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Abstract

Data are presented for a number of parameteradorsols and rainwaters
collected at a station on Sardinia. The findingsiaterpreted with special reference to
Saharan dusts, and are compared to other dat@sa dusts obtained from a variety of
sites around the Mediterranean Sea. At the Sardibe the particle size distribution
of the Saharan outbreaks exhibits a bimodal stracthe two modes being between 1
and 2um and 20-25um. The presence of giant particles strongly afféduésdeposition
velocities of the Saharan aerosols. Source markarsthe Saharan dusts are
palygorskite, kaolinite, calcite, dolomite and rded quartz grains.

The input of Saharan dust has important effectsthan chemistry of the
Mediterranean aerosols. These include: (i) incieaséhe atmospheric concentrations
and sea surface fluxes of crust-controlled tractal®de.g.; Al, Fe); (ii) decreases in
the Eferustvalues of non-crust-controlled trace metals (e3Qy; Zn and Pb) in the
aerosols, and (iii) changes in the solid state iatiea of Cu, Zn, and Pb, which
decrease their solubilities in sea water. The Sahdusts also affect the composition
of rainwater by raising the pH, following the dikgen of calcium, and by decreasing
the solubility of trace metals such as Cu, Zn abnd P

Wet deposition controls the flux of Saharan daghe Mediterranean Sea, but
dry deposition can also be important. The dustspart occurs in the form of "pulses”,
and the annual dust flux can be controlled by fevgales of Saharan outbreaks; e.g.
sometimes a single outbreak can account for 40-80fY%he flux. Saharan dust
deposition fluxes range from 2 to 25 g2nfaverage;d 10) in the W Mediterranean
between 39° and 42° N, between 6 and 469 (avg.[120) in the E Mediterranean,
and 0.4 t0o1.0 g A over the Alps on continental Europe. The preskyt Saharan
dust fluxes € 1 mg cm?2 yr-1) account for about 10-20% of the recent deep-sea
sedimentation in the Western Mediterranean (3-1smd yr-1).
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INTRODUCTION

One of the principal aims of the EROS 2000 Projeets to gain an
understanding of the marine cycles of trace metatee Western Mediterranean Sea.
To achieve this it is necessary to evaluate thetivel importance of both fluvial and
atmospheric inputs of the metals to the water calum

Atmospheric inputs to the Mediterranean (MED) %ea of special interest
because of the different regions of aerosol pradncbn the northern and southern
shores (see e.g.; Gilman and Garrett, 1994). Th¢herm shore of the MED is
bordered by industrialised and semi-industrialisegions, which act as a continuous
source of anthropogenic-dominated ‘background’ s@rodispersed to the MED
atmosphere all year round. In contrast, the MEDbasdered on its southern and
eastern shores by arid and desert regions, ingutia Sahara and Middle Eastern
deserts. These deserts act as a source of crustatenh aerosol, which is transported
largely in the form of non-continuous dust ‘pulsds’ addition, there are inputs of
aerosols to the MED atmosphere from the Atlantie@cto the west, from the sea
surface, and from local volcanic activity. Howevéro principal sources, i.e. the
European anthropogenic source and the desert kcamtece, dominate the supply of
material to the MED atmosphere, and in the WestathCentral MED region the dust
inputs are largely from the Saharan region. Thapats have an important influence
on both the mineralogical and the trace metal camipo of the MED Sea aerosol
(Chester et al., 1993a). For example, Bergamettl.e{1989a) concluded that the two
major factors controlling variations in particuldtace metal concentrations in Corsica
in the Western MED are: (i) precipitation scaveggiwhich affects both crustal and
anthropogenic trace metals, and (ii) the inputSatharan dusts, which affects crustal
trace metals.

Outbreaks of dust-laden Saharan air over the ME® southern Europe are
frequent (Eriksonn, 1979; Ganor and Mamane 198ZhBiiet al., 1983; Blcher,
1989; Loye-Pilot et al., 1986), and episodes oft thaze over Sardinia usually occur
several times each year (Prodi and Fea, 1979; Batgieet al., 1988; Guerzoni et al.,
1992a, 1993). Saharan dust has been observed imeAdpow (Wagenbach and Geis,
1989, De Angelis and Gaudichet, 1991) and has beblected from the atmosphere
over the MED (Chester et al., 1984; Tomadin et #084, Correggiari et al., 1989,
Molinaroli et al., 1993). A significant Saharan loemponent has also been identified
in Quaternary marine sediments in parts of the MEBnkatathnam & Ryan, 1971;
Eriksonn 1979; Tomadin and Lenaz, 1989).

The MED basin is located on the southern margircwfope and could be
amongst the first areas to experience the effdcis @ventual increased aridity of the
Sahara desert, associated to a northward moverhéiné¢ @limatic belt due to global
warming. However little attention has been giverthe direct measurements of the
relative importance of dry and wet deposition pattand very few data, if any, are
available at marine coastal sites south of 40° Mat.

Various aspects of the marine aerosol have beesid®red elsewhere in this
volume, and the present paper is limited to theemaihaerosol over the Western and
Central MED. In particular, the dissolved/parti¢alapeciation of trace metals in rain
waters is discussed in detail by Guieu et al. (1986d sedimentation rates data are
presented by Emelyanov and Zuo (1996) and thereftraot be considered here.

The present study focuses on deposition pattenas smurce signature of
Saharan aerosols, collected concurrently in boyhathd wet deposition, during two



separate periods totalling 12 months in two ye@ddber 1990/September 1992), at a
remote site in SE Sardinia (Capo Carbonara, 39°N,a&° Long E). An attempt to
compare Sardinia data with other sites around tB®Nea and to highlight the role of
desert dominated dust in the geochemistry and ssdotogy of the basin is also
presented. Finally, the present-day eolian fluxescampared to sedimentation rates in
the Western MED basin.

METHODS
Sampling and analytical techniques

Samples were collected at Capo Carbonara, a remmdstal station in
southeastern Sardinia, 3-400 km north of the Sahdesert and more than 400 km
from continental Italy (northeast) and France (medst) (Fig. 1). Two-three day
aerosol samples (dry), and concurrent event-bytevam samples (wet) were
collected. A total of 131 samples were collectethi period Oct. '90/Oct. '92, 100 of
which were aerosols and 31 rain episodes. Inquéati, aerosol sampling covered two
distinct periods: 1/10/1990-30/4/1991 and 1/5-3(092, while precipitation was
collected continuously in the period 1/10/1990-301991. The second aerosol period
was added to fill the gap of summer sampling dutif§1, and will be treated together
with the rest of the data due to the similaritywss#n 1991 and 1992 annual and
summer precipitations at Capo Carbonara (averageaaprecipitatation=305 and 290
mm, respectively; average summer precip=30 and 2@).mThe sampling
methodology, sample treatment and analytical detaite described elsewhere
(Guerzoni et al. 1987, 1992; Molinaroli et al., 3p9and are summarized the
Appendix. Only part of the aerosol samples (55 dl@®) were analysed for trace
metals.

