140 <LOQ 0.0360 0.0100 114 0172 <LOQ 0.0140
CIT 02_Rain 0.443 152 1.04 36.3 0.0920 0.144 <L0Q 0.350 <LOQ 480 0110 <L0Q 0.0200
CIT 03_Rain 0.656 21.0 2.72 420 0181 0175 <L0Q 0.104 0.0300 163 0.212 0179 0.0190
CIT 04_Rain 0.886 535 191 238 0.259 0.0800 <L0Q 0141 0.0240 89.4 0.156 0.0340 0.00300
CIT 05_Rain 1.37 6.98 6.93 709 0778 0.0350 <LOQ 0.394 0.0560 112 0.265 <LOQ 0.00900
CIT 06_Rain 1.72 108 2.35 519 0.442 0.0610 0.0100 0.0880 0.0210 5.89 0.248 0.0440 0.00400
CIT 07_Rain 134 231 1.90 7.35 0.0800 0417 0.0270 0.0610 0.0470 434 0591 1.99 0.0150
CIT 08_Rain 0.963 177 1.34 347 0339 0177 <L0Q 0.0740 <L0Q 125 0.195 0.0330 0.00400
CIT 09_Rain 0.386 128 0.295 466 0.0250 0.0500 0.00500 0.0700 0.00400 323 0.0210 0505 0.00700
CIT 10_Rain 153 349 3.80 326 0.166 0.355 <LOQ 0.0150 0.0760 196 0.424 152 0.0810
CIT 11_Rain 0.831 18.7 216 106 00710 0.447 <LoQ 0.0270 0.0430 7.42 0.555 1.29 0.0350
CIT 12_Rain 0.305 113 0.759 9.17 0.0720 0.120 <L0Q 0.0800 0.00500 0.862 0.0420 0.0300 0.00500
CIT 13_Rain 0475 107 159 5.37 0.0330 0.430 <LOQ 0.0570 0.0320 3.29 0.403 0.893 0.0140
CIT 14_Rain 0.858 36.8 3.69 75.0 0.185 0.367 <LOQ 0329 0.00700 214 0.393 0.0450 0.0100
CIT 15_Rain 0.236 <L0Q 0821 8.12 <LoQ 0.136 <LoQ 0.0860 0.00400 345 0.169 0.162 0.00400
CIT 16_Rain 489 146 320 102 0.497 1.85 <L0Q 0.0560 0.148 107 271 0.205 0.0270
CIT 17_Rain 116 412 113 120 0.0810 0.870 <LOQ 0132 0.127 8.35 0.964 0.863 0.0200
CIT 18_Rain 1.06 58.8 4.44 210 0.0870 0.285 0.0210 1.93 0.0370 159 0318 1.36 0.0610
CIT 19_Rain 0.142 146 220 9.48 0.0170 0141 <LOQ 0338 0.00900 6.65 0.115 0.419 0.0160
CIT 20_Rain 0.464 242 271 127 0.0410 0.183 0.00700 115 0.00800 7.78 0138 0.762 0.0210
CIT 21_Rain 0.184 145 1.24 5.07 0.0130 0111 <LOQ 0.0230 0.00800 291 0.126 0338 0.00800
CIT 22_Rain 0.292 402 7.16 311 0.0290 0941 <LOQ 0320 0.0380 143 0.633 0327 0.0510
CIT 23 Rain 0512 15.7 1.79 9.46 0.0270 0.300 <L0Q 0.0980 0.0120 301 0313 0.791 0.0110

