CHARACTERISTICS OF DUST FALLSIN GENOA AND TURIN (NORTHERN | TALY) IN
AUTUMN 1996

Pierre OZER and Gabriella LUCCHETTH

! Liege University, Environmental Sciences and Managg Department
185, Avenue de Longwy, B-6700 Arlon, Belgium
Tel : 00 32 63230975; e-mapipzer@ulg.ac.be

% Universita di Genova, Dipartimento per lo Stud@ ®erritorio e sue Rissorse (DIPTERIS)
26, Corso Europa, 1-16132 Genova, Italy
Tel : 00 39 010 3538312; e-mdilicchett@dipteris.unige.it




Abstract
This paper describes two dust fall events in GeamwhTurin, northern Italy, respectively on

12 November 1996 and 7 December 1996. Meteorolbdata suggest that the dust-bearing
rain that fell in Genoa originated from north-east®orocco, where dust mobilisation was
reported two days earlier, and had been carriedeny strong winds straight to the north-
western Italian coast. But the dust fall observedTurin was not characterised by any
specific synoptic situation inducing any dust trzors from the southern Mediterranean. The
analyses include a quantitative and a qualitativelys of two dust samples collected in
downtown Genoa and Turin. Total amounts of dustgind down give two very high values
of

4.05 g nf for Genoa and 0.54 gfrfor Turin. The median sizes of the dust particiese
respectively of 14.¢im and 25.8&m. Most of the dust material collected in Genoavsttba
yellow-brown to red colour due to a weathered sigrfaith ferric hydroxides was sometimes
coated with clayey particles. This attests the &aharigin of the particles. However, only
15% the material sampled in Turin was coated watitlike clayey material from the desert.
A large part of the sample was covered by a cadslke substance. In addition, the
proportion of organic matter (pollen grains anddsg¢eas well as of anthropogenic fibrous
material was much higher. This suggests that tis¢ fdill observed in Turin was very likely
originating from local pollution mixed with a lowgportion of long distance Saharan dust.

Key-words: Saharan dust, dust fall, mineral composition, SKE¥g-range transport, Genoa,
Turin, northern Italy.



1. INTRODUCTION
Arid regions in North and West Africa contribute ttee aeolian dust input through a large

part of the Northern Hemisphere, from the eastesdiddrranean westwards to the North
American Atlantic coast (Goudie & Middleton, 20(rospero & Lamb, 2003, Washington

et al, 2003).

Atmospheric investigations based on meteorologiedh and remote sensing analysis have
shown that Saharan outbreaks often travel sevhmisands of kilometres (Deuzt al,
1988; Olivaet al, 1983; Reiffet al, 1986). Chemical and mineralogical dust compositi
and airborne dust load over the Atlantic Ocean hmeen well documented from the Canary
and the Cape Verde Islands (Bergamettial, 1989; Coudé-Gausseri al, 1987, 1994;
Rognonet al, 1996) to as far as Florida, the Barbados and\thazon Basin (Cardest al,

1986; Glaccum & Prospero, 1980; Prospetral, 1981, 1987; Swaet al, 1992).

On transport northwards through Europe, similarknoas been done in the Mediterranean
(Chesteret al, 1977, 1984; Ganor & Mamane, 1982; Nihlén & Ogsb995; Prodi & Fea,
1979; Salaet al, 1996; Tomadiret al, 1984), but Saharan dust can be carried for much
longer distances passing over the Alps (De AngelGaudichet, 1991; Wagenbach & Geis,
1989) and the Pyrenees (Dessens & Van Dinh, 1990¢dch Western Europe (Bucher,
1994; Bicheret al, 1983; Coudé-Gaussen, 1991; Coude-Gausseal, 1988; Littmann,

1991) and even Scandinavia (Franeéal, 1994, 1995, Ansmaret al, 2003).