In addition, as part of the EROS-2000 programrmegdterm particulate trace
metal collections were carried out at a seriesitessn Western/Central MED Sea
(Fig. 1). The sites were: Blanes (a coastal sitwouthern Spain), Cap Ferrat and Tour
du Valat (coastal sites in southern France) andifar(an island site in the Central
MED). Particulate trace metal data for these sitegether with those reported by
Bergametti et al., (1989) for Corsica and Kubilayak (1994) for Erdemli, a site on
the eastern coast of Turkey, will be discussedaoet metal session.

RESULTS AND DISCUSSION
TRANSPORT FROM THBAHARA OVER THEBMIED SEA AND TOEUROPE
Source areas for airborne Saharan dust

A dust reservoir several km thick is continuoysigduced over the Sahara and
transported across the desert margins. Howeverts¢h889) noticed no continuous
flow of dust over the MED and Europe. Severalidgitsource areas are thought to be
productive in the Sahara. In order to compute pcbdn and deposition rates of the
dust emerging from the desert area over two yeH981(-82), D' Almeida (1986)
selected the most productive source areas fordxsnmodel (Fig. 1). He estimated a
total mass production of approximately 700 millitons; about 60% of the mass



moves southward to the Gulf of Guinea and less B8G¥% is transported across the
northern equatorial Atlantic Ocean to the Caribbeésea. The present authors
computed the monthly northern components of the ttaasport (plotted in Fig. 2),
showing that Saharan dust transport to Europedsasdc in nature. It often occurs in
summer and mainly originates from sources 2 ardust transport across the northern
borders of the Sahara into the MED and to Eurompmoximately 12% of the total,
l.e. ~100 million tons (~13 of which < a3m). These estimates are subject to severe
uncertainities in relation to large scale meteaywal features (dry years, ITCZ
latitudinal position) which determine strong intenaal variabilities. While most of
the indirect measurements (model, meteosat, AVH&tR that the transport peaks
in summer (Dulac et al., 1992, 1995; Lambert et1095), the direct measurements
(mainly bulk deposition, Loye-Pilot et al., 199% Bolloch and Guerzoni, 1995) and
the historical inventories of occurence of dush @i dust haze in Europe (e.g. Bicher
1989) indicate maximum fallout in spring and autumn

Measurements in air and rain

Recently Correggiari et al. (1989), Molinaroliat(1993), and Guerzoni et al.
(1995 a,b) reported on data collected in Sardthie,most southerly station available
in the Western MED. We present here (Table 1) ae@ncentrations of mineral
dust in air (MSP) and particles in rain (TPC), sulging the samples into
"background" (non-Saharan) and "Saharan”. In FiglSP and TPC values are plotted
versus sampling date.

Even when a reasonable estimate of the trace neetalposition of the
Saharan material is available, it is still diffittd de-couple the desert-derived "end-
member" aerosol from the "background” componesittas that are relatively close to
pollution sources. However, two approaches cardbetad to achieve this. One is the
use of air-mass back trajectories to define souegeons (Harris et al., 1982). The
second approach utilises the fact that much ofSdlearan dust over the MED Sea is
transported in the form of "pulses"”, and the idesdtion of these "pulses” offers a
potential way of isolating the desert-derived comgrd. For this purpose, Chester et
al., (1995a) made an arbitrary assumption, basedush "spike" over background
ratio, that a particulate Al concentration 31f)g m3 of air represents the input of
desert-derived dust "pulse” at any site in the M&#a. Similarly, Dulac et al. (1987)
selected a slightly lower particulate Al concentmnat(> 0.5x18 ng m3), to separate
crust-enriched and background populations in slappes collected across the
Western MED. Other combined criteria which couldused to classify background
and Saharan aerosols include the use of mineralogiarkers, Al/Si ratio and Ca
content (Molinaroli et al., 1993). Al/Si ratio hd®en used by Bergametti et al.
(1989hb) to recognize different source provenangethin the Africa continent. We
were not able to make this distinction, but an At&io higher than 0.3 was always
indicative of desert origin of the particles. Foegpitation, pH values were also used
to improve classification, since the alkalinizatiefiect of Saharan dust in rain has
been well described, both in Sardinia (Caboi et1#&191, Le Bolloch and Guerzoni,
1995) and elsewhere (Loye-Pilot et al., 1986, (3ab288, Roda et al., 1993).

From Table 1 it is evident that approximately @f3he dry and 1/2 of the rain
episodes sampled did not include a Saharan cottrbuThe MSP data confirm
previous work, that shows average background dostentrations in the Western
MED between 2 and 4ug nr3. In particular, Bergametti (1989a,b) registered



background Al values in Corsica equivalent to 2g3n3 of particles; Prospero (1981)
reports geometric means for mineral aerosols itMB® Sea of 4ug m3, and Chester
(1984) approximately g nr3.

The crust-enriched group in Tab. 1 represents Emmwith some crustal
enrichment of Saharan provenance, mixed with otbentributions often not
identified. The aerosols in this group have MSRugsltwice the background values,
and the rain samples have pH values between 5.6.8ntlVe have included this group
in the computation of the desert contribution, @hd could could be a source of
uncertainty, even if we can exclude any significexdal contribution. The Saharan
group also highlights the "outbreaks", i.e. thegest direct transport events. For trace
metal discussion (see below), only "pure” Saharahthe "outbreaks" events will be
used for comparison with other crust-dominated smsocollected in the MED area

The high variability of MSP concentrations in accounted for by the desert-
enriched episodes collected in Sardinia, can be iseEigure 2. A clear seasonal trend
Is visible, with all winter sample values arounde tlbackground level, and
spring/summer samples mainly crust-enriched. Gunerzet al. (1995a) have
demonstrated the influence of precipitation on &P concentration: in fact, a 30%
increase in mineral particulate background levebs wletected after more than 3
rainless days. Similarly, Remoudaki et al. (199Dsevved that frequency of
precipitation in Corsica gave rise to a seasonalecyf atmospheric particulate
concentrations: being 2-3 times higher during the skason than during the rainy
season. Superimposed on this pattern there wereadipoemissions of crustal
substances, characterized by a variable intengityout any seasonal pattern. The
number of crust-enriched episodes at Sardinia énstindy period (40 ¥) is higher
than that found in Corsica by Bergametti et al8d#) of 20 events y, whilst the two
strong episodes of Saharan dust outbreaks agreehei?-4 outbreaks yearly recorded
by Prodi and Fea (1979).

Total particulate content values (TPC) are alglyivariable, with half of the
samples classified as background (GM < 1 rhgdnd two red dusts with the highest
TPC content (GM= 263 mgl). Within the rainy season (Oct-Apr) no specifidtpen
was observed.

Meteo conditions

The transport of desert-dominated aerosols isa@ltt the position of the sub-tropical
anticyclone over the NE Atlantic and to the preseoicpolar air-masses over both the
Atlantic Ocean and the European continent. The gieg conditions determining
dust transport towards the MED are: (i) a depresesier Spain (50% of cases); (i) a
depression over North Africa (25%), and, (ii) ati@ione over the MED (Lambert et
al., 1995). Differences are found between the wesded eastern part of the basin,
both in terms of seasonallity and duration of tpams For instance, Dayan et al.
(1991) studied several dust intrusion events iheo MED, and demonstrated that in
the western part the transport of Saharan, dustllysoeccurs in a deeper atmospheric
layer for a longer duration than eastern MED dw&nés. For the western part they
estimated a weekly averaged optical depth corraipgrio about 50-8Qig mr3 over a
2-4 day/event.

