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a  b  s  t  r  a  c  t

Milazzo  Peninsula  soils  and  substrates  are  extremely  variable,  composed  of  acidic,  mafic  and  ultramafic
metamorphic  rocks,  carbonatic  sedimentary  rocks,  and sometimes  volcanic  rocks,  thus contributing
to  a mixed  influence  on  their  chemical  composition.  Moreover,  the region  is  highly  polluted  due to
atmospheric  releases  from  anthropogenic  activities,  such  as  refinery  industry.  In addition,  emissions  of
airborne  particles  from  volcanic  eruptions  are  also  likely  to  fall  to the  ground  and  provide  trace  elements
to  the  soils.  The  purpose  of  this  study  is to  distinguish  between  anthropogenic  and  geogenic  sources
contributing  to  the  concentrations  of  metals  in soils  by  studying  their  distribution  in  major  and  trace
elements  in  relation  to  substrates.  As regards  geogenic  sources,  the  major  elements  composition  of  soils
comes  firstly  from  metamorphic  rocks,  secondly  from  carbonates,  and to a  minor  extent  from  volcanic
rocks.  Enrichment  factors  calculations  relative  to substrate  rocks,  and  using  Th  as  reference  element,
show  that  the soils  are  enriched  in As,  Pb,  Zn,  and  Ni.  Rare  earth  elements  (REEs)  patterns  normalized  to
substrate  rocks  exhibit  enrichment  in  light  REEs  and  a  positive  anomaly  in  Gd,  indicating  anthropogenic
contributions  in  the  soil  composition.  REE  ratios  and  trace  elements  were  plotted  to  investigate  the  rela-
tionships  between  anthropogenic  sources  and  substrates  in  soils  compositions.  The  graphs  of  La/Ni vs
La/Gd  and La/Ce  vs  La/Nd  show  that soils  plot  on  a line  toward  substrate  rocks  on one  side,  and  toward
an  end  member  which  is  represented  by a spent  catalyst  and  atmospheric  particles  emitted  by  refinery
activities.  Plots  of  La  vs  Cr, and  V vs  La  show  similar  trends,  whereas  plots  of Zn  vs  Ni and  Pb  vs  V  suggest

that  another  end  member,  which  is unidentified,  contributes  to soil  enrichment  in Zn and  Pb.  A binary
mixing  model  applied  to the most  Zn enriched  soil  suggests  that  anthropogenic  inputs  from  refinery
emissions  may  have  contributed  to  16%  of  the anomalies  in La/Gd.  These  results  suggest  that  the trace
element  composition  of Milazzo’s  peninsula  soils  partly  bears  the  signature  of  atmospheric  emissions  of
the refinery.

© 2014  Elsevier  GmbH.  All  rights  reserved.
. Introduction

Milazzo’s Peninsula in the NE of Sicily island (southern Italy)
Fig. 1) is a much polluted area since many studies in recent decades
ave shown an increasing number of cancers and lung infections in

his region (Fano et al., 2008). Indeed, major industries are estab-
ished in the area of Milazzo, such as a thermo-electric plant and a
efinery that produces diesel with low sulfur and unleaded gasoline

∗ Corresponding author at: EOST, LHYGES, 1, rue Blessig, 67084 Strasbourg Cedex,
rance. Tel.: +33 3 68 85 04 24; fax: +33 3 68 85 04 02.

E-mail address: jduplay@unistra.fr (J. Duplay).

ttp://dx.doi.org/10.1016/j.chemer.2014.04.006
009-2819/© 2014 Elsevier GmbH. All rights reserved.
(Bevilacqua and Braglia, 2002). The air emissions data are avail-
able for these activities that demonstrate the presence of significant
amounts of V, Fe and Ni in airborne fallouts (European Environment
Agency, 2011). There are as well, sewage treatment plants, boating
activities, the municipal waste incineration and a high traffic den-
sity which also release potentially toxic contaminants for which no
quantitative data on emissions is available. However, a recent study
on global scale impact assessment of industrial activities from the
Milazzo Peninsula showed that emissions to the air (NOx, SO2, par-

ticulate matter) are by far the most important releases (Mey, 2013).
The particulate matter contains trace elements such as Ni, Se, V, Cu
and Cd, released by these industries which contribute significantly
to damages on the soil ecosystems (Mey, 2013).

dx.doi.org/10.1016/j.chemer.2014.04.006
http://www.sciencedirect.com/science/journal/00092819
http://www.elsevier.de/chemer
http://crossmark.crossref.org/dialog/?doi=10.1016/j.chemer.2014.04.006&domain=pdf
mailto:jduplay@unistra.fr
dx.doi.org/10.1016/j.chemer.2014.04.006
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Fig. 1. Milazzo Peninsula (Sicily)

The Milazzo Peninsula is in a region located between the vol-
anic activities of the Etna Mount to the South, and the Vulcano and
tromboli Aeolian Islands to the North (Fig. 1). The Etna and Strom-
oli volcanoes emit pyroclastites of which the ash is sometimes
ransported over a long distance. An aircraft survey of particulate

atter in the plume of Mt.  Etna, carried out by Bergametti et al.
1984), showed that particulate sulfur can be identified at a great
istance (260 km)  from the emission point. These particles may  also
ontain various trace elements, as reported by several studies on
he volcanic plumes. Among them, Piccardi et al. (1979) identified
he presence of trace elements (Cu, Zn, Cd, Sb, Bi and Pb) in the
umarolic gases of Vulcano Island. Buat-Ménard (1978) also men-
ioned the enrichment of trace elements (Cu, Zn, Se, Hg, Cd and Pb)
n the discharge aerosols from Mount Etna, which are for Cd, Hg,
u and Zn, comparable to anthropogenic atmospheric releases from
he bordering countries of the Mediterranean basin, and predomi-
ant for Se, in the Mediterranean atmospheric environment. More
ecently, Calabrese et al. (2011) characterized Etna’s emissions and
tmospheric depositions and identified volatile trace elements (As,
i, Cd, Cs, Cu and Tl) as well as refractory elements (Al, Ba, Co, Fe,
i, Th, U, and V) scavenged from the plume.

As for atmospheric anthropogenic particulate matter, particles
rom volcanic activity fall to ground during rainy and windy events
nd release contaminants in terrestrial and aquatic ecosystems.
alabrese et al. (2011) estimated in case of Etna plumes that more
han 90% of volcanogenic trace elements are dispersed further
way, and may  cause a regional scale impact.

Up to now, only two studies were devoted to the trace elements
ontamination assessment in soils from Milazzo region. The first
tudy was a multidisciplinary approach on Milazzo region soils
erformed by Triolo et al. (2008) to evaluate the impact of atmo-
pheric pollutants emitted by the industrial settlement. The authors
ointed out a correlation between fluctuations of metabolic profiles

f microbial communities in soils and the predicted concentrations
f airborne fallouts from the industrial plants. On the basis of their
ork, the V concentrations in soils were found to exceed the thresh-

ld values fixed by the Italian law for public and private green areas.
eolian volcanic islands situation.

But they also suspected that industrial emissions are not the only
pollution sources in this area. As mentioned above, Mey (2013)
analyzed, among others, ecotoxicological impacts of anthropogenic
activities on terrestrial and aquatic ecosystems, and has identified
the trace elements such as As, Ni, Pb, V, and Zn, which can cause
toxic damages on terrestrial ecosystems.

If it is clear that anthropogenic activities or that volcanic atmo-
spheric particles release contaminant elements, it is difficult to
relate trace element contents in soils to one or the other of those
activities. Moreover, uncontaminated soils are the result of the
bedrock weathering that also provides trace elements which con-
stitute the natural background. To assess impacts of industrial
activities it is therefore essential to be able to distinguish the influ-
ence of inputs from these different sources.

The aim of the present paper is an attempt to distinguish the
contributions of geogenic and anthropogenic sources in the com-
position of trace elements in soils. The three steps approach begins
by estimating the trace elements enrichments (enrichment factors)
in soils relative to the global and local geochemical background. The
second step is dedicated to highlight the influence of the substra-
tum in the soil geochemical signature. The third step is to determine
whether the volcanic activities (the fumaroles activity, as occur-
ring at Vulcano Island, or the ash deposition as occurring around
Mt Etna) or anthropogenic activities may  be allochthonous sources
of metals in the soil environment of Milazzo Peninsula.

2. Study area

The Milazzo Peninsula belongs to the Alpine Peloritani Chain in
the Southern Sector of the Calabrian Peloritani Arc (Messina et al.,
2004a,b; Carbone et al., 2011 and reference therein; ISPRA, 2011).

The Peninsula is made up of the Aspromonte Unit (AsU) Variscan
high-medium grade basement, which consists of Variscan gneissic

bodies including metric amphibolite (s.l.) lenses. Locally, Variscan
two mica marbles (Punta Rugno), augen gneissic bodies (north-
east slope), and Late-Variscan peraluminous leucomonzogranites
(south of Cala Sant’Antonio) are also present. The basement is
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of Spain. They measured high concentrations of La (>200 �g m
in PM 0.67–1.3), Cr and Ni in coarse-sized PM (0.7–14 �m). The
Milazzo electric plant which uses fuel produced by the refinery
also emits fine particles enriched in trace elements. Table 1 gives

Table 1
Emissions to the air of the Milazzo refinery and thermoelectric plant recorded in
2010 (European Environment Agency, 2011), and of illegal waste combustion and
road  traffic (estimations for year 2010, from Mey, 2013).

Refinerya Electric planta Road trafic Waste combustion

(kg/year of substance)

Arsenic 25 30 nd –
Cadmium 140 12 <1 –
Chromium 468 190 1 –
Cobalt 200 536 – –
Copper 64 402 43 13
Iron 1004 1429 – 205
Lead 3098 63 426 1
Manganese nd 168 – –
Mercury 10 16 – –
Molybdenum 100 116 – –
Nickel 1275 504 2 99
Selenium 4 42 <1 –
Vanadium 3551 15,310 25 272
J. Duplay et al. / Chemie

ocally covered by Late Miocene deposits consisting of gray-whitish
imestones containing corals, algae and mollusks, and by quater-
ary deposits (Carbone et al., 2011; ISPRA, 2011; Macaione et al.,
012; Messina et al., 2013) (Fig. 1).

A breccia calcareous level is locally sandwiched between the
asement and the early quaternary deposit. A marine quaternary
errace fossilized by coarse clastics with molluscan fauna, is fol-
owed by fine dark brown volcaniclastic deposits. The last deposit
s made up of yellowish calcareous sands, and rests unconformably
n both metamorphics and Late Miocene bioherms. The marine ter-
aces of highest order (85–50 m a.s.l.) include shallow water sands
nd conglomerates (Tonnara to Cala Sant’Antonio; Punta Salto del
avallo to Punta Cirucco zones) (Fois, 1990). A second order of
arine terraces is located between 45 and 28 m a.s. (Carbone et al.,

011; ISPRA, 2011). The Holocene alluvial deposits characterizing
he Barcellona-Milazzo Plain, which includes the south of Milazzo
ity and the rafinery, are manly made up of crystalline clastic ele-
ents of the Aspromonte Unit Variscan augen gneisses and Mela
nit Variscan fine-grained two mica marbles.

. Potential anthropogenic and natural atmospheric
mission sources

.1. Etna, Vulcano and Stromboli volcanic plumes’ spreading

The spreading distance of volcanic plumes may  be of tens
r thousands of kilometers depending on the wind speed and
irection, eruption strength, and volcanic out gassing. Strong vol-
anic plumes rise into the atmosphere as sub-vertical columns
nd spread laterally, forming an umbrella region (Sparks et al.,
997). Most particles are concentrated in the umbrella region,
nd sedimentation occurs mainly from this region. Weak plumes
re distorted by the wind, developing bent-over trajectories in
he downward wind direction and particles are assumed to be
omogenized before settlement (Bonadonna and Houghton, 2005).
ispersal models can describe sedimentation processes of weak

ong-lasting plumes as was the case for tephra fallout during the
001 eruption of Mt.  Etna (Scollo et al., 2007). During the 2001 erup-
ion event, the deposition distance could be estimated at more than
0 km from the source. Knowing that winds in this region may  be
ither NW to SE or the reverse during the periods of Sirocco winds,
t can be assumed that atmospheric particle matter may  reach the

ilazzo Peninsula, and may  settle down in favor of SE to NW winds
nd rainy events.

During the last Vulcano eruption (from 1886 to 1890, Arrighi
t al., 2006), it was reported that ash falls occurred in the sur-
ounding Island Lipari situated a few kms  away from Vulcano
sland. Knowing that dominant winds are blowing toward Sicily,
t is most likely that Vulcano ash falls also occurred at Milazzo
eninsula which is the nearest island relative to the Sicilian coast.
onsequently, there is a good chance that atmospheric particulate
atter emitted in ancient or recent times by Vulcano or Etna volca-

oes could have settled down on Milazzo Peninsula soils and have
rought a significant volcanic contribution to their trace element
ompositions.