—

299

—t



Sample Li B Al Ti \% Cr Mn Fe Co Ni Cu Zn As
Lt Lt Lt Lt Lt Lt Lt Lt Lt Lt Lt Lt Lt
ZAF 01_Rain 0.394 191 310 <LOQ 2.69 0.0640 26.4 1.88 0.144 0.260 0.558 4.68 0.0550
ZAF 02_Rain 0.149 5.48 241 <LOQ 0508 0.0440 433 0.284 0.0250 0.0933 172 1.61 0.0990
ZAF 03_Rain 0.230 6.39 20.2 0632 154 0.150 130 147 0.293 0.642 327 7.97 0311
ZAF 04_Rain 9.49 21.9 816 0.709 113 0.146 304 114 152 1.03 474 8.91 0.792
ZAF 05_Rain 415 254 2,400 473 385 0225 182 325 177 0622 410 215 0.443
ZAF06_Rain  0.0400 456 128 0.274 0.659 0.0530 0.414 4.88 0.0210 0.0240 1.45 1.20 0.146
ZAFO7 Rain  0.0440 5.16 124 0536 0328 0.0760 6.04 145 0.0880 0210 6.21 116 0.280
ZAF08 Ran  0.0250 3.66 6.07 0.138 0.288 0.0580 451 363 0.0420 0.167 0.590 179 0.115
ZAF09_Rain  0.00800 476 362 0132 0.290 0.0280 281 1.82 0.0340 0.128 121 6.30 0.0970
ZAF 10_Rain <LOQ 1.29 113 114 0.284 0.0140 2.60 52.3 0.0420 0.240 363 268 0.107
ZAF 11_Rain 0.330 3.85 176 0.194 0382 0.143 6.79 68.1 0.160 0.450 9.23 410 0.196
ZAF 12_Rain 1.10 469 714 157 355 0.0410 51.6 182 0.496 0322 5.85 9.29 0212
ZAF13 Ran 00610 3.04 216 0217 0322 0.0260 533 8.74 0.0710 0.0660 0.946 177 0157
ZAF 14_Rain 0.184 2.88 9.20 0.194 0.960 0.147 0.564 592 <LOQ 0.435 453 381 0.279
ZAF 15_Rain <LOQ 223 5.48 <LOQ 0.436 <LOQ 1.99 0.708 <LOQ 0.0940 147 141 0.0520
ZAF 16_Rain 0.176 1.63 711 0.934 234 0.302 197 130 0.120 0.386 232 335 0.198
ZAF 17_Rain 0.104 353 236 436 0503 0.0780 8.32 46.9 0117 0.167 16.7 187 111
ZAF 18_Rain 0191 113 218 0393 0.645 0.208 8.04 70.2 0.130 0.256 9.15 235 0357
ZAF 19_Rain 0177 3.94 208 0.219 0377 0.100 119 143 0.180 0277 114 50.9 0.506
ZAF 20_Rain 0.107 2.00 8.73 0.293 0.428 0.0700 353 4.40 0.0150 0.114 1.79 195 0.160
ZAF21_Rain 00290 1.37 153 0.283 0.142 0.0270 1.96 313 0.0230 <LOQ <LOQ 471 0.0600
ZAF 22_Rain 0.119 1.70 377 0.129 0273 0.0500 4.49 585 0.0500 0.183 1.26 11 0.0300
ZAF 23 Rain <LOQ 1.09 6.19 0.0870 0.0790 0.0420 0.356 7.21 0.0900 0.0800 2.70 3.92 0.0470
Sample Se Br Rb Sr Mo Cd Sn Sh Cs Ba Tl Pb U
L™ o]y L™ Lt Lt Lt Lt L™ Lt L™ Lt Lt L™
ZAF 0L_Rain 0.232 481 115 430 0.273 0.0530 <LOQ 0.0490 0.0100 116 0.131 <LOQ 0.00700
ZAF 02_Rain 0411 144 0.359 183 0.0500 0.0130 <LOQ 0.125 <LOQ 339 0.0140 <LOQ 0.00600
ZAF 03_Rain 0.898 21.0 3.49 406 221 0.0150 <LOQ 0.286 0.0170 477 0.0810 0.180 0.0260
ZAF 04_Rain 136 405 146 251 336 0.126 <LOQ 0.936 0.309 26.8 135 0.0320 0.0110
ZAF 05_Rain 472 104 8.28 112 1.03 0.399 0.0140 0.169 0.127 274 0.887 0.0580 0.0350
ZAF 06_Rain 0323 14.0 0524 17.8 0.0810 <LOQ 0.0440 0.160 0.00500 7.06 0.0180 0.0490 0.00200
ZAF 07_Rain 0.647 117 0632 5.58 0.0290 0.145 0.0150 0.269 0.0150 319 0.227 1.08 0.00600
ZAF 08_Rain 0.200 106 0.263 5.30 0.0190 0.0390 0.00500 0.0790 0.00300 2.46 0.0490 0.0580 0.00200
ZAF 09_Rain 0.101 971 0.141 359 0.0220 0.0150 <LOQ 0.138 <LOQ 1.65 0.0150 0.0730 0.00100
ZAF 10_Rain 0.165 6.25 0.189 2.63 0.0130 0.0480 <LOQ 0.0170 0.00400 1.24 0.0370 0.200 0.00300
ZAF 11_Rain 0.245 126 0507 554 0.0100 0.165 <L0Q 0.363 0.00600 493 0110 0.964 0.00700
ZAF 12_Rain 3.02 142 275 441 0621 0.201 <LOQ 0.350 0.0460 115 0548 0.0260 0.00700
ZAF 13 Rain 0173 144 0.247 415 0.0240 0.0680 <LOQ 0.0940 0.00700 171 0.0400 0.163 0.00600
ZAF 14_Rain 0.947 104 0.981 50.3 0.0880 0.0710 <LOQ 0.157 <LOQ 126 0.0610 0.0320 0.00700
ZAF 15_Rain 0.140 559 0.276 9.70 <L0Q 0.0160 <L0Q 0.0700 <LOQ 2.49 0.0180 0.0100 0.00200
ZAF 16_Rain 0514 <LOQ 424 29.4 0.407 0.0790 <LOQ 0.0500 0.00400 251 0.118 0.0530 0.0150
ZAF 17_Rain 128 26.4 373 476 0.0960 0527 <LOQ 0.114 0.0820 428 0.783 1.28 0.0160
ZAF 18 Rain 0.773 311 1.63 9.67 0.0490 0.181 <LOQ 0.496 0.0240 453 0.243 0.400 0.0100
ZAF 19_Rain 0.288 204 2.09 12.9 0.0470 0.247 <LOQ 0111 0.0160 6.28 0.245 0.265 0.00700
ZAF 20_Rain 0.209 8.40 0.703 12.0 0.0540 0.0420 <LOQ 0110 0.00500 3.40 0.0640 0.00500 0.00400
ZAF 21_Rain 0.155 5.34 0.0420 3.08 0.00600 0.0210 <LOQ 0.0230 0.00100 1.07 0.0140 <LOQ 0.00100
ZAF 22_Rain 0.108 165 0.403 8.65 0.0260 0.0260 <LOQ 0.0250 0.00200 258 0.0400 0.0360 0.00200
ZAF 23 Rain 0131 16.8 0.138 2.54 0.0200 0.0240 <LOQ 0.0250 <LOQ 0.412 0.0140 0.123 <LOQ
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Sample Li B Al Ti \% Cr Mn Fe Co Ni Cu Zn As
Lt Lt 1o Lt 1o Lt To] 0 1oy Lt 1o Lt 1o Lt
TDF 02_Rain 0.240 1.35 6.36 <LOQ 1.73 0.267 16.4 548 0.284 0.0883 1.18 0.162 0.235
TDF 03_Rain 0.600 3.95 12.7 0.122 255 0.0910 173 4.39 0.0190 0.348 9.94 2.20 0.608
TDF 04_Rain 571 12.3 351 0.230 10.1 0.128 233 8.85 1.65 0.762 39.0 9.87 0.876
TDF 05_Rain 5.20 3.76 594 0.624 3.33 0.0640 140 12.3 1.34 0.443 61.4 13.7 0.341
TDF 06_Rain 0.254 6.30 274 0.202 1.08 0.0540 337 4.05 0.0610 0.190 4.68 6.35 0.374
TDF 07_Rain 0.257 3.68 626 2.28 151 0.0730 19.3 230 0.318 0.312 204 13.7 0.915
TDF 08_Rain 0.0640 1.28 11.6 0.206 0.260 0.0530 437 3.68 0.0560 0.212 0518 3.77 0.0730
TDF 09_Rain 0.0490 247 533 0.271 0.303 0.0440 413 241 0.0430 0.227 1.30 5.38 0.0840
TDF 12_Rain 122 422 57,300 0.965 1.18 0.127 733 820 10.6 5.45 980 99.1 2.03
TDF 13_Rain 172 5.69 5,640 0.559 375 0.129 150 664 278 1.68 100 396 0.385
TDF 14_Rain 0527 5.77 94.7 0.206 254 0.314 61.0 587 0.0400 0.738 2.60 1.16 0,537
TDF 15_Rain 0.143 1.09 19.3 0.229 273 0.0220 9.12 421 0.0140 0.0840 747 484 0.535
TDF 16_Rain 17.4 61.0 28,300 2.07 97.2 0.434 1,090 416 8.00 6.80 182 227 152
TDF 17_Rain 1.64 17.2 4,620 256 8,52 1.08 88.9 1,210 1.43 452 101 117 11.3
TDF 18_Rain 0.163 242 503 0.338 0.874 0.0590 9.66 11.7 0173 0.117 6.75 7.02 0.556
TDF 19_Rain 0.137 211 446 0.604 0.808 0.0830 11.2 122 0.167 0.182 7.22 10.6 1.07
TDF 21_Rain 0.190 150 577 0.504 0.722 0.210 153 84.9 0.338 0.181 5.20 10.4 0.205
TDF 23_Rain 4.95 14.7 16,900 16.7 1.19 0.735 344 3,630 5.58 2.58 348 55.1 0.840
Sample Se Br Rb Sr Mo Cd Sn Sh Cs Ba Tl Pb U
Lt Lt Lt Lt Lt Lt Lt Lt Lt Lt Lt Lt Lt
TDF 02_Rain 0.311 8.12 0.782 314 0.169 0.0440 <LOQ 0.174 <LOQ 6.32 0.0760 <LOQ 0.00600
TDF 03_Rain 1.33 134 1.29 38.1 0.291 0.0190 <LOQ 0.0820 0.0210 63.0 0.117 <LOQ 0.0100
TDF 04_Rain 7.18 73.1 13.7 193 3.76 0523 <LOQ 0.344 0.356 64.0 1.84 0.0730 0.0190
TDF 05_Rain 373 10.0 8.30 108 2.15 0.402 <LOQ 0.0300 0.0700 15.8 0.726 0.0160 0.0190
TDF 06_Rain 0.300 105 115 58.7 0.112 0.0110 0.00700 0.124 0.00300 9.31 0.0580 0.0310 0.0160
TDF 07_Rain 112 16.9 261 14.0 0.100 0.677 <LOQ 0.177 0.0550 8.47 0.823 1.24 0.0200
TDF 08_Rain 0.114 3.08 0.239 321 0.0210 0.0430 0.00600 0.0250 <LOQ 151 0.0430 0.209 0.00200
TDF 09_Rain 0.114 545 0.177 4.49 0.0210 <LOQ 0.0120 0.0430 0.00300 2.20 0.0190 0.0550 0.00200
TDF 12_Rain 17.2 217 389 541 0.916 6.31 <LOQ 0.0230 0.369 48.4 2.10 0.865 0.979
TDF 13_Rain 444 334 125 91.9 0.429 3.05 <LOQ 0.0470 0.0720 11.9 1.32 0.119 0.0890
TDF 14_Rain 3.47 48.1 12.1 114 0.973 0.775 <LOQ 0.110 0.0430 17.3 1.32 0.0300 0.00800
TDF 15_Rain 0.876 152 1.73 4.7 0.252 0.0570 <LOQ 0.0320 0.0210 6.53 0.212 0.0430 0.00900
TDF 16_Rain 17.7 549 84.3 1,110 19.6 6.98 <LOQ 0.565 0.807 110 9.78 0.131 0.141
TDF 17_Rain 7.89 185 305 56.9 0.475 1.93 0.0790 0.217 0.282 35.0 3.03 1.66 0.128
TDF 18_Rain 117 14.4 1.62 8.47 0.0460 0.134 <LOQ 0.0260 0.0300 547 0.184 0.0480 0.0140
TDF 19_Rain 0.386 11.4 1.01 959 0.0480 0.0780 <LOQ 0.0440 0.0240 6.35 0.107 0.147 0.0120
TDF 21_Rain 0.437 18.7 1.40 124 0.0520 0.109 <LOQ 0.0280 0.0100 6.47 0.128 0.0640 0.0130
TDF 23_Rain 9.16 96.8 436 217 0.0340 3.09 <LOQ 0.0190 0.270 82.7 2.46 243 0.818
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Sample Li B Al Ti \% Cr Mn Fe Co Ni Cu Zn As
L™ L L™ L™ Lt L™ Lt L™ L™ Lt L™ Lt L™
INT 03_Rain 0.146 4,57 18.6 0.824 0.697 0.162 13.7 13.0 0.175 0.597 4.80 5.85 0.151
INT 04_Rain 0272 123 52.9 0.832 0393 0.229 151 227 0.129 119 171 149 0321
INT 05_Rain 0.549 19.1 24.7 0.712 0.626 0.170 1.06 22.2 0.222 0.617 21.3 14.8 0.267
INT 06_Rain 0.0790 3.95 6.08 0.143 0.490 0.0600 1.37 1.58 0.0390 0.102 1.33 1.89 0.0950
INTO7 Rain  0.0460 2.99 3.95 0.0380 0217 0.0440 281 181 0.0250 0.139 0.698 3.06 0.0690
INTO8_Rain  0.0620 1.80 535 0.137 0540 0.0240 6.46 241 0.0760 0.166 2,01 3.65 0.242
INT 09_Rain 0.0430 1.77 4.25 0.167 0.219 0.0260 3.65 1.39 0.0270 0.108 0.586 2.44 0.0500
INT 10_Rain 0.0240 1.01 1.81 0.0140 0.0510 0.0230 0.697 1.60 0.0110 1.00 0.721 2.68 0.0290
INT 11_Rain 0272 1.95 121 0.0300 0.0740 0.0720 297 263 0.0940 0.0910 3.86 102 0.0200
INT 12_Rain 0311 5.99 6.88 0.228 0.414 0.0640 357 3.16 0.0380 0121 3.08 8.43 0.0870
INT 13_Rain 0.163 2.14 217 0.243 0.488 0.178 26.5 80.3 0.362 0.346 7.18 111 0.469
INT 14_Rain 0.171 2.63 38.2 0.207 0.979 0.238 <LOQ 5.79 <LOQ 0.759 4.14 3.01 0.231
INT15 Rain 00400 0.746 15.4 0.0400 0.649 0.0340 525 372 <L0Q 0155 2.97 6.26 0.470
INT 16_Rain 0.562 36.4 99.4 1.08 233 5.55 74.1 325 0.595 343 275 102 0.980
INT17 Rain  0.0430 3.05 9.88 0.170 0377 0413 354 484 0.0180 0351 2.19 538 0.138
INT 18_Rain 0.0350 3.20 3.91 0.0850 0.211 0.0220 2.47 3.46 0.0120 <LOQ 0.935 6.61 0.0490
INT19_Rain  0.0400 1.80 9.79 0.183 0.205 0.0240 0.737 255 <L0Q 0.0270 0475 7.14 0.0520
INT20_Rain  0.0620 1.84 7.02 0.163 0.201 0.0810 359 421 0.0510 0.138 0.976 128 0.0250
INT2L Rain  0.0740 0.612 58.1 0179 0.141 0.0390 3.68 9.84 0.0570 0.0320 6.85 9.03 0.581
INT 22_Rain 0.246 5.16 154 0.301 0.193 0.0830 2.85 7.19 0.0470 0.322 1.59 17.0 0.0920
INT 23 Rain <LOQ <L0Q 9.76 0.0690 0.116 0.0680 1.38 155 0.0230 0.138 1.94 142 0.0640
Sample Se Br Rb Sr Mo Cd Sn Sh Cs Ba Tl Pb U
Lt Lt Lt Lt Lt Lt Lt Lt Lt Lt Lt Lt Lt
INT 03_Rain 0.210 196 1.36 39.0 0.0910 0.0200 <L0Q 0.183 <L0Q 486 0.00800 0.0940 0.0240
INT 04_Rain 0215 129 8.77 25.6 0.438 0.0520 0.0500 0.598 0.0420 557 0.0680 0.182 0.00500
INT 05_Rain 0.136 155 8.11 52.9 0.263 0.0330 0.0450 0.234 0.0320 16.9 0.0360 0.255 0.0370
INT 06_Rain 0.0470 2.83 0.332 139 0.0350 <LOQ <LOQ 0.163 0.00500 7.33 0.00600 0.0260 0.00300
INT 07_Rain 0.227 393 0.183 5.60 0.0230 0.0210 0.00900 0.0740 0.00500 252 0.0150 0.0500 0.00100
INT 08_Rain 0.216 5.03 0.427 5.53 0.0550 0.0640 <L0Q 0.0220 0.00300 258 0.0710 0.0590 0.00300
INT 09_Rain 0.129 3.00 0.102 4.25 0.0110 0.00100 <LOQ 0.0300 <LOQ 212 0.00300 0.0240 0.00200
INT 10_Rain 0.0750 3.49 0.0270 157 0.00700 0.0590 <LOQ 0.0180 <LOQ 0.477 <LOQ 0.0790 <LOQ
INT 11_Rain 0.129 103 0.108 3.03 <L0Q 0.0150 <L0Q 0.198 0.00100 162 0.00400 0.0410 0.00200
INT 12_Rain 0.249 30.1 0352 133 0.0590 0.0100 <L0Q 0.151 0.00400 221 0.0100 0.0240 0.00400
INT 13_Rain 0.350 11.8 1.23 12.0 0.0160 0.295 <LOQ 0.410 0.0100 8.46 0.200 0.764 0.0250
INT 14_Rain 0.0950 8.85 1.39 67.0 0.0680 0.0470 <LOQ 0.154 <LOQ 135 0.0290 0.0480 0.0190
INT 15_Rain 0919 190 203 305 0.104 0214 <LOQ 0.193 <L0Q 8.81 0.500 0.0420 0.00400
INT 16_Rain 0.958 714 107 785 0815 0.234 <L0Q 1.64 0.00800 228 0.135 0.195 0.0110
INT 17_Rain 0.102 2.95 0.599 4.44 0.0620 0.0230 <L0Q 0.129 0.0110 227 0.0320 0.0150 0.00200
INT 18_Rain 0.323 6.50 0.115 5.58 0.0190 0.00700 <LOQ 0.0370 0.00300 1.61 0.00600 <LOQ 0.00200
INT 19_Rain <LOQ 331 0.0850 6.08 0.0210 0.0280 <L0Q 0.0570 0.00400 242 0.0110 0.0510 0.00200
INT 20_Rain 0.102 3.08 0.0430 515 0.0200 0.0190 <L0Q 1.40 0.00200 1.89 0.00600 0.0150 0.00500
INT 21_Rain 0.680 189 1.88 3.83 0.0270 0.284 <L0Q 0.0240 0.0200 1.97 0.408 0.670 0.00400
INT 22_Rain 0.0280 34.4 0.300 10.6 0.0410 0.0200 <LOQ 0.612 0.00700 2.15 0.00500 0.0780 0.00300
INT 23_Rain 0.302 4.03 0.264 2.67 0.0230 0.0470 <LOQ 0.116 0.00200 1.25 0.0290 0.125 <LOQ
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Sample Li B Al Ti \% Cr Mn Fe Co Ni Cu Zn As
L™ 1oy Lt L™ Lt L™ Lt L™ L™ Lt L™ Lt L™
ARC 01_Rain 0.207 6.86 5.64 0.255 0.240 0.0480 1.07 0.853 0.0100 0.169 0.768 330 0.0790
ARC 02_Rain 0.231 6.89 8.73 <LOQ 0622 0.131 0.314 <LOQ 0.0120 0.158 2.15 2.69 0.160
ARC 03_Rain 0.797 235 22.1 0.302 1.19 0.295 0.737 4.09 0.0320 0.763 431 25.2 0.259
ARC 04_Rain 0.358 7.63 23.3 0.645 111 0.283 20.8 18.1 0.172 1.34 7.58 7.39 0.141
ARC 05_Rain 0.259 105 91.1 <LOQ 1.03 0211 0.145 131 0.0120 0.0950 118 0.380 0.282
ARC 06_Rain 0.366 3.92 47.0 1.62 177 0473 246 17.3 0.308 0.857 7.46 335 0.151
ARC 07_Rain 0.243 6.61 107 0.371 0.589 0.215 0.628 9.50 0.0110 0.0310 0.890 1.93 0.157
ARC 08 A_Rain 0.101 5.48 8.14 0.126 0.258 0.117 2.83 5.87 0.0410 0.435 2.07 6.47 0.0740
ARCO08B Rain  0.0880 7.59 9.52 0.274 0.254 0.145 6.54 713 0.0840 0973 2.87 104 0135
ARCO09_Rain  0.0540 4.66 3.77 0.103 0378 0.0600 1.58 1.74 0.00500 0533 1.69 717 0.0590
ARC 10_Rain 0.138 6.48 0.680 0.00900 0.0950 0.0180 0.763 0.619 0.00900 0.0590 1.13 6.02 0.0290
ARC 11_Rain 0.178 8.08 3.86 0.0410 0.284 0.0450 0.582 1.24 <LOQ 0.121 1.31 9.77 0.0870
ARC 12_Rain 0.304 8.46 7.04 0.0580 0357 0.0590 121 191 0.0180 0.0950 2.43 5.76 0.106
ARC 13_Rain 0.270 9.63 8.93 0.214 0.719 0.147 0.792 439 0.0770 0.0980 174 284 0.145
ARC 14_Rain <LOQ 3.11 7.34 0.0240 0.325 0.288 0.318 4.02 0.0360 0.797 2.78 14.8 0.106
ARC 15_Rain <LOQ 3.35 25.8 0.0410 0.405 0.0690 <LOQ 1.86 <LOQ 0.0610 151 4.13 0.101
ARC 16_Rain <LOQ 15.2 135 0.455 2.54 0.469 <LOQ 3.88 <LOQ 0.401 8.71 9.90 0.511
ARC 17_Rain 1.64 6.91 304 0.302 0.881 0.157 12.1 10.1 0.114 0.571 124 11.8 0.267
ARC 18 _Rain 0111 6.11 56.0 0.156 0.401 0.118 0.196 7.44 0.00500 0.206 2.16 7.52 0.130
ARC 19_Rain 0.0810 4.32 9.18 0.191 0.386 0.0590 0.284 2.37 <LOQ 0.126 1.71 8.59 0.0780
ARC 20_Rain 0.102 4.52 5.20 0.514 0.274 0.0910 0.325 2.55 <LOQ 0.359 2.36 134 0.0300
ARC 21_Rain 0.229 5.83 335 0.891 0588 0.0970 0.537 1.1 0.0140 0.165 2.87 5.20 0.137
ARC 22_Rain 0.299 6.18 14.9 0.133 0.220 0.0490 0.593 3.05 0.00600 0.155 231 9.38 0.0510
ARC 23_Rain 0.0930 4,74 6.13 0.308 0.0840 0.0780 0.817 4.50 0.0150 0.0600 0.349 477 0.0900
Sample Se Br Rb Sr Mo Cd Sn Sh Cs Ba Tl Pb U
Lt Lt Lt Lt Lt Lt Lt Lt Lt Lt Lt Lt Lt
ARC 01_Rain <LOQ 17.8 0.241 8.12 0.365 0.0220 <LOQ 0.0750 <LOQ 3.53 0.00900 <LOQ <LOQ
ARC 02_Rain 0.382 155 0.369 235 0.153 0.0120 <LOQ 0.175 <LOQ 80.9 0.0140 <LOQ 0.00500
ARC 03_Rain 0416 23.9 2.03 79.4 0.349 0.0180 <L0Q 0.269 0.0160 243 0.0310 <LoQ 0.00700
ARC 04_Rain <LOQ 20.3 0.766 70.7 0.234 0.0220 <LOQ 0.143 <LOQ 15.7 0.00900 0.0980 0.0150
ARC 05_Rain <LOQ 19.7 0.949 40.4 0.174 <LOQ <LOQ 0.149 <LOQ 452 0.00600 <LOQ 0.0380
ARC 06_Rain 0.199 3.90 17 36.7 0.468 0.0260 0.0440 0.236 0.00800 9.93 0.00500 171 0.0120
ARC 07_Rain 0.103 152 0.297 187 0431 0.0630 0.00600 0.169 <LOQ 8.47 <L0Q 0117 0.00800
ARC 08 A_Rain 0.196 16.9 0.288 5.76 0.0440 0.0160 0.0200 0.154 0.00500 2.67 0.0150 0.0780 0.00400
ARC 08 B_Rain 0.215 9.33 0.343 5.91 0.0310 0.0270 0.00600 0.209 0.00800 4.75 0.0270 0.0530 0.00300
ARCO09 Rain  0.0950 102 0210 9.18 0.0360 0.0140 <LOQ 0391 0.00300 443 0.00400 0.0560 0.00200
ARC 10_Rain 0133 492 0.154 9.03 0.0390 0.0130 <L0Q 0.0820 <LOQ 152 <L0Q 0.0670 0.00100
ARC 11_Rain 0.190 37.6 0.228 104 0.0760 0.0130 <LOQ 0.0990 0.00400 5.66 <LOQ 0.0330 0.00100
ARC 12_Rain 0.209 44.0 0.421 15.9 0.0980 0.0120 <LOQ 0.185 0.00600 4.57 <LOQ 0.0170 0.00300
ARC 13_Rain 0.130 468 0.659 193 0211 0.0130 <L0Q 0370 0.00900 563 <L0Q 0.0150 0.00500
ARC 14_Rain 0.239 111 0.636 9.15 0.0150 0.0630 <LoQ 0.130 0.00900 438 0.00900 0.0560 0.00200
ARC 15_Rain 0.0910 <LOQ 0.375 17.7 0.102 0.0140 <LOQ 0.219 <LOQ 5.15 0.00400 0.0230 0.00200
ARC 16_Rain 0.421 32.2 1.58 78.3 0.407 0.0110 <LOQ 1.28 <LOQ 15.1 0.0100 0.0360 0.0650
ARC 17_Rain 0223 104 102 235 0.293 0.0220 0.0100 0.150 0.0370 522 0.00500 0.109 0.0220
ARC 18 Rain  0.0740 8.61 0277 126 0.0740 0.00900 <L0Q 0478 0.00200 6.15 0.00800 0.0250 0.00500
ARC19 Rain  0.0350 114 0291 133 0.0470 0.0170 <LOQ 0.208 0.00600 4.66 0.00500 0.0110 0.00100
ARC 20_Rain 0.112 21.8 0.340 8.42 0.0590 0.0130 <LOQ 0.401 0.00300 4,71 0.00400 0.0180 0.00200
ARC 21_Rain 0.259 32.0 0.525 27.4 0.0750 0.0140 <LOQ 0.124 0.00400 8.74 0.00900 0.0380 0.00600
ARC22 Rain  0.0370 56.2 0375 166 0.0700 0.00700 <L0Q 0.124 0.00300 8.52 0.00600 0.0490 0.00300
ARC 23 Rain 0.131 44.0 0.237 8.62 0.0320 0.00800 <L0Q 0.167 <L0Q 2.08 0.0130 0.0570 <LOQ
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Sample Li B Al Ti \% Cr Mn Fe Co Ni Cu Zn As
L™ L Lt Lt Lt L™ Lt L™ L™ Lt Lt Lt L™
UNI 0L_Rain 0.101 3.85 1.22 <LOQ 0.191 0.0220 1.26 0.825 0.0110 0.103 0319 2.50 0.0530
UNI 02_Rain 0.142 6.76 8.14 0.0370 0.700 0.100 0.223 117 0.0120 0.251 1.60 574 0.164
UNI03_Rain 0273 9.19 123 0520 0.839 0336 24.9 16.0 0.272 0.903 9.58 121 0.148
UNI04_Rain 0.296 132 194 1.02 1.63 0.394 446 197 0510 1.30 232 155 0231
UNI05_Rain 0.194 8.65 162 <LOQ 0316 0132 0.102 0373 0.0100 0.0950 2.85 1.89 0.0770
UNIO6_Rain  0.0870 258 186 0.246 0578 0.108 135 551 0216 0384 7.83 5.49 0.108
UNIO7_Rain  0.0970 8.33 6.21 0.110 0.390 0.0690 0.205 0.927 0.00600 0.0500 1.39 2.44 0.110
UNIO8_Rain  0.0330 532 2.84 0.0950 0.226 0.0640 2.49 1.98 0.0250 0.127 0.637 4.40 0.0600
UNIO9_Rain  0.0480 553 2.96 0136 0.457 0.105 0.646 117 <LOQ 0.202 118 466 0.0760
UNI 10_Rain 0.120 6.65 131 0.0360 0.0830 0.0480 0.611 121 <LOQ 0.0370 0877 4.49 0.00900
UNI 11_Rain 0.133 657 272 0.0190 0.178 0.224 243 255 0.0140 0.103 1.98 6.73 0.0920
UNI 12_Rain 0.259 .68 5.43 0.118 0.456 0.0750 0.450 1.63 <LOQ 0.0910 2.85 430 0112
UNI 13_Rain 0.401 165 8.73 0.0880 0554 0192 211 319 0.0390 0.269 341 117 0222
UNI 14_Rain <LOQ 362 117 0.0290 0.345 0.156 <LOQ 2.88 <LOQ 0.449 119 234 0.0740
UNI15_Rain  0.0280 228 36.3 0.0750 0.423 0.107 <LOQ 1.66 <LOQ 0.133 214 312 0.0750
UNI16_Rain  0.0960 16.1 152 0935 0.777 0273 16.9 144 0.159 0.640 19.6 16.8 0.131
UNI 17_Rain 0.226 122 168 0157 0.868 0.148 0.328 2.89 0.00600 0343 12.9 29.2 0.190
UNI 18_Rain 0.152 9.75 112 0.195 0503 0.146 0.760 329 0.00300 0319 4.46 153 0.136
UNI 19_Rain 0122 5.20 8.84 0.0260 0.478 0.0410 0.0870 131 <LOQ <LOQ 0.493 2.10 0.102
UNI 20_Rain 0121 456 235 0.230 0.140 214 0.978 419 0.0390 220 0.752 459 0.0200
UNI 21_Rain 0.182 7.44 113 0337 0.644 0.0980 0.930 521 0.0160 0.0900 1.38 657 0.0680
UNI 22_Rain 0.330 7.37 135 0.654 0.269 0.0710 0.258 6.43 0.00100 0172 0.930 6.42 0.0850
UNI23 Rain  0.0580 3.36 3.75 0.0580 00720 0.0630 0.694 348 0.0140 0.0810 0.564 6.31 0.109
Sample Se Br Rb Sr Mo Cd Sn Sh Cs Ba Tl Pb U
L™ o]y L™ Lt Lt Lt Lt L™ Lt L™ Lt Lt L™
UNI01_Rain <LOQ 15.0 0.147 5.99 0.0280 0.0110 <LOQ 0.0640 <LOQ 2.87 0.00300 <LOQ <L0Q
UNI02_Rain 0.139 133 0338 22.0 0.0590 0.00900 <LOQ 0.200 <LOQ 114 0.0180 <LOQ 0.00500
UNI 03_Rain 0374 15.8 112 443 0.227 0.0280 0.0130 0.461 <LOQ 8.81 0.00700 0.225 0.0170
UNI04_Rain 0328 56.3 151 68.9 0.269 0.0560 0.0290 0.953 <LOQ 214 0.0110 0.292 0.0210
UNI05_Rain 0.223 147 0332 17.7 0.0890 0.00700 <LOQ 0.130 <LOQ 29.4 0.00500 <LOQ 0.00300
UNI06_Rain 0.198 3.47 0539 226 0.126 0.0100 0.0110 0.0500 <LOQ 6.54 0.00300 0.153 0.00900
UNI 07_Rain 0.227 147 0.263 19.6 0.0610 <LOQ <LOQ 0.129 0.00300 6.91 0.00500 0.0160 0.00200
UNI 08_Rain 0.162 118 0.129 463 0.0230 0.0150 <LOQ 0.182 0.00300 461 0.00900 0.0580 0.00200
UNI09_Rain 0.182 105 0.203 8.85 0.0320 0.00700 0.00600 0.498 <LOQ 5.04 0.00300 0.0250 0.00300
UNI10 Rain  0.0370 446 0.114 7.67 0.0150 <LOQ <LOQ 0333 <LOQ 1.98 <LOQ 0.0770 0.00100
UNI 11_Rain 0.152 316 0.174 6.73 0.0240 0.0190 <L0Q 0223 0.00300 291 0.00800 0.0280 0.00200
UNI 12_Rain 0.170 414 0319 15.9 0.0820 0.0120 <LOQ 0111 0.00200 458 <LOQ 0.0390 0.00400
UNI 13_Rain 0.485 82.3 0.667 26.2 0.162 0.0340 0.00700 0.907 0.00900 6.54 0.0140 <LOQ 0.00600
UNI 14_Rain 0341 24.0 0.280 185 00110 0.0340 <LOQ 0.0890 <LOQ 651 0.00500 0.0250 0.00400
UNI15_Rain  0.0960 <LOQ 0.420 28.9 0.0240 0.0300 <L0Q 0417 <LOQ 7.56 0.00400 0.0220 0.00900
UNI 16_Rain 0337 21.9 111 39.1 0.195 0.0300 <LOQ 0.365 <LOQ 7.75 0.00700 0.164 0.0130
UNI 17_Rain 0323 25.0 0.796 146 0.149 0.0330 0.0120 0.251 0.00900 114 0.0140 0.00400 0.00500
UNI18 Rain  0.0350 9.20 0.429 10.9 0.0620 0.0710 <LOQ 1.83 0.00700 6.71 0.0130 0.0500 0.00400
UNI 19_Rain 0.158 134 0.265 14.4 0.0470 0.00500 <LOQ 0.103 0.00500 7.09 0.00500 <LOQ 0.00200
UNI20_Rain  0.0980 29.7 0.0840 6.48 0.0280 0.0140 <LOQ 0.0690 0.00100 262 0.00400 <LOQ 0.00100
UNI21_Rain  0.0960 316 0.282 148 0.0460 0.0120 <LOQ 0377 0.00300 484 0.00900 0.00600 0.00600
UNI22 Rain  0.0320 66.0 0.463 146 0.0550 0.0110 <LOQ 0.438 0.00400 391 0.0120 0.0320 0.00200
UNI 23 Rain 0.118 36.9 0.198 6.26 0.0320 0.0110 <LOQ 0.0570 0.00200 1.88 0.0190 0.0530 <LOQ
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Sample Li B Al Ti \% Cr Mn Fe Co Ni Cu Zn As
L™ L Lt Lt Lt L™ Lt L™ L™ Lt Lt Lt L™
INDOL_Rain __ 0.0910 351 2.09 <LOQ 0.228 0.0720 0.912 242 0.0100 0.159 1.28 5.26 0.0550
IND 02_Rain 0.230 11.0 4.40 0.140 0.636 0.0990 0322 0976 0.0400 0.253 256 431 0.190
IND 03_Rain 0.661 19.2 28.0 219 118 0504 355 40.7 0.429 1.46 176 182 0.220
IND 04 _Rain 0412 163 274 0.947 173 0599 36.2 20.3 0.396 174 183 178 0.280
IND 05_Rain 0.195 8.74 171 <LOQ 0598 0.162 0.291 1.78 0.0150 0134 353 278 0131
IND 06_Rain 0.193 7.03 252 118 0.926 0370 253 186 0318 0.881 135 18.9 0.0980
IND 07_Rain 0.138 8.80 105 167 0.604 0.444 6.98 70.8 0112 0.303 5.39 9.04 0.103
INDO8 Rain  0.0380 555 316 0.0710 0.226 0.0650 235 239 0.0230 0.193 117 5.06 0.0750
INDO9_Rain  0.0460 485 312 0.0730 0.408 0.0390 2.49 1.37 0.0100 0.0930 0.891 3.07 0.0820
IND 10_Rain 0.120 6.46 0.942 0.0830 0.0900 0.0360 0.631 1.06 0.0310 0.0380 0917 5.80 0.0160
IND 11_Rain 0.330 6.85 3.99 0.109 0174 0.0340 0.383 232 <LOQ 0.0690 161 334 0131
IND 12_Rain 0.229 8.45 5.85 0.0360 0.368 0.0610 0.210 1.49 <LOQ 00770 248 2.89 0.0980
IND 13_Rain 0323 121 139 0132 0.628 0277 0.986 6.19 0.0770 0.229 6.68 752 0241
IND 14_Rain <LOQ 434 122 0.193 0.388 0.235 <LOQ 312 0.0130 0513 327 2.46 0.162
IND15 Rain  0.0190 278 215 0.0690 0503 0.109 <LOQ 2.49 <LOQ 0.0950 2.98 330 0.0750
IND 16_Rain 0.202 20.8 235 0.996 1.03 1.07 6.84 169 0.164 191 19.1 15.8 0.235
IND 17_Rain 0.350 16.3 58.3 0.425 1.39 0314 0.247 521 0.0150 0.365 12.8 577 0472
IND 18_Rain 0.152 8.19 219 0.263 0.280 0131 0.0820 346 0.00300 0.204 3.47 530 0.162
IND 19_Rain 0.129 6.07 9.40 0373 0.388 0.0790 0.438 5.06 <LOQ 0.133 2.77 6.36 0.0790
IND 20_Rain 0327 536 248 0.0880 0.161 0.0190 0.442 1.65 <LOQ 0.0570 0.870 471 0.0590
IND 21_Rain 0190 6.79 211 0557 0.493 0.0670 0.187 9.59 <LOQ 0.0420 2.20 592 0107
IND 22_Rain 0.327 9.37 118 0.249 0.264 0.0970 0.225 454 0.00900 0.191 217 10.1 0.0460
IND23 Rain  0.0700 361 3.06 0.169 0.103 0.0570 0.813 234 0.0120 0.116 1.10 7.49 0.106
Sample Se Br Rb Sr Mo Cd Sn Sh Cs Ba Tl Pb U
L™ o]y L™ Lt Lt Lt Lt L™ Lt L™ Lt Lt L™
IND 0L_Rain <LOQ 153 0332 6.97 0.0580 0.0170 <LOQ 0.141 <LOQ 358 <LOQ <LOQ <L0Q
IND 02_Rain 0.150 14.0 0.642 23.9 0122 0.0160 <LOQ 0.143 0.00800 9.39 0.0280 <LOQ 0.00300
IND 03_Rain 0.269 19.3 364 545 0.679 0.0290 0.0830 0316 <LOQ 273 0.0310 0.746 0.0300
IND 04_Rain 0121 25.2 117 77.0 0.488 0.0320 0.0800 0.364 <LOQ 241 0.0110 0.466 0.0240
IND 05_Rain <LOQ 119 0397 24.0 0.158 <LOQ <LOQ 0.665 <LOQ 129 0.00300 <LOQ 0.00600
IND 06_Rain 0.293 435 1.03 25.9 0277 0.0180 0.0660 0.278 0.00400 8.26 0.00400 0376 0.0100
IND 07_Rain 0.120 112 0342 13.0 0.0800 0.00900 0.0170 0173 0.00800 9.89 0.0100 0.800 0.00800
IND 08_Rain 0174 121 0.175 4.90 0.0410 0.0160 0.00700 0.168 0.00300 367 0.0100 0.0690 0.00100
IND 09_Rain 0.209 953 0.174 8.04 0.0360 0.00700 <LOQ 0.0950 <LOQ 4.44 0.00300 0.0200 0.00200
IND10_Rain  0.0740 42,9 0.125 7.48 00170 0.00700 <LOQ 0.179 <LOQ 118 <LOQ 0.0600 0.00100
IND 11_Rain 0326 321 0.350 6.99 0.0490 0.0110 0.00500 0.108 0.00500 350 0.00500 0.0200 0.00100
IND 12_Rain 0.249 45 0314 15.2 0.106 0.0110 0.00500 0.249 0.00200 6.71 <LOQ 0.0130 0.00400
IND 13 Rain 0.196 69.6 0.749 215 0.226 0.0190 0.0160 0.424 0.0100 7.26 0.0130 0.0270 0.00800
IND 14 _Rain 0.170 22,6 0.486 234 0.0640 0.0490 <LOQ 0.136 <LOQ 8.4 0.00900 0.0360 0.00300
IND15_Rain  0.0930 <LOQ 0.870 274 0.0800 0.0100 <L0Q 0.188 <LOQ 8.42 0.00400 0.0230 0.00500
IND16_Rain  0.0910 42 1.80 41.9 0.430 0.0140 <LOQ 0501 <LOQ 8.16 0.00600 0.306 0.0220
IND 17_Rain 0.296 16.2 118 34,9 0375 0.0140 0.0320 0.635 0.00200 182 0.0100 0.0450 0.0260
IND18 Rain  0.0490 7.45 0.561 16.1 0.136 0.0150 <LOQ 0313 0.00600 8.47 0.0320 0.0310 0.00500
IND 19_Rain <LOQ 117 0.739 136 0.0810 0.0180 <L0Q 0136 0.00200 6.74 0.00800 0.0130 0.00400
IND 20_Rain <LOQ 345 0.169 7.63 0.0380 0.00700 <LOQ 0.0810 0.00100 3.09 0.00200 0.00800 0.00100
IND 21_Rain 0.103 344 0373 14.1 0.0900 0.0160 0.00600 0.118 0.00500 6.95 0.0140 0.00700 0.00300
IND22 Rain  0.0770 59.1 0.405 16.0 0.0830 0.0170 <LOQ 0.798 0.00400 7.88 0.00300 0.0380 0.00300
IND 23 Rain 0.147 36.8 0.252 7.55 0.0570 0.0210 <LOQ 0.0980 <LOQ 3.27 0.0150 0.0850 <LOQ
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Sample Li B Al Ti \% Cr Mn Fe Co Ni Cu Zn As
Lt Lt Lt Lt Lt Lt Lt Lt Lt Lt Lt Lt Lt
BEL 01_Rain 0.101 4.21 171 0.0330 0.183 0.0490 1.42 1.03 0.0100 0.162 0.753 4,78 0.0410
BEL 02_Rain 0.169 6.39 8.98 <L0Q 1.63 29.0 237 548 0.243 132 181 131 0.166
BEL 03_Rain 0.285 11.8 145 0.979 0.782 0.273 13.9 15.3 0.241 0.929 10.9 8.45 0.140
BEL 04_Rain 0.654 275 28.9 1.59 1.92 0.571 355 22.4 0.328 1.33 17.4 9.68 0.349
BEL 05_Rain 0.564 18.4 39.9 0118 119 0.390 0.366 345 0.0380 0.269 8.91 4.06 0.225
BEL 06_Rain 0.209 116 236 116 0873 0.398 193 20.0 0.309 224 102 224 0.110
BEL 07_Rain 0.0570 6.10 4.03 0.0220 0.300 0.150 0.793 5.38 <LOQ 0.104 1.10 4.64 0.0590
BEL 08_Rain 0.0300 5.64 2.92 0.0650 0.168 0.139 2.22 5.29 0.0200 0.173 1.35 7.85 0.0790
BEL09_Rain  0.0390 4.89 50.4 0.151 0320 0.0940 933 116 0.137 0.264 8.24 139 0.100
BEL 10_Rain 0.102 5.66 121 0.0570 0.0850 0.0330 0.677 1.45 <LOQ 0346 2.0 6.60 0.0260
BEL 11_Rain 0.296 8.97 3.77 0.0190 0214 0.0800 0.396 176 <L0Q 0370 428 198 0.0760
BEL 12_Rain 0.229 9.03 4.39 0.0870 0.305 0.0830 0.310 1.87 0.00300 0.0780 2.39 8.44 0.0770
Sample Se Br Rb Sr Mo Cd Sn Sh Cs Ba Tl Pb U
Lt Lt Lt Lt Lt Lt Lt Lt Lt Lt Lt Lt Lt
BEL 01_Rain <LOQ 12.4 0.166 6.00 0.0500 0.0130 <LOQ 0.186 <LOQ 3.24 0.00300 <LOQ <LOQ
BEL02 Rain  <LOQ 130 0376 210 297 0.0130 0.0200 0178 <L0Q 429 0.0120 <L0Q 0.00500
BEL 03_Rain 0.201 27 1.67 488 0419 0.0110 0.0370 0327 <LOQ 303 0.00900 0.149 0.0220
BEL 04_Rain 0.612 36.9 1.23 88.0 0.557 0.0330 0.0460 1.58 <LOQ 28.3 0.0190 0.145 0.0330
BEL 05_Rain 0.301 28.3 1.18 63.9 0.481 0.0120 <LOQ 1.32 <LOQ 41.0 0.00800 <LOQ 0.0360
BEL 06_Rain 0132 556 1.06 207 0392 0.263 0.0560 0579 <L0Q 7.85 0.00300 0.273 0.0130
BEL 07_Rain 0112 107 0125 9.44 0.0520 <L0Q <LoQ 0.196 <L0Q 6.56 <L0Q 0.0340 <LOQ
BEL 08_Rain 0.131 11.2 0.134 5.19 0.0350 0.0160 0.00700 0.271 <LOQ 2.57 0.0100 0.0370 0.00100
BEL 09_Rain 0.200 8.13 0.169 8.32 0.0270 0.0250 <LOQ 0.342 0.00300 6.86 0.00400 0.427 0.00600
BEL10 Rain  0.0640 37.7 0212 7.09 0.0260 0.0210 <L0Q 0.0660 <L0Q 1.37 <L0Q 0.0690 0.00100
BEL 11_Rain 0.251 467 0.267 120 0.101 0.0360 0.0100 0.340 0.00200 7.00 <L0Q 0.0210 0.00200
BEL 12_Rain 0.328 46.6 0.338 15.2 0.112 0.0130 0.00800 0.357 0.00300 5.95 <LOQ 0.00900 0.00300