Figure 1 shows the different possible routes ofid®an dust transport, as
studied by different authors, in occasion of dugbceaks. Among them, Prodi & Fea
(1979), Bergametti et al. (1989b), and Gilman amar&€ (1994) highlighted the



conditions favouring dust transport to Western aedtral MED, and Ganor and
Mamane (1982) to the Eastern MED, throuffediterranean’routes, and Reiff et al.
(1986) studied an African event reaching NW Eurdp®ugh an"Atlantic" route.
However, sometimedMediterranean'trajectories can carry a great quantity of dust to
Northern Europe (see, e.g. Franzen et al, 1994).

Atmospheric deposition: dry and wet modes

In the Western MED and in the case of Saharan siepo studies, it is
apparent that different seasonal cycles must bentako account when considering
both wet and dry patterns. The continuous analggedry and wet deposition in
Sardinia showed that approximately 3/4 of the Samadust is deposited with
precipitation(Guerzoni et al., 1992a). This result has been meted in Corsica by
Bergametti et al. (1989a) and Loye-Pilot et al.8@0 For the aerosols a simple model
was presented by Molinaroli et al (1993), wherevés shown that crust-enriched
aerosol concentrations are latitudinally contrallé@erosol values (and associated dry
deposition) are generally higher during the hotseeathe transfer to the ground is
more significant in spring (and autumn).

The total atmospheric deposition of particles mead in Sardinia, that was
more than 130Qig cm?2 on an annual basis (Guerzoni et al., 1995a), bas Hivided
into "background" and "Saharan" components usiegptieviously described criteria.
The "Saharan" component resulted to be 1@@m2 (250 ug cm2 dry and 85Qug
cnr2 wet ). The monthly dry flux data, as sums of asteen 3-days aerosol samples;
and the monthly wet fluxes, were both calculatedtfi@ period October 1990-April
1991 and May-October 1992, according to the equajiven in the Appendix (Figure
3).

It is apparent that the wet mode prevails largelgr the dry one, and that a
few episodes account for most of the particlesefuxParticulate fluxes in Sardinia
show a markednnual variability; 581ug cm?2 for one wet episode accounting for
more than 60% of the total annual flux'90/91. Le Bolloch and Guerzoni (1995) have
shown that the same occurred in Sardinia in anqibaod (1992/93), where 208
cmr2 for three events accounted for 80% of the fluxgrethough a decrease in the wet
flux was noted for this year. The same authorsgmes! data from another station on
western Sardinia, where a strong inter- as wethianhnual variability in dust fluxes
was recorded.

If we look at a more long-term record, such as diaBicher (1989), we can
see that both present fluxes and the dust falldtg. (3, curve A) peak in
February/March and October/November, in close taiom with the wet seasons.
Very low deposition rates are recorded during tn@rser; apart from the scarcity of
precipitation during this period in the MED, sever@aasons seem to prevent high
deposition in summer, despite the high emissiomueacies (Fig. 3, curve B),
including (i) the gradient between warm air anddcfsbnts, usually associated with
outbreaks (Dayan et al., 1995), and (ii) upwardt doevement, which determines
much lower real dust deposition than expected bgineggize data and model
calculations (Dulac, 1995)

For the wet components, during the sampling pegicthgle episode provided
more than 70% of the total wet flux. Loye-Pilota¢t (1989) found a similar pattern in
Corsica, with several episodes accounting for 280& of the annual particle flux.
Furthermore, no apparent correlation between rhiafad particulate input at one



given site was observed. This is also the caseStdinia, where the amount of
particulates is independent of the amount of pretipn (Table 1).

The deposition of dry particles is not always tedlaonly to the amount of
precipitation. In cases of long (>10 days) crusieled episodes other mechanisms
can occur. In fact, for the aerosols concentratemd precipitation fluxes in October
1990 (Fig. 2) we can follow 5 consecutive 3-dayiqus of crust-enriched aerosol
samples (values listed in Tab.2). During this peri® rain events also occurred, and
these events affected aerosol concentrations orthei first part of the period (6 days).
In the second part, high values of aerosol after precipitation events can still be
seen. This yields a higher wet deposition, comp#oedry, in the first period, but a
higher contribution of dry over wet deposition tbe second one, even when preceded
by rain events. In fact, while comparable partitlees were observed during the first
deposition period (1fig cn2 dry and 2Qug cnt2 wet), the dry deposition was almost
three times higher than the wet one (&pcm2 dry and 17ug cm2 wet) during the
second period, despite several rain events befadedaring it (Table 2). Similarly,
during a twelve days study of a Saharan outbreaBume/July 1985, Dulac et al.
(1989) found that either in the first period thetweposition was more efficient than
dry deposition of Si (a crustal element), or thatoasiderable dry deposition of this
element occurred immediately after a rainy period.

Volume particle-size distribution in Saharan dust

Large particles play a major role in controllirgetdry deposition of mineral
particles. In particular, aerosol particles withrdeters of 1Qum or greater dominate
the dry deposition flux. In Sardinia, Molinaroti&. (1993) observed that dry aerosols
consist mainly of silty-clay or clayey-silts, witbarticle size diameters ranging from
0.2 to 102im. A clear distinction between grain-size in backgrd and Saharan
samples has been observed. In particular, backgreamples have a monomodal
distribution with the highest clay content and ade@entred at 1pum, while Saharan
dust showed a bimodal distribution.

The Saharan outbreaks (dry depositional mode)ysewin the present study,
generally show a bimodal structure. Such a stradtas been shown by Prodi and Fea
(1979) and by D' Almeida and Schiitz (1983), to haracteristic of aerosols from the
Sahara. The dust particle diameters during Sah&layl’ outbreaks collected in
Sardinia, range from 0.2 to 1@ (Fig. 4A); for October 1990 there were two modes,
with maximum concentrations between 3pmd and 5Qm in diameter, the latter
having highly variable concentrations. For the Mai®91 outbreak, the two modes
werebetween 1 - 1.1, and 13-1@m in diameter. Particle size distribution of two
Sahararfwet" outbreaks collected at the Sardinia station indidak992 and October
1993 showed modes at 8um and 25-30 um in diamatéhé first and a single mode
between 20 and 40 um for the second, with a tavatds the finest particles. It is
apparent from the plots in Fig. 4 that the two &etosols were enriched in large
particles compared to dry aerosol outbreaks. Itefloee seems reasonable to attribute
differences in the size distributions of the Sahavatbreaks collected in Sardinia to
different transport mode (dry and wet), which,umt are related to different transport
velocities and lengths of airborne trajectories.