Concerning Stromboli volcano, although it is situated around
00 km NNW of Milazzo Peninsula, its atmospheric particles
eleases may  have been transported toward Milazzo Peninsula
ith the prevailing NW–SE winds. Indeed, Stromboli volcano has

een characterized by quasi permanent activity for at least the last
000 years (Mather et al., 2004; Landi et al., 2006). The intermit-

ent mild explosions take place with continuous gas emissions and

ost of the aerosol mass is due to smaller particles in the range
.013–1.2 mm which may  have spread at long distances (Allard
t al., 2000).
Fig. 2. Situation of soil sampling sites and Milazzo anthropogenic activities.

3.2. Anthropogenic atmospheric emissions

The Milazzo industrial activities such as the refinery and the
electric plant (Fig. 2) are known to emit a large variety of pol-
lutants to the air, and to the water (Agenda 21 Milazzo, 2009).
Data are available for emissions to these compartments for the
year 2007–2011 (European Environment Agency, 2011). The refin-
ing process needs several operations, among them combustion and
fluidized-bed catalytic cracking (FCC). The FCC operations typically
use zeolite catalysts enriched in rare earth elements (REEs), a por-
tion of which escapes to atmosphere with other trace elements in
fine particles (PM10, PM2.5) (Mizohata, 1986; Dzubay et al., 1988;
Olmez et al., 1988). Sánchez de la Campa et al. (2011) analyzed the
metalliferous particulate matter (PM) present within FCC chimney
stacks from the San Roque petroleum refinery complex, in the South

−3
Zinc 341 194 – –

a Substances were measured following the BS EN 14,385:2004 European Standard
for  the determination of the mass concentration of specific elements in exhaust gases
from stationary source emissions.
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he mass of substances released to atmosphere during the whole
ear 2010 (from the European Environment Agency, 2011). It can be
een that high amounts of V, Fe, and Ni, are released by both activ-
ties, in addition to Pb in the refinery and Co and Cu for the electric
lant. Other activities such as road traffic or illegal waste combus-
ion may  also release toxic substances. Mey  (2013) estimated the

ass of substances released to atmosphere, and compared them
o those of the refinery and the electric plant (Table 1). Although
he released masses estimated for the road traffic and waste com-
ustion are lower than for the refinery and electric plant, there is a
oncern for Pb, and V, and to a lesser extent for Fe and Ni.

These different kinds of releases to the air may  be partially
eposited to the soil. The fraction of air-emitted pollutants that
nds in the soil depends on the direction of the wind and other
limatic conditions. The winds’ speed in the Milazzo Peninsula
egion are very low (1 m/s) which is in favor of a short transport
istance of particles Cellura et al., (2008a,b). A map  established
y ENEA (2003) enables to define the deposition area onto soil of
ir-emitted particulate matter originating from the refinery and
he thermoelectric plant of Milazzo. It corresponds approximately
o a circular area measuring 36 km in diameter, the refinery and
lant being located in the center of that circular area. Triolo et al.
2008) using the so called CMPM98 model (Climatologic Model for
oint Multisource) defined the distribution of estimated SO2 and
otal suspended particulate matter concentrations over the studied
rea with the highest values within a 10 km2 area surrounding the
ndustrial emission sources, and the lowest beyond 20 km from the
ources. This means that the soils under investigation in this study
re under influence of trace elements anthropogenic atmospheric
eleases.

However, the question arises whether anthropogenic and/or
eogenic atmospheric particles may  have influenced the trace ele-
ents contents in the studied soils. A way to solve the problem is to

ry to identify the geochemical signature of the different possible
nputs in the soils.

. Materials and methods

.1. Soil sampling

The soils in Milazzo Peninsula are poorly developed, thin and sandy. The sam-
ling with a hand auger was difficult below the depth of 30–40 cm where the

orizons are coarse. Two  sampling campaigns were conducted which took place dur-

ng  the dry season in March 2010 and 2011. Five locations where surface (0–20 cm)
nd deeper soils (20–40 cm)  were sampled were chosen in order to represent differ-
nt  distances from the Milazzo industrial zone which releases pollutant emissions to
he air (Fig. 2). The geological formations below the sampled soils are given in Table 2

able 2
eological formations and types of rocks and deposits under the studied soil sites from th

personal data).

Soil site Geological formation Type of deposit 

A Transitional and
quaternary deposits

Current Alluvial Deposits 

B  (Located between
two geological
formations)

Calabria-peloritani arc
Transizional and
quaternary deposits

Proterozoic to Paleozoic Me
Complex of the Aspromonte
Middle–Upper Pleistocene T
Marine Deposits.

C–E  Calabria-Peloritani arc Proterozoic to Paleozoic me
complex of the aspromonte
rde 74 (2014) 691–704

where the type of deposit and the description are also summarized. The conglom-
erates are the first levels of rocks under the soils. Then, with depth are following the
different geological formations (Fois, 1990) which are: the Proterozoic to Paleozoic
metamorphic complexes of the Aspromonte Unit for sites C–E; quaternary alluvial
deposits for site A. Site B is peculiar because it straddles the border of two geological
formations: the Proterozoic to Paleozoic metamorphic complex of the Aspromonte
Unit, and the Middle–Upper Pleistocene terraced marine deposits. The soils were
stored in clean polyethylene bags for transport to the laboratory, then disaggre-
gated by hand to separate cm-sized soil aggregates, air-dried, and passed through a
2-mm mesh-sized sieve. The <2 mm fraction was stored at 4 ◦C in polyethylene bags
until processing (Mathieu and Pieltain, 2003).

4.2. Analytical methodology

The mineral composition of the bulk soil was determined on random-powdered
samples by XRD (Brüker D5000, 3–65◦ 2� scanning angle, 1 s–0.02◦ upward step,
Cu anticathode, wave length � K�1 = 1.54056 Å, 30 mA current, 40 kV voltage). The
physico-chemical characteristics of the <2 mm fractions of soil were determined
for  pH, by electrometry in a soil–solvent suspension (1:2.5) (NF EN 12176); organic
matter content (OM) by pyrolysis at 375 ◦C during 16 h after pre-drying at 150 ◦C
(NF EN 12875); carbonate content by the volume of emitted gas during dissolution
of  carbonates by HCl (volumetric calcimetry, NF ISO 10693).

The soil samples were analyzed at the LHyGeS (CNRS, Strasbourg) by ICP-AES
(Jobin Yvon JY 124) for major elements and ICP-MS (VG Plasmaquad PQ2+) for trace
elements. An acid digestion was applied as follows: 50 mg of soil dried at 105 ◦C and
grinded with an agate mortar was heated in 1 mL HNO3 – 4 mL  HF at 70 ◦C for 24 h,
and  then evaporated; 1 mL  HNO3 – 1 mL  HClO4 was  added to the residue and heated
at  150 ◦C for 24 h. The residue was dissolved in 1 mL  HCl (6N), and then evaporated.
The final residue was dissolved in 5 mL HNO3 for analysis by ICP-MS (Semhi et al.,
2010).

All reagents used in preparation of samples for chemical analyses were of ana-
lytical grade. All relevant material was  cleaned prior to use with heated aqua regia,
then with distilled water, then heated distilled water and HCl, and finally rinsed
with ultrapure water. All material was then allowed to dry at room temperature. The
equipment and accuracy controls of each ICP are available in Samuel et al. (1985).
Repeated analyses of several certified geostandards such as the Gl-O glauconite
and  the BE-N basalt (Govindaraju and Roelandst, 1993) were carried out during the
course of the study on a regular weekly basis providing an analytical precision for
the major and trace elements of respectively ±2 and ±5, ±10% 2� standard deviation
of  each analyzed element.

5. Results

5.1. Physico-chemical characteristics and mineralogy of soils

Different types of soils are identified according to their physico-
chemical, and mineralogical characteristics (Table 3). All soils are
sandy (65–90% sand). The inorganic fraction of soil is mainly

composed of quartz, feldspars and phyllosilicates in all samples,
whereas calcite is only present in soils of B site and at the surface
of soils from sites A and E, which is in agreement with the data of
CaCO3 contents (Table 3). The biotite is present in all soils except

e Geological Map of Italy – Sheet Milazzo-Barcellona PG (ISPRA, 2011), and Messina

Description

Gravel deposits in heterometric clasts of low- to medium
metamorphic grade, where biotite augengneisses prevail.

tamorphic
 Unit
erraced

Variscan less mobilized amphibolite lenses up to several
meters thick showing green color, oriented texture and made
up of hornblende and minor plagioclase, quartz and biotite.
Yellow-ocher sands and gravels with mostly crystalline
heterometric pebbles in a sandy matrix.

tamorphic
 unit

Variscan metatexites (from Pan-African granulites).
Mobilized gray gneisses and greenish gneissic amphibolites in
bodies of hectometer-thick showing banded texture and
different quantitative ratios of plagioclase, K-feldspar, quartz,
biotite, hornblende and garnet.
Leucosomes in decimetric layers consisting of plagioclase,
K-feldspar, quartz and muscovite.
Melanosomes in millimeter to centimeter-thick layers, made
up of biotite (>70%) and subordinate plagioclase and quartz.
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Table  3
Soil characteristics.

Label Sampling depth (cm) Sampling site Weight% Weight%

Clay Silt Sand % organic matter pH % CaCO3 content

Asurf (0–20) Near refinery 5.25 9.95 84.80 6.96 7.31 6.16
Adeep 20–4) Near refinery 1.64 7.84 90.52 2.63 7.84 3.20
Bsurf  0–20 “Croche di mare”, near the sea 3.53 10.87 85.60 3.15 8.53 8.85
Bdeep 20–40 “Croche di mare”, near the sea 1.88 8.32 89.80 2.61 8.57 9.58
Csurf  (0–20) “Paradisio”, near the sea 4.78 16.52 78.70 6.81 7.33 1.02
Dsurf  0–20 Camping Milazzo 5.19 13.81 81.00 6.37 7.71 0.76
Ddeep 20–40 Camping Milazzo 9.76 25.54 64.70 6.01 7.58 0.66
Esurf  0–20 Cape Milazzo, near the sea 2.19 10.81 87.00 7.87 8.10 3.48

Table 4
Mineralogy of Milazzo Peninsula studied soils.

Sample Site Quartz Plagioclase K-feldspar Biotite Hornblende Calcite Chlorite

Asurf Near refinery x x x x
Adeep  Near refinery x x x
Bsurf  “Croche di mare”, near the sea x x x x x x x
Bdeep “Croche di mare”, near the sea x x x x x x x
Csurf  “Paradisio”, near the sea x x x x x x
Dsurf Camping Milazzo x x x x
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Ddeep Camping Milazzo x x 

Esurf  Cape Milazzo, near the sea x x 

n those of site A. Other minerals such as hornblende and chlorite
ere identified in soils of sites B and C (Table 4). Although garnet is

ommon in the area, it was not identified. Accessory minerals are
patite, zircon, and magnetite.

The organic matter content ranges between 2.6% (B soils and
 deeper horizons of soil) and 7.9% (E site, surface soils), which is
ather high and corresponds to contents in organic soils. Organic
atter may  come from the household waste amendment. Rather

igh values (6–7%) are also recorded in A surface soils and C and
 soils. The carbonate content (CaCO3%) ranges from 0.7% (Soil D)

o 9.6% (Soil B). The soil pHs are moderately alcaline with values
anging from 7.3 to 8.6.

The analyzed soils have a silicates dominant composition, and
re overall Al- and Fe-rich, and Ca-rich for site B (Table 5). The
oncentrations of trace elements vary in the following ranges (in
g/g): V (69.7–162.2), Ni (27.9–73.1), Cr (45.7–152.2), As (4–9.6),
d (0.12–0.43), and Pb (19.9–59.2). Surface samples compared with
eep samples in cores B and D show higher abundances for V, Ni,
r and Th, but not of As and Pb. Moreover the Ni, Cr, As and Pb con-
entrations are overall significantly higher than those reported by
riolo et al. (2008) for soils around industrial sites of Milazzo city.
he elements can be sorted in 3 groups according to their correla-
ions (Table 6). Ni, Cr and Zn to a lesser extent, form a group which
s also associated with Mg,  Ca and K. This group characterizes soils
f site B. Another group characterizes soils of site C, and consists
f Zn, Co, V, Cu, As, Th associated with Fe, Al and Mg.  The element
b characterizes surface soils of site D, and Cd characterizes surface
oils of site E; these two elements are not correlated with any other
lement considered.