—

306

—t



Sample Li B Al Ti \% Cr Mn Fe Co Ni Cu Zn As
L™ L L™ L™ Lt L™ Lt L™ L™ Lt L™ Lt L™
CAT 03_Rain 0.261 18.3 16.4 0.825 0.955 0.360 24.0 22.0 0.413 0.911 115 13.0 0.217
CAT 04_Rain 110 140 179 477 2.89 0.370 727 320 0.585 0826 40.0 192 0.464
CAT 05_Rain 0.655 5.83 183 3.69 2.24 0.332 44.4 46.8 0.429 0.533 25.2 104 0.276
CAT 06_Rain 0.244 14.0 425 0.136 1.63 0.236 0.806 5.06 0.0630 0.202 4.26 7.88 0.170
CATO7 Ran 00260 387 5.82 0.0690 0223 0.0720 7.04 5.16 0.0790 0.187 1.69 126 0110
CATO08 Ran 00130 358 341 0.0890 0177 0.0300 273 281 0.0380 0.0570 0.187 1.95 0.0630
CAT 09_Rain 0.0280 5.90 3.40 0.120 0.330 0.0380 3.70 1.67 0.0320 0.266 1.40 5.49 0.0760
CAT 10_Rain 0.0850 4.02 74.7 0.101 0.443 0.0340 5.87 6.70 0.0730 0.451 3.35 13.6 0.0730
CAT 11_Rain 0.464 5.59 41.3 0.258 0.363 0.192 8.02 111 0.153 0.975 16.6 57.4 0.202
CAT 12_Rain 0.501 15.1 8.76 0.198 112 0.139 7.85 535 0.0420 0.399 7.51 265 0.307
CAT 13_Rain 0.175 8.02 8.25 0.0860 0.461 0.0940 10.7 2.38 0.0740 0.254 1.94 5.32 0.203
CAT 14_Rain 0.214 6.47 318 0.176 117 3.22 0.0490 78.8 <LOQ 0.547 2.16 0.939 0.271
CAT 15_Rain 0.663 212 63.0 0218 255 0177 0175 7.40 0.0700 0618 118 6.92 0.363
CAT16 Ran  <LOQ 9.57 46.4 0.293 0503 0.0570 531 7.32 0.0150 0112 111 7.07 0.0280
CAT 17_Rain 111 34.7 68.9 3.56 5.04 1.62 98.3 51.4 0.777 3.26 829 140 1.44
CAT 18_Rain 0.204 15.3 7.97 0.627 0.842 0.177 0.324 4.30 0.00400 0.364 5.09 23.4 0.171
CAT 19_Rain 0.105 6.58 497 0.243 0.437 0.106 121 291 0.00600 0.254 3.29 179 0.0770
CAT 20_Rain 0.221 8.59 11.9 0.627 0811 0.221 0.664 6.40 0.0100 0.349 2.52 8.96 0.127
CAT21L Ran 00170 222 7.49 0.224 0.116 0.0680 1.43 463 0.0380 0.266 0.973 8.66 0.0470
CAT 22_Rain 0.124 4,55 9.46 0.605 0.285 0.0730 1.76 7.46 0.0500 0.222 1.96 13.8 0.0400
CAT23 Rain  0.0800 411 432 0.0800 0.0720 0.0450 0.694 3.29 0.0130 0.0620 1.23 5.63 0.0310
Sample Se Br Rb Sr Mo Cd Sn Sh Cs Ba Tl Pb U
Lt Lt Lt Lt Lt Lt Lt Lt Lt Lt Lt Lt Lt
CAT 03_Rain 0.548 182 1.70 495 0335 0.0180 0.0230 0371 <LOQ 9.23 0.0250 0.214 0.0200
CAT 04_Rain 3.66 6.91 3.59 945 0581 0.0840 0.0310 141 0.0110 243 0.202 0.0620 0.0450
CAT 05_Rain 3.02 2.20 1.86 53.3 0.592 0.0760 0.0210 0.154 0.0110 8.60 0.127 0.0580 0.0320
CAT 06_Rain 0.442 16.0 0.967 72.7 0.274 <LOQ 0.00900 0.295 <LOQ 21.3 0.0200 0.0530 0.0130
CAT 07_Rain 0.242 8.14 0.265 7.65 0.0400 0.0200 0.00800 0.0890 0.00300 383 0.0260 0.0770 0.00200
CAT 08_Rain 0.119 10.00 0114 361 0.00900 0.0100 <L0Q 0.0790 <LOQ 1.5 0.00900 0.0350 0.00100
CAT 09_Rain 0.203 12.9 0.142 5.58 0.0210 0.0110 0.00800 0.0810 <LOQ 2.90 0.00300 0.0750 0.00100
CAT 10_Rain 0.486 111 0.522 8.11 0.117 0.0800 0.00500 0.192 0.00700 2.95 0.0620 0.0470 0.00300
CAT 11_Rain 0352 186 0.988 142 0.143 0.196 <L0Q 0.194 0.0160 15.0 0212 0177 0.00300
CAT 12_Rain 0.441 54.1 159 36.3 0.297 0.0480 0.0130 0377 0.0120 110 0.140 0.0390 0.00600
CAT 13_Rain 0.172 34.8 0.417 10.9 0.0530 0.0490 <LOQ 0.148 0.0200 4.00 0.0130 0.0240 0.00700
CAT 14_Rain 0.496 10.6 0.639 79.2 0.116 0.0370 <LOQ 0.229 <LOQ 144 0.0110 0.0300 0.0230
CAT 15_Rain 0475 46.4 337 161 0.265 0.0280 <LOQ 0.410 0.00400 242 0.0290 0.0670 0.0560
CAT 16_Rain 0.147 <L0Q 474 274 0.550 0.00800 <L0Q 0.0520 <LOQ 463 0.00900 0.0310 0.0110
CAT 17_Rain 3.40 472 104 131 1.08 0416 0.0600 428 0.0460 20.8 0.525 0.106 0.0540
CAT 18_Rain 0.112 225 1.06 22.2 0.110 0.0360 0.00800 0.813 0.00900 8.10 0.0170 0.0160 0.00500
CAT 19_Rain 0.294 7.0 0.430 146 0.0560 0.0200 <L0Q 0.603 0.00400 432 0.00900 0.0150 0.00200
CAT 20_Rain 0.222 181 1.06 319 0.0980 0.0170 0.0170 1.50 0.00500 7.54 0.0220 0.0240 0.00500
CAT 21_Rain 0.146 7.55 0.194 381 0.0190 0.0140 0.0110 0.147 0.00200 1.90 0.00600 0.0770 0.00200
CAT 22_Rain 0.0330 26.4 0.689 8.48 0.0470 0.0160 <LOQ 0.537 0.00400 4.17 0.00800 0.0380 0.00300
CAT 23_Rain 0.149 51.9 0.230 7.51 0.0200 0.0140 <LOQ 0.0370 <LOQ 1.04 0.00600 0.0850 <LOQ
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Sample Li B Al Ti \% Cr Mn Fe Co Ni Cu Zn As
L™ Lt Lt L™ Lt L™ Lt L™ L™ Lt L™ Lt L™
GLP 03_Rain 0.282 8.63 372 211 1.06 0.353 312 30.0 0.357 0.768 192 181 0.304
GLP 04_Rain 0.634 165 80.9 1.08 463 0174 137 106 0.168 0378 213 393 0.830
GLP 05_Rain 0.498 4.02 99.8 1.89 1.45 0.147 38.2 18.9 0.296 0.262 13.9 6.55 0.154
GLP 06_Rain 0.113 12.0 18.3 0.339 2.08 0.163 0.679 4.79 0.0430 0.189 5.13 8.42 0.478
GLPO7 Rain  0.0460 539 61.2 0.356 0351 0.0920 8.28 9.63 0114 0.274 2.56 212 0113
GLPO8_Rain  0.0280 372 161 0.0230 0214 0.0500 3.25 177 0.0210 0.0800 0.277 2.00 0.0490
GLP 09_Rain 0.0240 4.68 3.64 0.116 0.338 0.0400 2.49 3.61 0.0130 0.118 111 4.40 0.0830
GLP 10_Rain 0.0380 4.10 145 0.121 0.312 0.0410 3.63 2.88 0.0640 0.335 1.66 104 0.0590
GLP 11_Rain 0.169 3.60 333 0.127 0338 0.0920 584 7.75 0111 0273 105 20.8 0.140
GLP 12_Rain 0.450 105 313 0.188 3.28 0.621 0.146 3.56 0.0220 0131 439 145 0336
GLP 13_Rain 0.154 6.51 6.09 0.110 0.525 0.0530 5.08 247 0.0230 0.106 0.903 311 0.223
GLP 14_Rain 0.186 6.19 47.7 0.218 1.32 0.201 <LOQ 5.66 <LOQ 0.415 3.62 2.60 0.256
GLP15 Ran  <LOQ 2.00 189 <L0Q 0.674 0.0650 <L0Q 1.48 <L0Q 0117 2.28 464 0.0610
GLP 17_Rain 0.233 139 463 0.981 2.98 0173 0.215 101 0.0440 0555 19.0 6.46 0.492
GLP 18_Rain 0.252 145 141 0.231 1.00 0.138 1.06 8.02 0.0100 0.295 4,98 16.5 0.155
GLP 19_Rain 0.166 5.98 7.19 0.200 0.505 0.0840 0.453 2.00 <LOQ 0.0780 3.08 135 0.0940
GLP 20_Rain 0.227 6.03 17.0 0.430 0.783 0.248 1.27 7.33 0.0110 0.449 4.97 11.8 0.313
GLP21 Rain  0.0540 1.84 5.28 0371 0.186 0.0280 173 314 0.0150 0.0500 0.180 7.05 0.0610
GLP 22_Rain 0133 429 6.40 0.232 0.261 0.0630 0.763 3.44 0.00600 0331 1.97 170 0.0410
GLP 23_Rain 0.0800 4.24 5.01 0.0870 0.101 0.0630 1.05 4.09 0.0150 0.190 3.20 13.5 0.0560
Sample Se Br Rb Sr Mo Cd Sn Sh Cs Ba Tl Pb U
Lt Lt Lt Lt Lt Lt Lt Lt Lt Lt Lt Lt Lt
GLP 03_Rain 212 11.9 194 43.3 0.358 0.0460 0.0140 0.224 <LOQ 141 0.0850 0.128 0.0330
GLP 04_Rain 6.84 19.1 4.46 120 1.75 0.0240 0.0160 0.394 0.0120 21.7 0.200 <LOQ 0.0580
GLP 05_Rain 1.50 2.40 1.54 415 0.402 0.0450 <LOQ 0.260 <LOQ 8.62 0.0730 <LOQ 0.0300
GLP 06_Rain 0.788 16.2 1.81 49.4 0.262 0.0190 0.159 0.712 0.00600 17.7 0.0970 0.0500 0.0110
GLP 07_Rain 0.234 8.05 0.381 8.01 0.0510 0.0610 0.00500 0.398 0.00700 5.44 0.0690 0.0580 0.00500
GLP 08_Rain 0.167 127 0133 5.0 0.0130 0.0150 <L0Q 0.108 <L0Q 385 0.00900 0.0440 0.00100
GLP 09_Rain 0.193 114 0136 6.16 0.0230 0.0100 <LOQ 0.0900 <LOQ 2.94 0.00300 0.0360 0.00200
GLP 10_Rain 0.209 9.03 0.187 5.73 0.0550 0.0440 <LOQ 0.101 <LOQ 1.79 0.0130 0.0290 0.00200
GLP 11_Rain 0.372 10.2 0.558 6.13 0.0610 0.115 <LOQ 0.175 0.0100 10.3 0.129 0.114 0.00200
GLP 12_Rain 0.200 25.9 115 408 1.28 0.00500 <L0Q 0573 0.00500 9.02 0.0110 0.0140 0.0790
GLP 13_Rain 0.219 28.4 0426 9.62 0.0730 0.0280 <L0Q 0135 0.00600 282 0.0110 0.0220 0.00700
GLP 14_Rain 0.417 9.42 0.860 76.9 0.205 0.0410 <LOQ 0.715 <LOQ 12.6 0.0140 0.0320 0.0360
GLP 15_Rain 0.234 2.52 0.481 20.4 0.0310 0.0170 <LOQ 0.0940 <LOQ 5.42 0.000282 0.000529 0.000106
GLP 17_Rain 0.587 851 5.72 57.1 0.696 0.0190 0.0120 0.400 0.0150 146 0.00103 0000290  0.000475
GLP 18_Rain 0.106 21.0 1.23 273 0221 0.0190 <L0Q 0377 0.0110 9.23 0000260  0.000858  0.000156
GLP 19_Rain 0.358 8.43 0.525 17.0 0.129 0.00800 <LOQ 0.178 0.00400 6.05 0.000192 0.0000873 0.0000349
GLP 20_Rain <LOQ 14.4 119 20.6 0.156 0.0280 0.0100 1.49 0.0130 6.11 0.00220 0.000155 0.000155
GLP 21_Rain 0.102 5.61 0.108 4,01 0.0190 0.0140 <LOQ 0.163 0.00100 1.50 0.000622 0.000415 0.000207
GLP22 Rain  0.0270 16.4 0341 9.42 0.0710 0.0160 <L0Q 0.240 0.00200 455 0.000160 000188  0.0000801
GLP 23_Rain 0.0840 48.5 0.340 7.11 0.0310 0.0200 <LOQ 0.0450 <LOQ 1.50 0.00168 0.0195 0.000840
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Sample Li B Al Ti \% Cr Mn Fe Co Ni Cu Zn As
L™ L Lt L™ Lt L™ Lt L™ L™ Lt L™ Lt L™
GAB 01_Rain 0.149 5.38 1.74 <LOQ 0.409 0.197 6.26 1.87 0.0650 0.477 0.491 4.16 0.127
GAB 02_Rain 0215 7.23 9.35 0.116 0.830 0.102 0.225 116 0.00600 0.0850 0.656 1.10 0172
GAB 03_Rain 0.482 178 29.2 <LOQ 228 254 1.36 111 0.0630 2.82 5.24 3.97 0437
GABO4 Rain 00730 511 2.03 <LOQ 261 0.158 0.349 0.861 0.0250 0.927 0.779 453 0.247
GABO5_Rain 00740 3.83 0112 <LOQ 0.288 0.0620 3.90 <LOQ 0.0530 0.288 204 7.18 0.131
GABO6_Rain 00470 450 245 0.0440 0.827 0.154 1.50 1.52 0.0100 0381 185 16.4 0.205
GAB 07_Rain 0.239 142 6.80 0.214 215 0.153 733 470 0.0620 147 6.64 25.2 0.187
GABO8 Rain  0.0310 291 4.80 0.151 0.294 0.140 3.84 6.91 0.0170 0.133 0510 201 0.126
GABO09_Rain  0.0580 6.73 376 0123 0.364 0.180 6.14 6.06 0.0870 0.496 495 21.0 0.256
GAB 10_Rain 0.200 758 7.91 0.0230 0675 0.0490 212 7.40 0.0470 115 3.04 126 0.0580
GAB1l Rain  0.0870 4.80 138 0.0770 0539 0.0710 1.98 108 0.0500 0.756 203 6.95 0.125
GAB 12_Rain 0.300 8.89 524 0.181 0.450 0.0660 7.67 281 0.102 0922 113 144 0.129
GAB 13_Rain 0341 123 312 0.156 2.02 0.237 5.88 23 0110 153 3.46 26.6 0.194
GAB 14_Rain 0.340 6.95 25.8 0.126 1.67 0.230 <LOQ 378 <LOQ 0.693 3.94 5.79 0.253
Sample Se Br Rb Sr Mo Cd Sn Sh Cs Ba Tl Pb U
Lt Lt Lt Lt Lt Lt Lt Lt Lt Lt Lt Lt Lt
GABOL Ran __ <LOQ 278 0.295 15.9 0.100 0.0330 <LOQ 0.0770 <LOQ 5.99 0.0460 <LOQ 0.00400
GAB 02_Rain 0322 34.9 0.443 48.2 0.130 0.00800 <LOQ 0.428 <LOQ 114 0.0170 <LOQ 0.00700
GAB 03_Rain 0.506 30.9 1.52 111 1.24 0.0140 <LOQ 0347 0.00800 324 0.0260 <LOQ 0.0240
GABO4_Rain  <LOQ 6.81 0.193 9.72 0.264 0.0150 <LOQ 0136 <LOQ 464 0.00600 <LOQ <LOQ
GABO5 Ran  <LOQ 6.15 0.109 6.31 0.0540 0.0110 <LOQ 0.100 <LOQ 28.7 0.0100 <LOQ <LOQ
GAB 06_Rain 0.229 7.79 0117 111 0.116 0.00700 <LOQ 0211 <LOQ 333 0.00500 0.0320 0.00100
GAB 07_Rain 0.125 33.7 0.450 22.9 0.230 0.0430 0.0120 0.156 0.0120 126 0.0130 0.0740 0.00600
GAB 08_Rain 0.165 9.60 0133 6.92 0.0350 0.0150 <LOQ 0.0500 <LOQ 377 0.0120 0.0280 0.00100
GAB 09_Rain 0.230 122 0217 8.41 0.0470 0.0500 <LOQ 0.107 <LOQ 100 0.0330 0.232 0.00400
GAB 10_Rain 0.143 65.1 0.188 138 0171 0.0270 <LOQ 0.0350 <LOQ 313 0.00800 0.156 0.00100
GAB 11_Rain 0.167 201 0.0940 5.05 0.0900 0.0260 <LOQ 0.105 0.00200 2.00 0.0170 0.207 0.00100
GAB 12_Rain 0.168 57.9 0319 205 0.124 0.0230 0.00800 0.148 0.00200 457 0.0140 0.0630 0.00300
GAB 13_Rain 0.209 67.2 0.399 20.1 0.462 0.0650 <LOQ 0511 0.00600 387 0.0150 118 0.00600
GAB 14_Rain 0142 455 0.810 795 0.445 0.0470 <LOQ 0.239 <LOQ 19.1 0.00900 0.0370 0.0110
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Sample Li B Al Ti \% Cr Mn Fe Co Ni Cu Zn As
L™ L Lt Lt Lt L™ Lt L™ L Lt L™ Lt L™
SIR 01_Rain 0.194 7.96 6.07 0.308 0.868 0.166 0.193 1.88 0.00400 0.229 1.60 8.33 0.215
SIR 02_Rain 0.278 133 107 <LOQ 1.10 0171 0.0910 264 0.0280 0.253 1.93 3.70 0.162
SIR 03_Rain 0231 6.75 9.97 0.205 0.694 0.188 34.4 120 0.265 113 6.49 12.0 0.0900
SIR 04_Rain 0374 14.0 316 0811 3.41 0.436 55.2 187 0583 226 9.58 88.3 0218
SIR 05_Rain 0.264 105 485 523 1.50 0.392 406 516 0.447 2.07 15.2 113 0.181
SIR 06_Rain 0.116 8.93 109 0.149 1.05 0.145 0.529 301 0.0170 0672 2.89 83.9 0.228
SIR 07_Rain 0.0400 5.30 262 0.0830 0571 0.134 5.30 259 0.0580 0781 174 46.6 0.153
SIR 08_Rain 0.0410 5.04 2.06 0.147 0.216 0.0490 173 113 0.0280 0.209 125 408 0119
SIR 09_Rain 0.0340 6.50 2.94 0125 0.385 0.0380 2.76 220 0.0380 0.186 133 23.9 0.0830
SIR 10_Rain 0.0490 355 9.02 0.167 0319 0.0450 2.80 219 0.0360 0597 1.78 121 0.0240
SIR 11_Rain 0.149 311 226 0.0490 0336 0.0690 3.10 217 0131 9.21 273 189 0.103
SIR 12_Rain 2.60 64.9 69.5 0821 9.36 0.779 117 9.45 0.0860 131 3238 145 1.03
SIR 13_Rain 0.340 15.1 13 0.176 1.23 232 5.43 53.6 0.895 1.33 258 59.2 0393
SIR 14_Rain 0.450 107 46.9 0.0570 2.24 0.744 <LOQ 587 0.00500 0.981 3.95 4.06 0.399
SIR 15_Rain <LOQ 1.04 388 0.0510 0.733 0112 0.969 5.43 0.164 0241 256 7.95 0.0730
SIR 16_Rain <LOQ 6.10 138 0.702 0.717 0.198 106 937 0.0570 0.478 8.20 15.8 0.176
SIR 17_Rain 0.340 118 62.3 0.558 4.44 0.500 0.250 3.76 0.0120 0.797 6.42 184 0153
SIR 18_Rain 0.247 156 57.1 1.00 2.29 0.183 0.205 6.88 0.00500 0.105 248 6.72 0.140
SIR 19_Rain 0.157 6.79 214 0.157 1.86 0.0970 0.146 234 0.00600 0.261 3.02 9.56 0117
SIR 20_Rain 0.405 12.0 238 0.798 101 0342 181 9.84 0.0200 0.704 552 28.1 0218
SIR 21_Rain 0373 11.0 109 0178 0219 0331 1.67 462 0.0200 0.440 0.718 78.4 0314
SIR 22_Rain 0.251 6.57 18.0 0.560 123 0.145 0.260 433 0.0110 0.878 3.29 276 0.0460
SIR 23_Rain 0141 470 1.81 <LOQ 0.159 0122 0.564 1.42 0.0110 0.210 0.251 28.4 0.134
Sample Se Br Rb Sr Mo Cd Sn Sh Cs Ba Tl Pb V]
Lt Lt Lt Lt Lt Lt Lt Lt Lt Lt Lt Lt Lt
SIR 0L_Rain 0.160 284 0.484 324 0.0940 <LOQ <LOQ 0341 <LOQ 104 0.0130 <LOQ 0.00500
SIR 02_Rain <LOQ 28.9 0501 40.2 0.129 0.0180 <LOQ 0.457 <LOQ 11.0 0.0120 <LOQ 0.00700
SIR03_Rain 0219 8.80 0.895 308 0.163 0.0170 <LOQ 0.0870 <LOQ 530 0.0110 0272 0.00900
SIR 04_Rain 0.730 9.88 113 64.8 0.610 0.0360 0.0210 0.546 <LOQ 226 0.0310 0.0980 0.0170
SIR 05_Rain 0.506 7.22 1.27 54.4 0516 0.0320 0.0180 0.287 <LOQ 773 0.0340 0.0460 0.0280
SIR06_Rain 0.219 113 0.415 217 0.0970 0.0360 0.0290 0587 0.00400 16.1 0.0290 0.0610 0.00300
SIR 07_Rain 0.226 7.63 0.184 8.02 0.0380 0.0260 0.0280 0.263 0.00400 6.18 0.0230 0.0870 0.00100
SIR 08_Rain 0122 17.0 0.0820 4.43 0.0100 0.0100 <LOQ 0.156 <LOQ 3.09 <LOQ 0.0620 <LOQ
SIR 09_Rain 0.100 137 0.100 5.18 0.0260 0.0160 <LOQ 0.0800 <LOQ 293 0.00300 0.0840 0.00300
SIR 10_Rain 0.167 124 0.189 6.39 0.0690 0.0370 0.00800 0127 0.00300 247 0.0180 0.0760 0.00200
SIR 11_Rain 0151 12.9 0.123 6.80 0.0340 0.0200 <LOQ 0177 0.00400 5.43 0.0260 0.0330 0.00100
SIR 12_Rain 323 233 405 181 2.88 0.160 0.0350 9.08 0.0110 431 0.154 0.165 0132
SIR 13_Rain 0323 775 0.680 26.9 0.270 0.0520 0.0200 0.233 0.00700 7.28 0.0260 0.0580 0.0110
SIR 14_Rain 0.240 311 0.962 115 0.182 0.0300 <LOQ 0.856 <LOQ 20.2 0.00700 0.0390 0.0640
SIR 15_Rain 0.237 <LOQ 0316 25.2 <LOQ 0.0180 <LOQ 00770 <LOQ 135 0.00400 0.0220 0.00300
SIR 16_Rain 0.230 <LOQ 0533 23.9 0.104 0.0230 <LOQ 0.165 <LOQ 481 0.0320 0.0800 0.00900
SIR 17_Rain 0.454 139 1.49 413 0311 0.0250 0.0110 144 0.00900 154 0.0240 0.0110 0.0380
SIR 18_Rain 0383 343 0.606 28.8 0.161 0.0160 <L0Q 0637 0.00700 273 0.0190 <L0Q 0.0150
SIR 19_Rain 0.104 8.26 0.369 19.3 0111 0.0180 <LOQ 0.296 0.00500 8.37 0.00700 <LOQ 0.00400
SIR 20_Rain 0501 64.5 1.04 313 0.188 0.0260 0.0100 3.69 0.0180 104 0.0690 0.00200 0.0110
SIR 21_Rain <LOQ 115 0.417 195 0.0480 0.00800 0.00600 215 0.00200 138 0.00500 0.133 0.00400
SIR 22_Rain 0.0550 238 0.498 313 0.130 0.0170 <LOQ 0.727 0.00400 8.91 0.00700 0.0520 0.0160
SIR 23 Rain 0.108 69.5 0241 9.67 0.0480 <LOQ <LOQ 0212 <LOQ 3.23 <LOQ 0.0730 <LOQ
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Sample Li B Al Ti \% Cr Mn Fe Co Ni Cu Zn As
Lt Lt Lt Lt Lt Lt Lt Lt Lt Lt Lt Lt Lt
AUG 0L Rain __ 0.203 837 245 0.0750 0.605 0.0410 224 1.50 0.0320 0417 0.555 335 0.103
AUG 02 Rain  0.408 168 62.0 1.37 1.54 0.210 126 53.3 0.116 0.663 6.89 405 0.235
AUG 03_Rain 0.232 6.31 9.53 0.439 0.473 0.199 36.4 13.9 0.263 0.892 8.41 15.1 0.0690
AUG 04_Rain 0.378 18.9 20.9 0.752 1.56 0.170 38.0 23.7 0.749 1.36 23.6 58.9 0.367
AUGO5_Rain  0.530 6.66 96.9 3.02 152 0.396 36.8 295 0.355 0928 196 7.21 0.260
AUG06_Rain  0.0680 111 5.28 0218 0.629 0.103 8.83 3.46 0118 0.899 211 312 0.150
AUG 07_Rain 0.0890 7.92 124 0.0220 0.373 0.0670 5.04 3.40 0.0770 0.393 2.75 176 0.0660
AUG 08_Rain 0.0790 5.46 0.259 0.0100 0.202 0.0290 1.89 0.163 0.0300 0.0260 0.995 169 0.0360
AUG09_Rain  0.0680 558 3.60 0.106 0324 0.0250 0.769 1.20 0.00800 0.116 2.32 167 0.0760
AUG10_Rain  0.600 757 4.03 0.0650 0.398 0.0400 3.04 141 0.103 0.566 2.73 107 0.0700
AUG 11_Rain 0.336 5.37 5.02 0.0900 0.451 0.0420 3.91 3.10 0.0940 0.394 11.9 491 0.144
AUG 12_Rain 0.966 5.76 14.0 0.220 0.633 0.146 14.4 10.2 0.353 1.32 30.0 1,190 0.323
Sample Se Br Rb Sr Mo Cd Sn Sh Cs Ba Tl Pb U
Lt Lt Lt Lt Lt Lt Lt Lt Lt Lt Lt Lt Lt
AUG 01_Rain 0.152 315 0.339 19.9 0.0570 0.0450 <LOQ 0.109 <LOQ 7.73 0.0190 0.00300 0.00400
AUGO02 Rain 0272 455 1.98 525 0.147 0.0310 0.0430 0.358 0.0100 139 0.0210 0.454 0.0350
AUGO03_Rain  0.148 152 0.698 355 0.109 0.0270 <L0Q 0.0700 <LOQ 120 0.0120 0.168 0.00800
AUG 04_Rain 0.829 215 3.99 56.4 0.567 0.0570 0.0240 0.182 <LOQ 155 0.0940 0.233 0.00800
AUG 05_Rain 143 4.23 171 45.4 0.393 0.0670 <LOQ 0.0720 <LOQ 7.08 0.137 <LOQ 0.0240
AUGO6_Rain  0.202 115 0279 142 0.0850 0.0350 <L0Q 0.0930 0.00400 6.27 0.0140 0.0410 0.00300
AUGO7 Rain  0.150 27.9 0.181 9.35 0.0490 0.0280 <LoQ 0319 0.00400 5.62 0.0180 0.397 0.00200
AUG 08_Rain 0.0470 31.4 0.107 7.51 0.0140 0.0170 <LOQ 0.0670 <LOQ 4.02 0.00300 0.0460 <LOQ
AUG 09_Rain 0.232 28.5 0.179 30.8 0.0290 0.0110 <LOQ 0.0890 0.00300 5.20 <LOQ 0.0950 0.00300
AUG10 Rain  0.161 150 0.504 20.4 0.0560 0.0410 <LOQ 0.200 0.00400 3.74 0.0120 0.129 0.00100
AUG1L Rain  0.285 59.2 0.508 236 0.0830 0.0360 <L0Q 0.165 0.00500 6.87 0.0120 0.176 0.00400
AUG 12_Rain 0.858 63.6 1.39 37.4 0.183 0.164 0.00900 0.157 0.0140 2.97 0.0730 0.692 0.00600
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Sample Li B Al Ti \% Cr Mn Fe Co Ni Cu Zn As
L™ L Lt Lt Lt L™ Lt L™ L™ Lt Lt Lt L™
PRI 01_Rain 0.146 6.28 4.59 <LOQ 0.582 0.0520 0.708 1.01 0.00500 0.179 0.467 1.39 0.149
PRI 02_Rain 0.332 15.0 30.6 0.314 1.46 0.139 0.255 411 0.0200 0.415 2.52 2.83 0.212
PRI 03_Rain 0.293 5.82 17.1 0.937 1.03 0.654 37.6 17.6 0.351 1.29 17.8 221 0.0850
PRI 04_Rain 0.316 7.49 50.6 0.861 1.85 0.370 38.1 13.1 0.333 111 10.0 6.51 0.243
PRI 05_Rain 0.321 2.75 200 29.9 1.91 0.236 32.2 205 0.336 1.07 9.48 13.0 0.228
PRI 06_Rain 0.0770 9.19 12.6 0.129 0.839 0.129 0.421 3.04 0.0120 0.138 1.42 3.39 0.128
PRI 07_Rain 0.0330 551 391 0.0380 0.304 0.0560 4.95 1.62 0.0440 0.300 6.64 3.82 0.154
PRI 08_Rain 0.0380 3.90 5.42 0.0430 0.149 0.0330 222 6.01 0.0460 0.161 0.370 3.17 0.0250
PRI 09_Rain 0.0210 391 1.50 0.131 0.293 0.0190 3.29 0.982 0.0410 0.203 0.719 3.47 0.0470
PRI 10_Rain 0.0880 3.88 15.9 0.0400 0.462 0.0390 5.01 2.55 0.0660 1.09 3.28 9.40 0.0440
PRI 11_Rain 0.183 341 3.99 0.0550 0.502 0.100 3.58 220 0.184 0.739 5.48 204 0.103
PRI 12_Rain <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
PRI 13_Rain 0.425 195 11.6 0.393 0.868 0.174 4.99 5.60 0.00600 0.509 2.53 7.29 0.352
PRI 14_Rain 0.178 5.04 335 0.0850 0.410 0.267 <LOQ 431 0.0150 0.458 2.02 1.33 0.169
PRI 15_Rain 0.123 1.44 58.3 <LOQ 0.882 0.190 0.0630 4.45 0.0670 0.0940 4.39 1.78 0.126
PRI 16_Rain <LOQ 5.40 115 0.437 0.406 0.232 11.0 8.27 0.0700 0.479 5.98 19.1 0.0510
PRI 17_Rain 0.279 14.3 24.8 0.613 3.08 0.272 0.169 5.94 0.00800 0.416 12.4 12.9 0.212
PRI 18_Rain 0.192 14.9 8.66 0.266 2.45 0.0830 0.262 2.84 <LOQ 0.464 2.59 12.8 0.0940
PRI 19_Rain 0.101 4.37 8.51 0.113 0.682 0.0500 0.383 2.86 <LOQ 0.130 2.98 14.0 0.0950
PRI 20_Rain 0.664 28.3 39.8 1.88 5.14 0.462 0.828 18.1 0.0500 1.92 322 58.4 0.410
PRI 21_Rain 0.405 12.2 6.80 0.491 0.253 0.117 1.81 5.89 0.0620 0.226 0.796 14.6 0.0510
PRI 22_Rain 0.191 6.04 6.92 0.182 0.567 0.0700 0.296 2.78 0.00600 0.484 2.24 111 0.0310
PRI 23_Rain 0.254 7.27 1.64 <LOQ 0.0950 0.0370 0.575 1.37 0.00800 0.0310 0.146 3.92 0.0320
Sample Se Br Rb Sr Mo Cd Sn Sh Cs Ba Tl Pb U
Lt Lt To] g Lt To] g Lt Lt 1o g Lt Lt Lt To] g Lt
PRI 01_Rain 0.214 249 0.309 221 0.0770 0.0140 <LOQ 0.194 <LOQ 6.98 0.0130 <LOQ 0.00400
PRI 02_Rain 0.271 35.0 0.684 66.4 0.160 0.0120 <LOQ 0.677 <LOQ 14.4 0.0110 <LOQ 0.0240
PRI 03_Rain 0.284 5.44 0.763 34.9 0.185 0.0350 <LOQ 0.151 <LOQ 13.1 0.00800 0.202 0.0140
PRI 04_Rain 0.767 7.15 0.959 59.0 0.289 0.0280 <LOQ 0.252 <LOQ 15.0 0.0460 0.0630 0.0210
PRI 05_Rain 1.36 3.20 0.968 40.5 0.303 0.0390 <LOQ 0.0770 <LOQ 8.45 0.0460 0.0920 0.0230
PRI 06_Rain 0.388 111 0.289 20.8 0.0840 0.00500 0.0160 0.319 0.00300 9.06 0.0150 0.104 0.00300
PRI 07_Rain 0.137 9.39 0.241 138 0.0520 0.0230 0.00700 32.7 0.00400 202 0.0190 0.0460 <LOQ
PRI 08_Rain 0.140 18.4 0.0670 3.88 0.0140 0.0110 <LOQ 0.0240 <LOQ 1.39 <LOQ 0.0500 0.00200
PRI 09_Rain 0.184 10.9 0.0970 451 0.0140 <LOQ <LOQ 0.0450 <LOQ 2.86 <LOQ 0.0480 0.00100
PRI 10_Rain 0.349 11.0 0.386 8.84 0.146 0.0590 0.0200 0.169 0.00900 3.18 0.0450 0.0800 0.00200
PRI 11_Rain 0.159 115 0.173 7.46 0.0640 0.0200 <LOQ 0.142 0.00300 4.10 0.0100 0.0260 0.00200
PRI 12_Rain <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
PRI 13_Rain 0.440 93.1 0.790 34.3 0.117 0.0410 <LOQ 0.534 0.00700 8.14 0.0450 0.0100 0.00700
PRI 14_Rain 0.0930 223 0.542 57.1 0.0910 0.0350 <LOQ 0.472 <LOQ 114 0.00400 0.264 0.0200
PRI 15_Rain 0.237 2.04 0.499 48.4 0.0230 0.0140 <LOQ 0.0820 <LOQ 111 0.00400 0.128 0.0110
PRI 16_Rain 0.137 <LOQ 0.300 16.1 0.0300 0.0240 <LOQ 0.180 <LOQ 2.76 0.00300 0.0610 0.0100
PRI 17_Rain 0.550 155 0.874 35.1 0.225 0.0240 0.0100 0.711 0.00500 10.1 0.0130 <LOQ 0.00900
PRI 18_Rain 0.345 30.8 0.388 16.2 0.150 0.0280 <LOQ 0.882 0.00400 4.39 0.0140 <LOQ 0.00400
PRI 19_Rain <LOQ 3.71 0.305 115 0.0500 0.0160 <LOQ 0.125 0.00400 4,78 0.0150 <LOQ 0.00200
PRI 20_Rain 0.324 52.8 3.05 70.9 0.388 0.0360 0.0430 10.1 0.0270 17.1 0.0440 0.143 0.0320
PRI 21_Rain <LOQ 128 0.602 20.1 0.0520 0.0290 <LOQ 0.147 0.00300 3.61 0.00700 0.0670 0.00200
PRI 22_Rain 0.0460 239 0.496 143 0.101 0.0230 <LOQ 0.107 0.00200 5.46 0.00400 0.0280 0.00400
PRI 23 Rain 0.276 105 0.305 14.0 0.0270 0.00900 <LOQ 0.0250 <LOQ 1.12 <LOQ 0.0920 <LOQ
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Sample Li B Al Ti \% Cr Mn Fe Co Ni Cu Zn As
L™ L L™ L™ Lt L™ Lt L™ L™ Lt L™ Lt L™
CESOLRan __ 0.0730 1.98 1.43 <LOQ 0.189 0.0310 2.79 0.633 0.0250 0.208 0.0360 1.99 0.0290
CES02 Rain  0.0890 245 3.24 <L0Q 0.288 0.0820 0.233 1.48 0.00600 0113 0423 361 0.0850
CES 03_Rain 111 13.3 15.2 0.260 1.04 0.130 1.03 3.67 0.0320 0.488 4.96 2.08 0.148
CES 04_Rain 0.485 30.2 15.1 <LOQ 231 0.316 0.368 3.67 0.0530 1.26 6.68 3.87 0.464
CESO05_Rain  0.0490 445 0.556 <LOQ 0.169 0.0300 0.207 <L0Q 0.00700 0122 0.864 242 0.0540
CESO7 Rain  0.0550 391 17.7 0.126 0215 0.124 481 12.8 0.0440 0.446 3.96 25.7 0.120
CES 08_Rain 0.00600 1.86 4.46 0.0450 0.122 0.0400 2.99 2.75 0.0250 0.0410 2.88 5.44 0.0770
CES 09_Rain 0.0710 4.89 9.67 0.618 0.503 0.0830 7.51 5.93 0.0530 0.788 2.79 14.9 0.151
CES10_Rain  0.0350 267 541 0.394 0.116 0.0380 225 3.27 0.0220 0.950 1.03 558 0.0230
CES11 Rain  0.0740 264 2.95 0.123 0122 0.0170 181 1.28 0.0230 0.0280 0.853 202 0.0460
CES 12_Rain 0.271 4.55 123 0.0470 142 0.0310 8.95 2.20 0.0890 0.200 2.37 2.97 0.112
CES 13_Rain 0.0810 2.32 6.74 0.0950 0.335 0.0520 114 4.74 0.149 0.700 0.976 2.36 0.127
CES14 Ran  <LOQ 5.46 125 0.230 0.462 0.369 <L0Q 141 0176 0.491 229 414 0.0960
CES15 Rain  <LOQ 1.26 7.83 0.0360 0337 0.0670 0.199 1.62 <LOQ 0233 2.19 513 0.0690
CES17 Rain  0.0420 539 6.53 0.0740 0303 0.0510 3.67 165 <L0Q 0.207 141 7.60 0.110
CES 18_Rain 0.0530 6.92 6.50 0.0910 0.433 0.0470 0.706 5.57 <LOQ 0.301 2.77 13.7 0.0740
CES19 Rain  0.0230 4.65 4.42 0.0990 0.269 0.0540 171 2.88 0.0110 0422 162 8.35 0.104
CES20 Rain  <LOQ 247 454 0113 0.108 0.0260 291 3.37 0.0280 0.142 1.59 7.60 0.0400
CES2L Rain  0.0220 191 9.49 0.580 0.142 0.0380 1.03 481 0.00600 0113 0.604 7.54 0.0580
CES 22_Rain 0.190 6.36 16.2 0.454 0.265 0.128 0.717 115 0.0550 0.232 2.61 7.31 0.0520
CES 23_Rain <LOQ 0.578 9.52 0.122 0.142 0.0870 6.51 115 0.0760 0.141 2.00 11.8 0.0920
Sample Se Br Rb Sr Mo Cd Sn Sh Cs Ba Tl Pb U
Lt Lt Lt Lt Lt Lt Lt Lt Lt Lt Lt Lt Lt
CESOL Ran __ <LOQ 773 0.152 7.14 0.0150 <L0Q <L0Q 0.132 <L0Q 261 0.00300 <L0Q <LOQ
CES02 Rain  <LOQ 9.77 0218 155 0.0300 <L0Q <L0Q 0.0690 <L0Q 418 0.00600 <LoQ 0.00500
CES 03_Rain 0.204 21.9 1.07 46.8 0.127 0.0120 <LOQ 0.550 0.00900 134 0.0150 <LOQ 0.0100
CES 04_Rain 0.547 37.9 1.69 94.2 0.311 0.0120 0.0140 0.913 0.0130 24.7 0.0320 0.0220 0.0220
CES05 Ran  <LOQ 5.89 0.0870 473 0.0330 <L0Q <L0Q 0.0500 <L0Q 271 <L0Q <L0Q <LOQ
CES 07_Rain 0.210 157 0.153 203 0.0580 0.0330 0.0140 0.0780 0.00400 3.40 0.0270 0.165 0.00200
CES 08_Rain 0.0710 5.10 0.147 291 0.0180 0.0200 <LOQ 0.0290 0.00400 2.50 0.0210 0.0480 0.00200
CES 09_Rain 0.333 11.8 0.330 9.88 0.0400 0.0260 0.0600 0.374 0.00600 9.37 0.0170 0.970 0.00600
CES 10_Rain 0.116 131 0.0770 3.94 0.0180 0.0330 <L0Q 0.0650 <L0Q 247 <L0Q 0.0580 0.00100
CES 11_Rain 0.138 115 0.0940 307 <LOQ 0.00900 0.00700 0.0380 0.00100 1.02 <L0Q 0.0300 0.00200
CES 12_Rain 0.824 32.0 0.549 15.0 0.132 0.0720 <LOQ 0.124 0.00900 4.49 0.124 0.00900 0.00600
CES 13_Rain 0.165 10.8 0.247 8.34 0.0340 0.0280 <LOQ 0.0970 0.00300 2.72 0.00600 0.0340 0.00800
CES14 Rain  0.0300 20.7 0.383 295 0.0390 0.0430 <LOQ 0.143 <L0Q 7.90 0.00800 0.0250 0.00500
CES 15_Rain 0.235 <LOQ 0374 169 <LoQ 0.0330 <L0Q 0.0670 <L0Q 4.46 0.00900 0.0150 0.00200
CES 17_Rain 0.147 130 0.380 7.89 0.0450 0.0260 <L0Q 0.0610 0.00500 2.85 0.0190 0.0140 0.00100
CES 18_Rain 0.229 9.33 0.253 10.7 0.0440 0.0180 <LOQ 0.0630 0.00300 4.19 0.00600 0.0160 0.00200
CES 19_Rain 0.187 107 0.201 6.20 0.0380 0.0290 0.0190 0.202 0.00300 3.10 0.00800 0.0620 0.00200
CES20 Rain  0.0350 6.60 0.153 350 0.0190 0.0150 <L0Q 0.0510 0.00200 157 0.00400 0.0350 0.00200
CES2L Rain  0.0360 124 0.169 5.96 0.0110 <L0Q <L0Q 0.0270 0.00200 333 0.00300 0.0560 0.00300
CES 22_Rain 0.0470 374 0.328 14.2 0.0390 0.00900 <LOQ 0.0730 0.00300 3.25 0.00300 0.0660 0.00500
CES 23_Rain 0.567 7.73 0.180 2.67 0.0260 0.0240 <LOQ 0.136 0.00400 1.35 0.0140 0.189 <LOQ
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Table S. 4 - Minor and trace element concentrations (ug L) in rinse solutions.