To evaluate and characterise the Saharan outbnedks MED area, distinct
episodes of Saharan dust (dry and wet) are reptotatifferent land-based stations in



Europe. It must be emphasised that the data frimar authors were collected at
different times and with different methods and tluasmnot be directly compared.
Franzen et al. (1994) described that for the sarmaecM1991 dustfall with snow in
northern Fennoscandia, the particle size distdoutianged from 0.9-6.8um with a
median value at 2.7um. Guerzoni et al., (1992b) sumeml mass particle size
distributions from rain and aerosol Saharan oukwda Sardinia; the median was
about 15um in two different rain samples with thhesence of two modes (3 and
15um) in one aerosol sample. Dessens and Van D@®0] measured particle size
distribution of a Saharan dust collected in preatpn in the northern Pyrenees
(France). The dust particle diameters ranged froougdum to 10@um, with a median
volume diameter of im and a maximum concentration at aboytrtO Littmann et
al. (1990) reported the results of several Sahdegosition events (dry) in Bochum,
West Germany with a very high variability of the dren volume diameter between 2.2
and 16.1 um. Tschiersch et al., (1990) measuredwene size distribution of Saharan
dust in snow from the High Alpine Station (3450 boee sea level), Jungfraujoch,
Switzerland. They showed particle size distributi@mtween 1 and 4pum, with a mode
at about gm. A decrease of th®IMD of Al from ~ 4um to ~ 2um, during the
transport of mineral aerosol from Africa over theED Sea was also observed by
Dulac et al. (1989).

In conclusion, the particle size distribution InetSaharan outbreaks exhibits no
clear relationship between median, modality orgpamt distance. With respect to long
range transport, grain size fractionation is nokear function of aerosol sedimentation
velocity, and factors other than gravitation andbtlence may play an important role.
Nevertheless, the presence of giant particlesngmmon and explains the wide range of
deposition velocities associated with desert-riehosols found by different authors.
This can also explain the high uncertainties, uprne order of magnitude, in flux
calculations and estimates, such as those foubisica by Dulac et al. (1989), who
measured average deposition values for Al (indieatif desert dust) of 3 cm s,
with a range between 1 and 7 cth s

CONTRIBUTION OF MINERAL DUST TO THE ATMOSPHERE AND OCEANS ONSANBRCALE
TRACE METALS AND MINERALOGY

Trace metal Composition of the Saharan aerosols an@inwaters

On initial observation, the Mediterranean aerasol be considered to consist
of a continuously supplied, European-derived, agbgenic-dominated "background"
material, which is perturbed by intermittent injeas of crust-dominated, Saharan
dust "pulses". The degree to which a trace metahiaerosol or rainwater is enriched,
or depleted, relative to the crustal source caadsessed by using an enrichment factor
(EFcrust) -see Appendix. Efryst values may therefore be used to distinguish betwee
elements associated with the two major aerosol copts in the MED aerosol; i.e.
those having a predominantly crustal source (norcleed elements, NEEs) and those
having a mainly anthropogenic source (anomalouslicleed elements AEES).

The trace metal composition of "pure" Saharan adghe type transported
over the MED Sea can be obtained from Saharanetesamples collected from the
Atlantic northeast trades far from the major patlotsources. Average trace metal
concentration and Efystdata for a series of these dusts are given ieTabfrom



which it can be seen that all the trace metals Hawgyst values < 10. This may
therefore be considered to represent the Saharahmember” aerosol injected into
the MED atmosphere. Average trace metal and,gfdata for aerosols collected at a
number of sites on the northern shore of the MEB &e given in Table 4. However,
it is difficult to assess the effects that Sahadaists have on the MED aerosols
collected at individual sites, because this wilpeled on a number of complex inter-
related factors. These include; (i) the magnitude &requency of Saharan dust
outbreaks, (ii) the distance from the continentastdsource regions, and (iii) the
concentrations of European "background" materiathie air (e.g., Chester et al.,
1995a). All these factors vary both spatially aechporally, and because the samples
from the various sites were collected at diffetenes, it must be stressed that the data
in Table 4 should be regarded as giving no more #raindication of the trace metal
concentrations to be expected in the atmosphetieeoMED Sea. However, although
these are average data, the important point isathall the sites there was evidence of
the input of Saharan dust "pulses” (for individsigéés refer to reference given in Table
4, and for locations refer to Figure 1). For examp@lt the Corsican site 20 Saharan
dust events were recorded during the collectioniogerBy assuming that Al
concentrations > HOng m3 of air represent a Saharan dust event (e.g., &hesal.,
1995a), the effect that the Saharan material hav@motal aerosol population can be
assessed for the samples collected in Sardiniath@@rbasis, the Sardinian samples
have been divided into two groups; a Saharan gréup, 103 ng m3 , and a non-
Saharan group, Al < B0ng m3 of air. The average trace metal data for both ggou
are given in Table 5, from which it is apparentt tie input of Saharan dust results in
increases in the total concentrations of the NEHsh as Al and Fe, and in decreases
in the ERyyst values of AEES, such as Cu, Zn and Pb. The oveffdtt of Saharan
dust inputs is therefore to drag the compositiorthef total aerosol towards that of
primary crustal material. The effects these Sahamgputs have on marine
biogeochemical cycles in the MED Sea, following theposition of the dust to the
mixed layer, are considered below.

The magnitude of air to sea trace metal fluxesdependent on the
concentrations of the metals in the air. Howeuag, 3ubsequent fate of the metals in
the marine environment is strongly influenced by tdditional factors: (i) the solid
state speciation of the metals in the parent akrasd (ii) the process by which the
aerosols are removed from the air.

(i) The solid state speciation of trace metala@nosols Chester et al. (1989)
carried out solid state speciation studies on i@serf trace metals in crust-dominated
and anthropogenic-dominated "end-member" aero3dis. technique used separates
three aerosol trace metal binding associations;eathangeable association, an
oxide/carbonate association, and a refractory &ssmt. In this classification, trace
metals in the exchangeable association are poigntlee most environmentally
mobile in natural waters, and those in the refigcassociations are the least mobile.

The results obtained by Chester et al. (1989) beagummarised as follows.
(@) Aluminium and Fe are generally refractory inttbahe crustal and the
anthropogenic "end-member" aerosols. (b) Mangarseseeciated between all three
associations in both "end-member" aerosols. (cp€nn and Pb have very different
speciation signatures in the two aerosols. In thetal "end-member" 65% of the total
Pb (Pb), 75% of the Cu and 90% of the Zn are foumdefractory fractions. In
contrast, in the anthropogenic ‘end-member’, 50%hef Cu, and 90% of the Zn and
the Pb are in exchangeable associations. Cledmbtefore, there are important




differences in the manner in which some trace raesaé partitioned between the
components of crustal and anthropogenic aerosotktlaese will affect the chemical

character of the total MED Sea aerosol when ieysbed by Saharan inputs. Further,
the solid state speciation differences betweentarasid anthropogenic aerosols will
play a critical role in constraining the fates dfettrace metals in the marine
environment. The reason for this is that the mammexhich trace metals enter the
major marine biogeochemical cycles is largely camséd by the extent to which they
are soluble in sea water, which, in turn, is a fiamcof their solid state speciation.

(i) The processes by which the aerosols are rechéregn the air Aerosols are
removed from the atmosphere by a combination of""@re. not involving aqueous
phase) and "wet" (precipitation scavenging) depmsal modes. These two
depositional modes are geochemically different waipect to the solution with which
the aerosols initially come into contact.