For what regards human health, air quality detation caused by high concentrations of
respirable African mineral dust has been reportedidarious regions far away from the
sources, such as the Canary Islands (Viahal, 2002), Spain (Rodrigueat al, 2001,
2003), and the United Kingdom (Ryall al., 2002). Such particulate matter air pollutiomis
serious health threat in various regions of theladvbecause it promotes respiratory infection,

cardiovascular disease and other ailments (WHQO0Q;2G@ffin et al, 2001).



2. THE DUST FALLSOF 12 NOVEMBER 1996 IN GENOA AND 7 DECEMBER 1996 IN TURIN
On 13 November 1996, a brownish yellow colour dus$ observed on cars in the province

of Genoa after a very low rainfall. The phenomenahjch occurred in two successive
events (Nov. 12 late afternoon and early morningo¥. 13) was reported on the regional
daily newspapers. A few weeks later, on the 7 DéermM 996, another dark dust fall event

was noticed, this time, in the Turin area.

These muddy rains are not uncommon. They can aaxaral times in the year (Tab. 1) and
have become more frequent since the early 1980sh@fi11994; De Angelis & Gaudichet,
1991; Dessens & Van Dinh, 1990). The reason fosgmting this study of the dust samples
collected in downtown Genoa on November 13 1996iafdirin on December 7 1996 is the
very low probability of dust fall over Europe (ledsan 8%) from November to February
(Dessens & Van Dinh, 1990). This observation hasnbeonfirmed by De Angelis &
Gaudichet (1991), who found, analysing ice coremfthe Mont Blanc (French Alps), high
peaks of dust during the spring contrasting shawptih extended concentration minima in
winter. Moreover, Littmann (1991), on 92 depositioases in West Germany, does not
present any Saharan dust fall events for the 20ehdrer to 15 December period. Using the
daily satellite data from the Total Ozone Mappinge&rometer (TOMS), Middleton and
Goudie (2001) showed that, during year 1999, Sahduat penetrated the troposphere over
the Mediterranean on more than 60% of days throuigthe months of March to September,
with Mediterranean dust outbreaks recorded on 100%ays in June and August. The least
active months for the whole Mediterranean were Madwer and December, both showing

less than 15% of days with dusty material over sparéof the Mediterranean.

TABLE 1



3. THE METEOROLOGICAL SITUATION
The meteorological situation has been studiedHerteriod 10-13 November 1996 thanks to

the European Meteorological Bulletin. During theysigreceding the dust fall in Genoa, a
low pressure area moved slowly from 60°N, 30°W Ndv., 00 GMT) southwards to the
Portuguese coast (12 Nov., 00 GMT) while a higlsgpuee area remained relatively stable
over Turkey. These synoptic conditions producedeseoary strong surface winds in north-
eastern Morocco as well as in north-western Algema, on 11 and 12 November at
12 GMT, dust storms were reported in this area33WN, 0-5°W). The trajectory of this
North African dust was almost straight, ending ienGa and carried by south-westerly
winds. The analysis of the synoptic maps at 850rebaws the perfect concordance between
the dust source (Morocco-Algeria) and the trarsibugh the Ligurian Gulf, where winds
converge (Ozeet al, 1998). The two very low rainfalls which washad the sky of Genoa

from the Saharan dust were generated by low Idgalbls.

The same type of analysis has been realised fodtis¢ fall in Turin. Surprisingly, no
specific synoptic situation inducing any dust tgzors from the southern Mediterranean has

been detected.

4. SAMPLING AND LABORATORY PROCEDURE
Two dust samples were collected on a 50 x 25 cifiaseion the body of two cars parked in

downtown Genoa and Turin on the day of the everd.riidde sure that the cars were clean
before the dust-bearing rain fell and that they hatlbeen driven since the rain. The dust

was carefully collected with a paintbrush. Sevarahsurements were done in laboratory:
- estimation of dust fall rate pePm
- granulometry;

- mineral composition;



- chemical composition.