Sample Li B Al Ti \Y/ Cr Mn Fe Co Ni Cu Zn As
wL* L' L' Lt Lt Lt Lt glt glt gl ogLlt o gLlt oLt
CITO8 0180 615 507 111 193 00520 10.8 127 0114 00820 283 101  0.150
CIT15 0189 358 452 388 248 0384 161 141 0116 0303 235 141  0.332
Sample Se Br Rb Sr Mo Cd Sn Sb Cs Ba T Pb U
wLt wlt Lt wlt wlt gl oLttt gLttt o wlt oLttt ol ogLlt gLt
CITO8 0741 329 120 103 00850 00570 <LOQ 00270 00280 11.8 0203 0717 0.0470
CIT15 0878 <LOQ 656 121 0110 0179 <LOQ 0263 00350 956 0263 350  0.0590
Sample Li B Al Ti \ Cr Mn Fe Co Ni Cu Zn As
wLl' gL' gLt gLt gLttt glt gLttt oglt gLttt gLttt gLttt gLttt gLt
ZAF08 <LOQ 650 670 219 00620 0150 154 194 00320 0228 0692 123  0.0430
ZAF15 0174 391 691 577 251 0274 209 133 0242 0720 265 399  0.284
Sample Se Br Rb Sr Mo Cd Sn Sb Cs Ba T Pb U
wL* Lt Lt Lt Lt Ll Lt glt lt gLttt oLt gLt
ZAF08 0133 27.6 0134 0499 00190 00230 <LOQ 0443 000300 0.896 0.0340 0.838 0.00300
ZAF15 210 <LOQ 230 187 00990 0320 <LOQ 0208 00270 245 00840 649  0.120
[ 314 }



Sample Li B Al Ti \Y/ Cr Mn Fe Co Ni Cu Zn As
wLlt  wlt Lt wlt wlt gl owlt gLttt o wlt owlt ol ogLlt gLt
INTO8 <LOQ 573 287 0737 00830 00590 0692 129 00120 0193 231 117 0.0310
INT15 0289 417 613 594 277 0499 178 174 0186 0446 284 230 0559
Sample Se Br Rb Sr Mo Cd Sn Sb Cs Ba T Pb U
wLl' Lt gLt gLttt gLttt oglt gLttt gLttt gLttt oglt oLt gLttt gLt
INTO8 0142 332 00940 0292 00230 <LOQ <LOQ 00110 00170 0265 00240 0.347 0.00300
INT1I5 210 <LOQ 385 176 0143 0659 <LOQ 0242 00510 149 0768 6.06  0.0900
Sample Li B Al Ti \ Cr Mn Fe Co Ni Cu Zn As
wL* Lt gL' Lt wlt Lt Lt glt glt gLttt oLt gLt
ARCO8A <LOQ 7.89 724 164 0143 0110 657 2159 00650 0212 438 130  0.0280
ARC15 0757 367 421 475 114 0570 304 172 0366 0959 317 865  0.238
Sample Se Br Rb Sr Mo Cd Sn Sb Cs Ba T Pb U
wL* Lt L' Lt Lt Ll Lt glt glt gLl gLt gLt gLt
ARCO08A 0219 <LOQ 0158 607 00230 00310 <LOQ 00820 0.00800 9.63 00160 238  0.0190
ARC15 0657 <LOQ 107 174 0080 00970 <LOQ 0441 00210 301 00230 131  0.114
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Sample Li B Al Ti \Y/ Cr Mn Fe Co Ni Cu Zn As
wl  wl' wl' gl gl wlt ol ol gt gl oLt ol gLt
UNIO8 <LOQ 776 752 0879 0130 0143 477 352 00480 0159 243 878  0.0390
UNI15 0118 394 239 257 0501 0374 161 112 0175 0639 119 315  0.125
Sample Se Br Rb Sr Mo Cd Sn Sb Cs Ba T Pb U
wlt gl wlt gl ol owlt gt ol gl ol ot gl ol
UNIO8 0111 139 00850 399 00270 00190 <LOQ 0.141 000500 491 <LOQ 2.80  0.0130
UNI15 0537 <LOQ 0654 115 00560 0106 <LOQ 0377 00130 179 00140 512  0.0540
Sample Li B Al Ti \ Cr Mn Fe Co Ni Cu Zn As
wl  wlt wlt gt gl owlt ol ol gl gl owlt ot gLt
INDO8 <LOQ 593 845 158 0138 0189 461 279 0128 0178 331 487 00320
IND15 0195 422 477 391 124 0725 523 223 0556 128 351 918  0.260
Sample Se Br Rb Sr Mo Cd Sn Sb Cs Ba T Pb U
wl  wlt wlt gt gl ol ol ol gt gl owlt ol gLt
INDO8 0222 <LOQ 0124 407 0132 00170 <LOQ 0.00 000500 532 000500 2.12  0.0110
IND15 0938 114 145 271 0175 0211 <LOQ 0416 00140 408 00150 171  0.113
Sample Li B Al Ti \Y/ Cr Mn Fe Co Ni Cu Zn As
wLl* gLt ol ol ol owlt oglt o pglt ottt owlt ol ol gLt
BELOS <LOQ 581 865 0821 0131 0231 523 307 00520 0276 580 161 0.0330
Sample Se Br Rb Sr Mo Cd Sn Sb Cs Ba T Pb U
wl wlt wlt gl gl owlt ol ol gt gl owlt ot gLt
BELOS 0.114 <LOQ 00790 400 00400 00250 <LOQ 0.57 000500 506 0.00500 2.33  0.0120
( |
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Sample Li B Al Ti \Y/ Cr Mn Fe Co Ni Cu Zn As
wLlt  wlt Lt wlt wlt gl owlt gLttt o wlt owlt ol ogLlt gLt
CAT08 <LOQ 742 645 0654 00400 0106 0864 193 00120 0121 1.00  6.20  0.0240
CAT15 0342 466 940 594 432 0590 747 247 0795 101 298 857  0.393
Sample Se Br Rb Sr Mo Cd Sn Sb Cs Ba T Pb U
wLl' Lt gLt gLttt gLttt oglt gLttt gLttt gLttt oglt oLt gLttt gLt
CAT08 0133 205 <LOQ 0527 000900 <LOQ <LOQ 0.0620 000200 1.03 000300 121 <LOQ
CAT15 142 190 390 516 0170 0235 <LOQ 0326 00270 463 00850 551  0.112
Sample Li B Al Ti \ Cr Mn Fe Co Ni Cu Zn As
wL* Lt gL' Lt wlt Lt Lt glt glt gLttt oLt gLt
GLP08 <LOQ 654 582 0889 00330 0109 127 200 00210 247 190 305  0.162
GLP15 0272 436 1037 102 410 0435 401 227 0478 0933 306 863  0.372
Sample Se Br Rb Sr Mo Cd Sn Sb Cs Ba T Pb U
wL* Lt L' Lt Lt Ll Lt glt glt gLl gLt gLt gLt
GLP08 0134 143 <LOQ 0358 00150 0.00800 <LOQ 0.119 000200 0762 000300 0.772 0.00300
GLP15 139 256 299 361 0256 0217 <LOQ 0219 00280 475 00810 511 0221
Sample Li B Al Ti \Y/ Cr Mn Fe Co Ni Cu Zn As
wL* Lt L' Lt Lt gl Lt glt pglt gLl gLttt oglt gl
GABO8 000500 503  17.6 0381 00940 00800 0570 9.78 000500 00730 0599 617  0.0270
Sample Se Br Rb Sr Mo Cd Sn Sb Cs Ba T Pb U
wL* Lt L' Lt Lttt Lt Lt glt plt gLttt oglt opglt
GABO8 0132 233 00130 243 00250 <LOQ <LOQ 0.0570 0.00200 0.643 <LOQ 0895 <LOQ
( |
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Sample Li B Al Ti \Y/ Cr Mn Fe Co Ni Cu Zn As
wLlt  wlt Lt wlt wlt gl owlt gLttt o wlt owlt ol ogLlt gLt
SIR08 <LOQ 813 956 186 0112 0210 173 263 00220 0188 120 129  0.0260
SIR15 00900 331 360 290 225 0376 268  97.0 0274 164 119 141  0.249
Sample Se Br Rb Sr Mo Cd Sn Sb Cs Ba T Pb U
wLl' Lt gLt gLttt gLttt oglt gLttt gLttt gLttt oglt oLt gLttt gLt
SIR08 033 <LOQ 00560 153 00260 00290 <LOQ 0110 0.00500 2.05 0.00500 3.35 0.0130
SIR15 0852 108 093 191 00870 0125 <LOQ 0190 00100 114 00200 3.84  0.0820
Sample Li B Al Ti \ Cr Mn Fe Co Ni Cu Zn As
wL* Lt Lt Lt Lt Lt Lt glt pglt gLttt oglt opglt
AUG08 <LOQ 432 406 0520 00590 00690 0936 106 00170 0139 0935 145 0.00600
Sample Se Br Rb Sr Mo Cd Sn Sb Cs Ba T Pb U
wLl' gLt gLt gLttt gLttt glt gLttt gLttt gLttt gLttt gLttt opgLlt gLt
AUGO08 0130 <L0Q 00200 1.80 00100 00100 <LOQ 00660 000100 0880 <LOQ 221  0.00400
Sample Li B Al Ti \ Cr Mn Fe Co Ni Cu Zn As
wLl* Lt gLttt gLt gLttt glt gLttt gLttt gLttt oglt oLt gLttt gLt
PRIO8 <LOQ 548 241 0341 00490 0136 0807 134 000900 0133 0887 423  0.0180
PRI15 0204 431 511 397 179 0406 337 139 0405 107 180 689 0236
Sample Se Br Rb Sr Mo Cd Sn Sb Cs Ba Tl Pb U
wL* L' L' Lt Lt Ll Lt glt glt gLl gLttt gLt gLt
PRIOS 0141 455 <LOQ 0616 00150 00110 <LOQ 00440 <LOQ 0615 <LOQ 0703 <LOQ
PRIT5 119 <LOQ 141 219 00970 0122 <LOQ 0219 00150 281 00280 392  0.100
( |
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Sample Li B Al Ti \Y/ Cr Mn Fe Co Ni Cu Zn As
wL* L' L' Lt wlt Ll Lt glt glt gLl gLttt oglt gLt
CES08 <LOQ 831 238 0367 00170 0152 110 129 000500 0189 1.05 17.6  0.0150
CES15 <LOQ 410 198 112 0290 0164 213 465 0145 0575 979 440  0.105
Sample Se Br Rb Sr Mo Cd Sn Sb Cs Ba Tl Pb U
wL  wl* L' Lt wglt plt o wglt gl o wlt owglt olt gLt gLt
CES08 00800 276 00220 0903 00250 00240 <LOQ 0.132 000100 146 <LOQ 0362 <LOQ
CES15 0469 224 113 117 00240 0158 <LOQ 0176 00100 175 00160 273  0.0420
( |
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Table S. 5 - Minor and trace element concentrations (g L) in insoluble fraction solutions. Al, Ti, and Fe concentrations are in mg L.