In the "dry" mode aerosols are delivered direttlfthe sea surface by airsea
route and trace metal solubility is constrainedhbgosol sea water reactions. Chester
et al. (1993b) carried out a study on the factbeg tontrol the solubility of trace
metals from non-remote crust-dominated and antlyepc-dominated aerosols
following their "dry" deposition to the sea surfad&e authors found a well-developed
relationship between the extent to which a traceahe partitioned into exchangeable
binding associations in the aerosol and the extemthich it is soluble in sea water.
With respect to the MED aerosol, the most imporfartting was that Cu, Zn and Pb
are considerably more soluble from the anthropagdaminated (~ 25% of theCu,
~ 70% of thexZn and ~ 40% of th&PDb) than from the crust-dominated aerosol (~
15% of theZCu, ~ 30% of thezZn and ~ 15% of th&Pb), which reflects the
differences in their exchangeable/refractory spmmasignatures in the two aerosol
types. It may be concluded, therefore, that thewssar solubilities of the Cu, Zn and
Pb from aerosols deposited to the sea surfacehiey"dry" deposition mode will be
considerably reduced during Saharan dust eventdadty Chester et al. (1993b)
suggested that following their deposition to tha serface Saharan dust can act as
sinks rather than sources, for dissolved Cu, Za Bb by providing scavenging
surfaces. However, by increasing the concentratidriSEEs in the atmosphere, and
therefore the magnitude of the air to sea flux, ithjection of Saharan dusts can
increase the amounts of metals such as Al and Bedath the dissolved sea water
pool, even though their overall solubility is relaly low.

In "wet" deposition mode aerosols reach the seasiby the indirect airrain
watersea water route, following in-cloud or beloud precipitation scavenging
processes. Trace metal solubility in the "wet" dgfpman mode is therefore initially
constrained by aeroselrain water reactions. The total trace metal coma#ions (i.e.
dissolved + particulate) in rainwaters reflect #nasthe scavenged aerosols. However,
the dissolved/particulate speciation of the metalsa function of the rain water
chemistry, especially the solution pH. Loye-P#dtal. (1986) showed that the pH of
Western MED rainwater is strongly affected by tigget of material scavenged from
the air; with the scavenging of anthropogenic malteiving rise to pH values in the
range 4.0 - 5.5, and the scavenging of Saharan giustg rise to pH values as high as
6 - 7 because of the dissolution of calcium carb®fimm the desert-derived material.
The type of aerosol scavenged from the air alsectffthe trace metal chemistry of
rainwaters. This can be illustrated with respedimo examples of rainwaters collected
at Cap Ferrat; one of which scavenged Europearragpuagenic-dominated material
from the air, and the other of which scavenged &ahdust. Data for the two samples
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are given in Table 6, from which four principalrids can be identified, (i) the pH of
the rainwater that has scavenged Saharan dust) (&5Bigher than that in the

rainwater that has scavenged the anthropogenicrdded aerosol (3.96), (i) the

concentration of Al, the crustal indicator elemestan order of magnitude greater in
the rainwater that has scavenged Saharan dusth@iiEFR, g value for Cu is an order

of magnitude higher, and that for Pb is two orddmnagnitude higher in the rainwater
that has scavenged the anthropogenic-dominated@erand (iv) Cu and Pb are
considerably more soluble in the rainwater that seavenged the anthropogenic-
dominated than the Saharan aerosol.

Mineralogical composition of the Saharan aerosol

Aerosols and rains collected during the Saharamteveeaching Sardinia have
been analysed for mineralogical composition in orie highlight the contribution
made by dusts to sedimentation in the MED Basire fbflowing mineral assemblage
was found in all the aerosols: quartz, calciteddphrs, dolomite, illite, kaolinite,
chlorite, smectite and palygorskite. In two Sahaoabreaks collected in Sardinia
(Fig. 5) quartz is the most abundant mineral; & haound shape and is found over a
wide range of particle sizes (1-4n). lllite is the predominant clay (42% to 54%),
and kaolinite (25% to 35%) exceeds chlorite (8%d®86) (K/C is always >2); the
latter ratio being indicative of a desert origingatucotelli et al., 1984). Palygorskite
and dolomite have been used as tracer mineraldefsert-derived dusts (Robert and
Gauthier, 1989; Coudé-Gaussen et al., 1987). Otialpénterest is the fact that
palygorskite was found only in the silt fraction thie dust collected at Sardinia, but
was absent from the clay fraction. The presenceabjgorskite was confirmed by
SEM-EDS analysis, which revealed that it was pressnparticles ranging in size
between 6 and 40 um. The mineral occurs in threerais associations: (i) as wind-
shaped grains with felt-like surface texture, &g interwoven fibrous mats forming
fine laminae, and (iii) and as pore filling and @daridging cements that coat and occur
between, detrital grains of calcite, dolomite etielolinaroli and Ibba, in press).
Dolomite frequently showed weathering voids; calcgrains, in contrast, were
sometimes found well preserved.

Clay minerals have the potential to act as "soureeers" for material
transported into the region. In Fig. 6 comparis@aie made between the clay
mineralogy of series of Sahara and background dumts the MED atmosphere, and
between the dusts and sediments from the MED Seawdber of overall conclusions
can be drawn from those data.

(1) There is a general agreement between the rolaeral compositions of the
Saharan dusts: i.e. those collected in Sardinig. @il), in the Tyrrhenian Sea (Fig.
6.2), and during the BAN 80 cruise (Fig. 6.3). Tetusts have relatively high
concentrations of illite, more kaolinite than chier and variable amounts of
smectites. The clay composition of desert-derivestsicollected in the Eastern MED
(Fig. 6.4) also has more kaolinite than chloritet In these dusts kaolinite also
exceeds illite.

(2) Dusts that contain a significant EuropeaacKkground" component (Fig. 6.5-6
and 7) contain no smectite, considerably moreeiliitan kaolinite, and approximately
similar proportions of kaolinite and chlorite.

(3) Deep-sea sediments from the Tyrrhenian Biga §.9) and the Adriatic Sea (Fig.
6.11) have clay mineral signatures similar to thofsthe Saharan dusts. Chester et al.
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(1977) have shown that Saharan dusts make an iampadntribution to certain deep-
sea sediments in the Eastern MED Sea. Over theedisistern MED, however, the
deep-sea sediments contain considerably higher tigjgan of smectites
(Venkatarathnan and Ryan, 1971) than the Saharsis,duainly as the result of an
input from the Nile. However, with the blocking die Nile by the Aswan dam,
Saharan dusts will make a larger contribution ® deep-sea sediments of Eastern
MED than they have in the past.

It may be concluded that Saharan dusts are anriemgosediment-forming
component of deep-sea sediments of the Southemhélryan Sea and the Southern
Adriatic Sea. This is in agreement to the findimgsCorreggiari et al., (1989) who
suggested a possible regional "signature" of thmosgpheric crustal (Saharan)
contribution in marine deep sediments of Tyrrher8aa and Sicily Channel.

Saharan contribution to sedimentation

If we try to make even a rough estimate of presgtSaharan dust deposition
fluxes around the MED we will see both a great-gitsite and interannual variability.
Long-term direct measurements in Sardinia (Guersbral., 1993; 1995a), Corsica
(Loye-Pilot et al., 1986; Bergametti at al., 19&8)d Crete(Nihlen and Mattsson,
1989; Pye, 1992) (Table 7) show fluxes ranging fidmo 25 g n® (avg.[110) in the
W MED, between 39° and 42° Lat N, and between 64td m2 (avg.20) in the
Eastern basin (between 34° and 40° Lat N). Rec&dlyngelis and Gaudichet (1991)
drew attention to the presence of dust from NortticA in long ice cores drilled at
Mount Blanc, and measured an average flux of 1-§ nfor the last 30 years.
Wagenbach and Geis (1989) measured a lower butamaile value of 0.4 g #. at
another site in the Alps, as average value fotabe40 years.