5. DUST AMOUNTS

The quantity of dust deposited pef was calculated knowing the amount of sedimentien t
0.125 nf surface. Total amounts of dust collected in Gemwoahe 13th of November 1996
give a very high value of 4.05 gmThese concentrations are quite exceptional f&ingle
event and can sometimes represent a high volumeo(uf0%) of the total annual dust
deposition (Le Bolloctet al, 1996). As a matter of fact, the value measureGée&noa is
almost five times greater than the quantity depdsih Bologna in 1977 which was 0.833
g m? as measured by Prodi & Fea (1979). But highet deposits have been already
recorded as, for example, in south-west France &ithm? in February 1972 (Biicher &
Lucas, 1972) and 6 gfrin July 1983 (Biicher & Lucas, 1984). On the othand, the gross

quantity of dust brought down in Turin is 0.54 &.m

It would be hazardous for us to estimate the yeddgt deposition in the Ligurian area
because of the poor data available on this topgr &urope. Indeed, all direct measurements
concern relatively short periods (from 2 to 11 g@aand are only carried out in the
Mediterranean islands. Moreover, these studiestestawhile several researchers (e.g.
Dessens & Van Dinh, 1990) pointed out the drastitdgase of dust outbreaks over Europe to
the scientific community. Therefore, the short-tedata presented in table 2 could be
overestimated and might be reviewed downward édteger recordings if this last decade is

recognised as an epiphenomenon.

TABLE 2

For this reason, the comparison with the value&fatan dust found in ice cores drilled in

the Alps will not be possible. Nevertheless, aswshon Table 2, the highest yearly dust



deposition is measured in the Eastern Mediterraméaere the average value is 21 § imn
Crete (Nihlén & Olsson, 1995), while the differenéasurements give values ranging from 1
and 12 g if in the Western Mediterranean (Le Bolloch & Gueiza895; Le Bolloctet al,
1996; Guerzoni & Molinaroli, 1997) and are betw&efito 1 g rif in the Alps (Wagenbach

& Geis, 1989; De Angelis & Gaudichet, 1991).

6. GRANULOMETRY OF DUST
The volume size distribution of the dust was careeit by the Coulter Counter Technique

with an orifice tubing of 14@m. A part of the two samples is presented (SEM ogi@phs)

on figure 1.

FIGURE 1

In Genoa, the two consecutive dust falls are maioiyiposed of silts with no sand content;
the particles size is ranging from <1 to|8#% and present a median value of 146 (Fig. 2)
which is a very important value compared to othealygses available in the literature (Tab.
3) where they all ranged from 2.2 to 2®. The grain size distribution is monomodal which
proves, according to Littmann (1991), that the disshe from a single source, and this for
the two consecutive dust fall events in Genoa. Meee, significant number of particles
identified as coming from the Sahara have a simgetathan 3Qum (Fig. 4c); if they are not
uncommon (Coudé-Gaussen, 1991), this phenomenanc@npatible with the classical
physico-mathematical models. As a matter of faomadinet al (1984) estimate that, under
normal conditions, significant quantities of pdgs > 16um are usually deposited during
the first thousand kilometres of transport; the medize of the samples analysed attests
very turbulent wind conditions able to maintaintguarge particles in suspension in the air

over more than 2000 km.



In Turin, the dust collected, mostly composed & svith very low sand content (particles
sizes ranging from <1 to §8n), presents a very high median value of 2618 (Fig. 2),
which is very significant and leads us to doubtwilibe Saharan origin of the material fallen

in Turin.

FIGURE 2

TABLE3

7. MINERAL COMPOSITION OF DUST

A sampling of about 6000 grains was examined uateoptical microscope for both dust
falls; the observation was made in polarised layd phase contrast with immersion in water

and in a liquid of known refractive index (n = 1)54

7.1. Genoa
The particles are very inhomogeneous and are gdoapéollow:

1- More than 90% of the dust material is represkiie grains of size ranging from 2 to
40 um, rarely larger. They generally show a yellow-bnote red colour due to a weathered

surface with ferric hydroxides. They are sometimeated with clayey particles.
The principal mineral compounds are:

1.a- Grains characterised by high roundness andatel@ sphericity; composed of highly

weathered minerals phases or by clayey aggreghtasshow a marked red pigmentation.