.2. Milazzo Peninsula soil substrates

Chemical data of Milazzo peninsula substrate rocks were taken
rom the literature. As mentioned above (Section 4.1) there are dif-
erent types of metamorphic and sedimentary rocks beneath the
oils in Milazzo Peninsula, which have been previously described
y Fois (1990), Carbone et al. (2011), and Messina et al. (2013). As

or the rest of the North-Eastern region of Sicily, these metamorphic
ocks consist also of metamafics and metaultramafics enriched in
r and Zn (Dinelli et al., 2011). Representative compositions of sub-
trates are given in Table 5 which includes chemical compositions
x x
x x x x

of rocks belonging to the Milazzo Peninsula (amphibolites, gneiss,
leucosome – from Macaione et al., 2012; Messina et al., in prepara-
tion) and surrounding areas of the medium-lower continental crust
segment characterizing the Aspromonte Unit of the Peloritani Chain
(metaperidotite and metahornblendites – from Macaione et al.,
2010). Average chemical compositions are also given for Peloritani
metamorphic rocks (Variscan two  mica marbles of the Mela Unit –
from Messina et al., 2004a,b), and sedimentary rocks (limestones –
from Messina et al., 2004a,b). Moreover, mean representative com-
positions of Etna and Eolian lavas were taken from Calabrese et al.
(2011), Del Moro et al. (1998) and Landi et al. (2006).

Principal component analysis (PCA) was  conducted to describe
the variation in the set of multivariate data (Rouaud, 2012) using
ADDINSOFT software (XLSTAT-Pro, v. 2011-2). The purpose was  to
determine the chemical similarities of soils with the potential nat-
ural sources of elements i.e. substrates. The matrix includes major
elements contents in the soil samples and in associated substrates.
The PCA results showed that the two principal components F1 and
F2 accounted for 83.49% of the total variance in the data: the first
factor explained 59.98% of total variance, and the second 23.51% of
the remaining explained variance. Fig. 3 shows the distribution of
the investigated variables and observations on a biplot representa-
tion. Along the first principal component axis (F1), Ca exhibited a
high and positive loading (0.95), and Al, Fe, K, Mn, Na, and Ti, exhib-
ited a high but negative loading (−0.72 to −0.94) (Fig. 3), whereas
Mg  exhibited a high and positive loading (0.77) along F2 axis. More-
over, Fe and Ti also showed a low but positive loading along F1, and
Na and K a negative loading along F1. Most soils are well repre-
sented in F1–F2 plan, within the quadrants corresponding to the
F1 negative axis, and thus are positively correlated with Al, K, Na,
Mn,  Fe and Ti, but in opposition with Ca and the limestones which
plot along F1 positive axis. The soils from site B are represented
in intermediate position near the center of the biplot indicating a
mixed influence of the different variables. Moreover, deeper soils
of site A are in the same quadrant as the gneiss substrate, while
soils of sites C–E soils and A surface soils are closer to amphibolitic
and volcanic (Etna) substrates.
Thus, soils may  be grouped depending on their correlations with
variables (major elements) and their position relative to substrate
rocks. The soils of site B show a mixed influence of the imestones
and AsU rocks, whereas A, C–E soils show a major influence of AsU



696 J. Duplay et al. / Chemie der Erde 74 (2014) 691–704

Table  5
Major elements and trace elements abundances in the Milazzo peninsula soils and substrates (rocks from the Aspromonte unit (AsU), volcanic lava, limestones), refinery FCC
spent  catalyst and stack particles.

Weight% of element

Al Mg  Ca Fe Mn Ti Na K P

Asurf1 38.7 5.02 9.78 24.8 0.55 2.67 8.97 9.15 0.37
Asurf2 39.6 5.81 10.7 23.1 0.69 2.12 7.84 9.67 0.39
Adeep1 42.4 5.12 6.08 22.0 0.51 2.36 10.4 10.8 0.36
Adeep2 43.4 4.29 5.85 18.1 0.48 1.69 14.2 11.8 0.31
Bsurf1 32.9 7.57 20.8 19.6 0.42 2.03 7.00 9.04 0.69
Bssurf2 30.4 7.49 23.8 20.1 0.40 1.91 6.55 8.51 0.88
Bdeep1 31.3 8.96 21.4 18.9 0.36 1.85 6.95 9.84 0.45
Csurf1 37.8 7.98 9.17 26.0 0.48 2.54 6.45 9.20 0.34
Csurf2 37.5 8.16 10.1 25.6 0.48 2.37 7.13 8.37 0.32
Dsurf1 35.7 6.82 13.2 24.6 0.50 1.95 8.12 8.77 0.37
Dsurf2 36.0 7.26 13.4 23.9 0.51 2.07 7.47 8.87 0.44
Ddeep1 36.9 7.03 12.2 24.8 0.50 2.02 7.74 8.57 0.35
Ddeep2 35.9 7.20 12.5 24.5 0.50 2.10 7.62 9.29 0.38
Esurf1 36.8 7.82 15.7 21.2 0.46 1.95 7.75 7.78 0.49
Esurf2 35.8 7.45 12.1 24.1 0.48 2.58 7.86 9.00 0.61
Etna  lavaa 29.0 9.32 22.4 23.2 0.41 2.97 8.49 4.25 nd
Vulcano lavab 31.1 7.35 16.2 19.2 0.40 1.31 9.98 14.0 0.49
Stromboli lavac 29.2 11.7 24.9 19. 7 0.39 1.72 6.13 5.59 0.65
Upper continental crustd 36.6 6.05 13.6 15.9 0.27 1.36 13.1 12.7 0.32
Lower continental crustd 28.6 12.8 20.4 27.7 0.57 2.02 6.99 0.94 nd
Metahornblendite (AsU)e 16.2 16.5 33.5 25.7 0.32 3.82 2.51 1.25 0.19
Amphibolite (AsU)e 24.2 12.0 24.3 28.5 0.54 4.22 3.19 2.18 0.79
Amphibolitic (AsU)e 30.4 9.82 14.8 26.5 0.46 3.09 5.56 8.98 0.41
Gneiss (AsU)e 39.6 7.25 11.2 16.7 0.25 1.68 12.8 10.2 0.34
Leucosome (AsU)e 45.5 4.43 12.3 12.3 0.17 1.14 17.4 6.48 0.33
Metaperidotite (AsU)e 8.20 50.9 10.3 27.4 0.39 1.53 0.45 0.72 0.13
Reddish limestonef 0.70 1.00 96.9 0.67 0.13 0.04 0.16 0.34 0.11
Pale-pink limestone 3.10 1.88 90.5 2.40 0.13 0.17 0.44 1.34 0.12
Grayish limestonef 0.61 28.9 67.5 2.32 0.21 0.07 0.17 0.22 0.01
Marblef 0.50 0.51 98.5 0.22 0.07 0.02 0.09 0.08 0.02

�g/g

V Ni Cr As Cd Pb Zn Th

Asurf1 98.3 38. 7 60.2 8.32 0.14 52.5 113 8.15
Asurf2 94.9 39.5 76.2 5.54 0.15 26.9 134 9.72
Adeep1 84.4 32.5 50.7 6.01 0.31 26.6 78.3 8.21
Adeep2 69.7 28.4 45.7 4.73 0.15 20.0 61.1 6.17
Bsurf1 100 49.0 84.0 6.2 0.14 35.6 80.4 9.08
Bssurf2 121 52.9 90.2 5.29 0.12 29.1 80.4 7.55
Bdeep1 103 73.1 122 4.41 0.14 31.2 140 13.1
Csurf1 150 62.9 152 9.61 0.2 30 523 15.8
Csurf2 144 59.1 135 7.23 0.16 28.8 358 15.5
Dsurf1 155 30.9 66.4 7.32 0.23 59.2 92.7 13.6
Dsurf2 126 28.0 69.3 5.92 0.18 46.8 198 14.7
Ddeep1 158 31.8 62.6 7.32 0.28 39.9 95.3 14.7
Ddeep2 162 33.1 73.0 7.46 0.23 37. 8 88.1 18.2
Esurf1 103 32.1 61.2 4 0.17 40.0 108 7.89
Esurf2 144 37.7 75.8 4.56 0.43 44.9 115 10.1
Etna  lavaa 277 29.8 35.6 nd 0.2 8.09 117 9.8
Vulcano lavab nd 32.2 75.3 nd nd nd nd 25.91
Stromboli lavac 284 41.0 62.4 nd nd 19. 7 69.8 15.71
Upper continental crustd 60.0 20.0 35.0 1.50 98.0 20.0 71.0 10.7
Lower continental crustd 285 135 235 0.80 98.0 4.00 83.0 1.06
Metahornblendite (AsU)e 406 35.2 390 0.55 0.40 27.7 96.5 0.95
Amphibolite (AsU)e 292 56.2 88.0 5.00 5.00 19.0 149 4.41
Amphibolitic (AsU)e 232 37.5 93.0 2.40 5.00 13.3 114 8.52
Gneiss (AsU)e 83.6 35.8 78.2 4.74 5.00 17.6 79.3 27.9
Leucosome (AsU)e 51 19.7 50.3 5.00 5.00 21.3 40.3 7.99
Metaperidotite (AsU)e 126 1090 2219 0.83 0.17 32.4 nd 1.07
Reddish limestonef 11.0 3.45 13.7 1.70 0.45 28.0 8.50 0.55
Pale-pink limestonef 19.0 5.15 13.7 1.75 0.50 55.0 14.5 1.45
Grayish limestonef 9.5 2.65 13.7 0.6 23 97 281 0.35
Marblef 5.00 17.0 13.7 5.00 5.00 6.00 nd 0.55
FCC  spent catalystg 445 1094 133 6.31 <0.5 nd 153 nd
FCC  stackh 145 819 962 1.63 2.92 6.41 98.7 2.14

a From Calabrese et al. (2011).
b From Del Moro et al. (1998).
c From Landi et al. (2006).
d From Taylor and McLennan (1985) and McLennan (2001).
e From Messina (unpublished).
f From Messina et al. (2004).
g From Kulkarni et al. (2006).
h From Sánchez de la Campa et al. (2011).
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Table  6
Pearson correlation matrix of major and trace elements contents in Milazzo Peninsula soils.

Elements Al Mg  Ca Fe Mn  Ti Na K Sr Ba V Ni Co Cr Zn Cu Pb As Cd Th

Al 1.00 0.28 −0.26 0.69 0.55 0.56 0.30 0.57 −0.02 0.56 0.50 0.31 0.65 0.52 0.58 0.90 −0.27 0.63 0.15 0.54
Mg  0.28 1.00 0.72 0.62 0.05 0.54 −0.48 0.39 0.60 0.59 0.59 0.74 0.75 0.78 0.43 0.35 0.02 0.10 −0.08 0.57
Ca  −0.26 0.72 1.00 0.11 −0.24 0.09 −0.40 0.28 0.66 0.28 0.15 0.54 0.25 0.34 −0.16 −0.24 0.04 −0.26 −0.34 0.03
Fe  0.69 0.62 0.11 1.00 0.63 0.82 −0.35 0.24 0.45 0.65 0.91 0.35 0.97 0.62 0.60 0.87 0.28 0.71 0.22 0.79
Mn  0.55 0.05 −0.24 0.63 1.00 0.42 −0.20 0.06 0.06 0.21 0.50 −0.02 0.53 0.21 0.32 0.63 0.10 0.57 0.09 0.47
Ti  0.56 0.54 0.09 0.82 0.42 1.00 −0.37 0.25 0.12 0.31 0.61 0.54 0.80 0.69 0.64 0.70 0.14 0.63 0.27 0.48
Na  0.30−0.48 −0.40 −0.35 −0.20 −0.37 1.00 0.42 −0.32 0.10 −0.34 −0.29 −0.39 −0.37 −0.31 0.02 −0.32 −0.12 0.06 −0.30
K  0.57 0.39 0.28 0.24 0.06 0.25 0.42 1.00 0.09 0.47 0.09 0.56 0.24 0.45 0.15 0.32 −0.44 0.14 −0.07 0.25
Sr  −0.02 0.60 0.66 0.45 0.06 0.12 −0.32 0.09 1.00 0.75 0.68 0.00 0.49 0.07 −0.16 0.17 0.45 0.09 0.08 0.45
Ba  0.56 0.59 0.28 0.65 0.21 0.31 0.10 0.47 0.75 1.00 0.78 0.10 0.65 0.29 0.19 0.62 0.19 0.36 0.21 0.69
V  0.50 0.59 0.15 0.91 0.50 0.61 −0.34 0.09 0.68 0.78 1.00 0.07 0.88 0.37 0.37 0.73 0.44 0.51 0.39 0.81
Ni  0.31 0.74 0.54 0.35 −0.02 0.54 −0.29 0.56 0.00 0.10 0.07 1.00 0.45 0.89 0.54 0.22 −0.35 0.12 −0.36 0.20
Co  0.65 0.75 0.25 0.97 0.53 0.80 −0.39 0.24 0.49 0.65 0.88 0.45 1.00 0.70 0.61 0.82 0.16 0.55 0.17 0.75
Cr  0.52 0.78 0.34 0.62 0.21 0.69 −0.37 0.45 0.07 0.29 0.37 0.89 0.70 1.00 0.83 0.53 −0.26 0.35 −0.24 0.50
Zn  0.58 0.43 −0.16 0.60 0.32 0.64 −0.31 0.15 −0.16 0.19 0.37 0.54 0.61 0.83 1.00 0.67 −0.17 0.56 −0.10 0.51
Cu  0.90 0.35 −0.24 0.87 0.63 0.70 0.02 0.32 0.17 0.62 0.73 0.22 0.82 0.53 0.67 1.00 0.05 0.80 0.18 0.72
Pb  −0.27 0.02 0.04 0.28 0.10 0.14 −0.32 −0.44 0.45 0.19 0.44 −0.35 0.16 −0.26 −0.17 0.05 1.00 0.25 0.26 0.22
As  0.63 0.10 −0.26 0.71 0.57 0.63 −0.12 0.14 0.09 0.36 0.51 0.12 0.55 0.35 0.56 0.80 0.25 1.00 −0.02 0.55
Cd  0.15−0.08 −0.34 0.22 0.09 0.27 0.06 −0.07 0.08 0.21 0.39 −0.36 0.17 −0.24 −0.10 0.18 0.26 −0.02 1.00 0.15
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Th  0.54 0.57 0.03 0.79 0.47 0.48 −0.30 0.25 0

n bold: statistical significance of each variable with 95% degree of confidence.

ocks with a more or less important contribution of the different
ock types (gneiss, leucosome, amphibolitic, amphibolite).