Sample Li B Al Ti \% Cr Mn Fe Co Ni Cu Zn As Sr Mo Ba Pb Volume  Material
it ot omgltt mglt gttt gt omglt gttt gttt ottt gt ol gttt ol gttt L mg
CITOIM 165 279 429 245 998 137 4.99 338 117 97.9 6.82 804 435 3.74 12.1 2.39 117 6.50 128
CITO2M 620 788 1.20 265 1.69 722 9.43 788 278 305 2.82 3.09 114 5.88 8.23 4.46 425 4.00 306
CITO3M  25.0 415 41.8 2.52 108 41.0 523 40.4 15.1 253 285 215 4.69 340 2.14 287 273 0.300 144
CIT0O4M  1.10 <LOQ 0814  0.0432 24.1 10.9 16.9 0790  <LOQ 13.7 463 52.8 <LOQ 10.1 2.44 16.6 6.56 1.75 935
CITO5M 219 39.3 38.6 2.71 105 29.9 643 347 16.3 18.3 261 421 5.34 357 1.46 258 15.7 0.200 188
CITO6M 434 93.7 178 10.1 421 30.3 2.28 128 57.9 37.0 494 369 15.8 2.34 6.13 751 374 1.50 73.8
CITO7TM 125 203 203 14.6 577 173 2.29 214 68.5 95.8 591 473 329 1.48 16.8 691 150 7.14 122
CcITosM 183 266 399 24.4 1.02 219 4.84 348 126 95.6 5.69 945 435 3.16 10.5 2.12 131 5.50 840
CITOOM 459 100 69.3 4.07 185 176 730 66.5 26.7 57.2 166 243 11.8 430 451 344 85.7 4.90 68.7
CITIOM 152 481 1.17 106 2.73 211 15.80 991 283 98.2 1.60 1.13 66.4 11.80 271 455 100 4.60 631
CIT11IM 165 61.4 775 9.21 272 403 1.15 721 30.0 18.0 160 138 9.26 1.20 3.99 581 24.9 1.95 36.1
CIT12M 755 208 348 26.9 953 735 479 293 116 65.4 864 565 18.4 439 11.0 2.57 56.6 1.20 161
CIT13M 886 138 149 8.40 370 140 1.46 126 443 82.4 344 366 36.0 842 7.88 700 141 5.80 251
CIT14M 728 985 1.44 37.9 1.87 993 12.40 986 302 381 2.56 357 152 4.19 19.5 5.59 393 2.17 661
CIT15M 183 325 20.8 0.619 401 32.9 308 17.3 7.05 18.4 103 376 2.57 81.9 1.62 121 13.2 7.60 89.3
CIT16M 118 28.2 26.6 2.18 778 14.9 369 253 9.92 11.8 273 192 9.25 271 2.47 212 15.5 0.160 13.2
CIT17TM 204 35.8 28.6 1.94 795 38.6 327 314 8.45 221 251 205 8.47 159 4.39 135 36.7 0.960 26.1
CIT18M 509 118 114 10.8 337 76.7 1.31 98.8 38.1 419 292 367 16.1 1.39 7.31 698 61.0 2.50 97.3
CIT19M 429 85.7 61.3 3.68 156 70.4 622 58.5 17.9 375 224 361 11.1 397 4.25 345 50.6 2.40 65.0
CIT20M 329 75.1 62.8 5.60 175 56.0 760 57.3 20.8 32.4 152 333 9.96 581 371 415 358 2.38 324
CIT21M 140 237 247 15.0 617 192 2.55 231 718 99.1 526 567 40.9 1.94 12.2 1.26 98.1 5.00 115
CIT22M 848 237 361 30.0 966 62.2 4.90 331 106 535 842 505 276 3.99 14.4 2.35 105 1.47 281
CIT23M  5.66 9.13 8.05 0.353 19.6 15.8 59.1 8.38 1.77 8.10 26.3 935 1.97 243 1.28 29.7 7.88 5.00 18.7
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Sample Li B Al Ti \Y Cr Mn Fe Co Ni Cu Zn As Sr Mo Ba Pb Volume  Material

it gt omglt mglt gttt ottt ottt omglt gt gt gt gt gt ot ottt gt gttt L mg
ZAFO0IM 299 402 565 30.7 1.36 256 8.88 474 197 132 3.55 1.87 60.9 4.06 37.2 2.37 162 8.83 196
ZAF02M 249 40.8 35.4 1.62 78.0 424 519 29.8 135 25.2 135 323 5.43 240 1.91 244 23.9 4.90 123
ZAF03M 117 283 540 37.1 1.24 86.4 7.07 422 159 94.4 1.56 2.25 23.2 6.82 18.4 3.62 87.8 0.120 583
ZAF04M  2.37 4.36 253 0.0842 52.9 29.2 43.0 2.81 0.997 29.7 59.2 104 418 14.1 4.14 311 12.9 0.200 155
ZAF05M 805 211 366 317 1.07 44.9 5.34 326 122 50.3 1.07 546 248 4.47 136 2.69 58.3 0.150 183
ZAF06M  92.8 151 135 7.66 350 145 2.30 117 58.4 72.8 531 1.15 21.2 901 5.23 834 80.1 2.20 445
ZAFO7TM 151 34.3 30.4 2.52 96.2 311 396 315 118 18.0 137 152 6.67 298 3.90 174 34.7 116 67.9
ZAF08M 279 354 379 7.10 576 492 2.67 286 915 175 908 1.35 51.0 644 5.99 1.18 232 5.40 653
ZAFO9M 294 60.9 39.1 1.48 81.6 132 372 35.1 12.9 424 196 330 6.55 144 3.35 180 53.4 4.75 235
ZAF10M 587 194 323 27.8 894 104 453 287 112 61.4 602 429 15.4 4.06 11.1 1.80 72.6 5.50 471
ZAF11IM 3.6 165 14.8 1.58 47.2 28.6 220 13.9 5.59 6.35 55.5 114 1.37 202 0.333 126 12.9 1.35 450
ZAF12M 104 237 338 27.3 1.04 114 4.89 310 120 62.3 1.84 857 34.4 4.00 113 253 75.9 1.15 407
ZAF13M 118 184 206 8.35 458 220 2.02 203 58.5 101 484 624 34.1 834 6.90 973 291 6.00 365
ZAF 14M 331 418 407 11.0 702 417 5.73 360 133 242 972 3.12 55.1 151 10.6 2.17 181 1.47 209
ZAF15M 158 314 20.9 0.923 49.7 46.2 244 183 6.66 28.9 118 237 3.27 89.6 0.163 129 16.6 5.00 261
ZAF16M 444 14.3 20.1 1.66 64.8 6.21 287 15.6 7.21 6.60 67.5 110 0.964 287 0.981 143 5.92 0150  9.20
ZAF17TM 196 39.4 30.0 2.77 102 423 434 39.5 116 24.4 199 234 11.3 220 8.08 160 4.2 3.45 223
ZAF18M  9.74 21.9 20.9 1.81 65.8 19.4 276 20.9 751 12.9 106 175 2.54 195 2.73 120 29.0 3.35 21.1
ZAF19M 154 24.7 233 1.35 56.3 30.0 228 21.3 6.32 137 99.7 111 3.86 119 1.91 117 23.0 0.650  11.9
ZAF20M  7.03 14.3 15.9 1.17 39.5 13.7 222 14.1 5.62 11.4 65.2 737 4.20 143 0.893 112 13.4 0.700 148
ZAF2IM  3.08 5.67 5.90 0.362 153 10.2 62.9 6.11 155 7.39 23.0 154 1.93 39.8 <LOQ 33.8 5.55 5.10 14.4
ZAF22M 373 87.4 90.5 8.08 290 60.3 141 85.1 36.2 31.9 426 372 9.21 1.09 414 686 436 3.80 436
ZAF23M  6.26 16.4 20.3 2.10 67.8 14.8 318 20.0 8.01 10.6 90.3 126 2.40 260 1.45 158 15.2 5.50 114
Sample Li B Al Ti \Y Cr Mn Fe Co Ni Cu Zn As Sr Mo Ba Pb Volume  Material

wL? wLt*  mgL*  mgL?  gL? Lt wLt  mgL? gLt Lt wL? Lt Lt wL? Lt Lt Lt L mg
TDF02M 185 252 394 19.3 807 166 454 304 117 112 1.65 911 32.3 3.42 8.92 2.04 118 2.00 96.5
TDFO3M  76.7 109 93.0 3.89 211 105 1.85 84.5 40.9 72.4 703 499 13.1 569 3.61 655 51.1 0.800 311
TDF04M 356 106 127 12.3 506 33.7 2.14 116 53.4 32.7 1.59 523 26.7 1.67 7.19 1.12 35.0 0.400 565
TDFO5M  91.8 234 385 31.8 1.11 57.2 5.69 354 130 55.6 1.17 576 25.2 485 14.7 2.90 64.8 0.200 154
TDFO6M 104 241 361 27.9 1.02 117 5.52 333 128 66.0 1.01 1.09 255 3.95 124 2.41 85.5 2.70 904
TDFO7M 161 261 301 21.8 762 189 3.41 309 86.9 104 877 528 49.2 2.39 15.7 1.39 252 4.80 168
TDF0SM 469 660 769 23.6 1.33 744 6.29 597 183 254 1.68 1.52 100 2.84 12.0 2.97 336 4.30 1035
TDFOIM 185 311 361 16.8 748 354 3.83 300 102 128 932 1.19 323 2.46 8.52 1.94 162 5.40 629
TDF12M 285 993 1.80 104 5.35 306 31.30 1.88 595 262 4.46 2.39 120 16.70 18.9 6.39 387 1.10 1672
TDF13M 424 782 1.47 96.2 5.01 206 21.30 1.17 418 167 444 1.83 200 14.50 59.0 7.30 399 1.90 988
TDF 14M 897 1.55 2.17 101 4.43 1.13 23.50 1.68 577 476 10.70 5.80 367 12.00 45.4 9.30 662 1.76 973
TDF15M 109 199 136 6.30 329 158 1.46 108 45.9 72.8 922 669 26.8 720 4.94 708 62.7 3.20 424
TDF16M 304 547 752 455 2.32 264 9.22 595 222 180 6.01 2.22 151 6.93 31.9 3.47 202 0.150 260
TDF17M 193 468 462 33.2 1.29 205 5.60 441 145 128 1.28 885 112 457 23.0 2.50 212 1.32 204
TDF18M 514 114 84.6 6.94 269 80.7 1.01 87.9 276 416 338 278 78.6 641 4.33 478 65.5 6.00 82.7
TDF19M 191 353 433 27.6 1.05 203 4.93 372 123 118 942 772 79.2 3.74 14.1 2.19 153 3.70 170
TDF2IM 193 383 370 24.1 1.06 267 3901 373 104 102 1.21 865 184 2.62 115 1.98 198 5.70 206
TDF23M 360 853 1.14 92.8 3.77 277 14.30 1.13 316 198 3.26 1.59 379 12.00 55.5 8.10 531 2.70 395
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Sample Li B Al Ti \Y Cr Mn Fe Co Ni Cu Zn As Sr Mo Ba Pb Volume  Material

Lttt mglt mglt gt gt gl mglt gt gt gttt gt gt gt ot gt L mg
INT 03M 17.9 30.6 20.0 0.612 415 43.2 281 20.0 7.66 315 59.2 154 3.74 123 2.09 158 13.6 0.120 133
INT 04M 10.0 25.0 14.2 0.574 31.8 23.9 307 13.1 5.55 17.6 140 414 3.67 92.9 1.13 112 13.3 0.200 249
INT 05M 4.63 9.47 6.75 0.317 14.7 10.5 126 5.92 2.35 6.01 61.9 236 <LOQ 43.2 0.939 51.7 4.19 0.150 126
INT 06M 102 148 114 2.80 212 181 1.71 96.4 447 82.9 286 880 19.2 278 3.76 615 75.4 2.05 532
INTOTM 122 255 214 1.48 50.8 285 320 2138 114 183 139 249 1.50 186 151 127 252 640 289
INT 08M 376 539 574 25.2 1.22 581 5.68 515 174 237 1.22 1.53 69.9 1.97 9.61 1.66 256 4.80 661
INTOOM 632 94.9 740 2.06 130 182 609 58.4 2138 63.8 147 445 103 149 1.69 344 60.7 390 250
INT 10M 15.8 36.4 21.8 0.786 49.6 83.0 194 22.2 6.55 23.4 121 125 4.64 74.4 1.29 85.2 447 4.90 50.0
INT1IM 1.8 8.74 323 0306  10.2 37.8 50.0 314 0878 410 3138 86.8 2.65 466 0302 322 424 205 0600
INT 12M 26.6 715 71.8 6.48 217 52.8 1.18 66.8 29.4 29.5 254 401 8.01 864 3.49 601 31.1 0.700 187
INT 13M 5.91 11.0 11.2 0.553 24.3 14.4 94.5 9.75 2.69 7.75 28.8 72.9 1.46 49.1 1.17 48.4 11.6 1.10 149
INT 14M 202 253 198 2.48 325 269 2.96 189 73.2 165 322 960 32.8 429 5.69 1.06 92.1 0.800 103
INTI5M 226 201 254 5.61 428 206 281 191 783 156 111 1.92 442 693 4.56 1.09 184 225 852
INT 16M 7.40 15.9 15.0 0.936 40.0 14.9 201 15.9 5.25 11.0 83.1 262 0.661 130 1.71 90.1 8.42 0.0800 11.2
INTI7M 151 27.8 238 1.16 51.0 362 380 224 9.47 24.2 200 515 5.32 124 177 143 306 380 1938
INT 18M 145 36.1 215 0.896 43.7 29.3 237 18.7 6.73 18.0 78.1 306 2.65 102 0.964 114 18.1 3.00 7.50
INTIOM 246 37.1 209 0824 536 44.9 322 24.2 9.21 238 82.9 315 5.8 754 0843 156 323 180 161
INT 20M 18.3 34.1 25.9 0.739 48.4 44.9 205 21.0 6.72 21.1 88.3 364 4.04 75.8 0.799 128 29.3 3.10 351
INT 21M 30.4 50.4 35.6 1.01 76.0 64.8 228 34.7 8.55 28.8 152 163 11.1 58.7 4.58 118 38.6 4.75 29.0
INT 22M 18.2 32.4 25.2 1.03 50.7 41.7 219 21.1 6.33 23.2 136 311 9.92 114 1.23 139 27.6 2.15 26.7
INT 23M 1.83 2.17 2.86 0.161 6.82 6.73 25.9 3.44 0.574 3.70 12.6 77.1 <LOQ 16.4 <LOQ 14.9 3.42 0.900 3.60
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Sample Li B Al Ti \Y Cr Mn Fe Co Ni Cu Zn As Sr Mo Ba Pb Volume  Material

Ll ottt mglt mglt gLt gt gt omglt gLt gt ottt gt gt gt wlt gt L mg
ARCOIM 149 443 176 0705 381 42.9 279 169 6.45 383 963 586 5.41 84.2 1.50 320 332 470 574
ARC 02M 55.7 87.9 53.0 1.01 100 101 897 53.7 22.8 64.7 161 920 10.3 116 3.16 391 80.7 1.70 28.4
ARCO03M  1.23 7.68 101 00410 237 6.85 392 174 069 887 236 639  <LOQ 138 068 161 122 0100 110
ARC 04M 56.3 86.5 50.8 0.948 95.7 92.4 642 42.4 17.6 50.4 124 703 11.4 323 2.87 457 69.1 0.130 156
ARC 05M 16.3 48.5 16.2 0.701 41.1 43.1 456 175 7.54 219 94.0 568 7.32 293 1.82 159 33.4 1.35 43.3
ARC 06M 25.6 47.5 24.8 0.584 48.3 52.2 333 22.7 9.75 27.7 113 660 6.65 202 3.25 271 134 0.150 178
ARC 07M 6.21 15.7 8.30 0.447 22.8 72.4 182 10.9 3.45 16.3 88.1 578 2.65 51.5 1.70 113 53.2 3.50 54.4
ARC 08M 14.7 30.9 23.7 2.25 48.4 64.7 189 19.9 6.92 235 148 462 2.74 69.6 2.59 121 36.9 4.25 147
ARCO9M  7.93 185 111 0308 240 62.6 253 109 6.29 187 106 251 171 362 131 92.4 34.1 400 837
ARC 10M 3.11 16.1 4.40 0.148 10.1 102 71.4 5.45 1.75 16.5 83.2 222 <LOQ 37.3 1.45 47.2 29.6 5.87 8.20
ARC1IM  8.25 327 119 0482 300 99.5 245 165 5.91 26.2 238 551 3.87 707 3901 193 8.7 235 189
ARC 12M 8.66 27.2 13.3 0.458 26.1 78.8 177 13.3 4.37 16.1 106 405 3.01 57.1 1.07 129 123 1.50 55.1
ARC 13M 3.27 7.16 5.06 0.179 9.80 12.1 91.4 4.60 1.40 6.33 30.7 111 <LOQ 19.9 0.510 35.2 11.0 1.15 14.6
ARC 14M 8.94 18.5 10.9 0.355 23.7 27.1 323 11.0 4.63 22.6 126 543 1.73 42.1 1.24 105 46.8 2.60 10.3
ARC 15M 15.1 26.7 15.4 0.422 30.8 34.0 269 14.8 6.05 20.0 90.6 367 3.30 45.9 1.25 113 44.8 1.60 125
ARC 16M 9.16 42.8 10.5 0.309 19.8 255 184 10.6 3.94 175 79.6 380 3.38 515 1.01 125 18.2 0.220 11.3
ARC 17M 15.0 26.3 13.7 0.347 28.3 38.8 250 15.6 5.94 24.7 61.4 339 4.23 85.9 1.32 147 34.9 0.150 13.9
ARC 18M 12.7 19.0 13.9 0.445 28.9 25.7 251 13.6 5.17 18.4 110 441 3.18 54.8 1.21 99.3 23.9 1.95 13.8
ARC 19M 5.65 8.64 7.30 0.172 13.6 17.3 83.8 6.11 1.82 9.26 262 243 0.620 18.7 0.512 40.0 115 2.20 10.1
ARC20M 105 31.0 142 0413 309 59.0 335 16.4 6.51 263 260 715 485 533 2.73 262 62.7 300 969
ARC 21M 35.9 58.7 36.7 0.644 66.5 81.6 501 32.9 13.3 37.6 178 509 7.41 75.8 2.70 287 104 0.600 24.1
ARC 22M 26.4 62.1 275 0.587 63.4 125 458 33.0 11.9 44.6 505 1.30 11.0 112 7.12 520 132 2.65 40.8
ARC 23M 4.28 6.63 6.08 0.185 10.9 14.4 38.6 5.25 1.09 6.52 26.3 137 0.396 15.4 0.347 33.8 11.9 2.00 8.10
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Sample Li B Al Ti \Y Cr Mn Fe Co Ni Cu Zn As Sr Mo Ba Pb Volume  Material

Ll ottt mglt mglt gLt gt gt omglt gLt gt ottt gt gt gt wlt gt L mg
UNI 01M 51.1 113 58.3 2.72 156 110 894 64.1 25.9 440 251 586 11.1 302 3.82 431 83.8 5.20 837
UNI 02M 154 208 131 2.18 244 231 1.98 113 52.3 140 302 1.20 24.4 260 5.60 890 150 1.80 62.5
UNIO3M 193 35.7 177 0402 358 39.8 220 168 5.99 237 89.1 268 3.36 17 174 167 382 0120 827
UNI 04M 121 214 285 19.0 751 139 3.87 264 100 106 1.69 1041 36.3 2.64 10.7 1.66 109 0.130 161
UNIOSM  69.2 124 67.6 142 134 138 1.10 61.9 26.6 80.8 317 112 16.0 152 452 398 110 140 353
UNI 06M 19.8 30.3 17.9 0.392 38.9 37.9 269 17.2 7.51 20.5 71.0 339 5.11 149 1.58 220 375 0.150 184
UNI O07M 172 255 196 4.50 322 313 2.21 158 56.4 162 549 1.95 37.0 279 7.68 1.01 198 3.60 471
UNI 08M 3.07 6.83 5.77 0.294 13.4 50.0 71.8 5.07 1.72 9.75 43.6 181 <LOQ 33.1 0.478 40.2 10.2 5.60 522
UNI 09M 55.9 84.4 65.0 1.32 113 190 787 54.2 22.6 67.5 224 795 10.9 114 2.95 364 74.7 4.00 57.3
UNI 10M 7.99 24.5 10.4 0.244 215 103 107 9.75 2.79 19.5 184 212 3.66 48.0 1.80 84.8 515 9.93 81.1
UNILIM 216 9.63 200 00777 948 85.7 96.6 3.20 1.55 103 95.2 125  <l0Q 263 0501 594 1538 340 109
UNI 12M 28.4 247 38.3 1.15 73.5 114 512 36.8 13.7 40.2 169 576 4.44 109 2.03 229 40.3 1.45 19.0
UNI 13M 6.88 12.3 11.2 0.372 19.9 20.8 153 9.46 3.52 119 51.7 191 1.45 26.5 0.660 113 14.0 0.520 9.50
UNI 14M 172 248 188 3.00 298 294 2.32 159 55.8 150 460 2.14 32.3 304 6.18 997 213 2.78 71.0
UNI 15M 166 221 147 2.42 248 234 1.93 131 46.4 123 316 1.27 30.8 319 5.78 698 154 1.40 79.9
UNI 16M 6.35 12.8 6.91 0.162 13.7 16.1 97.2 6.48 2.11 9.17 37.3 199 0.145 33.0 0.868 61.9 10.6 0.150 5.20
UNI 17M 1.60 1.61 1.69 0.0579 3.36 7.35 45.9 1.85 <LOQ 7.04 87.7 179 <LOQ 11.4 0.653 22.7 6.99 0.430 1.20
UNI 18M 4.90 8.33 6.49 0.200 12.7 15.7 165 5.66 2.80 10.4 141 331 1.31 23.9 0.900 68.3 18.7 1.75 6.30
UNI 19M 19.6 29.1 22.4 0.402 40.2 40.8 329 194 7.90 23.7 69.7 392 4.70 40.7 1.18 138 25.1 1.70 17.3
UNI 20M 7.29 19.3 8.85 0.234 20.0 26.9 158 9.28 3.27 17.6 105 418 3.94 43.3 1.57 104 45.1 5.25 381
UNI 21M 21.2 37.4 23.8 0.493 46.0 49.0 311 21.7 7.89 30.8 89.3 397 6.11 50.5 1.78 156 36.5 1.40 26.0
UNI 22M 4.30 15.4 6.21 0.303 12.6 24.4 59.1 5.60 3.29 11.3 43.0 210 1.25 19.6 <LOQ 34.3 10.4 1.20 503
UNI 23M 3.17 8.03 4.48 0.139 8.55 13.0 35.0 4.29 0.395 6.53 30.0 179 1.20 16.1 1.52 31.3 7.85 2.25 8.80
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Sample Li B Al Ti \Y Cr Mn Fe Co Ni Cu Zn As Sr Mo Ba Pb Volume  Material

it gt omglt mglt gttt ottt ottt omglt gt gt gt gt gt ot ottt gt gttt L mg
INDOIM 947 387 99.0 3.42 228 270 1.76 99.0 42.2 73.9 554 1.58 222 374 12.4 815 275 5.00 546
INDO2M  56.3 252 51.2 0.984 101 125 1.20 53.7 26.0 66.0 239 1.20 142 151 5.05 393 162 1.70 184
INDO3M 321 62.2 278 0.652 56.0 81.2 374 27.7 9.43 376 251 568 9.18 202 4.91 360 125 0.120 215
INDOAM  64.9 90.5 56.3 0.992 105 105 680 49.0 18.8 54.9 144 568 12.9 345 3.67 473 70.1 0.130 159
INDO5SM 715 121 65.6 1.26 129 207 1.30 73.0 31.9 91.8 528 1.62 19.0 166 10.1 517 242 1.25 181
INDO6BM 324 57.7 28.0 0577 56.6 78.3 425 29.2 10.6 34.2 205 693 7.95 208 5.77 348 107 0.150 194
INDO7M 110 184 117 2.34 214 440 1.79 102 47.1 131 942 1.68 23.9 214 12.2 751 226 4.25 655
INDOSBM  2.83 7.95 481 0.199 9.37 422 53.2 4.14 1.01 105 67.2 208 <LOQ 185 <LOQ 311 105 4.80 597
INDOSM 244 53.1 31.0 0.659 57.1 110 561 28.2 136 424 189 465 7.00 67.5 2,91 198 53.1 4.00 25.8
IND1IOM  3.79 21.1 5.44 0.158 126 147 75.5 6.33 1.45 22.3 144 188 <LOQ 32.0 2.54 38.9 30.7 8.60 712
IND1IM 143 51.4 18.8 0.569 36.6 181 355 22.7 7.47 37.6 381 543 6.96 74.6 5.34 203 86.8 3.30 98.7
IND12M 254 60.9 33.0 0.958 65.8 134 503 32.2 12.1 40.8 277 654 6.74 111 457 265 72.1 1.80 28.0
IND13M 135 33.3 19.7 0.684 443 64.5 390 224 8.60 35.0 264 590 5.92 75.5 3.66 164 60.6 0750 233
IND14M 174 257 188 3.36 316 391 2.68 174 58.3 118 1.17 2.65 39.0 429 15.3 1.11 399 3.60 356
IND15M  86.9 142 72.0 1.33 147 170 1.42 73.0 30.3 83.2 473 1.17 25.9 235 6.39 474 253 1.45 87.1
IND16M  7.23 211 7.80 0.221 16.8 24.8 123 8.11 2.42 12.7 71.3 255 0.621 56.5 2.05 87.2 26.7 0150 7.0
IND17M 243 51.4 24.2 0.616 53.3 88.0 460 26.6 9.42 37.9 403 1.03 9.44 109 417 247 190 0.600  27.0
IND18M 104 23.3 12.6 0.289 33.3 40.4 299 13.9 5.14 21.9 245 603 485 56.7 3.12 203 68.9 1.80 15.6
INDISM 547 99.6 70.1 1.10 110 145 884 61.4 215 60.5 438 1.13 13.1 122 5.75 358 102 2.20 66.2
IND20M 164 35.4 12.3 0.500 31.6 47.8 228 145 33.7 223 336 727 8.05 93.8 3.87 165 89.1 4.30 612
IND2IM 140 58.3 17.2 0.381 32.3 46.1 218 155 5.42 22.8 108 416 4.42 41.9 2.17 125 29.7 1.40 285
IND22M  5.04 21.0 7.12 0.170 14.3 33.0 96.2 6.48 1.90 14.4 125 379 2.11 30.8 0.426 59.4 22.2 3.60 435
IND23M 176 5.82 2.34 0.0700 4.82 12.1 33.0 2.52 0.730 6.59 53.7 274 0.136 15.7 1.10 25.2 10.9 2.05 15.9
Sample Li B Al Ti \Y Cr Mn Fe Co Ni Cu Zn As Sr Mo Ba Pb Volume  Material

wL? wL*  mgL*  mgL*  gL? Lt wLtt  mgL? gLt Lt wL? Lt Lt wL? Lt Lt Lt L mg
BELOIM 101 169 104 3.56 240 289 1.50 109 425 95.2 759 1.67 23.4 395 19.8 763 220 5.30 46.6
BELO2M  94.4 138 82.4 1.59 173 205 1.41 85.7 37.3 107 392 1.27 21.2 195 105 606 142 2.10 55.7
BELO03M  12.2 37.4 115 0.299 26.9 39.6 206 13.1 4.73 21.1 119 407 3.44 113 3.82 182 34.6 0.150 138
BEL04M 773 113 64.1 1.11 122 145 849 58.4 222 66.9 280 844 15.9 423 6.32 637 148 0.150 177
BELOSM  11.0 22.0 11.6 0.261 24.4 32.7 229 12.7 5.40 15.7 123 403 151 432 1.83 103 27.1 0350  26.9
BELO6M 272 51.2 25.4 0.624 49.8 718 311 23.8 8.32 26.5 191 727 8.27 176 6.81 304 49.3 0.150 199
BELO7M  16.3 44.3 21.2 0.499 46.1 112 404 235 9.41 30.2 368 615 3.74 55.2 5.78 211 63.8 7.50 684
BELOSM  3.11 4.88 4.70 0.113 10.0 55.4 54.7 5.11 1.33 11.7 86.5 181 1.70 421 1.33 33.6 13.1 5.80 814
BELO9M  15.1 28.1 20.0 0.521 42.0 106 160 20.3 5.34 26.1 132 188 3.16 29.5 3.15 82.2 29.0 3.97 11.2
BEL10M  3.12 22.7 4.23 0.117 10.1 120 57.3 5.75 1.15 21.3 149 144 <LOQ 36.5 2.09 33.9 29.6 9.30 268
BEL1IM 585 19.2 7.12 0.203 16.6 81.8 186 10.1 3.04 16.0 131 512 1.42 458 3.65 131 33.6 2.00 11.8
BEL12M  8.39 36.8 11.2 0.359 255 87.4 229 13.1 5.01 19.9 200 533 <LOQ 60.5 3.28 130 47.2 1.80 61.0
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Sample Li B Al Ti \Y Cr Mn Fe Co Ni Cu Zn As Sr Mo Ba Pb Volume  Material