1.b- Quartz grains highly rounded and coated (Big); also a few quartz grains poorly

pigmented and showing sharp angles.

1.c- Feldspar grains highly rounded with low pigtagion (Fig. 3.a).



1.d- Rounded calcite grains of brownish coloratiafith a lightly corroded surface and a

turbid aspect (Fig. 3.a).
1.e- Amphibole grains (£ 1%) of highly variable dinsion: width ranging from 2 to 40m
and length from 8 to 200m. The degree of weathering is very inhomogeneogssame

grains show a corroded surface, sometimes strgngiyiented.

1.f- Pyroxene grains, less common than the ampésbahd with smaller dimensions: width
ranging from 2 to 2@um and length from 3 to 50m with an weathering similar to the one of

the amphiboles.

1.g- Phyllosilicate grains (x 1%) of red-brownisblaration; the flake diameter meanly
ranges from 10 to 4Am. In most cases, these are partially weatheretdsar vermiculite

derived from weathered biotite.

2- Anthropogenic fibrous material (like Fig. 3.1):
a- synthetic fibres (about 2%);
b- glassy fibres (about 1%).

Most of these types of particles are longer thah (1. Glassy fibres especially do not show
any kind of weathering processes or important meichheffects. They have therefore been

brought on very short distances and attest of fioledacal pollution.

3- Special aggregates of organic compounds, ofteedrwith mineral granules, especially
calcite. Once again, their origin could be linkeddcal pollution but also associated to the

long-distance transport of stable organic compoRdsnzéret al, 1994).

4- Grains which reach a size of @& or more (+ 2%) but without evidence of pedogenic

weathering. They are mainly composed of:

a- Quartz with very low roundness and absencedrigss processes;



b- Calcite often in relatively large aggregates.

The characteristics of these grains and agglongraidicate the evidence of local dust

contribution.
5- Opaque organic grains with a size larger thahpt (= 3%) are likely pitch.

6- Few whole diatoms always of the same dimensioum (Fig. 3.b). Their characteristic
form is unknown but they probably are freshwatatains as often found as far as Paris or
Germany in Saharan dust fall over Europe (Coudés&ay 1991, Littmann, 1991). They are
very common over the West African coast where theircentration can exceed 25 million

whole diatoms per gram of airborne dust collectethe atmosphere (Melia, 1984).

7- Finally, of particular interest is the presemmfesome perfectly spherical grains with an
extremely smooth surface without traces of weattgeriimpid, transparent, lightly yellow,
isotropic and with a diameter ranging from 20 tou#® (like Fig. 4.a). Their nature seems to
correspond to glassy grains. These spherules dshowt any weathering features. Although
the most probable sources are the industrial eomssias supposed by Coudé-Gaussen
(1991), two other possible origins could be proplos®) volcanic dust produced by an
explosive eruption; b) cosmic dust formed by desgmation of meteorites entering the

Earth’s atmosphere.

FIGURE 3

7.2. Turin

In the dust fall collected in Turin, the minerahgoosition is:
- Quartz, slightly predominant;
- Feldspar;

- Biotite, fresh;
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- Pyroxene, poorly elaborated,;

- Amphibole (up to 2 mm long);
- Epidote, very scarce;

- Chrysaotile fibres, very scarce.