.3. Rare earth elements (REEs) distribution in soils and
ubstrates

The REEs are useful geochemical markers because they inherit
he REE composition of their source. They can be used to determine
he possible mantle sources in the magmatism (e.g. Schiano et al.,
004), to follow the typology of sediments (Plank and Langmuir,
998), to help determining the source rocks of sediments or soils
e.g. Hossain Bhuiyan et al., 2011; Armstrong-Altrin et al., 2012).
he REEs are also useful to distinguish the contributions of anthro-
ogenic sources and geogenic sources (e.g. Kulkarni et al., 2006;
oreno et al., 2008, 2012). Thus, REEs distribution patterns rela-

ive to a reference, and ratios between elements, are used in this
tudy to trace the possible natural and anthropogenic geochemical

ources of the elements in Milazzo soils.

As mentioned above there are different substrates in Milazzo
eninsula (AsU metamorphic and sedimentary rocks, Etna and
olian volcanic rocks) and also anthropogenic atmospheric inputs.

ig. 3. PCA graphic representation of studied soils in the biplot factorial plan of F1
nd F2 principal components. Axis 1 represents carbonates on the positive side, Na
nd K compositions (in relation to feldspar and mica contents), and oxides and Fe
ilicates on the negative side. Axis 2 represents Mg-rich minerals on the positive
ide.
0.69 0.81 0.20 0.75 0.50 0.51 0.72 0.22 0.55 0.15 1.00

To illustrate the contribution of these different sources, the REE
concentrations in soils and substrate rocks are displayed in a PCA
diagram.

The results are illustrated in the F1–F2 factorial plan (Fig. 4)
which accounted for 95.46% of the total variance in the data. The
heavy REEs (HREEs) characterize the quadrant formed by the F1
and F2 positive axes, whereas light REEs (LREEs) characterize the
quarter of the F1 positive and the F2 negative axes. The PCA analysis
enables to distinguish groups of soils according to their position in
the biplot. One group gathers the surface soils of site C, and deeper
soils of sites B and, in the same quadrant with Etna and Stromboli
substrate rocks represented by the LREEs. Another group consists
of A site deeper soils and B, D and E surface soils, with the lime-
stone in the quadrants at the opposite of the REEs. A soil of site
A, apart from other soils is characterized by HREEs and a major
influence of the metahornblendite substrate rock. Moreover, the
total content of REEs in soils from C sites is particularly significant
(about 203–213 �g/g) compared to the other soils. Thus, REEs’ dis-

tribution in soil allows distinguishing surface soils of sites A and
C enriched in REEs, with the rest of the soils, less enriched in REEs
and characterized by a mixed influence of limestone and AsU rocks.

Fig. 4. PCA graphic representation of studied soils, substrate rocks and UCC, in the
biplot factorial plan illustrating correlations between observations and REE variables
(LREE: light REEs; HREE: heavy REEs).
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Fig. 5. REE patterns of Milazzo Peninsula individual soil samples, and average of all soils studied, normalized to Aspromonte Unit (AsU) Peloritani rocks, Upper Continental
Crust  (UCC), Etna and Stromboli lava.
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Table  7
Rare earth elements abundances in the Milazzo peninsula soils and substrates (rocks from the Aspromonte unit (AsU), volcanic lava, limestones), refinery FCC spent catalyst
and  stack particles, and atmospheric particles.

�g/g

La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Lu

Asurf1 28.8 59.5 6.25 24.1 4.57 1.07 4.47 0.57 3.19 0.60 1.86 0.26 0.28
Asurf2 40.8 81.9 8.39 32.1 5.94 1.31 5.67 0.75 4.90 1.10 3.75 0.55 0.57
Adeep1 27.3 60.4 6.07 23. 6 4.46 1.06 4.31 0.54 2.92 0.54 1.62 0.22 0.21
Adeep2 20.1 44.1 4.57 17.9 3.49 0.93 3.43 0.44 2.49 0.51 1.70 0.26 0.28
Bsurf1 28.4 58.5 5.94 22. 9 4.36 1.03 4.30 0.54 2.93 0.53 1.61 0.21 0.21
Bssurf2 22.5 48.3 4.80 18.7 3.63 0.90 3.63 0.47 2.60 0.48 1.44 0.19 0.19
Bdeep1 42.2 86.1 8.95 34.9 6.65 1.20 6.40 0.75 3.63 0.58 1.63 0.19 0.19
Csurf1 48.0 93.7 9.75 37.1 6.90 1.40 6.64 0.82 4.42 0.80 2.38 0.31 0.30
Csurf2 44.9 89.8 9.18 35.5 6.68 1.42 6.47 0.82 4.41 0.81 2.41 0.32 0.31
Dsurf1 38.6 73.7 7.53 28.6 5.35 1.23 5.03 0.62 3.34 0.62 1.90 0.25 0.25
Dsurf2 34.8 67.6 6.90 26.0 4.83 1.02 4.55 0.55 2.86 0.52 1.57 0.21 0.20
Ddeep1 43.1 79.7 8.00 30.1 5.53 1.22 5.39 0.64 3.43 0.63 1.90 0.25 0.25
Ddeep2 53.2 103 10.5 40.2 7.34 1.43 6.92 0.82 4.09 0.71 2.05 0.26 0.25
Esurf1 23.1 46.4 4.90 18.7 3.55 0.92 3.48 0.43 2.36 0.44 1.33 0.18 0.18
Esurf2 33.0 63.7 6.70 25.8 4.84 1.02 4.74 0.58 3.11 0.56 1.66 0.22 0.21

Etna  lavaa 58.2 113 13.3 48.8 8.74 2.91 9.40 0.93 5.43 nd 2.51 0.33 0.31
Etna  plumesb 147 415 33.9 117 19.9 8.54 25.5 3.50 17.4 nd 7.95 1.20 1.31
Vulcano lavac 53.0 101 nd nd 7.31 1.86 nd 0.76 nd nd nd nd nd
Stromboli lavad 44.4 96.9 11.5 44.0 8.59 2.32 7.15 1.06 5.31 nd 2.67 0.36 0.37
Upper continental cruste 30.0 64.0 7.10 26.0 4.50 0.88 3.80 0.64 3.50 0.80 2.30 0.33 0.32
Lower continental cruste 11.0 23.0 2.80 12.7 3.17 1.17 3.13 0.59 3.60 0.77 2.20 0.32 0.29
Refinery catalyst (fresh)f 7613 4493 1069 1718 161 9.96 367 7.96 17.3 1.46 8.78 0.28 0.32
Refinery catalyst (spent)f 10,019 770 502 716 157 5.7 493 5.70 22.0 nd 6.50 0.40 0.10
FCC  stackg 865 76.3 nd nd nd nd nd nd nd nd nd nd nd
Atmospheric particles (PM 10)h 2.10 0.85 0.14 0.33 0.05 0.02 0.10 0.01 0.05 0.01 0.03 nd nd
Atmospheric particles (PM 2.5)h 1.48 0.55 0.09 0.22 0.04 0.02 0.09 0.01 0.05 0.01 0.04 nd nd
Metahornblendite i 9.63 22.3 3.34 15.5 3.73 1.15 3.50 0.54 3.25 0.57 1.53 0.24 0.19
Amphibolitei 35.5 70.4 8.20 33.2 7.12 2.50 7.15 1.10 6.08 1.10 2.92 0.40 0.36
Amphibolitici 28.7 57.2 6.58 26.2 5.70 1.47 5.91 0.98 5.92 1.15 3.30 0.48 0.49
Gneissi 34.4 66.6 7.31 27.2 5.34 1.36 4.89 0.74 4.16 0.79 2.27 0.34 0.36
Leucosomei 25.0 50.0 5.54 20.5 3.96 1.46 3.56 0.56 3.04 0.56 1.65 0.24 0.26
Reddish limestonej 6.15 5.10 1.24 4.10 0.90 0.20 0.68 0.09 0.82 0.14 0.44 0.07 0.06
Pale-pink limestonej 8.75 14.6 2.09 6.85 1.34 0.29 1.27 0.18 1.28 0.24 0.7 0.10 0.09
Grayish limestonej 1.75 2.05 0.28 1.25 0.24 0.06 0.29 0.05 0.21 0.04 0.15 0.02 0.02
Marblej 3.40 3.30 0.69 2.50 0.61 0.14 0.50 0.09 0.47 0.14 0.33 0.06 0.06

a From Calabrese et al. (2011).
b From Gauthier and Le Cloarec (1998).
c From Del Moro et al. (1998).
d From Landi et al. (2006).
e From Taylor and McLennan (1985) and McLennan (2001).
f From Kulkarni et al. (2006).
g Sánchez de la Campa et al. (2011).
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h From Moreno et al. (2008) (in ng/m3).
i From Messina (unpublished).
j From Messina et al. (2004).

In order to have a better insight on the origin of soil REEs, we
onstructed their distribution patterns relative to several substrate
ocks (Fig. 5 and Table 7). Relative to UCC, most of soils are char-
cterized by an enrichment in LREEs and MREEs relative to HREEs,
xcept the soils of site A which show flat patterns. The explanation
f the slight enrichment in MREEs in soils B, C, and D can be a precip-
tation of phosphate complexes in the soils during their formation,
r it could be an heritage from parent rocks. There is also a slight
ositive anomaly in Gd and Eu for all soils except E surface soils.
elative to the REEs in Etna and Stromboli lavas, the soil normalized
EE patterns are rather flat (Fig. 5) with a slight negative anomaly in
u but a positive anomaly in Gd. Such distribution patterns indicate

 similar source of REEs in soils and substrates. The soils normal-
zed relative to Aspromonte Unit Peloritani rocks exhibit a similar
rend of patterns as for normalization relative to UCC with ratios
lose to 1 indicating a close relationship of these soils with meta-
orphic background rock. In addition, patterns show similar trends
or all surface soils except for surface soils from site A showing a
light enrichment in HREEs which would indicate a different ori-
in of REEs in these samples. The REEs normalized relative to the
imestone (not represented) exhibit very high ratios (>4) and a
decreasing pattern from LREEs to HREEs, which indicates a weak
correlation between soils and limestone.

5.4. Trace elements enrichment

The enrichment factors (EF) calculated for trace elements were
considered to assess soil pollution. The calculation of EFs is based on
normalization of the element concentration in the sample, relative
to its concentration in a reference material taken from the litera-
ture, or from analyses of local representative sediments or rocks,
which allows a more precise estimation of elements enrichment
(Duplay et al., 2012). The normalization requires also considering a
geochemical marker of the dominant natural mineralogical phase
(Szefer et al., 1998).

Furthermore, the variation coefficient of the reference element
must be low.

Trace elements enrichment factors in Milazzo soils were calcu-

lated according to Eq. (1)

EF =
(

[CXsample]/[CRsample]
[CXref/[CRref]

)
(1)
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here CX and CR refer respectively, to the concentrations of the
lement of interest in the sample, and to the concentration of the
onservative element in the reference material (Loska et al., 1997;
omero et al., 2013). The contamination is identified for EF > 2
Szefer et al., 1998). The reference conservative element used in this
tudy is Th, because it is commonly used in volcanic aerosol studies
Vié le Sage, 1983; Varekamp et al., 1986; Crowe et al., 1987; Allard
t al., 2000; Moune et al., 2006, 2010; Calabrese et al., 2011).