Rea (1994) recently showed that, on a global stladeannual dust loading is
of the order of 0.20-0.25 mg e?yr-1 for the whole ocean. He compared these values
with eolian dust preserved in deep sea sedimentseoPacific and Atlantic oceans,
and demonstrated that downwind from important s®uregions, this value is
exceeded by a factor of 4-5. No data were presenttdtht paper for the MED Sea,but
the MED values seem to be well in agreement withititrement proposed by Rea
(1994), near important source regions like the &abasert is for the MED basin. We
try therefore to compare actual flux data, measureéde Western/Central MED, with
bulk sedimentation rates available from the saraa.ar

We have listed in Table 8 sedimentation rates radothe basin, that are
discussed in other part of this volume (Zuo et Bimelyanov, this issue), together
with some other published data (Stanley et al.01®88ongardi et al., 1994). Despite
having been calculated by different authors ov#enint parts of the MED basin, and
with different time scales (from recent to Holocgnaverage sedimentation rates
cluster in the range 3-9 mg eryr-1 for the western side and between 5 and 15 mg
cmr2 yr-1, for the Tyrrhenian Sea. As prevoiusly calculated eolian contribution
represents between 10 and 20 %.

Future trends

Recently De Angelis and Gaudichet (1991) pointatitbat the desert source
has increased in strength since the early 197@&sséhs and Van Dihn (1990) have
also claimed that the frequency of Saharan dusireaks has increased slightly in the
last decade north of the Pyrenees in southern Erddmwvever, no increase in Saharan
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outbreaks was detected in Sardinia over a five-gdady period (Le Bolloch and
Guerzoni, 1995), and even a slight decrease is sy oye-Pilot et al. (1995) in
Corsica.

An increase in warming leading to further desiediion would however cause
an increase in the generation of crust-derived i@ahaerosols and a perturbation of
the urban aerosol/crustal ratio in MED aerosolss hot possible, however, to predict
the result of these changes in deposited aerosmlaule of the lack of a regional
model for particle deposition (wet and dry), whmbuld consider the modification of
the wind pattern on a MED scale, following globlinate changes and accompanying
feedback mechanisms.

CONCLUSIONS

Comparing data obtained in Sardinia with a numbérSaharan dust
parameters no clear latitudinal patterns emergehiroverall deposition of Saharan
dust. For example, although there is some evidémrca northward decrease in the
dry deposition of the dust, i.e. with increasingtance from the primary Saharan
sources, there is no such trend in the wet depasitihe wet deposition that
dominates the flux of Saharan dust to the MED &eegpntrolled by the frequency of
precipitation rather than atmospheric concentratioh Saharan dust. However, this
overall control can be modified by the input of &atn dust pulses, which can result
in dry deposition exceeding wet deposition at eertines. The annual dust flux can
be controlled by a few episodes of Saharan outBrestkmetimes a single outbreak
can account for more than ~50% of the total Sahduahflux.

The wet and dry mode patrticle size distributiohSa&haran outbreaks collected
at Sardinia range from 0.2 to 1@2n. A bimodal structure was observed for the dry
mode, but this was not always apparent for themade. Individual episodes of total
Saharan dust (i.e. wet + dry deposition) at difierland-based stations in Europe
exhibit no clear relationship between median plrtgize, modality and transport
distance from the primary desert source.

Mineralogical source markers for the Saharan darggalygorskite, kaolinite,
calcite, dolomite and rounded quartz grains. Ofcipeinterest is the fact that
palygorskite was found only in the silt fraction tfe dusts, and that dusts with a
significant European "background" component do cwitain smectite. Comparison
with the mineralogical content of deep-sea sedimenteals that, Saharan dusts are an
important sediment-forming component in the South&grrhenian Sea and the
Southern Adriatic Sea.

The input of Saharan dust has important effectsthen chemistry of the
Mediterranean aerosols. These include: (i) incieas¢he atmospheric concentrations
and air to sea fluxes of crust-controlled traceatsete.g.; Al, Fe); (ii) decreases in the
EFcrust values of non-crust-controlled trace metals (e@u, Zn and Pb) in the
aerosols, (iii) changes in the solid state spematif Cu, Zn, and Pb, which decrease
their solubilities in sea water. The Saharan dwad$® affect the composition of
rainwater by raising the pH, following the dissabat of calcium, and by decreasing
the solubility of trace metals such as Cu, Zn abnd P

The increase in the air to sea fluxes of Al andltieng Saharan dust outbreaks
can have important biogeochemical consequencestelsen for this is that although
both metals generally have low solubilities fromh&aan dusts, they are present in
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relatively high concentrations in desert-derivedtenal. As a result, a solubility of
only a few per cent can led to the addition of éagguantities of Al and Fe to the
dissolved sea water pool; this is especially imgoarfor Fe, which is thought to play a
key role in primary production.

Average present-day Saharan dust fluxes vary frimmg cm2 yr-1 in the
Western MED td 2 mg cm2 yr-1 in the Eastern MED, and account for 10-20 % of the
recent deep-sea sedimentation in the Western MEIS (3ig crm? yr-1).
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APPENDIX

Aerosols

All aerosol samples were collected with a highunat (60 n??/h) Sierra Anderséd sampler,
using filters made of polyester (PE) monofilameatirfc (Estal Mono, SST&8), with a Whatma® 41
(W41) backup. The filters are 841", with a meshropg of 10um and thread diameter of 46n. The
efficiency of PE filters was calibrated againsttb®¥41 and Teflon "total" filters (0.2@m poresize)
was an 80 and 95%, respectively. The sampling tanged from 48 to 72 hours. Filter blanks were run
every 10 aerosol samples and checked chemicallg. filiers are washed in acidified DDW, dried
overnight and weighted before sampling. After aditen, the filters were left overnight in the sadrg-
box and re-weighted (to get the Total SuspendeticBite value = TSP). This insures that all sample
are brought to the same degree of dryness, thusdiagowveighting errors. Then the exposed Hi-Vol
filters were sonnicated in a Milli-Q DD water bdtr 20-30 minutes to dissolve salts and to resu$pen
the insoluble particles from filter. After that, lmamples for mineralogical, chemical, and graire siz
analyses were taken, and the rest of the solutiaa filtered (on pre-weighted 0.22n diameter
Nuclepor® polycarbonate filters). The particles on the fileere dried in a dry-box and re-weighted
(to obtain the Mineral Suspended Particulate vatuSP in ug/m3).To check the efficiency of
resuspension procedure the original filters wengeighted at the end, and the difference in weight
between the original empty filter and after thegaure resulted to be less than 1 % of the inselubl
material. Considerable care was taken to minimiggamination, both in the laboratory and in thédfie
All sample manipulation in the laboratory occurrieda class 100 clean room. W41 and Nuclepore
filters, as received from the manufacturer, areegmely clean with respect to the chemical specfes o
interest in this study. Consequentely it was notessary to preclean the filters prior to
sampling.Polyester filters, on the contrary, werel avashed and rinsed several time with Milli-Q &rat
Filter chemical blanks were determined from filtéhhat were taken into the field and handled in the
same manner as those used for sample collection.