Lttt mglt mglt gt gt gl mglt gt gt gttt gt gt gt ot gt L mg
CAT03M 267 57.9 39.1 2.00 91.2 511 589 35.0 142 208 114 348 6.56 383 3.33 362 399 0130 167
CAT 04M 74.8 138 126 9.36 363 97.2 2.00 118 51.1 54.9 458 711 18.7 1.40 7.81 1.16 75.7 0.130 155
CAT 05M 44.0 87.8 91.2 8.05 274 67.6 1.42 83.9 36.3 38.6 393 438 10.7 1.07 5.44 777 479 0.150 51.8
CAT 06M 45.8 80.8 60.9 3.22 140 83.8 1.12 57.7 26.2 52.1 196 683 7.75 397 3.46 A77 58.4 0.300 26.8
CATO07M 59.0 112 82.4 4.95 211 153 1.02 84.2 31.8 53.9 482 647 15.8 497 9.08 597 124 3.77 583
CAT 08M 24.9 44.8 325 1.04 65.9 67.9 312 31.2 10.9 36.9 106 288 1.86 2.33 1.83 167 375 5.00 169
CATO0IM 332 60.8 416 152 80.4 159 385 34.4 1338 412 189 358 5.97 90.3 2.05 213 50.6 520 629
CAT 10M 186 676 1.22 92.1 3.34 322 19.10 1.18 437 259 3.00 2.08 50.0 12.80 12.7 3.46 176 3.15 412
CAT1IM 117 11.0 334 0288 970 332 512 3.23 1.04 415 782 770  <LOQ 461 0461 449 760 0270 330
CAT 12M 15.9 82.4 395 3.37 113 55.5 719 39.0 17.1 23.1 197 479 <LOQ 426 2.99 363 39.2 0.150 39.1
CAT 13M 59.9 113 96.8 4.25 229 157 1.54 103 42.4 76.7 338 851 18.4 441 5.62 878 149 3.80 454
CAT 14M 388 502 412 8.44 672 509 5.07 325 123 247 565 1.73 63.7 1.06 9.85 1.87 196 1.20 340
CAT 15M 46.2 82.8 48.4 1.40 114 92.2 436 51.4 14.0 46.3 269 276 9.74 118 3.62 171 46.4 0.150 35.6
CAT 16M 3.37 36.4 5.68 0.399 14.6 7.58 115 5.27 2.09 7.25 38.3 156 0.0349 243 0.930 92.6 4.22 0.150 7.50
CATIIM 471 7.85 878 0563  19.7 136 131 8.45 2.85 8.69 105 301 1.37 616 0862 918 137 00700  4.90
CAT 18M 13.8 30.0 235 1.38 53.0 36.2 494 22.7 10.3 24.2 194 601 4.36 164 2.09 192 31.1 1.00 14.0
CAT19M 239 421 36.6 2.27 86.9 51.9 629 36.0 14.9 327 174 714 5.23 261 3.46 277 369 0750 135
CAT 20M 20.7 41.8 31.8 1.95 75.3 46.3 528 29.3 12.3 25.8 221 704 6.79 325 2.39 259 43.7 0.850 69.5
CAT 21M 2.70 16.4 4,74 0.268 9.46 12.4 43.9 4.27 0.553 7.53 32.1 245 2.76 27.6 0.382 32.3 5.95 5.00 21.3
CAT 22M 25.8 68.6 51.9 4.19 145 68.0 850 52.2 214 38.0 385 769 9.11 547 5.63 586 54.5 2.30 160
CAT 23M 8.72 30.5 24.5 2.48 86.1 36.5 437 28.7 11.0 18.2 153 317 3.20 278 3.47 220 36.4 7.00 427
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Sample Li B Al Ti \Y Cr Mn Fe Co Ni Cu Zn As Sr Mo Ba Pb Volume  Material

Lt gt mgl*  mglt gttt ottt omglt gt gt gt gt gt gt ottt gt gttt L mg
GLPO03M  84.4 176 273 19.6 634 76.3 3.80 224 81.0 65.5 572 897 174 3.22 11.2 2.08 90.7 0120 216
GLP04M 133 216 256 18.4 634 130 413 230 87.0 84.0 1.05 1.15 343 2.28 12.4 1.91 141 0130 248
GLPO5M  65.8 128 164 13.0 430 73.0 2.46 156 56.9 495 561 678 141 1.69 751 1.15 59.6 0150 103
GLPOSM 174 321 342 26.0 844 205 5.86 320 126 127 1.19 1.87 49.8 243 14.2 2.50 180 0700 181
GLPO7TM 124 248 286 225 820 315 414 291 102 114 1.28 1.13 384 2.81 17.3 2.15 196 5.15 596
GLPOSM  53.0 87.6 727 3.47 170 115 959 70.9 30.1 68.5 182 641 11.6 436 3.10 423 535 5.10 290
GLPOIM 155 221 175 6.06 360 353 1.99 140 62.3 115 860 1.45 298 627 7.91 989 181 5.10 768
GLPIOM 172 507 833 774 2.34 320 12.80 803 296 214 2.28 2.50 456 8.55 314 3.26 200 6.50 394
GLP1IM  9.82 343 31.0 2.85 94.1 60.1 473 316 12.0 17.0 264 226 231 386 3.76 329 36.6 0950 108
GLP12M 174 303 404 282 971 254 6.11 355 141 163 1.34 2.85 421 3.70 24.2 247 196 0700 137
GLP13M 138 216 256 113 518 269 3.19 229 82.1 121 675 1.98 339 1.25 8.42 1.59 225 570 1006
GLP14M 437 632 725 324 1.40 523 10.70 622 219 224 1.62 3.46 81.3 4.47 28.7 3.88 50.3 115 446
GLP15M 126 180 146 855 356 163 2.47 125 59.8 105 430 136 227 982 7.70 922 843 255 69.1
GLP17TM 432 680 1.09 68.0 2.04 494 18.20 898 301 288 3.34 9.05 105 7.74 51.4 555 458 0770 370
GLP18M  69.6 153 291 16.9 559 103 3.39 196 78.3 80.5 678 1.92 185 2.46 11.4 1.54 92.3 0800 719
GLP 19M 10.6 19.8 17.0 0.997 38.8 27.9 246 16.6 6.07 15.8 91.4 343 2.87 108 1.60 125 18.8 0.600 19.7
GLP20M  63.4 126 103 8.22 288 134 2.07 103 48.1 625 575 185 17.7 820 121 845 109 115 434
GLP2IM 107 225 181 1.16 406 325 248 182 6.67 18.1 89.9 406 4.92 106 1.16 125 19.0 510 32.9
GLP22M 365 84.8 731 6.74 229 100 1.50 82.0 36.3 465 614 191 11.6 890 8.56 915 68.1 2.90 818
GLP23M 237 66.3 62.0 6.42 209 67.6 26.6 69.2 28.0 345 286 900 7.64 771 5.69 502 585 5.80 566
Sample Li B Al Ti \% Cr Mn Fe Co Ni Cu Zn As Sr Mo Ba Pb Volume  Material

it gl mglt  mglt gt gl gt mglt gt wlt gt wlt gl wlt gt glt gt L my
GABOIM 103 79.9 125 0.652 36.2 58.9 212 14.7 5.61 24.8 70.2 185 4.06 743 4.18 111 20.0 3.65 508
GABO2M 166 210 155 2.97 279 297 211 121 533 153 281 1.25 257 355 8.66 970 134 1.50 58.2
GABO3M 277 6.40 3.29 0.131 8.11 125 68.8 3.07 0.946 11.2 21.9 502  <LOQ 19.8 0.789 295 3.56 0095  1.40
GABO04M 118 248 345 254 924 139 5.08 308 115 76.7 152 1.32 39.9 3.70 14.6 2.66 85.9 1.50 935
GABO5M  36.1 89.5 438 172 137 170 599 64.7 171 743 211 561 14.9 141 12.0 292 70.1 385 1630
GABO6M 382 70.0 40.1 1.24 97.1 168 803 497 211 823 374 1.16 213 117 6.42 322 91.6 3.40 323
GABOTM 122 35.6 14.9 0.767 116 54.5 268 215 7.71 37.9 159 208 7.89 50.1 9.41 211 311 2.10 15.1
GABO08M 109 170 123 2.64 280 347 1.77 134 59.0 100 477 1.47 1.62 255 6.30 1.01 177 740 1045
GABOIM  5.02 66.5 6.85 0.340 183 101 88.8 8.01 2.69 12.9 64.0 102 17.0 314 2.20 104 19.3 2.00 6.80
GAB10M 2582 36.8 413 0.262 19.7 38.8 78.2 8.57 1.62 16.6 60.9 903  <LOQ 295 471 56.8 34.1 4.80 2.90
GAB1IM  13.1 39.6 165 0.569 64.7 156 175 202 5.28 465 130 167 12.1 422 15.0 172 48.6 4.95 8.20
GAB12M 642 298 80.3 2.44 176 303 957 89.7 26.8 135 271 850 15.3 206 139 626 129 3.95 69.6
GAB13M 7.5 422 9.78 0.456 75.1 54.8 141 15.8 3.35 348 75.6 167 2.84 420 11.9 113 82.6 1.30 84.8
GAB14M 131 192 122 2.76 247 243 1.79 109 43.7 180 304 1.75 23.9 262 9.48 786 116 0550  63.3
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Sample Li B Al Ti \Y Cr Mn Fe Co Ni Cu Zn As Sr Mo Ba Pb Volume  Material

it gt omglt mglt gttt ottt ottt omglt gt gt gt gt gt ot ottt gt gttt L mg

SIROIM 239 407 620 29.5 1.35 262 8.55 529 181 179 1.05 4.29 46.3 5.96 15.7 4.30 165 1.83 203
SIRO2M  49.6 84.4 64.3 3.17 159 91.1 1.09 58.9 26.9 62.4 182 890 103 459 3.33 483 63.2 0.600  34.4
SIR0O3M 355 61.6 37.8 1.41 97.9 64.6 539 36.8 15.2 49.4 95.9 385 145 364 3.57 458 50.2 0.130 164
SIR04AM 107 148 99.5 1.53 160 182 1.08 74.7 26.9 89.6 340 1.39 213 548 9.16 832 132 0.130 148
SIRO5M  52.7 101 78.8 5.06 214 83.4 115 69.5 29.6 62.5 178 665 17.1 883 5.77 722 51.9 0.150 121
SIR06M  80.4 158 100 481 255 234 2.12 97.6 50.8 173 381 7.72 34.9 597 8.88 770 238 2.20 443
SIRO7TM 215 6.77 3.49 0.198 8.32 9.67 40.1 3.11 1.15 7.92 36.4 139 <LOQ 21.6 0.691 315 7.55 4.00 98.7
SIR0SM 375 61.5 455 1.08 106 111 407 47.6 16.2 61.0 104 259 305 91.7 2.97 165 66.9 5.75 631
SIRO9M  7.96 18.3 10.8 0.353 25.2 96.0 108 10.4 3.28 22.2 59.8 186 2.92 29.6 1.14 64.6 29.4 5.70 8.70
SIR10M  88.6 345 494 48.9 1.72 170 7.91 498 219 134 1.45 1.33 22.1 6.14 17.7 1.76 82.6 2.70 188
SIR1IM  7.20 29.6 22.4 1.96 75.0 65.4 335 26.2 9.57 128 186 731 10.4 267 3.21 262 56.9 1.37 8.90
SIR12M  3.63 51.1 7.21 0.502 31.2 43.6 174 8.10 4.08 28.9 79.1 559 3.39 80.7 1.36 175 28.3 0.0350  6.19
SIR13M 123 181 169 463 328 260 2.69 140 67.2 170 335 3.89 319 406 454 1.10 174 1.35 254
SIR14M 265 326 255 424 430 357 3.19 214 82.3 208 341 2.70 436 580 5.68 1.21 138 0.560 250
SIR15M 169 231 148 2,91 292 253 2.13 121 57.6 174 388 4.46 315 276 4.86 2.86 103 2.57 67.2
SIR16M 213 37.4 25.3 0.701 52.9 425 201 22.8 5.66 23.8 124 177 5.13 59.1 1.25 88.3 21.9 0150 250
SIR17TM  34.6 714 426 1.93 128 95.8 999 46.1 216 158 311 3.35 26.8 231 4.29 450 88.4 0.600  29.4
SIR18M 130 233 163 5.60 415 320 2.84 168 64.3 311 1.01 7.22 53.8 727 115 1.93 233 2.90 98.1
SIR19M  16.8 45.6 19.8 0.633 64.9 441 359 22.1 9.35 423 227 752 6.37 77.7 1.77 179 34.9 0550  14.4
SIR20M  2.64 412 418 0.146 10.2 8.33 178 347 2.96 10.3 453 254 3.05 245 0.421 33.1 10.1 0450 1538
SIR2IM  34.6 144 46.8 1.89 147 413 1.04 745 23.4 130 268 4.67 84.1 236 9.24 828 575 4.25 53.7
SIR22M 150 415 214 0.948 65.7 68.3 426 25.0 10.0 57.8 216 1.56 22.2 209 2.73 364 84.3 0.900 230
SIR23M  4.34 19.4 7.74 0.456 27.2 57.0 97.3 8.88 2.56 21.2 46.0 319 116 53.6 1.76 72.2 30.5 5.00 182

Sample Li B Al Ti \Y Cr Mn Fe Co Ni Cu Zn As Sr Mo Ba Pb Volume  Material

wL? wL*  mgL*  mgL*  gL? Lt wLtt  mgL? gLt Lt wL? Lt Lt wL? Lt Lt Lt L mg

AUGO0IM 110 150 119 453 268 204 1.56 97.7 43.8 118 208 8.37 19.7 609 9.39 819 176 1.90 52.1
AUGO2M 142 188 139 4.09 289 205 173 111 50.2 116 233 3.04 23.4 587 5.07 752 196 0.800 221
AUG03M 414 67.2 471 171 107 67.6 600 40.9 16.9 455 123 328 8.21 376 2.65 371 452 0.150 186
AUGO04M 603 130 80.6 451 220 88.2 1.13 70.7 30.2 61.3 202 2.05 17.8 835 5.54 734 57.6 0.130 198
AUG05M 475 127 155 12.7 422 48.9 2.21 145 55.2 45.0 325 439 125 1.88 6.45 1.17 447 0.150 163
AUGO6M 568 113 76.8 3.87 194 175 1.01 76.5 32.8 82.1 382 3.69 17.0 411 7.38 577 148 2.50 257
AUGO7M  66.2 111 76.6 2.38 171 200 590 68.7 22.1 93.7 450 1.31 19.9 184 11.3 422 279 6.00 325
AUGO08M 103 165 121 2.58 274 345 1.76 135 58.7 97.7 464 1.45 58.8 326 6.26 991 240 5.02 697
AUGO9M  35.1 57.8 420 1.20 87.6 132 791 37.0 19.0 61.5 376 1.58 12.0 233 3.19 272 85.5 450 291
AUG10M 155 5.52 4.80 0.399 16.0 277 64.2 4.36 1.76 9.35 33.7 89.0 3.24 54.9 0.775 39.8 9.12 1.30 2.70
AUG1IM 101 52.8 31.3 2.89 104 62.8 489 32.0 13.3 39.3 331 491 111 352 3.97 244 37.4 0500 430
AUG 12M  0.966 9.01 1.61 0.138 5.19 24.0 22.8 153 0.770 3.42 18.3 224 <LOQ 35.8 0.405 22.8 4.23 0130 711
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Sample Li B Al Ti \Y Cr Mn Fe Co Ni Cu Zn As Sr Mo Ba Pb Volume  Material

Ll ottt mglt mglt gLt gt gt omglt gLt gt ottt gt gt gt wlt gt L mg
PRIOIM 221 366 418 178 820 304 5.28 342 113 150 654 1.63 428 2.73 109 237 148 235 331
PRI 02M 125 158 129 3.55 256 184 1.68 97.5 43.9 107 235 730 20.7 493 5.24 751 97.9 0.500 51.1
PRI O3M 324 57.0 36.5 143 93.3 61.8 550 36.3 15.7 50.1 116 516 16.1 350 3.37 347 57.2 0.120 143
PRI 04M 90.8 179 235 16.5 578 90.5 3.10 194 72.8 67.4 418 1.73 22.8 2.76 9.07 1.73 66.4 0.130 241
PRI 05M 37.7 67.8 60.8 411 165 68.5 835 52.4 22.7 56.1 158 601 145 622 3.81 498 39.5 0.150 57.3
PRI 06M 235 44.2 31.3 1.38 74.2 57.3 656 31.9 16.0 51.4 142 562 12.3 140 2.67 217 38.8 1.95 200
PRIOTM 173 164 549 00788 648 7.34 2.7 201 0857 681 333 107 <L0Q 472 1.16 87.9 5.76 400 229
PRI 08M 24.1 43.5 32.0 1.04 65.4 67.9 312 31.1 10.8 37.2 104 284 4.83 165 1.94 165 45.6 4.50 365
PRIOOM 331 52.7 395 0918 767 102 208 332 12,0 50.8 87.6 285 23.9 755 1.84 180 56.3 480 161
PRI 10M 161 595 1.04 97.5 3.09 227 16.40 993 386 222 2.75 1.96 45.0 11.30 32.0 3.12 130 1.87 352
PRILIM 678 22,0 114 0620 312 445 156 120 463 17.9 126 1.55 2.12 722 1.67 98.7 387 0750  8.60
PRI 12M 1.85 18.8 3.79 0.283 11.6 29.8 71.4 3.91 1.03 8.58 36.2 268 <LOQ 45.6 0.587 45.1 7.42 0.012 0.900
PRI 13M 30.9 53.7 48.7 1.44 86.6 74.9 829 43.4 18.5 51.6 170 647 8.28 115 2.00 294 42.0 0.900 76.3
PRI 14M 358 811 366 6.36 666 502 5.18 339 127 276 557 2.25 65.9 722 11.9 1.78 186 1.40 302
PRI 15M 176 228 149 2.66 275 239 2.03 115 53.6 143 254 866 32.2 282 4.36 788 77.8 1.20 69.5
PRIL6M 2.6 4.90 395 0200 868 7.95 463 343 0909 592 17.8 101 0402 287 0118 334 328 0150 150
PRI 17M 23.1 49.3 33.6 1.28 79.1 63.5 573 28.1 14.1 66.5 279 1.04 22.9 96.2 2.62 212 40.6 0.400 16.4
PRI 18M 6.85 14.2 12.6 0.724 61.0 20.6 219 12.1 5.63 30.6 96.0 381 6.13 70.7 1.75 81.4 14.8 1.20 9.20
PRI 19M 26.3 60.8 35.6 1.62 101 64.8 596 36.3 16.6 63.5 196 1.01 14.1 177 3.67 309 52.9 1.10 25.7
PRI 20M 6.10 11.8 10.0 0.415 225 19.1 179 9.32 457 25.9 68.2 700 3.68 54.6 1.15 99.0 19.1 0.0850 11.2
PRI 21M 17.2 39.3 25.4 0.825 117 54.8 182 21.2 5.78 35.6 174 510 18.1 134 1.36 290 43.2 5.50 42.4
PRI 22M 11.1 28.1 22.1 0.612 51.5 39.5 282 16.5 6.75 30.3 86.1 478 56.1 73.9 3.08 162 28.6 1.05 13.1
PRI 23M 5.71 145 11.1 0.542 39.7 23.2 111 10.7 3.26 22.0 515 191 13.8 75.6 1.79 76.3 35.2 5.35 66.0
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Sample Li B Al Ti \Y Cr Mn Fe Co Ni Cu Zn As Sr Mo Ba Pb Volume  Material

Lttt mglt mglt gt gt gl mglt gt gt gttt gt gt gt ot gt L mg
CES 01M 173 267 226 5.66 378 266 2.64 210 69.2 113 385 1.11 29.3 801 6.70 1.21 129 6.80 85.8
CES 02M 105 292 101 2.04 194 168 1.75 93.3 45.3 112 121 743 16.4 279 6.58 589 78.9 3.80 53.8
CES 03M 12.5 19.9 15.3 0.517 30.3 25.4 268 12.8 5.06 18.2 55.2 110 3.10 60.9 0.715 93.9 10.1 0.260 46.1
CES 04M 3.64 5.52 4.29 0.120 8.69 12.0 105 4.55 2.16 9.45 29.1 74.9 <LOQ 21.4 <LOQ 36.9 5.08 0.130 1.50
CESO05M 380 65.7 443 1.80 101 793 936 46.0 215 57.6 189 544 9.63 184 2,67 274 52.1 355 779
CES 07TM 70.9 118 77.9 1.94 161 124 966 71.0 24.9 83.4 464 457 13.1 204 4.10 321 112 5.10 439
CES08M 877 198 152 0643 309 127 139 136 6.02 9.49 151 332 <LOQ 444 3.34 80.8 192 960 1633
CES 09M 124 173 142 2.73 239 270 1.45 107 46.8 131 216 1.50 24.4 247 3.94 823 132 475 69.5
CES10M 407 86.8 51.8 131 99.4 164 423 452 142 489 257 420 7.59 107 2.28 259 60.4 520 517
CES 11M 7.95 23.4 14.1 0.653 31.0 154 140 125 3.45 20.3 147 214 2.42 101 0.774 96.9 25.5 5.80 526
CES12M 219 567 1.16 789 2.85 163 1540 889 317 148 2.98 1.96 536 1310 248 6.77 168 300 285
CES 13M 18.0 30.1 30.7 0.955 49.6 41.7 234 24.6 7.19 24.3 61.2 233 3.51 64.3 0.640 160 26.2 1.90 199
CES14M 360 486 394 7.00 624 514 5.11 307 117 253 645 3.94 62.2 766 6.59 1.83 188 330 184
CES 15M 11.2 24.8 13.6 0.266 26.0 25.0 357 15.1 6.23 19.7 95.1 426 4.06 40.6 0.327 75.8 141 2.15 10.6
CES17TM 411 702 465 1.38 995 101 1.09 48.4 214 653 304 928 122 149 3.54 240 465 490 325
CES 18M 6.98 41.0 9.04 0.323 18.4 15.6 133 8.79 3.05 17.1 64.0 266 1.04 35.6 1.05 57.4 8.76 1.35 3.70
CES 19M 12.1 29.4 15.2 0.510 27.4 28.9 138 11.7 4.15 18.1 62.4 263 1.48 317 1.18 77.7 18.9 6.00 235
CES 20M 3.57 7.06 5.48 0.201 10.5 18.6 65.7 472 0.605 12.3 73.2 225 0.221 19.5 <LOQ 35.2 10.3 5.00 365
CES 21M 6.64 11.3 9.54 0.258 175 18.6 74.3 8.24 2.04 10.5 29.6 200 0.706 23.4 <LOQ 54.4 8.19 5.10 65.3
CES 22M 27.3 52.0 32.6 0.572 61.4 62.9 361 28.9 9.79 33.2 99.7 583 7.82 63.5 0.918 140 27.8 2.20 198
CES 23M 2.55 2.10 3.74 0.165 8.08 10.8 29.8 3.39 0.675 5.92 17.1 115 1.06 13.9 0.409 22.1 7.45 1.80 5.70
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Table S. 6 - Technology-Critical Element concentrations (ng L), in preconcentrated rainwater samples.