Since statistical studies on major and REE elements showed
rstly the main influence of AsU rocks, secondly of limestones,
nd possibly of Etna lava in the compositions of soils, the enrich-
ent factors were calculated using these three local reference
aterials for normalization. In addition, a global reference was  con-

idered: the upper continental crust (Taylor and McLennan, 1985;
cLennan, 2001). The metamorphic reference rock consists in an

verage chemical composition of the Aspromonte Unit Peloritani
ountain metamorphic rocks (from Macaione et al., 2010, 2012;
essina et al., in preparation). The reference limestone consists in

n average composition of local carbonates (from Messina et al.,
004a,b). The local lava reference is a mean composition of Etna
ocks given by Calabrese et al. (2011).

The calculations of EF relative to the upper continental crust and
he AsU rocks show the same trends with enrichment in As and Pb
n most soils (EF > 2) especially in soils near Milazzo industrial zone
nd in surface soils near the coastal road and camping area (Fig. 6).
he highest EF values for As are observed in soils around Milazzo
ndustries (A soils), and for Pb in soils near the coastal road (E soils).
he calculations relative to Etna lava give higher enrichment factors
han for the UCC and AsU rocks, with enrichment in Pb in surface
oils, especially in A and E surface soils. The enrichment factor for
s could not be calculated due to lack of data. The calculations of
F relative to the limestone show an enrichment lower for As, the
ighest values being observed in soils A and B. Moreover, the gen-
ral trend in all calculations was the highest enrichments in Zn in
urface soils of site C, and a lower enrichment in Ni in soils of site
. In addition, there is only a slight, or no enrichment in V, and no
nrichment in Cd (not represented). Concerning Cr, only calcula-
ions relative to Etna lava show enrichment, with the highest EF
alues observed for B soils.

In summary, all sites are more or less strongly enriched in trace
lements. Sites near Milazzo industrial area show the strongest
nrichments in As and Pb, and Zn is significantly enriched in soils
f site C. These findings indicate a contribution of an anthropogenic
ource in soils during their evolution.

. Discussion

Based on geological data, PCA of major elements, and on REE
atterns, most of soil’s compositions could be firstly related to the
sU magmatic rocks, and secondly to the AsU carbonates forming

he substrates of the soils. Distribution patterns also indicated a
ource of REEs in soils related to volcanic rocks. Moreover, surface
oils from sites C and A, exhibit peculiar REE patterns indicating
nrichments of LREEs in soils from site C (Fig. 5), and of HREEs in
oils near Milazzo industries (site A). In addition, enrichment in
d relative to UCC, AsU rocks, and Stromboli lava, was observed

n all soils. Such enrichment in Gd has already been observed by
hu (1999) in soils from a site suspected of being polluted, and in

 polluted river (Kulaksız and Bau, 2011). The enrichment factor
alculations indicated that there is a contamination in As, Pb in
ll soils and locally a low enrichment in Ni and Zn. There is also

vidence of a very low contamination in Cr and V.

Several sources, natural or anthropogenic as described above
Section 3), may  be at the origin of the trace elements contam-
nation recorded in the soils of Milazzo peninsula. The Mount
rde 74 (2014) 691–704

Etna volcanic aerosols are known to be enriched in trace elements
such as Cu, Zn, Se, Hg, Cd and Pb (Andres et al., 1993). Moreover,
the discharge from Mount Etna in the Mediterranean atmospheric
environment is comparable for Cd, Hg, Cu and Zn to the anthro-
pogenic release, but insignificant for Pb, and predominant for Se
(Buat-Ménard and Arnold, 1978). Concerning the anthropogenic
activities (Milazzo refinery and oil-burning electric plant), data on
air emissions showed that high amounts of Fe, V, Ni, Cr and Zn are
emitted. At Gela (Italy, Sicily) and Terragona (Spain) petrochemi-
cal plants, high correlations between emissions of vanadium and
nickel, arsenic and selenium, and lead and tin, were linked to refin-
ery processes and fossil combustibles (Bosco et al., 2005; Nadal
et al., 2009).

Thus, the enrichments in trace elements recorded in soils may be
indicators of the refinery and electric plant activities’ atmospheric
emissions. According to Kitto et al. (1992) the most reliable indica-
tors of refinery emissions are the enrichments in LREEs and the high
La/Sm ratios on fine ambient particles. This is because a common
material employed in petroleum refinery and petrochemical manu-
facturing, is zeolite which is enriched in REEs. Zeolite is used as FCC
catalyst and which particles may  partly be released to the atmo-
sphere during catalytic cracking (Sánchez de la Campa et al., 2011).
Kitto et al. (1992) and Kulkarni et al. (2006) showed that refining
and petrochemical catalytic cracking operations can be predomi-
nantly responsible in the REE enrichment of ambient fine particles.
Moreover, ratios between REEs analyzed in atmospheric fine par-
ticles around FCC atmospheric emissions indicated anomalies in
La concentrations because this element is released from the fluid
catalytic converters (Moreno et al., 2008, 2012). All the fluid crack-
ing catalysts used in United States, Japan and Europe, also exhibit
significant contents in Cr, V, Ni, Ce, Gd and Nd. Thus, light REE con-
taminations in sediments, soils and atmospheric particles may  be
explained by deliveries of La-based catalysts in petroleum refiner-
ies through atmospheric fallouts (Olmez et al., 1988; Kulkarni et al.,
2006; Moreno et al., 2008).

Moreover, metals and metalloids are naturally present in crude
oils or may  be added during refinery processing (Lienemann, 2005;
Sánchez et al., 2013). Metals such as V, Ni, and Fe, are all present at
high concentrations (Dunning et al., 1960; Caumette et al., 2009).
Other elements such as Pb, Ba, Sn, Ag, Co, Cu, Mo,  Ti, Zn, Hg and
As are also present at lower concentrations (Ali and Abbas, 2006,
Duyck et al., 2007). All these elements have the tendency to con-
centrate in the residual fuel oil fraction during refining (Ball et al.,
1960). Thus, elements present in petroleum products and derivates,
such as As, Cd, Co, Cu, Hg, Ni, Pb, S, and V, are recognized to induce
environmental pollution. The Milazzo electric plant uses heavy fuel
oil from the refinery, for its processes. According to Olmez and
Gordon (1985) some catalyst materials may  be present in oil pro-
duced by refineries because emissions from oil-fired plants also
have high La/Sm ratios, typically about 30. Moreover, emissions of
Cr and Ni also occur from plants burning heavy fuel oil.

In order to try identifying the sources of trace elements enrich-
ments in Milazzo soils, several diagrams were constructed using the
above mentioned trace elements encountered in Etna and Strom-
boli aerosols, and in emissions to the air of the refinery, and of the
electric plant. The selected elements were as follows: La, V, Ni, Pb
and Cr. In addition, REE ratios such as La/Sm, La/Ce, La/Gd and La/Nd,
were also considered. In these diagrams we  plotted values of soils,
of local substrate rocks (AsU magamatic rocks and limestones, Etna
and Stromboli lava), Upper Continental Crust (UCC), and depend-
ing on available data, of spent refinery FCC catalysts (from Kulkarni
et al., 2006), of FCC stack particles (from Sánchez de la Campa et al.,

2011), and of atmospheric particles around a refinery (from Moreno
et al., 2008, 2012).

From the relationship between La and Cr (Fig. 7) and from
the ratios La/Gd and La/Ni (Fig. 8) it appears that most soils plot
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ig. 6. Enrichment factors of trace elements in Milazzo Peninsula soils, calculated u
b)  Etna lava (from Calabrese et al., 2011), (c) limestone (from Messina et al., 2004
001).
round substrate rocks, some of them along a line directed on one
ide toward AsU rocks and the limestones, and on the other side
oward the FCC stack or the spent zeolite catalyst. Moreover, on
igs. 9 and 10, soils are clearly apart from the substrate rocks, along
s reference (a) Aspromonte Unit Peloritani rocks (from Messina, unpublished data);
nd (d) the continental upper crust (UCC; Taylor and McLennan, 1985; McLennan,
a line directed toward the spent catalyst and the atmospheric parti-
cles, which indicates an influence in the trace elements distribution
of the soils samples, greater for the catalyst end member than for
the natural substrates. Thus, V, Cr, Ni, although very little enriched
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Fig. 7. Milazzo soils, regional background rocks (Peloritani metamorphic rocks
and carbonatic sediments, volcanites and volcanoclastites), continental upper crust
(UCC), and refinery catalyst (zeolite) and stack, plotted in a La vs Cr diagram show-
ing a mixing between probable REE sources i.e. upper crust, limestone and refinery
catalyst.

Fig. 8. Milazzo soils, regional background rocks (Peloritani metamorphic rocks
and carbonatic sediments, volcanites and volcanoclastites), continental upper crust
(UCC), and refinery catalyst (zeolite) plotted in a La/Ni vs La/Gd diagram showing a
m
c

i
s
m
t

F
a
(

Fig. 10. Milazzo soils, regional background rocks (Peloritani metamorphic rocks
and carbonatic sediments, volcanites and volcanoclastites), continental upper crust

identified anthropogenic sources in soils. Eq. (2) is as fol-
ixing between probable REE sources i.e. upper crust, chondrite, lava, and refinery
atalyst.

n soils, appear to be indicators of anthropogenic emissions in these

oils. There may  be other sources of contamination of trace ele-
ents as suggested by Fig. 11 where soils are placed along a line

oward an unknown end-member, clearly far from representative

ig. 9. Milazzo soils, regional background rocks (Peloritani metamorphic rocks
nd carbonatic sediments, volcanites and volcanoclastites), continental upper crust
UCC), refinery catalyst (zeolite) and stack, plotted in a V vs La diagram.
(UCC), refinery catalyst (zeolite) and atmospheric particles around refinery plotted
in  a La/Nd vs La/Ce diagram.

points of the spent catalyst, or of FCC stack. Therefore, the enrich-
ment in Zn recorded in soils of site C seems to be partly related to an
anthropogenic activity different from the refinery or electric plant
activities. In the diagram (not represented) of Pb vs V, the soils are
again placed apart from the substrate rocks, toward the AsU rocks
and lava on one direction, and toward an unknown end member
on another direction. The concentrations in Pb were not available
for the spent catalyst and for FCC stack, which did not enable to
identify the possible catalyst end member. The enrichment factor
values showed that soils are enriched in Pb; however, the source of
the contamination could not be identified. It is nevertheless highly
probable that refinery activities and oil-burning plant contribute to
the contamination of Pb in the soils.

On the base of the different correlations highlighted in the dia-
grams, it is possible to identify potential sources of enrichments in
trace elements in Milazzo soils, which are emissions from the refin-
ery and oil-burning plant, volcanic aerosols, and an unidentified
activity.

A mixing equation with two end members (FCC and
Etna) was used to evaluate the contribution from these two
lows:(2)F × C1 × R1 + (1 − F) × C2 × R2 = Cs × RsWith F: fraction of
end-member1 in the soil; (1 − F): fraction of end-member2 in the
soil; C1, C2 and Cs: concentration of elements in end-member 1,

Fig. 11. Milazzo soils, regional background rocks (Peloritani metamorphic rocks
and carbonatic sediments, volcanites and volcanoclastites), continental upper crust
(UCC), refinery catalyst (zeolite) and stack, plotted in a Zn vs Ni diagram.
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 and soil respectively. The concentrations in soil were corrected
rom the fraction originating from weathering of the parent rock;
1, R2 and Rs: ratio between REEs in end member 1, 2 and soil
espectively.

The selected ratio for the present calculation was  La/Nd. The
alculation was established for Zn in soil C. The calculation, based on

 binary mixing in the anthropogenic fraction of soils, showed that
bout 16% of Zn concentrations in these soils can be attributed to
efinery catalyst inputs, and about 84% to Etna plumes inputs. Other
alculations using La/Ce and Ni and Cr showed aberrant values that
ndicate a contribution of other sources in Ni and Cr. These sources

ere not identified during this study.

. Conclusion

Milazzo Peninsula soils formed on diverse metamorphic, sedi-
entary and volcanic substrates which may  have a mixed influence

n their chemical composition. The study of trace elements chem-
stry and particularly distribution patterns of REEs in Milazzo soils
howed that a part of trace elements abundances are related firstly
o the natural metamorphic rocks rather than sedimentary or vol-
anic background rocks.

Anthropogenic activities in Milazzo, such as refinery indus-
ry, oil-burning electric plant, waste combustion and road traffic,
elease atmospheric fine particles which may  contaminate soils,
hus contributing to their trace elements composition. Indeed
nrichment factors calculations showed anomalies in As, Pb, Zn,
i and Cr. Moreover, normalized REE patterns show enrichments

n LREEs and anomalies in Gd which suggest contamination by
nthropogenic activities. Fluidized-bed catalytic cracking (FCC)
perations are a significant source of emissions to the air which
ake place on a large scale. The most important industrial metal
missions are V, Fe, Ni, and Pb. These metalliferous aerosols are
ypically extremely fine in size and therefore potentially bioavail-
ble when deposited on the soil. Moreover, these airborne particles
re enriched in LREEs especially in the vicinity of petrochemical
ndustries.