Compared with Genoa, most parts of the particledager, ranging from 10 to 2Q@n, and
coarser (e.g. Quartz, Fig. 3.d). The proportioasisestos fibres (Fig. 3.e) reaches 2%.. Only
15% of the particles are coated with red-like clageaterial from the desert. A large part of
the sample is covered by a carbonic-like substamioiEh impedes the analysis of the
particles surface. The proportion of organic mafpailen grains and seeds) as well as of
anthropogenic fibrous material is also much high¢e. also have to underline the frequent
presence of spongy and highly porous particles kviiould be soot (> 1%) with dimensions
up to 100um (Fig. 4.c & e), glassy spherules (£ 2%0) with deters up to 5@m (Fig. 4.a),
others types of spherules which should result frodustrial emissions (Fig. 4.b & d), and
very large flat spherical “framboide” aggregatesuteng from anthropogenic emissions. The
dust fall over Turin seems therefore to have bdwmacterised by a high proportion of local
natural input and anthropogenic pollution with & lproportion of desert-like material. Such
situation, that is a contribution of Saharan dosthe aerosols, has been observed elsewhere
in southern Europe (Putaed al, 2004) as some of the fine fraction of dust camain into

the atmosphere during several days before beirgpuaed by rainfalls.

FIGURE4

8. CHEMICAL COMPOSITION OF DUST
The dust particles, once metallized with gold, hbeen analysed with a scanning electron

microscope (SEM). A semi-quatitative chemical assljnas been realised on four windows

11



for each dust fall, on a specifically prepared slengpesenting a high grain concentration as
in Figure 1. The result of this analysis is presdnh Table 4, which shows the percentage of

the major elements contained in the muddy rains.

The first observation of Table 4 leads to an obsioanclusion: the relative concentration of
crustal elements, considered as characteristibefcontinental erosion (Al,Si,K,Ca,Fe), is
very different in the two samples. Indeed, the pripn of FeO; and MgO in Turin is
remarkably higher whereas CaO and@lare clearly less represented with respect to the

sample collected in Genoa. Thus, this indicatesttieadust sources are different.

Coudeé-Gaussen (1982) underlines the evident affilietween the mean chemical
compositions of the Saharan dust collected oveofgirwhich, indeed, fits well with the
data found by Bichest al (1983) in the Pyrenees, while the analyses mgdditlén and
Olsson (1995) in Crete are quite different probabécause of the different dust sources
(essentially southern Tunisia) affecting the Eastdediterranean. The comparison of the
Western Europe measurements with the Genoa and Bamples shows an important
difference in the proportion of F@; which is two or three times higher respectively in
Genoa and Turin. The ratio of,® is also more than twice higher in Genoa than the

European means, whereas the proportion of MnO resnesry low in our samples.

TABLE4

The chemical composition of the spherules fountha two samples has been determined
with the SEM, measuring also their dimension, beeaaf the very poor literature relative to

these spherical particles (Del Mormeal, 1984).
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The three spherules found in the dust collectedGenoa present similar chemical
composition with Si,Al,Ca,Fe,K,Ti as major constititss. Their dimensions are 20, 30 and

40 um.

On the sample collected in Turin, a deepest studgirty spherules has been carried out.

The results are presented in Table 5.

TABLES

- Group I: 30% of the spherules have Si, Fe andsAtommon constituents with Ca, S, Ba,
K, Ti, Mn or Mg in variable amounts; they are petfg smooth (Tab. 5). Their diameter

ranges from 4 to 4(m, the median size is }4m.

- Group II: 25% of the spherules are similar iiTmpmsition to the ones found in Genoa:
[Si,Al,Ca,Fe K,Ti]; they are perfectly smooth witliameter ranging from 2 to 50m, the

median size is 1Am (Fig. 4.a).

- Group lll: 25% are only composed by iron {Bero™>95%) and are perfectly smooth.

Their diameter ranges from 2 to g, the median size is 10n (Tab. 5).

- Group 1IV: 10% of the spherules have a complex amriable composition with
[Si,Ba,S,Fe,Ca,K,Al,Mg] as major constituents; ttspw a relatively rough surface. Their

diameter ranges from 20 to g and their median size is g& (Fig. 4.d).

- Group V: 10% have a chemical composition charatd by one (Ti, Fig. 4.b, or Cu)
(Tab. 5) or few (Ti,Ca; Cl,Fe; Fe,Ca; Si,Ba,S) edats as major constituents. Their surface

is slightly rough. Their diameter ranges from %qum, the median size is 18n.