Sample Sc Ge Y Zr Nb Te La Ce Pr Nd Sm
L L? L L* pL* pL* pL* L pL* pL? L
CIT 0L Rain 3.48 8.39 58.5 60.7 0519 153 0.962 0.366 128 159 16.3
CIT 02_Rain 5.33 8.74 30.1 104 0.273 19.6 1.87 0570 18.2 12.4 6.05
CIT 06_Rain 7.25 3.62 223 147 1.97 51.3 3.03 1.83 46.8 48.7 7.14
CIT 07_Rain 233 17.6 92.1 203 2.63 75.7 495 14.6 111 174 20.3
CIT 08_Rain 5.63 138 38.2 52.1 1.90 211 0.654 0.394 66.2 64.6 7.70
CIT 09_Rain <LOQ 9.65 18.0 161 0546 5.24 2.63 0.962 27.4 324 4.08
CIT 21_Rain 5.13 430 17.9 57.0 <LOQ 8.78 432 12.2 21.6 39.8 3.28
CIT 22 Rain 35.3 50.2 757 162 <L0Q 70.6 2.41 5.41 1276 2208 245
Sample Eu Gd Tb Dy Ho Er ™ Yb Lu Hf Th
L* L* L* L? L pL* L pL* pL* pL* pL*
CIT 0L Rain 57.9 8.91 2.20 8.10 1.01 5.47 1.26 3.43 0.472 261 0.391
CIT 02_Rain 28.7 5.55 151 5.37 0.589 3.77 0.829 2.49 0.345 2.46 0.416
CIT 06_Rain 315 5.90 1.42 5.20 0.700 3.31 0.702 1.97 0.220 1.68 0.254
CIT 07_Rain 745 17.8 4.26 15.2 218 10.9 2.0 5.26 0.722 3.98 0592
CIT 08_Rain 29.2 4.67 1.25 5.08 0.647 3.50 0.702 1.87 0.260 152 0.182
CIT 09_Rain 18.4 4.16 1.21 435 0.601 2.99 0.476 153 0.148 0.895 0.265
CIT 21_Rain 19.4 283 1.26 3.33 0.474 201 0.412 <LOQ 0.0710 1.15 <LOQ
CIT 22_Rain 929 124 45.7 154 175 117 16.6 455 5.56 32.7 462
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Sample Sc Ge Y Zr Nb Te La Ce Pr Nd Sm
L™ L™ L™ L™ L™ L™ L™ L™ L™ L™ L™

ZAF 01 _Rain 2.78 5.34 47.0 115 <LOQ 6.84 0.266 0.685 955 104 15.4
ZAF 02_Rain 2.77 2.33 5.46 5.05 0.0260 2.89 0.0520 1.52 10.2 10.8 1.36
ZAF 06_Rain 4.44 2.99 7.21 153 1.68 5.70 3.31 0.979 17.6 9.65 1.40
ZAF 07_Rain 5.25 7.57 238 241 1.14 318 3.58 0.959 34.8 35.6 4.49
ZAF 08_Rain <LOQ 3.15 10.2 80.0 0.378 114 0.757 0.497 18.4 16.2 2.03
ZAF 09_Rain <LOQ 2.80 9.54 117 0.642 3.20 1.59 1.77 22.1 18.2 2.24
ZAF 21 _Rain 1.45 1.05 5.13 211 <LOQ 3.56 0.164 1.02 3.77 8.31 1.22
ZAF 22_Rain 0.842 <LOQ 6.03 6.53 <LOQ 3.19 <LOQ 2.21 7.80 15.0 1.15

Sample Eu Gd Tb Dy Ho Er Tm Yb Lu Hf Th
L™ L™ L™ L™ L™ L™ L™ L™ L™ L™ L™

ZAF 01 _Rain 66.0 10.3 2.84 8.77 0.988 5.31 1.17 3.34 0.442 2.55 0.415
ZAF 02_Rain 4.22 0.767 0.358 0.684 0.0950 0.737 0.127 0.359 0.0620 0.522 0.0400
ZAF 06_Rain 6.59 1.36 0.288 0.988 0.149 0.949 0.186 0.751 0.100 0.811 0.123
ZAF 07_Rain 17.7 4.19 0.912 3.55 0.481 2.86 0.485 1.43 0.180 1.12 0.239
ZAF 08_Rain 111 1.76 0.679 2.32 0.304 1.72 0.205 0.909 0.186 1.15 0.206
ZAF 09_Rain 10.8 2.60 0.666 2.27 0.277 1.69 0.324 0.889 0.142 0.672 0.0950
ZAF 21 _Rain 5.87 1.72 0.354 1.22 0.163 0.891 0.159 0.568 0.0840 0.488 0.0790
ZAF 22_Rain 11.8 1.68 0.447 0.846 <LOQ <LOQ <LOQ <LOQ <LOQ 0.691 <LOQ
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Sample Sc Ge Y Zr Nb Te La Ce Pr Nd Sm
L™ L™ L™ L™ L™ L™ L™ L™ L™ L™ L™
TDF 02_Rain 1.92 2.75 291 102 0.160 5.94 0.216 0.224 321 5.10 0.576
TDF 06_Rain 6.12 2.81 195 140 419 3.70 3.09 3.02 25.1 225 3.81
TDF 07_Rain 127 334 178 280 1.67 117 5.29 237 197 326 38.4
TDF 08_Rain 4.81 4.68 6.07 100 0.814 6.80 0.863 <LOQ 17.9 15.7 1.81
TDF 09_Rain 3.59 5.44 12.1 173 0.926 1.71 2.43 1.88 25.4 215 2.93
TDF 21 Rain 259 106 54.1 36.1 <LOQ 7.52 0.802 0.435 58.3 107 13.4
Sample Eu Gd Th Dy Ho Er Tm Yb Lu Hf Th
Lt Lt Lt Lt Lt gLt Lt Lt gLt Lt Lt
TDF 02_Rain 2.68 0.591 0.143 0.648 0.0150 0.341 0.0800 0.222 0.0320 0.220 <LOQ
TDF 06_Rain 17.7 3.53 0.974 3.44 0.449 2.60 0.601 1.59 0.229 1.54 0.281
TDF 07_Rain 150 31.8 7.85 27.0 3.95 21.2 3.85 102 1.28 7.74 1.34
TDF 08_Rain 7.65 1.45 0.368 1.97 0.214 1.05 0.200 0.519 0.131 0.738 0.155
TDF 09_Rain 13.0 3.24 0.690 251 0.327 1.60 0.336 0.780 0.156 0.886 0.259
TDF 21_Rain 56.5 8.20 3.13 9.41 114 7.89 1.10 3.47 0.504 313 0.495
Sample Sc Ge Y zr Nb Te La Ce Pr Nd Sm
L™ L™ L™ L™ L™ L™ L™ L L™ L™ L™
INT 06_Rain 4.14 1.02 6.86 131 0.766 1.55 2.64 1.56 16.0 8.92 1.35
INT 07_Rain 2.70 3.29 11.0 106 0.921 3.40 157 3.85 21.0 1655 212
INT 08_Rain 2.62 3.22 10.0 90.4 0.773 17.0 147 <LOQ 20.0 196 2.84
INT 09_Rain 1.98 3.92 9.46 181 1.26 2.64 2.48 1.09 20.2 15.9 151
INT 21_Rain 1.66 6.18 116 25.4 <LOQ 30.6 0.341 2.54 15.1 30.1 2.48
INT 22_Rain 0.987 0.933 10.1 53.6 <LOQ <LOQ 0.804 1.24 8.32 17.2 2.36
Sample Eu Gd Tb Dy Ho Er Tm Yb Lu Hf Th
Lt gLt Lt Lt gLt gLt Lt gLt gLt Lt gLt
INT 06_Rain 6.02 1.42 0.274 142 0.188 1.16 0.215 0.629 0.100 0.627 0.115
INT 07_Rain 9.51 2.32 0.554 1.78 0.315 1.66 0.254 0.967 0.140 0.812 0.205
INT 08_Rain 113 2.48 0.576 1.98 0.293 152 0.349 0.816 0.184 0.766 0.246
INT 09_Rain 7.77 2.07 0.467 1.92 0.283 1.25 0.260 0.674 0.0880 0.647 0.124
INT 21_Rain 9.64 213 0.602 2.30 0.285 1.76 0.266 0.776 0.115 <LOQ 0.117
INT 22_Rain 9.86 2.8 0513 1.86 0.283 1.28 0.274 0.791 0.106 0.729 <LOQ
( )|
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Sample Sc Ge Y Zr Nb Te La Ce Pr Nd Sm
ngL* ng L™ ngL* ngL* ngL* ngL* ngL* ng L™ ngL* ngL* ngL*
ARC 07_Rain 17.0 16.2 20.3 350 1.86 143 6.08 1.88 52.3 25.6 3.98
ARC 08 A_Rain 24.7 6.36 29.1 1620 3.60 3.40 29.3 5.39 25.0 31.7 4.35
ARC 08 B_Rain 15.9 3.09 8.14 607 1.24 3.96 8.00 0.426 21.2 11.5 1.48
ARC 09_Rain 10.0 4.29 9.72 283 1.35 157 4.62 1.02 18.7 12.6 1.79
ARC 21_Rain <LOQ 0.617 5.32 <LOQ <LOQ <LOQ <LOQ 0.160 3.73 2.68 <LOQ
ARC 22 Rain 0.419 <LOQ 2,51 <LOQ <LOQ <LOQ <LOQ <LOQ 6.70 10.7 <LOQ
Sample Eu Gd Th Dy Ho Er Tm Yb Lu Hf Th
ng L? ng L ng L ng L ng L? ng L? ng L? ng L? ng L? ng L? ng L?
ARC 07_Rain 14.8 3.74 0.679 3.12 0.403 2.35 0.546 1.39 0.223 1.06 0.120
ARC 08 A_Rain 19.7 4.30 1.06 3.55 0.556 3.87 0.739 211 0.302 2.10 0.427
ARC 08 B_Rain 5.60 0.943 0.408 1.28 0.136 1.23 0.276 0.654 0.0800 0.597 0.141
ARC 09_Rain 7.85 1.79 0.311 147 0.180 1.36 0.308 0.761 0.102 0.332 0.125
ARC 21 _Rain 6.59 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ 0.486 <LOQ
ARC 22 Rain 4.07 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ 0.236 <LOQ
Sample Sc Ge Y Zr Nb Te La Ce Pr Nd Sm
ngL* ngL* ngL* ngL* ngL* ngL* ngL* ngL* ngL* ngL* ngL*
UNI 07_Rain 13.1 4.84 23.8 285 151 6.61 491 111 37.3 19.0 3.08
UNI 08_Rain 7.73 2.81 5.57 120 0.658 1.58 1.67 0.518 16.9 7.79 1.00
UNI 09_Rain 11.6 1.67 14.6 263 1.43 1.74 451 3.55 20.5 13.8 1.95
UNI 21_Rain 2.05 1.86 7.75 28.2 <LOQ 1.10 0.316 1.26 12.2 19.2 1.37
UNI 22_Rain 0.496 <LOQ 2.54 10.7 <LOQ 1.06 <LOQ 1.27 4.87 9.02 <LOQ
Sample Eu Gd Tb Dy Ho Er Tm Yb Lu Hf Th
ngL* ngL* ngL* ngL* ngL? ngL* ngL* ngL* ngL* ngL* ngL*
UNI 07_Rain 12.7 2.96 0.771 2.48 0.313 213 0.459 1.08 0.170 0.971 0.213
UNI 08_Rain 4.17 0.826 0.227 0.582 0.134 1.03 0.181 0.581 0.0870 0.254 0.0770
UNI 09_Rain 9.14 2.32 0.609 1.99 0.253 1.66 0.280 0.994 0.142 0.953 0.174
UNI 21_Rain 5.59 1.62 0.351 1.39 0.197 1.15 0.192 0.717 0.0940 0.518 0.0970
UNI 22_Rain 417 <LOQ 0.176 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
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Sample Sc Ge Y Zr Nb Te La Ce Pr Nd Sm
ngL* ngL* ngL* ngL* ngL* ngL* ngL* ngL* ngL* ngL* ngL*
IND 01_Rain 2.38 1.80 6.65 42.2 0.146 2.31 0.859 1.79 8.27 7.38 0.857
IND 05_Rain 6.55 1.40 7.34 21.4 0.569 2.96 0.437 0.801 3.91 5.59 0.965
IND 07_Rain 7.81 1.98 14.3 324 1.62 1.60 5.89 1.97 21.1 13.9 2.13
IND 08_Rain 211 <LOQ 4.53 147 0.769 2.31 2.20 1.22 14.8 8.26 0.895
IND 09_Rain 7.53 5.76 125 252 0.750 2.83 3.76 1.64 22.3 17.2 2.33
IND 21_Rain 2.39 3.74 18.6 25.5 <LOQ 291 0.136 0.647 13.9 24.3 3.63
IND 22 Rain <LOQ <LOQ 2.06 7.39 <LOQ <LOQ <LOQ 0.769 2.45 1.54 <LOQ
Sample Eu Gd Tb Dy Ho Er m Yb Lu Hf Th
ngL* ngL* ngL* ngL* ngL* ngL* ngL* ngL* ngL* ngL* ngL*
IND 01_Rain 3.72 0.760 0.364 0.686 0.0620 0.600 0.130 0.344 0.0550 0.471 0.0300
IND 05_Rain 4.07 0.964 0.339 1.13 0.178 0.917 0.182 0.637 0.0670 0.419 0.105
IND 07_Rain 7.90 1.92 0.468 1.70 0.284 1.68 0.361 1.06 0.132 1.03 0.174
IND 08_Rain 4,52 0.244 0.161 0.750 0.131 0.698 0.109 0.421 0.0850 0.374 0.123
IND 09_Rain 11.0 2.25 0.549 2.44 0.279 1.82 0.446 1.05 0.139 0.930 0.0650
IND 21_Rain 14.4 3.57 0.755 3.02 0.425 2.70 0.433 1.53 0.226 1.08 0.211
IND 22_Rain 3.56 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ 0.338 <LOQ
Sample Sc Ge Y Zr Nb Te La Ce Pr Nd Sm
ng L? ng L? ng L? ng L? ng L? ng L? ng L? ng L? ng L? ng L? ng L?
BEL 01_Rain 0.216 1.63 6.53 2.48 <LOQ 154 0.0190 0.358 3.86 7.38 1.10
BEL 07_Rain 5.60 1.86 145 235 0.959 2.54 3.48 0.466 31.8 16.1 2.40
BEL 08_Rain 2.98 1.04 451 118 0.606 2.02 1.90 0.565 14.7 7.22 0.911
BEL 09 Rain <LOQ 7.69 48.4 264 0.640 2.14 4.20 0.851 52.9 60.6 7.99
Sample Eu Gd Tb Dy Ho Er Tm Yb Lu Hf Th
ngL* ngL* ngL* ngL* ngL* ngL* ngL* ngL* ngL* ngL* ngL*
BEL 01_Rain 5.21 1.35 0.297 1.16 0.112 0.980 0.174 0.469 0.0900 0.501 0.0450
BEL 07_Rain 9.80 2.44 0.492 1.79 0.282 1.74 0.341 0.815 0.132 1.02 0.127
BEL 08_Rain 3.81 0.930 0.120 0.865 0.107 0.450 0.142 0.278 0.0610 0.522 0.0570
BEL 09 Rain 35.1 1.27 1.67 7.58 0.952 5.53 1.089 3.18 0.390 2.68 0.417
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Sample Sc Ge Y Zr Nb Te La Ce Pr Nd Sm
ngL* ngL* ngL* ngL* ngL* ngL* ngL* ngL* ngL* ngL* ngL*
CAT 04_Rain 6.97 11.1 6.37 33.2 0.814 135 2.02 1.45 6.10 12.5 171
CAT 06_Rain 9.58 5.36 15.1 201 3.61 3.95 3.70 3.24 255 11.3 2.58
CAT 07_Rain 2.70 3.55 13.1 234 1.08 5.29 4,72 3.98 22.7 17.3 2.68
CAT 08_Rain 5.84 3.34 11.1 133 5.15 3.29 2.11 0.791 21.0 18.6 2.71
CAT 09_Rain 0.379 1.80 9.61 217 0.509 <LOQ 2.38 1.46 22.7 154 1.92
CAT 21_Rain <LOQ <LOQ 3.24 20.8 <LOQ <LOQ 0.193 0.357 3.78 4,92 0.787
CAT 22 _Rain 0.148 0.525 10.6 14.1 <LOQ 1.06 <LOQ 1.23 32.3 33.0 3.26
Sample Eu Gd Tb Dy Ho Er m Yb Lu Hf Th
ngL* ngL* ngL* ngL* ngL* ngL* ngL* ngL* ngL* ngL* ngL*
CAT 04_Rain 7.52 141 0.474 1.39 0.171 0.933 0.271 0.700 0.115 0.617 0.129
CAT 06_Rain 11.9 2.57 0.557 2.67 0.379 2.25 0.427 1.45 0.185 1.28 0.208
CAT 07_Rain 12.1 2.96 0.715 2.49 0.322 2.15 0.334 1.20 0.161 1.10 0.163
CAT 08_Rain 11.8 3.24 0.680 2.87 0.381 2.09 0.358 1.05 0.131 0.816 0.188
CAT 09_Rain 9.26 1.86 0.466 2.16 0.263 1.50 0.292 0.695 0.137 0.655 0.135
CAT 21_Rain 3.41 0.919 0.220 0.557 0.110 0.478 0.111 0.425 <LOQ 0.291 0.0550
CAT 22 Rain 19.0 218 0.674 222 0.308 <L0Q <L0Q <L0Q <L0Q 0.635 <L0Q
Sample Sc Ge Y Zr Nb Te La Ce Pr Nd Sm
ng L? ng L? ng L? ng L? ng L? ng L? ng L? ng L? ng L? ng L? ng L?
GLP 06_Rain 7.98 5.62 20.5 213 5.40 18.8 3.74 2.58 32.2 11.3 4.86
GLP 07_Rain 6.71 3.75 19.9 250 2.53 12.6 4.33 2.16 39.2 30.7 5.48
GLP 08_Rain 2.35 4.00 6.57 111 3.67 3.09 1.96 0.450 16.2 11.2 1.47
GLP 09_Rain 2.39 3.67 12.2 166 0.697 <LOQ 2.74 2.84 28.1 20.9 2.77
GLP 21_Rain 2.21 1.06 5.47 21.8 <LOQ 111 0.188 191 6.44 7.63 1.24
GLP 22 Rain 1.27 1.36 7.01 54.9 <LOQ 2.43 0.665 151 9.53 11.9 1.96
Sample Eu Gd Tb Dy Ho Er ™m Yb Lu Hf Th
ngL* ngL* ngL* ngL* ngL* ngL* ngL* ng L™ ngL* ngL* ngL*
GLP 06_Rain 21.6 4.03 1.00 3.61 0.549 2.96 0.576 1.75 0.278 1.82 0.370
GLP 07_Rain 22.6 4.32 0.994 3.49 0.454 2.64 0.558 1.40 0.206 1.46 0.284
GLP 08_Rain 7.66 154 0.366 1.53 0.208 0.992 0.245 0.554 0.0990 0.802 0.0840
GLP 09_Rain 12.7 2.74 0.710 3.12 0.363 1.70 0.424 0.724 0.133 0.882 0.152
GLP 21_Rain 4.84 1.23 0.317 101 0.164 0.854 0.125 0.514 0.0760 0.336 0.0590
GLP 22 Rain 7.00 1.49 0.477 1.13 0.194 0.898 0.174 0.745 <LOQ 0.574 0.123
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Sample Sc Ge Y Zr Nb Te La Ce Pr Nd Sm
ngL* ngL* ngL* ngL* ngL* ngL* ngL* ngL* ngL* ngL* ngL*
GAB 01 Rain 2.65 2.52 5.81 88.8 0.111 4.60 1.62 0.124 11.3 5.89 1.01
GAB 04_Rain 111 143 3.38 12.7 0.0430 191 0.124 0.0930 3.16 4.62 0.574
GAB 05_Rain 1.66 1.24 6.40 11.8 0.296 1.64 0.280 0.126 4.90 8.07 1.24
GAB 06_Rain 2.66 2.86 4.59 98.7 0.535 1.72 1.96 0.425 13.8 6.97 0.86
GAB 07_Rain 5.36 5.52 19.7 392 2.16 2.84 6.43 2.79 259 21.3 2.96
GAB 08_Rain 6.40 5.50 9.19 159 1.95 1.56 213 1.54 21.3 16.6 2.25
GAB 09 Rain 2.50 7.24 18.4 263 0.670 6.91 4.26 <LOQ 25.3 22.8 3.54
Sample Eu Gd Tb Dy Ho Er m Yb Lu Hf Th
ngL* ngL* ngL* ngL* ngL* ngL* ngL* ngL* ngL* ngL* ngL*
GAB 01_Rain 4.42 0.873 0.245 0.857 0.0660 0.739 0.143 0.463 0.0810 0.709 0.0540
GAB 04_Rain 2.58 0.743 0.168 0.590 0.0310 0.465 0.115 0.322 0.0360 0.399 0.00500
GAB 05_Rain 5.09 1.35 0.317 1.32 0.159 0.900 0.162 0.518 0.0890 0.553 0.0670
GAB 06_Rain 3.79 0.685 0.173 0.752 0.110 0.632 0.172 0.320 0.0540 0.365 0.0960
GAB 07_Rain 134 3.09 0.702 2.37 0.360 2.29 0.514 1.36 0.216 1.29 0.255
GAB 08_Rain 9.21 1.87 0.453 1.83 0.267 1.40 0.183 0.873 0.0930 0.695 0.115
GAB 09 _Rain 15.1 3.13 0.781 3.52 0.477 2.45 0.552 1.39 0.241 1.54 0.260
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Sample Sc Ge Y Zr Nb Te La Ce Pr Nd Sm
ngL* ngL* ngL* ngL* ngL* ngL* ngL* ng L™ ngL* ngL* ngL*
SIR 01 _Rain 2.27 2.49 211 70.7 0.511 1.88 1.38 1.06 12.2 7.85 0.738
SIR 06_Rain 4.24 2.94 8.22 155 1.10 7.67 2.86 1.30 219 11.7 1.26
SIR 07_Rain 5.95 2.72 9.76 172 0.897 3.26 2.76 1.47 34.9 14.9 1.88
SIR 08_Rain 10.0 2.95 12.4 164 0.681 1.58 2.23 0.301 29.6 16.3 2.50
SIR 09_Rain 12.8 5.47 12.8 290 0.895 3.91 4.37 0.0500 26.6 14.8 2.23
SIR 21_Rain <L0Q <L0Q <L0Q <L0Q <L0Q <L0Q <L0Q <L0Q 9.68 8.53 <L0Q
SIR 22_Rain 1.62 1.42 11.4 51.3 <LOQ <LOQ 1.26 2.36 69.7 10.3 1.46
Sample Eu Gd Tb Dy Ho Er Tm Yb Lu Hf Th
ngL* ngL* ngL* ngL* ngL* ngL* ngL* ngL* ngL* ngL* ngL*
SIR 01 _Rain 2.30 0.611 0.244 0.527 0.00200 0.330 0.0660 0.220 0.0320 0.272 <LOQ
SIR 06_Rain 5.47 1.33 0.277 1.13 0.205 1.18 0.187 0.755 0.101 0.784 0.0990
SIR 07_Rain 8.72 1.92 0.334 151 0.231 142 0.325 0.794 0.0960 0.636 0.132
SIR 08_Rain 10.4 3.52 0.583 2.10 0.322 1.95 0.421 0.970 0.182 0.748 0.184
SIR 09_Rain 10.9 2.52 0.566 2.20 0.209 2.02 0.331 1.28 0.134 0.761 0.302
SIR 21_Rain 271 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ 0.315 <LOQ
SIR 22_Rain 11.3 1.34 0.517 1.67 0.198 0.806 0.264 0.365 0.0820 0.933 <LOQ
Sample Sc Ge Y Zr Nb Te La Ce Pr Nd Sm
ngL* ngL* ngL* ngL* ngL* ngL* ngL* ngL* ngL* ngL* ngL*
AUG 01_Rain 3.20 2.67 8.44 14.4 0.0820 2.50 0.157 0.616 17.0 11.5 1.70
AUG 06_Rain 5.66 1.66 13.8 217 1.79 4.28 4.48 3.79 313 19.7 2.57
AUG 07_Rain 5.98 2.84 17.9 155 0.820 3.36 2.67 2.92 51.9 24.7 3.27
AUG 08_Rain 3.97 2.97 11.2 92.7 1.64 1.61 1.28 1.01 26.0 16.3 2.19
AUG 09 Rain 2.34 4.16 14.8 161 0.715 1.52 2.62 2.26 41.1 23.3 3.26
Sample Eu Gd Tb Dy Ho Er Tm Yb Lu Hf Th
ngL* ngL* ngL* ngL* ngL* ngL* ngL* ngL* ngL* ngL* ngL*
AUG 01_Rain 7.30 171 0.415 1.69 0.206 1.20 0.254 0.666 0.0740 0.525 0.0640
AUG 06_Rain 10.6 2.14 0.511 2.28 0.307 1.93 0.402 112 0.170 1.17 0.211
AUG 07_Rain 14.8 3.82 0.697 3.11 0.400 2.59 0.455 1.34 0.206 1.27 0.282
AUG 08_Rain 9.53 2.20 0.533 1.57 0.285 1.56 0.396 0.945 0.136 0.744 0.0830
AUG 09 Rain 14.8 3.16 0.566 2.77 0.396 2.42 0.393 0.694 0.174 0.701 0.115
[ 338 ]