Trace element concentrations of soils were plotted in diagrams
nd compared to those of substrate rocks and REE enriched FCC
pent catalysts, FCC stack or atmospheric particles around refinery
rom the literature. The La/Ni vs La/Gd, and La/Ce vs La/Nd diagrams
llow recognition of the FCC source of contamination, character-
zed by enrichments in La, Ni and Gd. Plots of Zn vs Ni and Pb vs V
uggest that another source of contamination, which could not be
dentified, contributes to soil enrichment in Zn and Pb.

Our results show that the events of air pollution specifically
elated to emissions from the refinery can be identified in soils by
sing ratios between REEs such as La/Gd on one hand and trace
lements such as Ni on the other hand. Although vanadium is recog-
ized as a major constituent in atmospheric emissions of refineries,
ur results did not reveal any notable influence in enrichment of
ilazzo soils. Thus, V may  have a limited usefulness as tracer of

efinery. Moreover, multiple sources in airborne particles contain-
ng the same trace elements complicate interpretation, as observed
or Zn and Pb.

cknowledgements

The authors thank the Italian government who awarded the the-
is grant to M.  Mey  in the frame of a joint project between Messina

niversity, Italy and Strasbourg University, France. The authors are
eeply grateful to the two anonymous reviewers for the time they
pent in reviewing the paper, and their extensive constructive crit-
cisms that helped to improve the manuscript.
rde 74 (2014) 691–704 703

References

Agenda 21 Milazzo, 2009. Agenda21 L “Horus Milae”, Milazzo: Report on the Envi-
ronmental State. Directed by Imbesi G. Sicily region, Territory and Environment
Department, City of Milazzo.

Ali, M.F., Abbas, S., 2006. A review of methods for the demetallization of residual
fuel oils. Fuel Process. Technol. 87 (7), 573–584.

Allard, P., Aiuppa, A., Loyer, H., Carrot, F., Gaudry, A., Pinte, G., Michel, A., Dongarra,
G., 2000. Acid gas and metal emission rates during long-lived basalt degassing
at  Stromboli volcano. Geophys. Res. Lett. 27, 1207–1210.

Andres, R.J., Kyle, R.R., Chuan, R.L., 1993. Sulphur dioxide, particle and elemental
emissions from Mount Etna, Italy during July 1987. Geol. Rundsch. 82, 687–695.

Arrighi, S., Tanguy, J.C., Rosi, M.,  2006. Eruptions of the last 2200 years at Vulcano and
Vulcanello (Aeolian Islands, Italy) dated by high-accuracy archeomagnetism.
Phys. Earth Planet. Inter. 159, 225–233.

Armstrong-Altrin, J.S., Lee, Y.I., Kasper-Zubillaga, J.J., Carranza-Edwards, A., Garcia,
D.,  Nelson Eby, G., Balaram, V., Cruz-Ortiz, N.L., 2012. Geochemistry of beach
sands along the western Gulf of Mexico, Mexico: implication for provenance.
Chem. Erde 72, 345–362.

Ball, J.S., Wenger, W.J., Hyden, H.J., Horr, C.A., Myers, A.T., 1960. Metal content of
twenty-four petroleums. J. Chem. Eng. Data 5, 553–557.

Bergametti, G., Martin, D., Carbonnelle, J., Faivre-Pierret, R., Vie Le Sage, R., 1984.
A mesoscale study of the elemental composition of aerosols emitted from Mt.
Etna Volcano. Bull. Volcanol. 47 (4), 1107–1114.

Bevilacqua, M.,  Braglia, M.,  2002. Environmental efficiency analysis for ENI oil
refineries. J. Clean. Prod. 10, 85–92.

Bonadonna, C., Houghton, B.F., 2005. Total grain-size distribution and volume of
tephra-fall deposits. Bull. Volcanol. 67, 441–456.

Bosco, M.L., Varrica, D., Dongarra, G., 2005. Case study: inorganic pollutants associ-
ated with particulate matter from an area near a petrochemical plant. Environ.
Res. 99, 18–30.

Buat-Ménard, P., 1978. The heavy metal chemistry of atmospheric particulate matter
emitted by Mount Etna Volcano. Geophys. Res. Lett. 5, 245–248.

Buat-Ménard, P., Arnold, M.,  1978. The heavy metal chemistry of atmospheric rartic-
ulate matter emitted by Mount Etna Volcano. Geophys. Res. Lett. 5 (4), 245–248.

Calabrese, S., Aiuppa, A., Allard, P., Bagnato, E., Bellomo, S., Brusca, L., D’Alessandro,
W.,  Parello, F., 2011. Atmospheric sources and sinks of volcanogenic elements
in  a basaltic volcano (Etna, Italy). Geochim. Cosmochim. Acta 75, 7401–7425.

Carbone, S., Messina, A., Lentini, F., Macaione, E., 2011. Note Illustrative della Carta
Geologica d’Italia alla Scala 1:50.000. Foglio 587 Milazzo e 600 Barcellona Pozzo
di Gotto. ISPRA-Regione Siciliana, S.EL.CA., Firenze, pp. 1–262.

Caumette, G., Lienemann, C.P., Merdrignac, I., Bouyssiere, B., Lobinski, R., 2009.
Element speciation analysis of petroleum and related materials. J. Anal. At. Spec-
trom. 24, 263–276.

Cellura, M.,  Cirrincione, G., Marvuglia, A., Miraoui, A., 2008a. Wind speed spatial
estimation for energy planning in Sicily: introduction and statistical analysis.
Renew. Energy 33, 1237–1250.

Cellura, M.,  Cirrincione, G., Marvuglia, A., Miraoui, A., 2008b. Wind speed spatial
estimation for energy planning in Sicily: a neural kriging application. Renew.
Energy 33, 1251–1266.

Crowe, B.M., Finnegan, D.L., Zoller, W.H., Boyton, W.V., 1987. Trace element geo
chemistry of volcanic gases and particles from 1983 to 1984 eruptive episodes
of  Kilauea volcano. J. Geophys. Res. 92, 13708–13714.

Del Moro, A., Gioncada, A., Pinarelli, L., Sbrana, A., Joron, J.L., 1998. Sr, Nd, and Pb
isotope evidence for open system evolution at Vulcano, Aeolian Arc, Italy. Lithos
43, 81–106.

Dinelli, E., Lima, A., Albanese, S., Birke, M.,  Cicchella, D., Giaccio, L., Valera, P., De Vivo,
B., 2011. Major and trace elements in tap water from Italy. J. Geochem. Explor.
112,  54–75.

Dunning, H.N., Moore, J.W., Bieber, H., Williams, R.B., 1960. Porphyrin, nickel, vana-
dium, and nitrogen in petroleum. J. Chem. Eng. Data 5 (4), 546–549.

Duplay, J., Semhi, K., Bloundi, M.K., Khedhiri, S., Ben Ahmed, R., Darragi, F., 2012.
Geochemical background and contamination level assessment in Tunisian and
Moroccan Mediterranean coastal lagoon sediments. Environ. Earth Sci. 67,
1201–1214.

Duyck, C., Miekeley, N., Porto da Silveira, C.L., Aucelio, R.Q., Campos, R.C., Grinberg,
P.,  Brandao, G.P., 2007. The determination of trace elements in crude oil and
its  heavy fractions by atomic spectrometry. Spectrochim. Acta Part B 62 (9),
939–951.

Dzubay, T.G., Stevens, R.K., Gordon, G.E., Olmez, I., Sheffield, A.E., Courtney, W.J.,
1988. A composite receptor method applied to Philadelphia aerosol. Environ.
Sci.  Technol. 22, 46–52.

ENEA (Italian National Agency for New Technologies, Energy), 2003. Artemisia 2. Uno
strumento per valutare gli effetti ambientali e sanitari degli inquinanti aeriformi
emessi da insediamenti produttivi e per indirizzare la scelta di nuovi siti, anche
ai  fini dell’applicazione della direttiva 96/61 CE sulla prevenzione e riduzione
integrata dell’ inquinamento (IPPC): Applicazione all’area di Milazzo. Directed
by Rubbia, C. Ente per le Nuove tecnologie, l’Energia e l’Ambiente; Ministero
dell’Ambiente e della Tutela del Territorio, Regione Siciliana.

European Environment Agency, 2011. Search E-PTR data at facility level, Accessible
on:  http://prtr.ec.europa.eu/FacilityLevels.aspx (date of consultation 16.7.12).
Fano, V., Cernigliaro, A., Scondotto, S., Pollina Addario, S., Caruso, S., Mira, A.,
Forastiere, F., Perucci, C.A., 2008. Stato di sallute della popolazione residente
nelle aree ad elevato rischio ambientale e nei siti di interesse nazionale della
Sicilia: Analisi della mortalita (aa 1995–2000) e dei ricoveri ospedalieri (aa
2001–2003). Report: Epidemiologia Sviluppo Ambiantale. Assessorato Sanita

http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0005
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0005
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0005
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0005
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0005
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0005
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0005
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0005
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0005
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0005
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0005
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0005
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0005
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0005
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0005
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0005
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0005
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0005
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0005
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0005
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0005
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0005
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0005
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0005
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0010
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0010
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0010
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0010
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0010
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0010
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0010
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0010
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0010
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0010
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0010
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0010
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0010
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0010
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0010
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0010
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0010
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0010
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0010
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0015
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0015
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0015
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0015
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0015
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0015
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0015
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0015
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0015
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0015
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0015
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0015
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0015
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0015
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0015
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0015
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0015
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0015
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0015
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0015
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0020
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0020
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0020
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0020
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0020
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0020
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0020
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0020
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0020
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0020
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0020
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0020
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0020
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0020
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0020
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0020
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0020
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0020
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0020
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0025
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0025
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0025
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0025
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0025
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0025
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0025
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0025
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0025
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0025
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0025
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0025
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0025
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0025
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0025
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0025
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0025
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0025
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0025
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0025
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0025
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0025
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0025
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0025
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0025
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0030
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0030
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0030
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0030
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0030
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0030
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0030
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0030
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0030
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0030
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0030
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0030
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0030
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0030
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0030
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0030
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0030
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0030
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0030
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0030
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0035
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0035
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0035
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0035
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0035
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0035
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0035
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0035
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0035
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0035
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0035
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0035
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0035
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0040
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0040
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0040
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0040
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0040
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0040
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0040
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0040
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0040
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0040
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0040
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0040
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0040
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0040
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0040
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0040
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0040
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0040
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0040
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0040
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0040
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0045
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0045
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0045
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0045
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0045
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0045
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0045
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0045
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0045
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0045
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0045
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0045
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0045
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0045
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0050
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0050
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0050
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0050
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0050
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0050
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0050
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0050
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0050
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0050
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0050
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0050
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0050
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0050
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0055
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0055
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0055
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0055
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0055
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0055
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0055
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0055
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0055
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0055
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0055
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0055
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0055
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0055
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0055
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0055
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0055
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0055
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0055
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0055
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0055
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0055
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0060
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0060
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0060
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0060
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0060
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0060
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0060
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0060
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0060
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0060
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0060
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0060
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0060
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0060
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0060
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0060
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0060
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0060
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0060
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0060
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0065
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0065
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0065
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0065
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0065
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0065
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0065
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0065
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0065
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0065
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0065
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0065
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0065
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0065
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0065
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0065
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0065
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0065
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0065
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0065
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0065
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0065
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0070
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0070
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0070
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0070
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0070
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0070
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0070
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0070
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0070
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0070
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0070
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0070
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0070
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0070
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0070
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0070
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0070
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0070
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0070
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0070
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0075
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0075
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0075
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0075
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0075
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0075
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0075
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0075
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0075
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0075
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0075
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0075
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0075
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0075
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0075
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0075
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0075
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0075
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0075
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0075
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0075
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0075
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0075
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0075
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0075
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0075
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0080
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0080
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0080
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0080
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0080
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0080
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0080
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0080
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0080
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0080
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0080
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0080
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0080
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0080
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0080
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0080
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0080
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0085
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0085
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0085
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0085
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0085
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0085
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0085
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0085
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0085
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0085
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0085
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0085
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0085
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0085
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0085
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0085
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0085
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0085
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0085
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0090
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0090
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0090
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0090
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0090
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0090
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0090
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0090
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0090
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0090
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0090
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0090
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0090
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0090
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0090
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0090
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0090
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0090
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0090
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0095
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0095
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0095
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0095
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0095
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0095
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0095
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0095
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0095
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0095
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0095
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0095
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0095
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0095
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0095
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0095
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0095
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0095
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0095
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0095
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0095
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0095
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0095
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0095
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0095
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0100
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0100
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0100
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0100
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0100
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0100
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0100
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0100
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0100
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0100
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0100
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0100
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0100
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0100
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0100
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0100
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0100
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0100
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0100
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0100
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0105
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0105
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0105
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0105
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0105
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0105
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0105
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0105
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0105
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0105
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0105
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0105
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0105
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0105
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0105
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0105
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0110
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0110
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0110
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0110
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0110
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0110
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0110
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0110
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0110
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0110
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0110
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0110
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0110
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0110
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0110
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0110
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0110
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0115
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0115
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0115
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0115
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0115
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0115
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0115
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0115
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0115
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0115
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0115
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0115
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0115
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0115
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0115
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0115
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0115
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0115
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0115
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0115
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0115
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0120
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0120
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0120
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0120
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0120
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0120
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0120
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0120
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0120
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0120
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0120
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0120
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0120
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0120
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0120
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0120
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0120
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0120
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0120
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0120
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0120
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0120
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0120
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0120
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0125
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0125
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0125
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0125
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0125
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0125
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0125
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0125
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0125
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0125
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0125
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0125
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0125
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0125
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0125
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0130
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0130
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0130
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0130
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0130
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0130
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0130
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0130
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0130
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0130
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0130
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0130
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0130
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0130
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0130
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0130
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0130
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0130
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0130
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0130
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0130
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0130
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0130
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0130
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0130
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0130
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0130
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0130
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0130
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0130
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0130
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0130
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0130
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0130
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0130
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0130
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0130
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0130
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0130
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0130
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0130
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0130
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0130
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0130
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0130
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0130
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0130
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0130
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0130
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0130
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0130
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0130
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0130
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0130
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0130
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0130
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0130
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0130
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0130
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0130
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0130
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0130
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0130
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0130
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0130
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0130
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0130
http://prtr.ec.europa.eu/FacilityLevels.aspx
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0140
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0140
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0140
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0140
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0140
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0140
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0140
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0140
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0140
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0140
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0140
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0140
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0140
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0140
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0140
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0140
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0140
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0140
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0140
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0140
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0140
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0140
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0140
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0140
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0140
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0140
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0140
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0140
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0140
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0140
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0140
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0140
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0140
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0140
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0140
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0140
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0140
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0140
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0140
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0140
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0140