Rain

Rain samples were collected using a Wet & Dry (AR® MTX® ) automatic collector, and
the sample is filtered through a 0.@th diameter Nuclepof@ polycarbonate preweighted filter within
few hours, and subdivided into two phase fracti@myble and insoluble. The insoluble fraction was
dried in a dry-box and reweighted (to obtain théaltgarticulate concentration value = TPC in
mg/l).Blanks were run periodically, by making aflerations with only Milli-Q water instead of sanple
Filtering was done with a Millipof@ Sterifil unit, equipped with a pre-filter on thewer, to avoid
contamination with ambient air.

Chemical analyses

Particulates in precipitation were analyzed in sagne way as the insoluble fraction of the
aerosols collected with the Hi-Vol sampler. Follogidissolution in HN@ + HF in teflon bombs, the
major elements (Fe, Si, Al, Ca, Mg) were analypeda flame atomic absorption spectrophotometer,
and trace elements (Cd, Pb, Cr, Zn) were analyzedjwa graphite furnace. Analytical procedures are
presented in detail elsewhere (Guerzoni et al.719892) and analytical errors were lower than ®e6
Al, Ca, Fe, Mg, Si, between 5 and 10 % for Cr, Bband 12 % for Cd.

Grain-size and mineralogical analyses

The volume size distribution of the insoluble frantin aerosols (100 samples) and in rain waters
(2 Saharan dust outbreaks: on March 1992 and Octif#83) was carried out by the Coulter Counter
Technique (Model TA Il Coulter Counter). Orificebings of 50 and 280um were used to investigate
the size domain after a preliminary scansion dusiigch no longer particles were detected. High
resolution size distributions were achieved prefagrtriplicate analytical runs and connecting the
Coulter to an automatic data acquisition systerarofApple Il microcomputer and a multiplexing unit
based on IC CMOS 4051, controlled by a Versatiterface Adapter (VIA6522) card (Boldrin et al.,
1986).

Mineralogical studies were performed on 55 aerosefsrated in two fractions (0.2-102um, and
<4um) by X-ray diffraction (Philips PW 1730 instran). The first fraction (0.2-102um) was utilized
for the determination of the bulk mineralogy. Theokes settling velocity was applied for size
fractionation. Identification of minerals and detémation of their abundance (fraction <4um) were
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based on the procedure of Biscaye (1965). A semigative technique was used, and the weighted
percentages of the different clay minerals wereutated from peak areas.

Aerosols and rain waters were filtered on ud2diameter Nuclepof@ polycarbonate filters.
Subsequently the samples were mounted on scanleictygoz microscopy (SEM) stubs, and coated with
20 A layer of AU prior to observation with the SE{@ambridge Stereoscan 250 MK3) and chemical
analysis by an attached X-ray energy dispersiviesy$EDS).

Flux calculations

Fluxes were calculated for both rainfall and inbdé fraction of the aerosol. For precipitation
samples the particulate "wet" fluxig/cm?) was calculated by multiplying the TPC concentrat{in
mg/l) by the amount of rain (liters) and dividing the area of the sampler (6604mFor the aerosols,
the "dry" flux (Fx) fig/cm?) was calculated according to the following equatiex = &V d+t, where C
is the MSP value inug/m3, Vd is the deposition velocity in cm/sec, andstthe sampling duration in
seconds. The deposition velocity used here (2.5erh/was choosen within the range of literature
values, for aerosols largely dominated by mineeatiples with a median grain-size of 2-fith (Dulac
et al., 1989; Slinn and Slinn, 1980).

Enrichment factor (EF)

The degree to which a trace metal in a particuda®sol is enriched, or depleted, relative to
specific source can be assessed to a first appatiwimusing an enrichment factor (EF). For crustal
sources, Al, is normally used as the source indicalement and the Earth’s crust as the sourcerialate
(Taylor, 1964). The Efryst value is then calculated according to an equatfdhe type:

EFcrust= (Cxp/CAlp) / (CxdCAlc)
where Cxp andCap) are the concentrations of a trace metahdAl, respectively, in the aerosol, and
(Cxc and Qi) are their concentrations in average crustal nmaterBy convention, an arbitrary
average Efryst value of <10 is taken as an indication that an etlgnm an aerosol has a significant
crustal source, and these are termed non-enrideetkpts (NEES). In contrast, an &hst value of
>10 is considered to indicate that a significamtpartion of an element has a non-crustal sourcg, an
these are termed the anomalously enriched elenf@fEs). Some trace metals (e.g. Al, Fe,) in
aerosols are always crust-controlled. In contralier trace metals can change their character as
material from different sources is mixed togettethie atmosphere: e.g. metals such as Cu, Zn and Pb
which behave as AEEs in some aerosols, can haweBRgryst values reduced to <10, i.e. they
behave as NEEs, as the proportions of crustal mbieran aerosol increases.
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FIGURE CAPTIONS

Fig. 1 Locations of the collection sites for pantate aerosol samples (full dpgsto f)
and deposition measurements (triangles) in andnartite MED Sea . Shaded
areas(1 to 4) represent the most productive sourceSafaran dust (from
D'Almeida, 1986). Arrowsndicate the main routes of dust outbreaks toward
Mediterranean and continental Europe (see textekpianations). Full bars
indicate areas where recent and Holocene bulk ssdaton rates are available
(A= Rhone area, 40-42° NB= Tyrrhenian Sea, 39-41° N).

Fig. 2 Plot of Mineral Suspended Particulates (M&®&yes in air (left axispg nr3)
and total particulate content (TPC) in precipitatevents (right axis, mgl)
over the twelve months period (Oct '90-Apr '91 d&nay-Sept '92). The rain
events with TPC values < 0.1 md &re not indicated in the figure. The inset
shows the two-weeks period described in detathétéxt and listed in Table 2.

Fig. 3 Monthly averages of dry and wet fluxes oh&an particulates. Dry monthly
data are the sum of at least ten 3-days dust sanaid were calculated for the
period October 1990-April 1991, and May-October 29%he two curves
representA=the dust fallout in Europe (from Bucher, 19883, the frequency
of northward transport of dust from Africa (from Blmeida, 1986). Filled
barsrepresent monthly precipitation at Sardinia.

Fig. 4 Volume size distribution of Saharan dusy drode, reaching SardiniaA)
broken line:October 1990; solid lindMarch 1991. Volume size distribution of
Saharan dust, wet mode, reaching Sardiapbfoken line March 1992; solid
line: October 1993.

Fig. 5 Comparison of diffraction patterns of butkneralogy in dry Saharan outbreaks
(sample 2 and 42): Ch=chlorite, D=dolomite, K=ka&, KF=k-feldspars,
I=lllite, P=plagioclase, Pa=palygorskite, Q=quartPercentages of clay
minerals in <4um fraction of five Saharan events (hart) it is also shown.