Sample Sc Ge Y Zr Nb Te La Ce Pr Nd Sm
ngL* ngL* ngL* ngL* ngL* ngL* ngL* ngL* ngL* ngL* ngL*

PRI 01_Rain 2.00 1.88 4.17 61.5 0.396 2.32 1.20 0.364 154 11.2 1.09
PRI 06_Rain 5.06 2.70 10.3 118 1.30 5.17 2.25 1.84 34.7 14.8 1.82
PRI 07_Rain 6.43 1.69 7.13 240 0.790 3.37 4.08 0.0740 35.5 11.2 1.28
PRI 08_Rain 9.22 2.70 16.1 247 0.762 1.50 3.73 0.287 93.6 20.3 2.71
PRI 09_Rain 9.88 3.09 11.9 170 0.763 1.52 1.98 0.727 63.4 18.0 2.77
PRI 21_Rain 1.32 1.52 8.78 28.5 <LOQ 1.08 0.239 0.827 44.0 25.8 1.71
PRI 22 Rain 1.68 0.862 8.50 25.9 <LOQ <LOQ <LOQ 5.17 376 198 0.750

Sample Eu Gd Tb Dy Ho Er m Yb Lu Hf Th
ngL* ngL* ngL* ngL* ngL* ngL* ngL* ngL* ngL* ngL* ngL*
PRI 01_Rain 431 0.806 0.351 0.880 0.0650 0.619 0.144 0.276 0.0600 0.372 0.0330
PRI 06_Rain 7.98 1.45 0.373 1.65 0.247 1.34 0.255 1.07 0.112 0.839 0.178
PRI 07_Rain 5.86 1.39 0.513 1.26 0.201 0.955 0.199 0.621 0.0840 0.466 0.137
PRI 08_Rain 11.7 3.27 0.705 242 0.384 1.84 0.409 0.990 0.138 0.847 0.215
PRI 09_Rain 11.9 3.22 0.690 2.20 0.317 2.07 0.402 0.968 0.133 0.771 0.154
PRI 21_Rain 6.67 1.50 0.420 1.52 0.222 121 0.206 0.721 0.0830 0.518 0.0960
PRI 22_Rain 9.86 1.12 0.457 1.80 0.163 <LOQ <LOQ <LOQ <LOQ 0.601 <LOQ
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Sample Sc Ge Y Zr Nb Te La Ce Pr Nd Sm

ngL* ngL* ngL* ngL* ngL* ngL* ngL* ng L™ ngL* ngL* ngL*
CES 01_Rain 0.482 1.04 5.58 2.02 <LOQ 1.29 <LOQ 0.153 2.83 6.93 1.07
CES 02_Rain 1.28 0.922 8.54 7.46 0.315 1.81 0.109 1.96 5.67 9.93 1.16
CES 05_Rain 211 0.834 5.94 9.75 0.250 1.85 0.299 1.02 6.88 7.10 0.802
CES 07_Rain 4.99 4.44 104 107 0.987 4.24 1.10 1.79 223 17.3 2.14
CES 08_Rain 1.94 <LOQ 9.85 74.0 0.296 2.43 1.06 2.64 16.3 185 231
CES 09_Rain 4.61 5.18 22.9 202 2.18 3.94 3.73 7.89 35.7 429 4.59
CES 21_Rain 1.56 1.12 11.7 155 <LOQ 0.815 0.171 0.491 129 18.2 311
CES 22_Rain 0.967 <LOQ <LOQ 28.6 <LOQ <LOQ 0.243 0.917 1.46 <LOQ <LOQ

Sample Eu Gd Tb Dy Ho Er m Yb Lu Hf Th

ng L-1 ng L-1 ng L-1 ng L-1 ng L-1 ng L-1 ng L-1 ng L-1 ng L-1 ng L-1 ng L-1
CES 01_Rain 5.30 1.37 0.348 1.05 0.141 0.774 0.184 0.529 0.0970 0.547 0.0380
CES 02_Rain 5.02 1.63 0.454 1.63 0.208 1.50 0.258 0.760 0.127 0.643 0.0840
CES 05_Rain 4.01 0.722 0.259 0.911 0.155 0.613 0.123 0.451 0.0570 0.344 0.117
CES 07_Rain 8.90 1.83 0.478 1.61 0.213 1.73 0.299 0.714 0.0780 0.606 0.114
CES 08_Rain 9.06 2.44 0.661 2.31 0.331 1.50 0.305 0.762 0.0920 0.845 0.113
CES 09_Rain 21.9 5.50 1.39 5.57 0.681 3.39 0.701 1.47 0.249 1.65 0.282
CES 21_Rain 11.9 1.83 0.828 2.99 0.220 1.98 0.221 0.732 <LOQ 0.519 0.0750
CES 22_Rain 2.40 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
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Table S. 7 - Boron and strontium isotopic composition in rainwater samples. S.D. = Standard Deviation.

Sample 87588y Std. Err. 5™B (%o) S.D.
ZAF 04 0.7038650 0.000005 22.88 0.323
ZAF 06 0.7081444 0.000012 38.05 0.103
ZAF 18 0.7080635 0.000005 42.90 0.202
TDF 04 0.7040719 0.000007 12.00 0.175
TDF 04 REP 1 n.d. n.d. 10.64 0.423
TDF 04 REP 2 n.d. n.d. 11.45 0.070
TDF 06 0.7080832 0.000007 31.51 0.182
TDF 12 0.7037281 0.000008 1.289 0.302
TDF 13 0.7043343 0.000009 16.96 0.111
TDF 13 CHEM2 0.7043430 0.000007 16.86 0.154
TDF 17 0.7063621 0.000004 17.34 0.245
INT 12 0.7088030 0.000007 34.04 0.118
INT 13 0.7103627 0.000006 30.07 0.065
Sample 87grB0gy Std. Err. 5MB (%o) S.D.
ARC 12 0.7091222 0.000009 38.32 0.264
ARC 12 REP n.d. n.d. 38.15 0.127
ARC 16 0.7088823 0.000009 39.07 0.240
UNI 13 0.7096083 0.000008 37.93 0.091
IND 04 0.7088737 0.000011 25.58 0.279
IND 16 0.7089158 0.000006 34.19 0.141
BEL 04 0.7088578 0.000008 28.78 0.052
CAT 06 0.7084946 0.000007 31.60 0.172
CAT 13 0.7099210 0.000007 40.33 0.165
GLP 04 0.7064746 0.000008 22.00 0.345
GLP 17 0.7074008 0.000012 29.17 0.193
N



Sample 87588y Std. Err. 5B (%o) S.D.
GAB 07 0.7087676 0.000009 30.91 0.000
GAB 13 0.7091249 0.000010 33.68 0.157
SIR 04 0.7085717 0.000011 27.41 0.121
SIR 04 REP 0.7085570 0.000015 n.d. n.d.
SIR 17 0.7086902 0.000006 36.32 0.262
PRI 13 0.7099191 0.000005 37.82 0.228
PRI 13 CHEM?2 0.7099265 0.000008 n.d. n.d.
Sample 875,865, Std. Err. 5B (%o) S.D.
CES 03 0.7092115 0.000010 22.61 0.195
CES 04 0.7088513 0.000015 39.40 0.223
CES 09 0.7092833 0.000006 40.33 0.056
CES 12 0.7071935 0.000009 39.35 0.141
CES 12 REP 1 n.d. n.d. 38.30 0.139
CES 12 REP 2 n.d. n.d. 38.85 0.229
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Table S. 8 - Minor, trace, and Technology-Critical Element concentrations in blank solutions.

Sample Li B Al Ti \% Cr Mn Fe Co Ni Cu Zn As Se Br Rb Sr Mo Cd Sn Sh Cs Ba Tl Pb U

it gt gt gt ol ottt gt gt gt gt gt gt gt gt gt gt ot ottt gt gt gt gt gt gttt
RIOI <LOQ <LOQ 0146 <LOQ 00360 0154 0222 0293 00150 00460 0281 236 00150 0217 0160 000900 0211 <LOQ <LOQ <LOQ 0.0200 0.00100 0.257 <LOQ 00110 <LOQ
R1L02 <LOQ <LOQ 0348 <LOQ <LOQ 00260 0177 0235 00180 00350 0168 413 000700 0146 0.99 000700 00950 <LOQ <LOQ <LOQ 0.00200 0.00100 0579 <LOQ 00160 <LOQ
R103 <LOQ <LOQ 0150 <LOQ 00110 <LOQ 0268 0190 00260 0132 0205 556 000400 0213 128 000800 0693 000900 <LOQ <LOQ 0.00200 000100 0325 <LOQ 00110 <LOQ
RL04 <LOQ <LOQ 125 00193 00137 000925 00308 101 000200 <LOQ 0415 644 000737 00157 <LOQ <LOQ 233 0270 <LOQ <LOQ <LOQ <LOQ 347 <LOQ 000675 <LOQ
RILO05 <LOQ 0205 319 0228 00684 00300 0698 279 00107 0190 0663 178 00157 00246 <LOQ 00259 271 0230 <LOQ <LOQ 00100 <LOQ 301 <LOQ 00198 <LOQ
RI06 <LOQ <LOQ 0986 <LOQ 000876 149 0435 321 00190 379 00448 0417 00241 00711 <LOQ <LOQ 00802 0353 000926 <LOQ 0.00964 0.00319 0.0605 0.00836 0.0186 0.000382
R1L07 <LOQ <LOQ 206 <LOQ 000861 128 0408 350 00118 336 0175 101 00220 00694 <LOQ <LOQ 00973 0248 000916 <LOQ 00115 000264 0.0948 0.00675 0.0554 0.000585
RI08 00500 0351 190 00250 0.0100 0.0500 0.0685 0.0500 00150 0.0495 <LOQ 00661 000529 <LOQ <LOQ 0.0197 00428 00931 000500 <LOQ 00100 <LOQ 0.891 0.00825 0.00500 0.000910
RI09 00346 140 <LOQ <LOQ 0.0970 <LOQ 00146 0.0500 00122 <LOQ <LOQ <LOQ 0.00796 <LOQ <LOQ <LOQ <LOQ <LOQ 00118 <LOQ 00217 <LOQ <LOQ 00160 0.0103 0.00596
Sample Li B Al Ti \ Cr Mn Fe Co Ni Cu Zn As Se Br Rb Sr Mo Cd Sn Sh Cs Ba Tl Pb U

gt gt ot ol ot gt gt ptt pgtt gt gt gt gt gt gt gl ot ot gt gt pgtt gt gt gt gttt
RI_0I 00130 219 131 00580 000800 00590 0.148 359 <LOQ <LOQ <LOQ 0849 000700 <LOQ 27.7 00230 00840 <LOQ <LOQ <LOQ <LOQ <LOQ 0177 <LOQ 00120 0.00100
RIL 02 00440 161 103 0194 0100 0139 085 100 00420 0163 844 176 000700 <LOQ 174 00550 111 00150 <LOQ <LOQ 000900 <LOQ 0900 <LOQ 0.0790 0.00200
RIL03 00140 0448 751 0131 <LOQ 00550 0150 296 000400 0146 <LOQ 215 000700 <LOQ 868 00230 0340 <LOQ <LOQ <LOQ <LOQ <LOQ 0362 <LOQ 0.0540 0.00100
RIL04 00300 0396 105 0249 00330 0170 0368 642 00250 0365 180  6.64 000500 <LOQ 118 00640 140 <LOQ 00170 <LOQ 0.00600 <LOQ 0877 <LOQ 0.296 0.00200
Sample Li B Al Ti \% Cr Mn Fe Co Ni Cu Zn As Se Br Rb Sr Mo Cd Sn Sb Cs Ba T Pb U

pgl*  pglt  pglt gl pglt  pglt  pgtt pglt pglt  pglt pglt pglt opglt pglt pglt pglt pglt pglt  pglt pglt gt pglt  pglt pglt gt pgt
RILOL 00120 <LOQ 191 00360 <LOQ 0252 00660 00100 <LOQ <LOQ 151 356 <LOQ <LOQ <LOQ <LOQ 00870 <LOQ 00120 <LOQ <LOQ <LOQ 0.147 <LOQ 00110 <LOQ
RN 02 00340 0161 148 00960 <LOQ 00310 0267 172 00140 00380 0636 272 <LOQ <LOQ <LOQ <LOQ 0217 <LOQ <LOQ 00160 <LOQ <LOQ 0.627 <LOQ 0.0510 0.00100
RIL03 <LOQ <LOQ 230 00690 <LOQ 00840 00690 321 <LOQ 0108 209 619 <LOQ <LOQ <LOQ <LOQ 0292 <LOQ <LOQ <LOQ <LOQ <LOQ 309 <LOQ 0436 0.00300
RII04 000900 419 349 0480 00150 0289 0208 138 000500 00960 147 913 000800 0112 <LOQ 00110 0522 <LOQ <LOQ <LOQ <LOQ <LOQ 0570 <LOQ 0.854 0.00600
RIIL05 000700 472 439 0810 00120 00530 00730 220 <LOQ 0119 100 682 00170 00950 <LOQ 000900 0475 <LOQ <LOQ <LOQ <LOQ <LOQ 0337 <LOQ 0510 0.00300
RIL06 <LOQ <LOQ 0401 00310 00170 00210 00240 0604 00260 <LOQ 0323 <LOQ 000900 0201 <LOQ <LOQ 0389 <LOQ 000200 <LOQ <LOQ <LOQ 0198 <LOQ 00260 <LOQ
RILO7 00220 276 430 0196 00330 00400 0196 741 <LOQ 00330 7.83 928 00310 0102 <LOQ 00120 0962 <LOQ 00100 <LOQ 0.00900 0.00200 0988 <LOQ  0.436 0.00800
RIL08 <LOQ <LOQ 0767 00350 000600 00100 00380 168 <LOQ <LOQ <LOQ 165 <LOQ <LOQ <LOQ <LOQ 0458 <LOQ 00120 <LOQ <LOQ <LOQ 00480 <LOQ 00570 <LOQ
RIL09 <LOQ <LOQ 314 0110 <LOQ 00230 00620 205 <LOQ <LOQ <LOQ 138 <LOQ 0145 <LOQ <LOQ <LOQ <LOQ 000600 <LOQ <LOQ <LOQ 0.163 <LOQ 00250 <LOQ
RI10 00210 350 277 0545 0.0260 00510 0169  9.74 000300 0495 576 107 00110 00610 <LOQ 0.0300 0760 0.00500 0.0210 <LOQ 0.0800 0.00200 0761 <LOQ 0507 0.00500
Sample Li B Al Ti \ Cr Mn Fe Co Ni Cu Zn As Se Br Rb Sr Mo Cd Sn Sh Cs Ba Tl Pb U

gt gt ot ot it gt gt ptt gt gt gt gt gt gt gt gl ot ot gt gttt pgtt gt gt gt gttt
MI0l <LOQ 187 491 0258 00640 0213 00730 198 00170 0343 <LOQ 892 00670 <LOQ <LOQ 00180 0179 150 00250 0127 00310 000100 0101 0.0100 00410 0.0330
M102 0398 <LOQ 320 240 0335 0206 0176 530 <LOQ 0622 0338 520 <LOQ <LOQ <LOQ <LOQ 253 <LOQ <LOQ <LOQ <LOQ <LOQ 0342 <LOQ 0882 <LOQ
MI 03 <LOQ <LOQ 870 187 0361 0260 230 355 0791 154 068 109 0941 <LOQ <LOQ <LOQ 350 0213 <LOQ <LOQ <LOQ <LOQ 088 <LOQ 106 <LOQ
Sample Li B Al Ti \% Cr Mn Fe Co Ni Cu Zn As Se Br Rb Sr Mo Cd Sn Sh Cs Ba Tl Pb U

Ll gt gt gt ol ottt gt gt gt gt gt gt gt gt gt gt ot ot gt gt gt gt gt gt gttt
MIL0l <LOQ <LOQ 119 0631 0140 0.883 0173 488 00448 392 298 514 00693 <LOQ <LOQ 00100 0416 0291 00235 00200 0272 000100 248 <LOQ 0.34 0.00100
MIL02 0340 <LOQ 178 747 0936 0754 287 179 <LOQ 106 128 540 000500 <LOQ <LOQ <LOQ 455 0295 <LOQ <LOQ <LOQ <LOQ 170 <LOQ 0634 <LOQ
MIL03 0223 <LOQ 243 113 0488 050 0221 259 <LOQ 00538 00490 190 0135 <LOQ <LOQ <LOQ 230 <LOQ <LOQ <LOQ <LOQ <LOQ 0224 <LOQ 0542 <LOQ
MIL04 <LOQ <LOQ 69.6 131 0372 223 112 132 <LOQ <LOQ 0975 830 151 <LOQ <LOQ <LOQ 0600 <LOQ <LOQ <LOQ <LOQ <LOQ 0881 <LOQ 0988 <LOQ

( |
343
\ )



Sample Li B Al Ti \% Cr Mn Fe Co Ni Cu Zn As Se Br Rb Sr Mo Cd Sn Sh Cs Ba Tl Pb U
it gt gt gl ot gt ot ptt pgtt gt gt gt gt gt gt gt ot ot gt gt pgtt gt gt gt gttt
MOl <LOQ <LOQ 306 0544 0262 144 0184 242 00534 142 <LOQ 201 00190 <LOQ <LOQ 00430 133 135 00824 00380 0.14 000100 317 <LOQ 0.168 0.00500
MIII_02 <LOQ <LOQ 62.8 2.75 0.247 2.15 0.438 41.6 0.123 2.01 0.478 98.9 0.0677 <LOQ <LOQ 0.0980 244 0.634 0.0849 0.119 0.426 0.00400 3.19 <LOQ 0.374  0.00800
MIII_03 <LOQ <LOQ 118 7.72 0.491 2.76 1.26 75.2 0.0850 2.63 1.81 138 0.136 <LOQ <LOQ 0.236 3.40 1.04 0.0748 0.231 0.184 0.00700 3.42 <LOQ 0.623 0.0140
MII 04 <LOQ <LOQ 131 282 0247 193 0144 259 00406 158 0127 269 00182 <LOQ <LOQ 00240 131 0397 00437 00510 0217 000100 241 <LOQ 00900 0.00100
MII05 0427 <LOQ 476 656 0246 208 0669 338 00645 239 <LOQ 195 00182 <LOQ <LOQ 00500 123 0301 00588 00440 0.51 000300 252 <LOQ 0163 0.00500
MII 06 0374 <LOQ 693 260 0232 235 325 351 0503 095 216 258 00833 <LOQ <LOQ 00500 293 0345 00756 0227 0144 000100 315 <LOQ 0190 0.0740
M IIl_07 0.701 <LOQ 46.2 6.52 0.306 22.3 1.12 28.7 0.0363 1.33 2.48 31.3 0.0800 <LOQ <LOQ 0.0660 13.6 0.931 0.0908 0.0700 0.164 0.00100 6.86 <LOQ 1.45 0.0170
Sample Li B Al Ti \% Cr Mn Fe Co Ni Cu Zn As Se Br Rb Sr Mo Cd Sn Sh Cs Ba Tl Pb V]
Ll gt gt gt gl ottt gt gt gt gt gt gt gt gt gt gt gttt gt gt gt gt gt gt gttt
MIV 0L 0746 116 115 318 0409 594 236 121 0117 376 0511 225 0270 <LOQ 154 0322 410 0859 0130 0350 0178 00270 702 <LOQ 0579 0.0220
MIV 02 0968 802 13 231 360 609 175 105 0497 316 297 184 0465 <LOQ 717 116 127 0562 00580 0471 0232 00410 130 00120 0.837 0.0450
MIV_03 0.420 <LOQ 406 29.7 121 4.43 7.04 371 0.272 2.97 1.36 10.8 0.447 <LOQ 8.97 0.547 6.03 0.300 0.0420 0.322 0.192 0.0190 9.60 <LOQ 0.375 0.0180
MIV_04 0.437 <LOQ 436 49.7 1.32 341 6.73 435 0.217 2.05 1.35 6.90 0.296 <LOQ <LOQ 0.559 4.64 0.123 0.0471 0.323 0.197 0.0250 7.85 0.00700 0.519 0.0170
MIV 05 115 <LO0Q 17 621 274 815 932 114 0988 38L 725 283 0292 <LOQ <LOQ 205 411 0450 00227 0492 0148 0111 809 00130 0815 0.252
MIV 06 0481 <LOQ 732 408 120 7.0 346 504 0287 643 182 171 025 <LOQ 158 0845 393 0270 00328 0523 0758 00460 102 000700 484  0.0340
M IV_07 0.0957 6.59 121 21.9 0.420 3.03 3.42 158 0.651 1.72 4.76 18.6 0.113 <LOQ 10.9 0.133 4.52 0.223 0.0168 0.169 0.126  0.00500 7.31 <LOQ 0.529 0.232
MIV_08 <LOQ <LOQ 111 2.97 0.241 21.3 0.443 46.6 0.0798 2.30 1.79 196 0.0627 <LOQ <LOQ 0.0670 1.31 0.324 0.0118 0.101 1.88 0.00300 2.69 <LOQ 0.598 0.00800
MIV 09 <LOQ <LOQ 982 126 0331 127 0606 726 00764 305 0783 180 0018 <LOQ 181 0106 230 00380 00202 00940 0148 000500 347 <LOQ 0277 0.00800
MIV 10 032 <LOQ 587 252 108 227 28l 434 0144 424 723 349 0113 <LOQ <LOQ 0723 218 0142 00202 0256 0142 00370 447 <LOQ 0580 0.0150
MIV 11 <LOQ <LOQ 441 257 0259 279 0855 929 0123 427 126 106 00182 <LOQ <LOQ 00770 0964 0135 00328 00500 0120 000400 269 <LOQ 0.239 0.00300
MIV 12 <LOQ <LOQ 353 114 099 172 0808 323 00406 322 265 226 00190 <LOQ <LOQ 00570 727 0156 00202 00610 0130 000200 587 <LOQ 106 00140
MI1V_13 0.0459 20.1 623 105 0.657 21.2 6.45 676 0.173 2.87 3.75 87.8 0.0652 <LOQ <LOQ 0.215 7.24 1.28 0.0546 0.451 0.139  0.00400 8.51 <LOQ 1.15 0.0130
MIV 14 <LOQ <LOQ 214 239 0611 381 314 528 0203 621 332 106 00173 <LOQ 251 0296 416 0372 00689 0325 0161 000900 435 <LOQ 0933 00140
MIV 15 <LOQ 163 114 104 0365 284 115 673 00969 289 163 801 00165 <LOQ <LOQ 0196 285 0479 0143 0170 0142 000700 335 <LOQ 0.580 0.00800
MIV 16 <LOQ <LOQ 9.7 117 0389 228 125  7L4 00824 220 139 651 00190 <LOQ <LOQ 055 349 171 00933 0133 0171 000500 352 <LOQ 0523 0.00900
MIV_ 17 <LOQ <LOQ 287 125 101 339 377 252 <LOQ 7.33 366 152 <LOQ <LOQ <LOQ <LOQ 573 0194 <LOQ <LOQ <LOQ <LOQ 255 <LOQ 142 <LOQ
MIV 18 <LOQ <LOQ 200 121 104 275 264 183 <LOQ 373 295 113 <LOQ <LOQ <LOQ <LOQ 507 0433 <LOQ <LOQ <LOQ <LOQ 228 <LOQ 195 <LOQ
MIV 10 <LOQ <LOQ 617 714 182 336 530 441 <LOQ 514 396 945 <LOQ <LOQ <LOQ <LOQ 116 0142 <LOQ <LOQ <LOQ <LOQ 531 <LOQ 122 <LOQ
MIV 20 <LOQ <LOQ 235 250 0660 303 249 173 <LOQ 2090 228 121 <LOQ <LOQ <LOQ <LOQ 580 000500 <LOQ <LOQ <LOQ <LOQ 272 <LOQ 0.828 <LOQ
MIV 21 <LOQ <LOQ 870 313 0599 240 138 115 <LOQ <LOQ 131 848 <LOQ <LOQ <LOQ <LOQ 470 0595 <LOQ <LOQ <LOQ <LOQ 120 <LOQ 0367 <LOQ
MIV 22 <LOQ <LOQ 148 592 0433 265 146 109 <LOQ <LOQ 285 954 <LOQ <LOQ <LOQ <LOQ 470 000500 <LOQ <LOQ <LOQ <LOQ 183 <LOQ 126 <LOQ
MIV 23 <LOQ <LOQ 530 100 182 493 610 450 <LOQ 109 336 877 <LOQ <LOQ <LOQ <LOQ 983 0519 <LOQ <LOQ <LOQ <LOQ 493 <LOQ 106 <LOQ
MIV 24 <LOQ 708 687 165 191 40l 654 433 <LOQ 581 362 735 <LOQ <LOQ <LOQ <LOQ 973 0207 <LOQ <LOQ <LOQ <LOQ 652 <LOQ 102 <LOQ
Sample La Ce Nd Sm Eu Gd Th Dy Y Ho Er Tm Yb Lu
ngL* ngL* gLt nglt ngl* nglt nglt nglt gLt nglt nglt ngLlt ngLlt nglt  ngLt
BLK1 0.551 0.495 0.0430 0.368 0.288 0.00300 0.0320 0.0260 0.0707 0.419 0.0180 0.123 0.0220 0.0990 0.0280
BLK?2 0.349 0.183 0.0470 0.106 0.131 0.00707 0.0230 0.0290 0.0707 0.246 0.0230 0.0860 0.0200 0.0970 0.0290
BLK3 0.561 0.795 0.108 0.296 0.236 0.016 0.0340 0.0150 0.0707 0.347 0.00800 0.0530 0.0210 0.181 0.0220
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