7  der E

F

G

G

H

I

K

K

K

L

L

L

M

M

M

M

M

M

M

M

M

04 J. Duplay et al. / Chemie

Dipartimento Osservatorio Epidemiologico (Regione Siciliana); Dipartimento di
Epidemiologia ASL RME.

ois, E., 1990. Stratigraphy and palaeogeography of the Capo Milazzo area (NE Sicily,
Italy): clues to the evolution of the southern margin of the Tyrrhenian Basin
during the Neogene. Palaeogeogr. Palaeocl. 78, 87–108.

authier, P.J., Le Cloarec, M.F., 1998. Variability of alkali and heavy metal fluxes
released by Mt.  Etna volcano, Sicily, between 1991 and 1995. J. Volcanol. Geoth.
Res. 81, 311–326.

ovindaraju, K., Roelandst, I., 1993. Second report (1993) on the first three GIT-IWG
rock reference samples; anorthosite from Greenland, AN-G; basalte d’Essay-la-
Cote, Be-N; granite de Beauvoir, MA-N. Geostand. Newslett. 17 (2), 227–294.

ossain Bhuiyan, M.A., Julleh Jalalur Rahman, M.,  Samuel Dampare, B., Suzuki, S.,
2011. Provenance, tectonics and source weathering of modern fluvial sediments
of the Brahmaputra–Jamuna River, Bangladesh: inference from geochemistry. J.
Geochem. Explor. 111, 113–137.

SPRA, 2011. Foglio 587 Milazzo e 600 Barcellona Pozzo di Gotto della Carta Geolog-
ica d’Italia alla scala 1:50.000. Coordinatore Scientifico: Lentini F., Direttore dei
Rilevamenti: Carbone S., Responsabile della Geologia del Cristallino: Messina A.
ISPRA – Regione Siciliana, S.EL.CA., Firenze.

itto, M.E., Anderson, D.L., Gordon, G.E., Olmez, I., 1992. Rare earth distributions in
catalysts and airborne particles. Environ. Sci. Technol. 26, 1368–1375.

ulaksız, S., Bau, M.,  2011. Rare earth elements in the Rhine River, Germany: first
case  of anthropogenic lanthanum as a dissolved microcontaminant in the hydro-
sphere. Environ. Int. 37, 973–979.

ulkarni, P., Chellam, S., Fraser, M.P., 2006. Lanthanum and lanthanides in atmo-
spheric fine particles and their apportionment to refinery and petrochemical
operations in Houston, TX. Atmos. Environ. 40, 508–520.

andi, P., Francalanci, L., Pompilio, M.,  Rosi, M.,  Corsaro, R.A., Petrone, M.,  Nardini,
I.,  Miraglia, L., 2006. The December 2002–July 2003 effusive event at Strom-
boli volcano, Italy: Insights into the shallow plumbing system by petrochemical
studies. J. Volcanol. Geotherm. Res. 155, 263–284.

ienemann, C.P., 2005. Analysis of trace metals in petroleum products, state of the
art.  Oil Gas Sci. Technol. Rev. Inst. Francais Petrol. 60, 951–965.

oska, K., Cebula, J., Pelczar, J., Wiechula, D., Kwapuliı́nski, J., 1997. Use of enrichment,
and contamination factors together with geoaccumulation indices to evaluate
the content of Cd, Cu, and Ni in the Rybnik Water Reservoir in Poland. Water Air
Soil Pollut. 93, 347–365.

ather, T.A., Oppenheimer, C., Allen, A.G., McGonigle, A.J.S., 2004. Aerosol chem-
istry of emissions from three contrasting volcanoes in Italy. Atmos. Environ. 38,
5637–5649.

acaione, E., Messina, A., Bonanno, R., Carabetta, M.T., 2010. An itinerary through
Proterozoic to Holocene rocks in the North-Eastern Peloritani Mts. (Southern
Italy).Geological Field Trips. Online Journal of the Società Geologica Italiana and
Servizio Geologico d’Italia 2, 1–98.

acaione, E., Messina, A., Renna, M.R., Belkin, H.E., Doherty, A.L., Langone, A.,
2012. Aspromonte Unit Variscan migmatites (Southern Calabria-Peloritani Arc):
petrology and U–Th–Pb zircon and monazite, 86◦ Congresso Nazionale della
Società Geologica Italiana. Rend. Online Soc. Geol. It 21 (1), 275–277.

athieu, C., Pieltain, F., 2003. Analyse chimique des sols: Méthodes choisies. Tec &
Doc Lavoisier, 387.

cLennan, S.M., 2001. Relationships between the trace element composition of sedi-
mantary rocks and upper continental crust. Geochem. Geophys. Geosyst. 2, 1021,
http://dx.doi.org/10.1029/2000GC000109.

essina, A., Somma, R., Lima, A.M., Macaione, E., Carbone, G., Careri, G., 2004a.
The abundance of 55 elements and petrovolumetric models of the Crust in the
Peloritani Mountains. In: Sassi, F.P. (Ed.), “The abundance of 55 elements and
petrovolumetric models of the crust in 9 type areas from the crystalline base-
ments of Italy, with some geophysical and petrophysical data”. Accad. Nazionale
delle Scienze detta dei XL. , pp. 411–450 (Rome chapter 13, Published in occasion
of the 32nd International Geological Congress).

essina, A., Somma, R., Macaione, E., Carbone, G., Careri, G., 2004b. Peloritani
continental crust composition (Southern Italy): geological and petrochemical
evidence. Boll. Soc. Geol. It. 123, 405–441.

essina, A., Lentini, F., Macaione, E., Carbone, S., Doherty, A., 2013. Tectono-
stratigraphic evolution of the Southern Sector of the Calabria-Peloritani Chain:
state of knowledge. Post-Congress Geological Field Trip of 86th National
Congress of Italian Geological Society, 21–23 September 2012. Online J. Italian

Geol. Soc. Geol. Surv. It. (ISPRA) 1, 1–160.

ey, M.,  (Ph.D. thesis) 2013. Life Cycle Impact Assessment of Industrial Activities
in the Area of the Milazzo Peninsula (North-East Sicily, Italy): Environmental
Impact Assessment on the Soils and Waters. University of Messina, Italy, pp.
230.
rde 74 (2014) 691–704

Mizohata, A., 1986. Rare earth element on airborne particles in motor-vehicle emis-
sions. J. Aerosol Res. 1, 274–283 (in Japanese).

Moreno, T., Querol, X., Alastuey, A., Gibbons, W.,  2008. Identification of FCC refinery
atmospheric pollution events using lanthanoid- and vanadium-bearing aerosols.
Atmos. Environ. 42, 7851–7861.

Moreno, T., Kojima, T., Querol, X., Alastuey, A., Amato, F., Gibbons, W.,  2012. Natural
versus anthropogenic inhalable aerosol chemistry of transboundary East Asian
atmospheric outflows into western Japan. Sci. Tot. Environ. 424, 182–192.

Moune, S., Gauthier, P.J., Gislason, S.R., Sigmarsson, O., 2006. Trace element degassing
and enrichment in the eruptive plume of the 2000 eruption of Hekla volcano,
Iceland. Geochim. Cosmochim. Acta 70, 461–479.

Moune, S., Gauthier, P.J., Delmelle, P., 2010. Trace elements in the particulate phase
of  the plume of Masaya Volcano, Nicaragua. J. Volcanol. Geotherm. Res. 193,
232–244.

Nadal, M.,  Mari, M.,  Schumacher, M., Domingo, J.L., 2009. Multi-compartmental
environmental surveillance of a petrochemical area: Levels of micropollutants.
Environ. Int. 35, 227–235.

Olmez, I., Gordon, G.E., 1985. Rare earths: atmospheric signatures for oil-fired power
plants and refineries. Science 229 (4717), 966–968.

Olmez, I., Sheffield, A.E., Gordon, G.E., Houck, J.E., Pritchett, L.C., Cooper, J.A., Dzubay,
T.G., Bennett, R.L., 1988. Compositions of particles from selected sources in
Philadelphia for receptor modeling applications. JAPCA 38, 1392–1402.

Piccardi, G., Martini, M., Legittimo, Cellini, P., 1979. On the presence of Cu, Zn, Cd,
Sb,  Bi and Pb in the fumarolic gases of Vulcano Aeolian Island. Soc. Ital. di Min.
Petr.  35, 627–632.

Plank, T., Langmuir, C.H., 1998. The chemical composition of subducting sediment
and its consequences for the crust and mantle. Chem. Geol. 145, 325–394.

Romero, A., González, I., Fernández, M.I., Galán, E., 2013. Evaluation of trace element
contamination changes in soils using a new normalization factor. Application
to the Guadiamar soils (SW Spain) affected by a mine spill in 1998. J. Geochem.
Explor. 124, 29–39.

Rouaud, M.,  2012. Probabilités, statistiques et analyses multicritères, Available at:
www.incertitudes.fr/proba-stat-acp/livre.pdf

Samuel, J., Rouault, R., Besnus, Y., 1985. Analyse multiélémentaire standardisée
des  matériaux géologiques en spectrométrie d’émission par plasma à couplage
inductif. Analusis 13, 312–317.

Sánchez, R., Todolí, J.L., Lienemann, C.-P., Mermet, J.-M., 2013. Determination of trace
elements in petroleum products by inductively coupled plasma techniques: a
critical review. Spectrochim. Acta Part B 88, 104–126.

Sánchez de la Campa, A.M., Moreno, T., de la Rosa, J., Alastuey, A., Querol, X., 2011.
Size distribution and chemical composition of metalliferous stack emissions in
the  San Roque petroleum refinery complex, southern Spain. J. Haz. Mater. 190,
713–722.

Schiano, P., Clocchiatti, R., Ottolini, L., Sbrana, A., 2004. The relationship between
potassic, calc-alkaline and Na-alkaline magmatism in South Italy volcanoes: a
melt inclusion approach. Earth Planet. Sci. Lett. 220, 121–137.

Scollo, S., Del Carlo, P., Coltelli, M.,  2007. Tephra fallout of 2001 Etna flank eruption:
analysis of the deposit and plume dispersion. J. Volcanol. Geotherm. Res. 160
(1–2), 147–164.

Semhi, K., Al-Khirbash, S., Abdallah, O., Khant, T., Duplay, J., Chaudhuri, S., Al-Saidi,
S.,  2010. Dry atmospheric contribution to the plant-soil system around a cement
factory: spatial variations and sources—a case study from Oman. Water Air Soil
Pollut. 205, 343–357.

Sparks, R.S.J., Bursik, M.I., Carey, S.N., Gilbert, J.S., Glaze, L.S., Sigurdsson, H., Woods,
A.W., 1997. Volcanic Plumes. John Wiley & Sons, Chichester, pp. 485, 285.