Fig. 6 Clay mineral compositions from some eoltusts (dry) and sediments from
the MED Basinl= Sardinia, Saharan dusts, present st@dylyrrhenian dusts
M5-M8, Chester et al., 1988= BAN 80 dusts, Mazzucotelli et al., 1984
Eastern MED dusts, Chester et al., 1937;Tyrrhenian dusts M2, M3, M4,
and M9, Chester et al., 1988 EOLO81-1 and EOLO 81-2 cruises, Tomadin
et al., 1984;7= Sardinia, non-Saharan dusts, present stédy;Northern
Tyrrhenian deep-sea sediments, Tomadin, 1981Southern Tyrrhenian deep-
sea sediments, Tomadin, 19810= Northern Adriatic deep-sea sediments,
Tomadin e Borghini 1987;11= Southern Adriatic deep-sea sediments,
Tomadin e Borghini, 1987; antl= average of thirty Eastern MED deep-sea
sediments, Venkatarathnan and Ryan, 1971.
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type of event MSP TPC

AM GM R No. AM GM R No.
background 2.8 2.4 0.5-5 60 1.8 0.7 0.01-4 15
Saharan
enriched 6.9 6.8 2-10 30 8.6 8.5 7-12 5
"pure"” 159 150 824 8 222 183 655 9
"outbreaks" 44 439 4047 2 323 263 135-512 2

Tab. 1 - Concentration of insoluble particulates air and rain
MSP=mineral suspended particulate in aerosolsr{y
TPC-= total particulate content in rain (my |
AM= arithmetic mean; GM= geometric mean; R=rarde;=number of samples
Al/Si < 0.3; Ca <2 %,; associated rain pH < 5.68;< 20QiEq/I

background

Saharancrust encriched= Al/Si > 0.3; Ca > 2 %;

"pure" and "outbreaks" = Al > 1000 ng3nAl/Si > 0.4; Ca > 4%

date wet/  MSP  flux dry pH flux wet
dry  pgm=S pgcm-2 Hg cm-2

5 Oct w 5.29 0.3

5-8 Oct d 2.4 1.6

8 Oct w 6.45 5.6

90ct w 6.87 147

8-11 Oct d 24.0 15.6

Total flux (5-11 Oct) 17.2 20.6

11-14 Oct d 40.0 26.0

16 Oct w 6.97 8.2

14-17 Oct d 23.7 15.4

19 Oct w 6.33 8.8

17-20 Oct d 54 3.5

Total flux (11-20 Oct) 44.9 17.0

Tab. 2 - MSP values and deposition fluxes (dry amdt) of particles
during two continuous periods (5-11/11-20 Octold&90).
(for flux calculations- see Appendix; see also @iof Fig. 2).
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Trace Atlantic north east

Metal trades
Conc.  EFgryst
Al 5925 1.0
Fe 3865 1.0
Cr 10 1.4
Zn 16 3.2
Pb 6.9 7.7
Cd 0.12 8.3

Table 3 - Average trace metal
concentrations and EFcryst
values for Saharan aerosols
from the Atlantic north east
trades, Reference, Murphy
(1985); average of 6 samples.
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Trace Blane$ Tour du ValatP Cap Ferrat® Corsicad Erdemli€ Sardinial
metal
Conc. EFRyrust Conc. ERryst Conc. EFRyrust Conc. EFRyrust Conc. ERryst Conc. EFRyrust

Al 38 1.0 380 1.0 370 1.0 168 1.0 680 1.0 416 1.0
Fe 316 1.3 275 1.1 320 1.3 144 1.3 685 1.5 58 0.76
Cr 1.8 3.4 - - 25 5.6 - - 10.8 13 1.6 8.1
Zn 50 151 60 186 41 130 19 134 19 33 3.4 24
Pb 50 843 56 982 58 1045 16 635 30 294 9.8 398
Cd 0.60 628 0.51 559 0.36405 - - 0.19 116 0D 76

Table 4 - Geometric average trace metal concentnas EFcryst values for particulate aerosols from a number dfes (refer to Fig. 1
for locations) in the Western and Central Meditemaan sites. (conc. units - ng #hof air; for comparability ERzryst values have been

calculated from the average concentration data).

a. Chester et al. (1992); February, 1989-June, 1989

b. Guieu (1991).

c. Chester et al. (1990); September, 1988-July,4.98

d. Bergametti et al. (1989); April, 1985-April, 168

e. Kubilay et al. (1994); August, 1991-December929

f.Present paper; October, 1990-April, 1991.



Trace Aerosol populations with Al concentrations | Total aerosol population for the whole
Metal 103 ng m3of air collection period
n=7 n=>55
Average conc. Average EE, ot Average conc. Average EE, ot
Al 2950 1.0 164 1.0
Fe 1141 0.66 85 0.76
Cr 4.4 14 61. 8.1
Zn 23 13 3.4 24
Pb 27 79 9.8 398
Cd 0.03 6.9 3.0 76
Table 5 - The effect of Saharan dust inputs on teametal concentrations
and EFcrust values of aerosols at the Sardinia site (conc. snitg m° of air).
Cap Ferrat
Aerosol type scavenged
European 'background’; Saharan dust;

sample 1, pH 3.95 sample 12, pH 6.55
Trace | Conc. EFcrust %age total Conc. EFRcrust %age total
Metal concentration in concentration in

dissolved phase dissolved phase

Al 140 1.0 135 1462 1.0 1.15
Co 0.078 1.9 67 0.58 1.3 0.50
Ni 1.88 15 69 2.26 1.7 23
Cu 5.79 59 86 4.0 3.9 30
Zn - - - - - -
Pb 26.2 1248 90 3.46 16 25

Table 6 - Total trace metal
concentrations and Ek, st values
in rain waters that have scavenged
European "background™and
Saharan dust aerosols; (conc.
units; pg I'*, from Chester et al.,

1995b)
site flux %dry period
g m-2 year

Cretel 20 (6-46) 1988-90
SardiniaZ2 (south) 5-13 30 1990-93

" 3 (west) 2-5 25 1992-94
Corsica# (inland) 16 (9-25) 15 1984-88

" 5 (coastal) 12 35 1987-89
Alps6 (Mt.Blanc) 1 icecore 1955-1982

" 7 (Colle Gnifetti) 0.4 icecore 1935-1982

Tab. 7 Saharan dust deposition in various sites @neannual fluxes),
with % of the dry depositon over the total (Refes Fig.1 for site
locations=triangles).

(1) Nihlen and Mattsson, 1989; Pye, 1992; (2) Goeiret al., 1995b; (3)
Le Bolloch & Guerzoni, 1995; (4) Loye-Pilot et al1989; (5) Bergametti
et al.,, 1989; (6) De Angelis & Gaudichet et al991; (7) Wagenbach &
Geis, 1989.




Area Subarea sedimentation rate
mg cm? yr'l mm yr-'l

W.MED Rhone area (40-42N) "% 3-9 0.04-0.12

Central MED  Tyrrhenian (39-41N) #&8 5-15 0.07-0.20
dust loading

whole ocean@ 0.20-0.25

present work 1(0.2-2.5)

Tab. 8 Bulk sedimentation rates in the Western/@ah Mediterranea
and average annual dust loadings. (Refer to Fig.lorf site
locations=AW. Med, Rhone area; BTyrrhenian Sea).

(™) Zuo (this issue); (%) Loye-Pilot et a., 198&) Mongardi et
al.,1994; (8) Stanley et al., 1980, (@) Rea, 1994.
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