9. CONCLUSION

13



The two dust fall events in northern Italy in autu®96 are only two among so many others
well documented in Europe during the last decaHesvever, these events were special in

many respects:
a) the low probability of dust fall over EuroperftdNovember to February;

b) the total amount of dust fallen in Genoa on 18¢h of November 1996 was 4.05 ¢m
which is quite a rare concentration for a singlergv The dust fall in Turin was more

ordinary with 0.54 g i on the 7th of December 1996.

c) the high median sizes of the dust particles Wwhieere of 14.um and 25.&m

respectively in Genoa and Turin.

The dust material was collected downtown in impadrtarban areas and was therefore
polluted. The local particles input is estimated% in Genoa, which reduces the Saharan
contribution to the still high value of 3.73 g°mOn the other hand, local dusts appear to
have made the greatest contribution to depositiomurin. With only 15% of the material

which presents a desert origin, about 0.08 came from the Sahara.
With regard to the genesis of the various typespbirules found in the two samples:
Groups 1 and 2: an in-depth study of their possbigins has to be carried on;

Group 3: they could be oxides of pedogenic origias§ibly maghemite) or, alternatively,

industrial products;

Groups 4 and 5: they very likely originated frorduistrial materials.

14
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Table 1: Occurrence of dust falls over Europe acdorg to various authors.

Area Occurrence Time period Authors
Europe 7.7y 10 years (1980-1989) Bilcher, 1994
Spain (Elche) 2.27Y 46 years (1949-1994) Sadaal, 1996
Spain (Elche) 8.4%Y 5 years (1990-1994) Sathal, 1996
Alps 3.4y 10 years (1967-1977) Prodi & Fea, 1978
French Pyrenees 9.1y 7 years (1983-1989) Dessens & Van Dinh, 19
West Germany 5.7% |19 months (Oct. 1987-Apr. 198Q)ittmann, 1991
British Isles 1 10 years (1977-1986) File, 1986
British Isles 1.8y 10 years (1981-1990) Burt, 1991
British Isles (Dover) 4y 2 years (1991-1992) Thomas, 1993
British Isles 1.4 21 years (1981-2000) Goudie & Middleton, 200
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Table 2: Yearly dust deposition in Europe accorditmvarious authors.

D1

Area Yearly dust depositiq Time period Authors
Aegean Area 21 (11.2-36.5) g°m5 years (1988-199Z2)Nihlén & Olsson, 1995
Western Sardinia| 0.7-2gMm 2 years (1992-1994)_e Bolloch & Guerzoni, 1995
Southern Sardinia 6-13gm 5 years (1990-1995)Le Bollochet al, 1996
Central Corsica 12 (5-25) g |11 years (1984-199%Guerzoni & Molinaroli, 1997
French Alps 1gmm 31 years (1955-198bpe Angelis & Gaudichet, 194
Swiss Alps 0.4grh 47 years (1936-198AVagenbach & Geis, 1989
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Table 3: Median size of dust fall over Europe acdorg to various authors.

Area Median size Observations Authors
Europe 4-12um 77 (1980-1989) Blcher, 1994
France 8-20um 4 (1981-1988) Coudé-Gaussen, 1991
French Pyrenees 8 um 1 (16 October 1988) Dessens & Van Dinh, 1990
Aegean Area 8 um ?(1988-1992) Nihlén & Olsson, 1995
Swiss Alps 4.5 + 1.5um ?(1936-1982) Wagenbach & Geis, 1989
British Isles 10 ym 1 (9 November 1986) | File, 1986
Britain 9 um 1 (July 1968) Pitty, 1968
West Germany 2.2-16um 9 (Oct. 1987-Apr. 1989) Littmann, 1991
Swedish west coas 2.6um 1 (29 October 1987) Franzén, 1989
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Table 4: Chemical composition: major elements oftbalust falls in Genoa and Turin. Comparison
with Coudé-Gaussen (1982)ust falls over Italy and France from 1813 to 19263 samples) and
® dust falls over Europe (7 sample$)Biicher et al. (1983) on a dust outbreak in the Bgees in
1980 and” Nihlén & Olsson (1995) on four stations of Crete.