Szefer, P., Kusak, A., Szefer, K., 1998. Evaluation of the anthropogenic influx of metal-
lic  pollutants into Puck Bay, southern Baltic. Appl. Geochem. 13, 293–304.

Taylor, S.R., McLennan, S.M., 1985. The Continental Crust: Its Composition and Evo-
lution. Blackwell, Oxford, pp. 312.

Triolo, L., Binazzi, A., Cagnetti, P., Carconi, P., Correnti, A., De Luca, E., Di Bonito,
R.,  Grandoni, G., Mastrantonio, M.,  Rosa, S., Schimberni, M.,  Uccelli, R., Zappa,
G., 2008. Air pollution impact assessment on agroecosystem and human health
characterisation in the area surrounding the industrial settlement of Milazzo
(Italy): a multidisciplinary approach. Environ. Monit. Assess. 140, 191–209.

Varekamp, J.C., Thomas, E., Germani, M.,  Buseck, P.R., 1986. Particle geochemistry of
volcanic plumes of Etna and Mount St. Helens. J. Geophys. Res. 91, 12233–12248.

Vié le Sage, R., 1983. Chemistry of the volcanic aerosol. In: Tazieff, H., Sabroux,

J.C.  (Eds.), Forecasting Volcanic Events. Elsevier, Amsterdam, New York, pp.
445–474.

Zhu, W.,  1999. Advanced Inductively Coupled Plasma-Mass Spectrometry Analysis of
Rare Earth Elements: Environmental Applications. Ph.D. thesis. Delft University,
Rotterdam, The Netherlands, 158 pp.

http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0140
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0140
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0140
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0140
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0140
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0140
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0140
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0140
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0140
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0140
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0145
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0145
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0145
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0145
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0145
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0145
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0145
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0145
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0145
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0145
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0145
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0145
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0145
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0145
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0145
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0145
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0145
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0145
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0145
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0145
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0145
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0145
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0145
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0145
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0145
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0145
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0145
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0145
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0145
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0145
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0145
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0145
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0150
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0150
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0150
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0150
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0150
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0150
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0150
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0150
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0150
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0150
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0150
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0150
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0150
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0150
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0150
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0150
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0150
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0150
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0150
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0150
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0150
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0150
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0150
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0150
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0150
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0155
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0155
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0155
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0155
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0155
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0155
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0155
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0155
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0155
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0155
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0155
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0155
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0155
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0155
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0155
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0155
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0155
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0155
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0155
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0155
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0155
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0155
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0155
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0155
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0155
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0155
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0155
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0155
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0155
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0155
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0160
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0160
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0160
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0160
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0160
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0160
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0160
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0160
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0160
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0160
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0160
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0160
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0160
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0160
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0160
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0160
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0160
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0160
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0160
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0160
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0160
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0160
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0160
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0160
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0160
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0160
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0165
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0165
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0165
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0165
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0165
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0165
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0165
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0165
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0165
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0165
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0165
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0165
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0165
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0165
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0165
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0165
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0165
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0165
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0165
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0165
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0165
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0165
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0165
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0165
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0165
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0165
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0165
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0165
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0165
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0165
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0165
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0165
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0165
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0165
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0165
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0165
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0165
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0165
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0165
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0170
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0170
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0170
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0170
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0170
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0170
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0170
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0170
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0170
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0170
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0170
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0170
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0170
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0170
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0170
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0175
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0175
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0175
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0175
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0175
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0175
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0175
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0175
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0175
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0175
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0175
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0175
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0175
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0175
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0175
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0175
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0175
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0175
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0175
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0175
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0175
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0175
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0175
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0175
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0175
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0175
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0175
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0180
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0180
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0180
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0180
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0180
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0180
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0180
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0180
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0180
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0180
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0180
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0180
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0180
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0180
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0180
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0180
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0180
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0180
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0180
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0180
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0180
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0180
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0180
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0180
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0180
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0185
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0185
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0185
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0185
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0185
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0185
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0185
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0185
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0185
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0185
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0185
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0185
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0185
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0185
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0185
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0185
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0185
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0185
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0185
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0185
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0185
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0185
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0185
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0185
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0185
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0185
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0185
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0185
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0185
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0185
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0190
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0190
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0190
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0190
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0190
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0190
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0190
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0190
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0190
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0190
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0190
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0190
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0190
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0190
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0190
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0190
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0190
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0190
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0190
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0190
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0190
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0190
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0190
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0195
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0195
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0195
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0195
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0195
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0195
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0195
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0195
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0195
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0195
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0195
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0195
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0195
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0195
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0195
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0195
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0195
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0195
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0195
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0195
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0195
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0195
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0195
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0195
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0195
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0195
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0195
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0195
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0195
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0195
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0195
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0195
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0195
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0195
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0200
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0200
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0200
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0200
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0200
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0200
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0200
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0200
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0200
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0200
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0200
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0200
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0200
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0200
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0200
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0200
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0200
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0205
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0205
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0205
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0205
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0205
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0205
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0205
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0205
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0205
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0205
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0205
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0205
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0205
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0205
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0205
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0205
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0205
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0205
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0205
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0205
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0205
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0205
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0205
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0205
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0205
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0205
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0205
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0205
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0205
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0205
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0205
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0210
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0210
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0210
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0210
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0210
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0210
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0210
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0210
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0210
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0210
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0210
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0210
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0210
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0210
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0210
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0210
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0210
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0210
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0210
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0210
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0210
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0210
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0210
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0210
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0210
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0210
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0210
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0210
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0210
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0210
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0210
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0210
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0210
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0210
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0210
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0215
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0215
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0215
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0215
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0215
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0215
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0215
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0215
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0215
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0215
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0215
dx.doi.org/10.1029/2000GC000109
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0225
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0225
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0225
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0225
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0225
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0225
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0225
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0225
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0225
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0225
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0225
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0225
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0225
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0225
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0225
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0225
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0225
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0225
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0225
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0225
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0225
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0225
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0225
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0225
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0225
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0225
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0225
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0225
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0225
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0225
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0225
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0225
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0225
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0225
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0225
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0225
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0225
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0225
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0225
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0225
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0225
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0225
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0225
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0225
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0225
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0225
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0225
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0225
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0225
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0225
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0225
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0225
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0225
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0225
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0225
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0225
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0225
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0225
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0225
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0225
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0225
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0225
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0225
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0225
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0225
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0225
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0225
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0225
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0225
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0225
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0225
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0230
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0230
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0230
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0230
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0230
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0230
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0230
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0230
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0230
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0230
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0230
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0230
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0230
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0230
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0230
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0230
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0230
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0230
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0235
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0235
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0235
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0235
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0235
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0235
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0235
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0235
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0235
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0235
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0235
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0235
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0235
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0235
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0235
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0235
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0235
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0235
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0235
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0235
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0235
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0235
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0235
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0235
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0235
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0235
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0235
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0235
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0235
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0235
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0235
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0235
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0235
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0235
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0235
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0235
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0235
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0235
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0235
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0235
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0235
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0235
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0235
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0235
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0240
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0240
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0240
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0240
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0240
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0240
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0240
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0240
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0240
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0240
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0240
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0240
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0240
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0240
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0240
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0240
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0240
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0240
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0240
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0240
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0240
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0240
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0240
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0240
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0240
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0240
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0240
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0240
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0240
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0240
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0240
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0245
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0245
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0245
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0245
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0245
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0245
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0245
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0245
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0245
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0245
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0245
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0245
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0245
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0245
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0245
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0245
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0245
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0245
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0245
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0250
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0250
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0250
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0250
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0250
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0250
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0250
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0250
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0250
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0250
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0250
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0250
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0250
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0250
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0250
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0250
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0250
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0250
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0255
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0255
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0255
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0255
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0255
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0255
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0255
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0255
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0255
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0255
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0255
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0255
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0255
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0255
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0255
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0255
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0255
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0255
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0255
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0255
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0255
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0255
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0260
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0260
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0260
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0260
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0260
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0260
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0260
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0260
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0260
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0260
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0260
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0260
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0260
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0260
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0260
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0260
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0260
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0260
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0260
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0260
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0260
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0260
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0260
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0260
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0265
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0265
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0265
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0265
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0265
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0265
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0265
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0265
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0265
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0265
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0265
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0265
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0265
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0265
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0265
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0265
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0265
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0265
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0265
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0265
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0265
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0270
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0270
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0270
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0270
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0270
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0270
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0270
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0270
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0270
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0270
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0270
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0270
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0270
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0270
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0270
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0270
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0275
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0275
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0275
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0275
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0275
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0275
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0275
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0275
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0275
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0275
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0275
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0275
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0275
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0275
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0275
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0275
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0365
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0365
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0365
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0365
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0365
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0365
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0365
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0365
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0365
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0365
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0365
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0365
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0365
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0365
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0365
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0365
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0365
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0280
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0280
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0280
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0280
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0280
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0280
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0280
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0280
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0280
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0280
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0280
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0280
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0280
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0280
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0280
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0280
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0280
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0280
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0280
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0280
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0280
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0280
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0280
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0280
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0280
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0280
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0280
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0280
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0285
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0285
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0285
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0285
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0285
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0285
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0285
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0285
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0285
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0285
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0285
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0285
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0285
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0285
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0285
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0285
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0285
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0285
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0285
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0285
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0290
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0290
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0290
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0290
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0290
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0290
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0290
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0290
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0290
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0290
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0290
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0290
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0290
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0290
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0290
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0290
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0290
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0290
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0290
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0290
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0290
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0290
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0290
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0290
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0290
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0290
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0290
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0290
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0290
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0290
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0290
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0290
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0290
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0290
http://www.incertitudes.fr/proba-stat-acp/livre.pdf
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0300
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0300
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0300
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0300
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0300
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0300
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0300
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0300
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0300
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0300
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0300
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0300
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0300
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0300
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0300
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0300
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0300
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0300
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0300
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0305
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0305
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0305
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0305
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0305
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0305
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0305
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0305
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0305
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0305
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0305
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0305
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0305
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0305
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0305
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0305
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0305
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0305
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0305
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0305
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0305
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0305
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0305
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0310
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0310
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0310
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0310
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0310
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0310
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0310
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0310
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0310
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0310
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0310
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0310
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0310
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0310
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0310
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0310
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0310
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0310
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0310
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0310
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0310
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0310
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0310
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0310
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0310
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0315
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0315
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0315
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0315
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0315
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0315
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0315
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0315
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0315
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0315
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0315
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0315
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0315
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0315
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0315
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0315
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0315
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0315
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0315
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0315
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0315
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0315
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0315
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0315
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0325
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0325
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0325
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0325
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0325
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0325
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0325
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0325
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0325
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0325
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0325
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0325
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0325
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0325
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0325
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0325
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0325
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0325
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0325
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0325
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0325
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0325
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0325
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0325
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0325
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0330
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0330
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0330
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0330
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0330
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0330
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0330
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0330
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0330
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0330
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0330
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0330
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0330
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0330
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0330
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0330
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0330
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0330
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0330
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0330
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0330
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0330
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0330
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0330
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0330
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0330
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0330
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0330
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0330
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0335
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0335
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0335
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0335
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0335
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0335
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0335
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0335
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0335
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0335
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0340
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0340
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0340
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0340
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0340
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0340
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0340
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0340
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0340
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0340
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0340
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0340
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0340
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0340
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0340
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0340
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0340
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0340
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0340
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0340
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0345
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0345
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0345
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0345
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0345
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0345
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0345
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0345
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0345
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0345
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0345
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0345
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0350
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0350
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0350
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0350
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0350
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0350
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0350
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0350
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0350
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0350
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0350
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0350
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0350
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0350
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0350
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0350
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0350
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0350
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0350
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0350
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0350
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0350
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0350
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0350
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0350
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0350
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0350
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0350
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0350
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0350
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0355
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0355
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0355
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0355
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0355
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0355
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0355
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0355
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0355
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0355
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0355
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0355
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0355
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0355
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0355
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0355
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0355
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0355
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0360
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0360
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0360
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0360
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0360
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0360
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0360
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0360
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0360
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0360
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0360
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0360
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0360
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0360
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0360
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0360
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0360
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0360
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0360
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0360
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0360
http://refhub.elsevier.com/S0009-2819(14)00036-1/sbref0360

	Geogenic versus anthropogenic geochemical influence on trace elements contents in soils from the Milazzo Peninsula
	1 Introduction
	2 Study area
	3 Potential anthropogenic and natural atmospheric emission sources
	3.1 Etna, Vulcano and Stromboli volcanic plumes’ spreading
	3.2 Anthropogenic atmospheric emissions

	4 Materials and methods
	4.1 Soil sampling
	4.2 Analytical methodology

	5 Results
	5.1 Physico-chemical characteristics and mineralogy of soils
	5.2 Milazzo Peninsula soil substrates
	5.3 Rare earth elements (REEs) distribution in soils and substrates
	5.4 Trace elements enrichment

	6 Discussion
	7 Conclusion
	Acknowledgements
	References