Sample SiQ | CaO | AO; | F&Os | KO | MgO | TiO, | NaO | MnO | Total
Genoa 46.4) 165 125 10pb 4.0 213 1j1 g.6 0.3 94.2
Turin 49.3 6.6 9 19.3 2.7 4.5 1.1 0.8 opR 93.5
IT&FR? 45 13 10.4 5.7 1.9 2.5 1.9 0.9 i’ 8p
EUROPE 58 8.6 11 6 1.8 2.7 1.2 1.6 1.6 92\5
PYREN 54.7 | 12.1| 17.7 7.1 2.4 3.6 1 0.4 7 99
CRETE 51.6 | 215| 126 6.6 1.9 4.1 0.8 0.6 01 99.8
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Table 5: Major element composition of some analysgdherules found in the Turin’s dust sample.

Group | Group I}  GroupV

Si,AlL,Fe | Si,AlLK | Si,Al,Ti | Si,Ca,All Si,AlLK [ron Copper | Titaniun
Na,0O 0.15 0.38 - 0.09 - 0.14 - -
MgO 1.08 1.73 0.90 6.72 1.24 0.29
Al,0Os 33.50 35.57 24.85 17.38 28.99 0.40 - 3.63
SiO, 55.68 55.68 46.49 34.91 55.74 1.59 0.52 1.10
S 0.41 - - - - - - -
Cl 0.33 - - - - - - -
K,0O 2.71 3.85 2.87 5.34 6.10 0.09 0.08 -
CaO 0.69 0.59 5.73 22.51 0.73 0.34 0.24 0.28
TiO, 1.12 0.30 12.11 1.93 1.40 0.17 0.1% 94.39
Cr,0O3 - - - 0.30 - 0.16 0.09 0.05
MnO - - - 0.94 - 0.21 0.05 -
FeOsror 3.64 1.90 7.05 9.89 5.79 96.63 0.59 0.53
CuO - - - - - - 98.28 0.02
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Figure 1: SEM micrographs of the dust fall in Geno@eft) and Turin (right), scale = 10Qm.
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Figure 2: Size distribution, in percentage of volienof the dust collected in Genoa (dashed line)
and Turin (solid line).
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Figure 3: SEM micrographs showing some specific cpounds of the dust fall in Genoa [§ and
Turin [TU].
a) Typical rounded desertic material: 1: Calcite, 2-#€ldspar, 3: Quartz, G, scale = 10Qum;
b) Unknown form of diatom, Si, G, scale = 1Qum;
c) Highly rounded quartz silt grain, &, scale = 5Qum, zoom (x 4.3) on the impact features;
d) Angular quartz silt grain, TU, scale = 1Qum;
e) Serpentine, T, scale = 10Qum;
f) Some fibres: 1: synthetic, 2: organic, 3: glassy/,Iscale = 10Qum.

26



Figure 4: SEM micrographs showing some unknown onthropogenic compounds of the dust fall
in Turin.
a) Perfectly spherical and smooth particle common tbsamples with unknown origin (fly-
ash ? according to Coudé-Gaussen, 1991, p. 93)AlSCa,Fe,K,Ti], scale = 1Qum;
b) Spherical particle of titanium probably industria#dmission, scale = m, zoom (x 3.8) on
the relatively rough surface;
c) Soot particle, scale = 1m;
d) Type of spherule, probably industrial emission, [Ba,S,Fe,Ca,K,Al,Mg], scale = 1gm;
e) fly-ash, [Si,Fe,Ca,Cl,AlTi], scale = 1m;
f) Very large flat spherical “framboide”, [Si,Mg,Fe]scale = 10Qum.
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